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Physics of gamma-ray burst afterglow:
implications of H.E.S.S. observations

Time 13 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 02
Presenter Forum Table

Presenter

Dmitry Khangulyan

Author and Co-Author

Felix Aharonian | Dmitry Khangulyan | Carlo Romoli | Edna Loredana Ruiz Velasco | Fabian Schussler |
Andrew Taylor | Sylvia Jiechen Zhu | for the H.E.S.S. collaboration,

Abstract

'Recently, the observational study of gamma-ray bursts (GRBs) in the very-high-energy (VHE) regime
has quickly advanced with three successful detections. Currently, the list of published VHE GRBs
contains GRB 180720B, GRB 190114C, and GRB 190829A. The fortunate proximity of the last event
observed with H.E.S.S. (GRB 190829A occurred at z~0.08) allowed an unexpectedly long signal
detection, up to 56 hours after the trigger, and accurate spectral determination in a broad energy
interval, spanning between 0.18 and 3.3TeV. The obtained temporal and spectral properties of the VHE
emission appeared to be remarkably similar to those seen in the X-ray band with Swift-XRT. However,
in frameworks of the standard synchrotron-self-Compton (SSC) scenario such a coherent behavior is
expected only during the early period of the afterglow phase, when the forward shock propagates with
large bulk Lorentz factor, \\(\\Gamma>100\\). SSC models are able to render VHE spectra compatible
with the H.E.S.S. measurements only under extreme assumptions on the properties of the circumburst
medium. We discuss the implications of the GRB 190829A detection for afterglow modeling and GRB
physics.'

Collaborations
H.E.S.S.,

Keywords and Comments
'GRB; VHE;', "
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The Radio Neutrino Observatory Greenland
(RNO-G)

Time 21 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Theater of Dreams
Presenter Forum Table

Presenter

Stephanie Wissel

Author and Co-Author

Stephanie Wissel, for the RNO-G Collaboration

Abstract

'The Radio Neutrino Observatory Greenland (RNO-G) is scheduled for deployment in the summer of
2021. It will target the detection of astrophysical and cosmogenic neutrinos above 10 PeV. With 35
autonomous stations, it will be the largest implementation of a radio neutrino detector to date. The
stations combine best-practice instrumentation from all previous radio neutrino arrays, such as a deep
phased-array trigger and surface antennas. \r\nThese proceedings describe the experimental
considerations that have driven the design of RNO-G and the current progress in deployment, as well
as discuss the projected sensitivity of the instrument. RNO-G will provide a unique view of the Northern
Sky and will also inform the design of the radio component of IceCube-Gen2.'

Collaborations
other (fill field below), RNO-G

Keywords and Comments
'Radio detection; instrumentation;', "
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Atmospheric neutrino oscillations with Super-
Kamiokande and prospects for SuperK-Gd

Time 20 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 08
Presenter Forum Table

Presenter

Pablo Fernandez Menendez
Author and Co-Author
Pablo Fernandez Menendez,

Abstract

"The Super-Kamiokande (SK) experiment is a 50 kton water-Cherenkov detector located in Kamioka,
Japan. Instrumented with more than 11000 PMTs, \r\nit has been collecting data since 1996 and has
been responsible for the very first observation of neutrino oscillations through the analysis\r\nof
atmospheric neutrinos. Nowadays, the analysis of SK atmospheric neutrino data keeps providing some
of the most precise measurements for \r\nneutrino oscillation parameters such as 823, the neutrino
mass ordering, Am”2_32, and, to a lesser extent, the 8CP phase.\r\n\r\nIn this presentation, an
overview of the most recent atmospheric neutrino oscillation analysis results will be given, as well as, a
glimpse \r\nof what is to come, concerning atmospheric neutrinos, in the recently started Gd-doped
phase of the detector. This detector upgrade (SuperK-Gd), \r\nprovides an efficient neutron tagging via
Gd-neutron capture, potentially enhancing the sensitivty of the atmospheric neutrino oscillation
analysis.'

Collaborations
, Super-Kamiokande

Keywords and Comments
'neutrino; oscillations; experiment;', "
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Galactic Cosmic Ray Acceleration with Steep
Spectra

Time 20 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 08
Presenter Forum Table

Presenter

Rebecca Diesing

Author and Co-Author

Rebecca Diesing | Damiano Caprioli,

Abstract

'Galactic cosmic rays (CRs) are accelerated by astrophysical shocks, primarily supernova remnants
(SNRs), via diffusive shock acceleration (DSA), an efficient mechanism that predicts power-law energy
distributions of CRs. However, observations of both nonthermal SNR emission and Galactic CRs imply
CR spectra that are steeper than the standard DSA prediction, $\\propto E*-2}$. Recent kinetic hybrid
simulations suggest that such steep spectra may be the result of a ““postcursor”, or drift of CRs and
magnetic structures with respect to the thermal plasma behind the shock. Using a semi-analytic model
of non-linear DSA, we generalize this result to a wide range of astrophysical shocks. By accounting for
the presence of a postcursor, we produce CR energy distributions that are substantially steeper than
$EN-2}$ and consistent with observations. Our formalism reproduces both modestly steep spectra of
Galactic SNRs ($\\propto EA{-2.2}$) and the very steep spectra of young radio supernovae ($\\propto
EN-3}$).'

Collaborations

Keywords and Comments
'particle acceleration; SNR; steep spectra; postcursor’, "
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A tidal disruption event coincident with a high-
energy neutrino

Time 13 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 02
Presenter Forum Table

Presenter

Robert Stein

Author and Co-Author
Robert Stein,

Abstract

'lceCube discovered a diffuse flux of high-energy neutrinos in 2013, and recently identified the flaring
gamma-ray blazar TXS 0506+056 as a likely neutrino source. However, a combined analysis of the
entire resolved gamma-ray blazar population limited the contribution of such objects to no more than
27% of the total neutrino flux, leaving the vast majority of the neutrino flux unexplained. Here we
present the identification of a second probable neutrino source, the Tidal Disruption Event (TDE)
AT2019dsg, found as part of a systematic search for optical counterparts to high-energy neutrinos
using the Zwicky Transient Facility. The probability of finding such a TDE with our follow-up program by
chance is just 0.2%. Multi-wavelength observations reveal the presence of a central engine powering
particle acceleration in AT2019dsg, and confirm that this object can satisfy necessary conditions for
PeV neutrino production.'

Collaborations
other (fill field below), Zwicky Transient Facility (ZTF)

Keywords and Comments
'Neutrino; TDE; optical follow-up', "
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High-energy neutrino emission from blazars

Time 16 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Highlight 05
Presenter Forum Table

Presenter

Foteini Oikonomou

Author and Co-Author

Foteini Oikonomou, Maria Petropoulou Petropoulou | Kohta Murase

Abstract

'Active galactic nuclei (AGN) with relativistic jets are the most\r\npowerful persistent astrophysical
sources of electromagnetic radiation\r\nin the Universe. Blazars are the most extreme subclass of AGN
with\r\njets directed along our line of sight and emission relativistically\r\nbeamed in our direction. Their
high-energy photon emission dominates\r\nthe extragalactic gamma-ray sky and reaches multi-TeV
energies. This\r\ndemonstrates that they accelerate electrons to very high energies. It\r\nhas long been
suspected that blazars may also accelerate protons to\r\nvery high energies and thus be cosmic
neutrino sources. Being\r\nextremely rare objects in addition to being bright, blazars are among\r\nthe
most readily testable neutrino candidate source classes.\r\n\r\nA number of multi-messenger
monitoring campaigns have recently been\r\ntriggered in response to high-energy neutrinos observed
with the\r\nlceCube Neutrino Observatory from the direction of blazars. In this\r\ntalk, | will discuss the
theoretical interpretation of these\r\nobservations and give an overview of the possible role of blazars
as\r\nneutrino sources in light of the experimental results. Finally, | wil\r\ndiscuss the prospects of
confirming blazars as high-energy hadron\r\naccelerators with future neutrino observations based on
theoretical\r\nexpectations.'

Collaborations

Keywords and Comments
'blazars; high-energy neutrinos; leptohadronic modelling', "
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New Results from the first 5 years of CALET
observations on the International Space Station

Time 16 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Highlight 05
Presenter Forum Table

Presenter

Pier Simone Marrocchesi

Author and Co-Author

Pier Simone Marrocchesi | for the CALET collaboration,

Abstract

'The CALorimetric Electron Telescope (CALET), developed and operated by Japan in collaboration with
Italy and the United States, is a high-energy astroparticle physics experiment installed on the
International Space Station (ISS). Its mission goals include investigating the possible presence of
nearby sources of high-energy electrons, performing direct measurements of observables sensitive to
the details of the acceleration and propagation of galactic particles, and detecting potential dark matter
signatures. \"N\nCALET measures cosmic-ray electron+positron flux up to 20 TeV, gamma rays up to 10
TeV, and nuclei up to 1,000 TeV. Charge measurements cover from Z=1 to 40 allowing to study the
more abundant elements and to extend the range of long-term observations above iron. CALET is
collecting science data on the International Space Station since October 2015 with excellent and
continuous performance with no major interruptions. Approximately 20 million triggered events per
month are recorded with energies > 10 GeV. Here, we present the highlights of CALET observations
carried out during the first 5.5 years of operation, including the electron+positron energy spectrum, the
spectra of protons and other nuclei, gamma-ray observations, as well as the characterization of on-orbit
performance. Some results on the electro-magnetic counterpart search for LIGO/Virgo gravitational
wave events and the observations of solar modulation and gamma-ray bursts are also included.’

Collaborations
CALET,

Keywords and Comments
'Cosmic-rays; Direct CR measurements; International Space Station', 'This talk is proposed as
candidate for a possible Highlight Talk'
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Highlights of LHAASO science results

Time 19 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 07
Presenter Forum Table

Presenter
Zhen Cao
Author and Co-Author
Zhen Cao,

Abstract

'LHAASO is a large hybrid extensive air shower (EAS) array being constructed at Haizi Mountain, 4410
m a.s.l., in China. It is composed of three sub-arrays: a 1.3 km array (KM2A) for gamma-ray astronomy
above 10 TeV and cosmic ray physics, a 78000 m water Cherenkov detector array (WCDA) for TeV
gamma-ray astronomy, and 18 wide field-of-view air Cherenkov/fluorescence telescopes (WFCTA) for
cosmic ray physics from 10 TeV to 1 EeV. A considerable proportion of the LHAASO detectors have
been operating since 2019 and the whole array will be completed in June 2021. LHAASO has became
the most sensitive detector at UHE in the world with detecting many UHE gamma-ray sources. Some
important progresses and new discoveries have been made in the gamma-ray astronomy. In this work,
we will report the status of LHAASO and the achieved important progresses in both gamma-ray and
cosmic-ray observations.'

Collaborations
Lhaaso,

Keywords and Comments
'LHAASO; UHE gamma-ray; Cosmic ray', 'Apply highlight talk for the LHAASO collaboration.'
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Neutrino Telescope in Lake Baikal: Present and
Nearest Future

Time 12 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 01
Presenter Forum Table

Presenter

Zhan-Arys Dzhilkibaev

Author and Co-Author

Zhan-Arys Dzhilkibaev | for Baikal-GVD collaboration,

Abstract

'"The progress in the construction and operation of the Baikal Gigaton Volume Detector inLake Baikal is
reported. The detector is designed for search for high energy neutrinos whose sources are not yet
reliably identified. It currently includes over 2000 optical modules arranged on 56 strings, providing an
effective volume of 0.35 km3 for cascades with energy above 100 TeV. We review the scientific case
for Baikal-GVD, the construction plan, and first results from the partially built experiment which is
currently the largest neutrino telescope in the Northern Hemisphere and still growing up.'

Collaborations
other (fill field below), Baikal-GVD

Keywords and Comments
‘astrophysics; cherenkov telescope’, "
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IceCube: The Window to the Extreme Universe

Time 16 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 06
Presenter Forum Table

Presenter

Marek Kowalski

Author and Co-Author

Marek Kowalski | Albrecht Karle,

Abstract

"The discovery of cosmic neutrinos of TeV-PeV energies, announced by IceCube in 2013, has opened
a new window to the high energy Universe. The observations made to date have already brought us
closer to answering key questions, such as: what are the sources of the observed cosmic neutrinos and
how do they drive particle acceleration; where are cosmic rays of extreme energies produced and how
do they propagate through the universe; and are there signatures of new physics at TeV---EeV
energies?\r\n IlceCube-Gen2, a next generation neutrino observatory, is designed to address these
questions. In conjunction with continued progress in multi-messenger astrophysics, lceCube-Gen2
promises to elevate the field of cosmic neutrinos from the discovery realm to the era of surveys of the
neutrino sky.\r\nlceCube-Gen2 will greatly enhance the existing lceCube detector at the South Pole. It
will increase the annual rate of observed cosmic neutrinos by an order of magnitude, and will be able to
detect sources five times fainter. Furthermore, through the addition of a radio array, lceCube-Gen2 will
extend the sensitive energy range beyond EeV energies. The design of IceCube-Gen2 greatly profits
from the available experience gained through lceCube and from additional improvements in
technology.'

Collaborations
IceCube-Gen2,

Keywords and Comments
'Neutrino astronomy; neutrino physics; future projects’, "
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Polarized muons and the origin of biological

homochirality
Time 19 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 07

Presenter Forum Table

Presenter

Noemie Globus

Author and Co-Author

Noemie Globus | Anatoli Fedynitch,

Abstract

'While biologists have not yet reached a consensus on the definition of life, biological homochirality
seems to be strongly linked to life’s emergence. The unraveling of its origin require interdisciplinary
research, by exploring each of fundamental physics, chemistry, astrophysics and biology. In this talk, |
will focus on the origin of biological homochirality in the context of astrophysics and particle physics.
The weak force, one of the fundamental forces operating in nature, is parity-violating. Cosmic rays, high
energy particles coming from outer space, induce showers of billions of secondary particles when they
interact with atoms in the atmosphere. On Earth, at ground level, most of our cosmic radiation dose
comes from polarized muons formed in a decay involving the weak force. | will show how the spin-
polarization is transmitted in cosmic showers in several different environments where life could have
started. | will also show how this polarization could have induced a biological chiral preference and | will
discuss the implications for the search of life in other worlds.'

Collaborations

Keywords and Comments
'astrobiology’, 'cosmic-rays and the origin of life'
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Highlights from the Telescope Array experiment

Time 14 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 03
Presenter Forum Table

Presenter

Grigory Rubtsov

Author and Co-Author

Grigory Rubtsov | for the Telescope Array collaboration,

Abstract

"The Telescope Array (TA) is the largest cosmic ray observatory in the Northern Hemisphere. It is
designed to measure the properties of cosmic rays over a wide range of energies. TA with it's low
energy extension (TALE) observe cosmic ray induced extensive air showers between 2x10*15 and
2x10720eV in hybrid mode using multiple instruments, including an array of scintillator detectors at the
Earth's surface and telescopes to measure the fluorescence and Cerenkov light. The statistics at the
highest energies are being enhanced with the ongoing construction of the TAx4 experiment which will
quadruple the surface area of the detector. We review the present status of the experiments and most
recent physics results on the cosmic ray anisotropy, chemical composition and energy spectrum.
Notable highlights include a new feature in the energy spectrum at about 10219.2 eV., and a new
clustering of events in their arrival directions above this energy. We also report on a new spectrum and
composition results in the lower energy range from the TALE extension."

Collaborations
Telescope Array,

Keywords and Comments
'ultra-high energy cosmic rays; cosmic ray anisotropy; UHECR spectrum; UHECR chemical

composition’,
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The Southern Wide-field Gamma-ray
Observatory: Status and Prospects

Time 21 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Theater of Dreams
Presenter Forum Table

Presenter

Jim Hinton

Author and Co-Author

Jim Hinton, for the SWGO Collaboration

Abstract

'"The Southern Wide-field Gamma-ray Observatory (SWGO) Collaboration is currently engaged in
design and prototyping work towards the realisation of this future gamma-ray facility. SWGO wiill
complement CTA and the existing ground-particle based-detectors of the Northern Hemisphere (HAWC
and LHAASO) with a very wide field and high duty cycle view of the southern sky. In this talk | will
present the status of the project and plans for the future, including expectations for sensitivity and
science targets as well as the status of the site search and technological developments.'

Collaborations
SWGO,

Keywords and Comments
'‘ground particle-based gamma-ray observatory', "
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Recent status and results of the Dark Matter
Particle Explorer

Time 16 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Highlight 05
Presenter Forum Table

Presenter

Xiang Li

Author and Co-Author

Xiang Li | On behalf of the DAMPE collaboration,

Abstract

"The DArk Matter Particle Explorer (DAMPE) is a satellite-borne, calorimetric type, high-energy-
resolution space cosmic ray and gamma-ray detector. It was launched in December 2015 and has
been stably operating for more than five years. Its three major scientific objectives are dark matter
indirect detection, cosmic ray physics and gamma-ray astronomy. Precise measurements of the all-
electron, proton and Helium spectra in wide energy ranges have been obtained, shedding new light on
the research of cosmic ray physics and dark matter properties. We will also present the current status
of the mission and its recent physical results.'

Collaborations
DAMPE,

Keywords and Comments
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The Pacific Ocean Neutrino Experiment at
Ocean Networks Canada

Time 21 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Theater of Dreams
Presenter Forum Table

Presenter

Elisa Resconi

Author and Co-Author

Juan-Pablo Yanez | Elisa Resconi | For the P-ONE Collaboration,

Abstract

'Neutrino telescopes are unrivaled tools to explore the Universe at its most extreme. The current
generation of telescopes has shown that very high energy neutrinos are produced in the cosmos, even
with hints of their possible origin, and that these neutrinos can be used to probe our understanding of
particle physics at otherwise inaccessible regimes. The fluxes, however, are low, which means newer,
larger telescopes are needed. Here we present the Pacific Ocean Neutrino Experiment, a proposal to
build a multi-cubic-kilometer neutrino telescope off the coast of Canada. The idea builds on the
experience accumulated by previous sea-water missions, and the technical expertise of Ocean
Networks Canada that would facilitate deploying such a large infrastructure. The design and physics
potential of the first stage and a full-scale P-ONE are discussed.'

Collaborations
, P-ONE

Keywords and Comments

'Neutrino astronomy; neutrino telescope; photodetection; high energy physics; Pacific Ocean Neutrino
Experiment', "
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The Askaryan Radio Array (ARA)

Time 21 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Highlight 09
Presenter Forum Table

Presenter

Kara Hoffman

Author and Co-Author

Kara Hoffman | For the ARA Collaboration,

Abstract

"The Askaryan Radio Array (ARA) is an in-ice radio array near the South Pole designed to detect ultra-
high energy (UHE) neutrinos via Askaryan radio emission, induced by their interactions in the ice.

ARA has accumulated a dataset with the world’s best sensitivity to neutrinos above $107{18}$ eV. | will
review the status of ARA, results from neutrino searches to date, outlook for the future, and implications
for future arrays.'

Collaborations
other (fill field below), ARA (The Askaryan Radio Array)

Keywords and Comments
'Askaryan; neutrinos; ultra high energy', "
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Highlights from gamma-ray observation by the
Tibet ASgamma experiment.

Time 15 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 04
Presenter Forum Table

Presenter

Masato Takita

Author and Co-Author
Masato Takita,

Abstract

'The Tibet ASgamma experiment is located at 4,300m above sea level, in Tibet, China.\r\n The
experiment is composed of a 65,000 m2 surface air shower array and 3,400 m2\r\n underground
water Cherenkov muon detectors. The surface air shower array is used\r\n for reconstructing the
primary particle energy and direction, while the underground\r\n muon detectors are used for
discriminating gamma-ray induced muon-poor air showers from \r\n cosmic-ray (proton, helium,...)
induced muon-rich air showers.Recently,the Tibet ASgamma\r\n experiment successfully
observed gamma rays in the 100 TeV region from some \r\n point/extended sources as well as
sub-PeV diffuse gamma rays along the Galactic disk.\r\n In this talk, The observational results as
well as their interpretations will be presented,\r\n followed by some future prospect.'

Collaborations

Keywords and Comments
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Future Missions for MeV Gamma-Ray
Astrophysics

Time 15 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 04
Presenter Forum Table

Presenter

Andreas Zoglauer
Author and Co-Author
Andreas Zoglauer,

Abstract

"The Universe in the MeV gamma-ray range is characterized by the most violent explosions, such as
mergers, and supernovae, as well as the most powerful and dynamic sources such as pulsars, and
black holes. The next generation of gamma-ray telescopes will be tasked with unraveling the life cycle
of the elements by observing the de-excitation of newly generated nuclei from supernovae and
mergers, gaining insight into the evolution and acceleration mechanisms in jets of, e.g., blazars,
contributing to multi-messenger astrophysics by studying astrophysical events that produce
gravitational waves and neutrinos, better understanding the physics in the most extreme environments
such as neutron stars and near black holes, searching for signatures of dark matter in the MeV band,
solving mysteries such as the Fermi bubbles and the origin of the Galactic positrons, and many more.
These discoveries will be enabled by the groundbreaking new capabilities of the next generation of
MeV gamma-ray telescopes.\\nCOSI, the Compton Spectrometer and Imager, is a 0.2-5 MeV
Compton telescope capable of imaging, spectroscopy, and polarimetry of astrophysical sources. Such
capabilities are made possible by COSI's germanium cross-strip detectors, which provide high
efficiency, high resolution spectroscopy and precise 3D positioning of photon interactions. COSl is
currently in a competitive Phase A concept study to consider COSI as a Small Explorer (SMEX)
satellite mission. As a proof-of-concept of this new generation of telescopes, COSI had a successful
42-day stratospheric balloon flight in 2016, and was able to observe the 511-keV emission near the
Galactic center region as well as several other astrophysical sources such as Crab, Cen-A, and Cyg X-
1.\n\n\r\nThe All-sky Medium-Energy Gamma-ray Observatory Explorer (AMEGO-X) is an envisioned
combined Compton-scattering and pair-creation telescope operating in the 200 keV to 20 GeV energy
range. It will consist of an electron tracker made of Silicon detectors and a Csl calorimeter. In the
Compton regime it will enable Compton recoil-electron tracking and thus enable unprecedented
background reductions. \\n\\nGECCO, the Galactic Explorer with Coded aperture mask Compton
telescope, is a mission concept which will operate in the 100 keV to 10 MeV range, and will combine
the background reduction and sensitivity of a Compton telescope with the angular resolution of a coded
mask.\r\n\r\nln the presentation, we will discuss and compare the science goals, designs, and current
status of these and a few more future MeV gamma-ray telescope projects, and present the latest
results of the analysis of the 2016 COSI balloon flight."

Collaborations

Keywords and Comments
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Nearly a Decade of Cosmic Ray Observations in
the Very Local Interstellar Medium

Time 16 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 06
Presenter Forum Table

Presenter

J.S. Rankin

Author and Co-Author
J.S. Rankin,

Abstract

'In 2012, the centennial year of the discovery of cosmic rays, Voyager 1 crossed the heliopause and
began making the very first in-situ observations of the surrounding interstellar medium. Joined by
Voyager 2 in 2018, these twin spacecraft continue to provide critical measurements of cosmic rays in a
surprising, previously-unexplored plasma regime. This highlight talk will review the insights,
discoveries, and open questions that have emerged from nearly a decade of cosmic ray observations in
the very local interstellar medium, including: i) characteristics of the low-energy spectrum (down to a
few MeV/nuc) and implications for propagation models, ii) the discovery of transient, anisotropic cosmic
ray disturbances, and iii) cosmic rays in the context of our time-varying, global heliosphere.’

Collaborations

Keywords and Comments
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Highlights from the GRAPES-3 experiment

Time 16 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Highlight 06
Presenter Forum Table

Presenter

Pravata Mohanty

Author and Co-Author

Pravata Mohanty, On behalf of the GRAPES-3 collaboration

Abstract

'The GRAPES-3 experiment located in Ooty, India is designed to observe cosmic rays and gamma rays
in the TeV-PeV energy range from a near-equatorial location through a dense array of scintillator
detectors and a large area muon telescope. Here, we will discuss the recent measurements on the
cosmic ray energy spectrum and mass composition, (1) between 10 and 100 TeV while providing a
comparison with the direct measurements, and (2) in the knee region between 100 TeV and 10 PeV by
comparing with other ground based measurements. Results on diffuse and point source gamma ray
studies above 30 TeV performed by leveraging an excellent angular resolution achieved recently and
by using the muon content measurements in each shower will be discussed. A large number of
atmospheric events recorded by the muon telescope associated with thunderstorm electric field
acceleration, an azimuthal asymmetry observed in the direction of these events and understanding of
this asymmetry through muon charge ratio will be discussed. The status of the upgrade of the
experiment with the installation of another muon telescope of similar area and advanced new
electronics to enhance its physics potential will be presented.’
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The advantages of making science accessible
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Presenter Forum Table

Presenter

Erika Labbé

Author and Co-Author
Erika Labbé,

Abstract

'At first it was a challenge of scientific communication, now it is a way of life. Making science accessible
to people with disabilities holds a potential that goes beyond social responsibility or empathy. It is also
about making diversity an integral part of scientific development, incorporating people full of curiosity
with new approaches to face problems.\r\nWe propose to start by reviewing our own perception of
disability, giving people with disabilities and people involved in their education and caretaking the
opportunity to tell us about it, and by opening our minds to new ways of doing science.\r\nInclusive
astronomy drives us to be creative, to generate networks and to collaborate in an interdisciplinary way.
We hope that this initiative will extend to other areas of scientific research.'

Collaborations
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Transition from Galactic to Extragalactic
Cosmic Rays
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Presenter

Alex Kaapa

Author and Co-Author
Alex Kaapa,

Abstract

"Understanding the nature of the transition from Galactic to extragalactic cosmic rays (GCRs and
EGCRs) has become a challenge in light of recent spectral and composition data. Galactic
contributions appear to be disfavoured at energies beyond $10*{17} \\, {\rm eV}$ where the
composition becomes lighter, and extragalactic sources appear to inject mixed compositions,
complicating the description of the EGCR contribution below "“ankle" energies. As a result, the
measured flux in the transition region cannot easily be accounted for. With the model-dependence of
proposed extensions to both the Galactic and extragalactic contributions, a deeper understanding of
CR propagation is in order, particularly within the Galactic magnetic field (GMF) as propagation herein
shifts from diffusive to ballistic at these energies, which is expected to lead to a range of effects on
CRs. \r\n\r\nUsing CRPropa3, we study these effects for rigidities between $107{16-20} \\, {\\rm V}$.
We identify various features at rigidities where the gyroradius equals typical length scales of the
Galaxy, suggesting causes related to changes in the propagation regime. We further quantify
modifications in the spectrum, composition and arrival direction of GCRs and EGCRs. We find that the
GMF naturally induces a flux suppression of GCRs towards higher rigidities. This, in consequence,
would lead to an increase in the mean mass of GCR primaries up to energies around the ““ankle" in the
cosmic ray spectrum. The distribution of GCR arrival directions is also shown to be correlated with the
Galactic plane for rigidities above $10717}\\, {\rm V}$. EGCRs experience no flux modification in the
GMF if injected isotropically. Injection of pure dipoles, as well as single source scenarios indicate that
the GMF isotropises injected anisotropies below $107{18} \\, {\\rm V}$, but can still cause flux
modifications depending on the direction of the anisotropy. Overall consequences to the transition of
GCRs to EGCRs will be discussed."
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Presenter

Javier Berdugo

Author and Co-Author
Javier Berdugo,

Abstract

'In nine years on the International Space Station, the Alpha Magnetic Spectrometer (AMS) has
collected more than 170 billion cosmic rays measuring with unprecedented precision different
components of the charged cosmic rays up to few TeVs. This includes fluxes of positrons, electrons,
antiprotons, protons, and nuclei from helium to silicon and beyond. A summary of the latest results will
be shown. Results on time variation of cosmic ray fluxes associated with solar activity on different time
scales will be presented.’

Collaborations
AMS,
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Highlights from direct dark matter detection
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Presenter Forum Table

Presenter

Marc Schumann
Author and Co-Author
Marc Schumann,

Abstract

'Direct detection experiments search for dark matter-induced signals in Earth-based detectors. | will
present a short review on the current status and future of the field and will concentrate on selected
results on the direct search for WIMPs, axions and beyond'
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Extragalactic cosmic ray sources
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Presenter

Michael Kachelriess
Author and Co-Author
Michael Kachelriess,

Abstract

'| review progress in ultrahigh-energy cosmic ray physics focusing on \\nmodels developed for the
interpretation of recent experimental results.\r\nEmphasis is put on models aiming to explain the
transition from \r\nGalactic to extragalactic cosmic rays together with composition and \r\nanisotropy
data. | discuss the additional constraints arising, if these \r\nsources contribute to the observed neutrino
flux and, if time permits, \rhncomment on the effect of extragalactic magnetic fields.'
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CTA - the World’s largest ground-based
gamma-ray observatory

Time 21 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Highlight 09
Presenter Forum Table

Presenter

Roberta Zanin

Author and Co-Author
Roberta Zanin,

Abstract

'Very-high-energy (VHE) gamma-ray astroparticle physics is a relatively young field, and observations
over the past decade have surprisingly revealed almost two hundred VHE emitters which appear to act
as cosmic particle accelerators. These sources are an important component of the Universe,
influencing the evolution of stars and galaxies. At the same time, they also act as a probe of physics in
the most extreme environments known - such as in supernova explosions, and around or after the
merging of black holes and neutron stars. However, the existing experiments have provided exciting
glimpses, but often falling short of supplying the full answer. A deeper understanding of the TeV sky
requires a significant improvement in sensitivity at TeV energies, a wider energy coverage from tens of
GeV to hundreds of TeV and a much better angular and energy resolution with respect to the currently
running facilities. The next generation gamma-ray observatory, the Cherenkov Telescope Array (CTA),
is the answer to this need. In this talk | will present this upcoming observatory from its design to the
construction, and its potential science exploitation. CTAO will allow the entire astronomical community
to explore a new discovery space that will likely lead to paradigm-changing breakthroughs. In particular,
CTA has an unprecedented sensitivity to short (sub-minute) timescale phenomena, placing it as a key
instrument in the future of multi-messenger and multi-wavelength time domain astronomy. \r\nl will
conclude the talk presenting the first scientific results obtained by the LST-1, the prototype of one CTA
telescope type - the Large Sized Telescope, that is currently under commissioning.'
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Space weather: Earth, neighboring planets and
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Presenter Forum Table

Presenter

Norma Crosby

Author and Co-Author
Norma Crosby,

Abstract

"Modern society became vulnerable to a new type of extreme weather around the 19th century. It
would later be coined space weather. This weather, observed as severe disturbances of the upper
atmosphere and near-Earth space environment is driven by the Sun's magnetic activity. Not only does
space weather affect Earth, but all planets in the Solar System are impacted by it. In essence, any
planet in the Universe will have its own local space weather. The discovery of exoplanets has
intensified interest in searching for habitable planets outside the Solar System and characterizing their
local space weather. For this purpose, knowledge acquired about space weather at Earth and its
neighboring planets is useful when studying space weather in other stellar systems. The talk will begin
with an introduction to physical phenomena (e.g., flares, coronal mass ejections, energetic particles,
galactic cosmic rays) that contribute to planetary space weather conditions. In the second part of the
talk it will be discussed how extreme stellar activity could possibly influence the characteristics of
exoplanets located in the 'Goldilocks Zone' in regard to their potential for habitability, as well as for life
evolving on them. Specifically, examples of stellar superflares will be presented, posing the question:
Can superflares also occur on our Sun and if yes, what would the consequences be if one did occur?"
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Fermi LAT and GBM collaboration results on
GRB 200415A.
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Session Plenary: Highlight 01
Presenter Forum Table

Presenter

di Lalla Niccolo

Author and Co-Author
di Lalla Niccolo,

Abstract

'Magnetars are neutron stars with the strongest magnetic fields known in the Universe, with an intensity
up to a thousand times higher than typical neutron stars. Rarely, magnetars can produce enormous
eruptions, called Magnetar Giant Flares (MGF), consisting of short-duration bursts of hard X-rays and
soft gamma rays — a bright and variable initial spike lasting a few tenths of a second and a significantly
dimmer pulsating tail lasting a few hundred of seconds that can only be detected from MGFs within our
close to our galaxy. On April 15, 2020, a short bright burst of MeV gamma rays triggered the Gamma-
Ray Burst Monitor (GBM) aboard the Fermi spacecraft, called GRB 200415A and localized by the
InterPlanetary Network (IPN) inside the disk of the nearby Sculptor galaxy. 19 seconds later, and for
nearly 300 seconds, the Large Area Telescope (LAT) detected GeV photons in spatial coincidence with
the signal at lower energies. In this talk we present the recently published results of the GBM and LAT
analysis on GRB 200415A. Our detailed analysis shows that the low-energy emission has very peculiar
properties typically observed in flares from nearby magnetars, while the GeV detection is consistent
with the IPN localization and spatially associated with the Sculptor galaxy. Hence, we infer that gamma
rays likely originated with the MGF in Sculptor, and not from a cosmological gamma-ray burst, and we
suggest that the GeV signal is generated by an ultra-relativistic outflow that first radiates the prompt
MeV-band photons. This discovery represents the first detection of the high-energy emission from a
MGF and proves that extragalactic MGFs may indeed disguise as short GRBs and constitute a small
fraction of current short GRB samples.'

Collaborations

Keywords and Comments

29



ICRC 2021

Conference Office icrc2021@desy.de
Webpage icrc2021.desy.de
Branch 1_Plenary
Subcategory Highlight

Searching for Dark Matter from the Sun with
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Session Plenary: Highlight 07
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Presenter

Jeffrey Lazar

Author and Co-Author
Jeffrey Lazar,

Abstract

"The existence of dark matter (DM) has been well-established by repeated experiments probing various
length scales. Even though DM is expected to make up 85% of the current matter content of the
Universe, its nature remains unknown. One broad class of corpuscular DM motivated by Standard
Model (SM) extensions is weakly interacting massive particles (WIMPs). WIMPs can generically have a
non-zero cross-section with SM nuclei, which allows them to scatter off nuclei in large celestial bodies
such as the Sun, losing energy and becoming gravitationally bound in the process. After repeated
scattering, WIMPs sink to the solar center, leading to an excess of WIMPs there. Subsequently, WIMPs
can annihilate to stable SM particles, either directly or through a decay chain of unstable SM particles.
Among stable SM particles, only neutrinos can escape the dense solar core. Thus, one may look for an
excess of neutrinos from the Sun's direction as evidence of WIMPs. The IceCube Neutrino
Observatory, which detects Cherenkov radiation of charged particles produced in neutrino interactions,
is especially well-suited to such searches since it is sensitive to WIMPs with masses in the region
preferred by supersymmetric extensions of the SM. In this contribution, | will present the results of and
future prospects for IceCube's most recent solar WIMP search, which includes all neutrino flavors,
covers the WIMP mass range from 10 GeV to 1 TeV, and has world-leading sensitivity over this entire
range for most channels considered."

Collaborations
IceCube,
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Highlights from the Pierre Auger Observatory
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Presenter

Ralph Engel

Author and Co-Author
Ralph Engel,

Abstract
'tba'
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The High Energy cosmic-Radiation Detection
(HERD) facility on board the Chinese Space
Station: hunting for high-energy cosmic rays
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Presenter

Fabio Gargano

Author and Co-Author
Fabio Gargano,

Abstract
'tba’
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Theater of Dreams CRI (GCOS)
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Presenter

Jorg Hoérandel

Author and Co-Author
Jorg Hérandel,

Abstract
'tbc'
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Rapporteur Talk: Cosmic Ray Indirect

Time 22 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Rapporteur 1
Presenter Forum Table

Presenter

Tareq Abu-Zayyad
Author and Co-Author
Tareq Abu-Zayyad,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Cosmic Ray Direct

Time 22 July 2021 | 14:00 - 15:30 | Berlin Time
Session Plenary: Rapporteur 1
Presenter Forum Table

Presenter

Philipp Mertsch

Author and Co-Author
Philipp Mertsch,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Gamma Ray Direct

Time 23 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Rapporteur 4
Presenter Forum Table

Presenter

Regina Caputo
Author and Co-Author
Regina Caputo,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Gamma Ray Indirect

Time 23 July 2021 | 16:00 - 17:30 | Berlin Time
Session Plenary: Rapporteur 4
Presenter Forum Table

Presenter

Alison Mitchell

Author and Co-Author
Alison Mitchell,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Dark Matter

Time 22 July 2021 | 16:00 - 18:00 | Berlin Time
Session Plenary: Rapporteur 2
Presenter Forum Table

Presenter

Marco Taoso

Author and Co-Author
Marco Taoso,

Abstract

'At the final days of the conference, rapporteur speakers will summarise the main results of each

scientific branch of the ICRC."
Collaborations
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Rapporteur Talk: Neutrinos and Muons

Time 23 July 2021 | 14:00 - 15:30 | Berlin Time
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Presenter

Anna Friederike Nelles

Author and Co-Author
Anna Friederike Nelles,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Solar and Heliospheric

Time 22 July 2021 | 16:00 - 18:00 | Berlin Time
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Presenter

Du Toit Strauss

Author and Co-Author
Du Toit Strauss,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Multi Messenger

Time 23 July 2021 | 14:00 - 15:30 | Berlin Time
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Presenter Forum Table

Presenter

Irene Tamborra

Author and Co-Author
Irene Tamborra,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Rapporteur Talk: Outreach and Education
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Presenter

Michael Burton

Author and Co-Author
Michael Burton,

Abstract
'At the final days of the conference, rapporteur speakers will summarise the main results of each
scientific branch of the ICRC.'
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Constraining Magnetic Fields at Galactic Scales
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Presenter Forum Table

Presenter
Tess Jaffe
Author and Co-Author
Tess Jaffe,

Abstract

'Magnetic fields are ubiquitous in the Universe, from compact objects to cosmic scales, and they play a
central role in a variety of astrophysical processes. Surprisingly, even the Galactic magnetic field
(GMF) in our own Milky Way remains poorly understood because of the challenges of observing it and
the complexity of the phenomena we use to study it. Though we still have too many models that might
fit the data, this is not to say that the field has not developed in the last few years. Radio observations
have been used since the 1970’s to study the GMF and remain one of the most useful tracers. More
recently, surveys of polarized dust have given us a new observable that is complementary to the more
traditional radio tracers. A variety of other new tracers and related measurements are becoming
available to improve current understanding. In this talk, | will summarize: the tracers available; the
models that have been studied; what has been learned so far; what the caveats and outstanding issues
are; and one opinion of where the most promising future avenues of exploration lie.'
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Probing particle acceleration through gamma-
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Presenter

Melissa Pesce-Rollins
Author and Co-Author
Melissa Pesce-Rollins,

Abstract

'High-energy solar flares have shown to have at least two distinct phases: prompt-impulsive and
delayed-gradual. Identifying the mechanism responsible for accelerating the electrons and ions and the
site at which it occurs during these two phases is one of the outstanding questions in solar physics.
Many advances have been made over the past decade thanks to new observational data and refined
simulations that together help to shed light on this topic. For example, the detection by Fermi Large
Area Telescope (LAT) of GeV emission from solar flares originating from behind the visible solar limb
and >100 MeV emission lasting for more than 20 hours have suggested the need for a spatially
extended source of acceleration during the delayed emission phase. In this talk | will review some of
the major results from Fermi LAT observations of the 24th solar cycle and how this new observational
channel combined with observations from across the electromagnetic spectrum can provide a unique
opportunity to diagnose the mechanisms of high-energy emission and particle acceleration in solar
flares.'
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Sources
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Presenter Forum Table

Presenter

Brian Metzger

Author and Co-Author
Brian Metzger,

Abstract

'| will overview the multi-messenger signals of binary neutron star mergers, which for the first are now
detectable via their gravitational wave emission. These signals include a thermal visual/infrared
supernova-like transient ("kilonova") powered by the radioactive decay of heavy neutron-rich nuclei
synthesized in the expanding merger ejecta; gamma-ray - and possibly high-energy neutrino - emission
powered by outflows from the newly formed black hole remnant; and non-thermal emission across the
electromagnetic spectra generated as the merger ejecta collides with the interstellar medium.

Tentative hints have recently emerged for a new component of X-ray emission from LIGO/Virgo\'s first
merger, GW170817, with potential implications for heavy nuclei cosmic ray acceleration in these
events. Time permitting, | will highlight the potential diversity of multi-messenger signals expected from
future mergers, particularly of the lowest mass binaries which may give birth to long-lived rapidly
spinning magnetar remnants and "look" qualitatively different from GW170817.
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Presenter Forum Table

Presenter
Lara Nava
Author and Co-Author
Lara Nava,

Abstract

‘Very high energy (VHE, >100 GeV) radiation from GRBs has eluded for several years all attempts of
detection by Cherenkov telescopes, until the recent detection of strong VHE emission from the long
GRB 190114C, located at redshift z=0.42.\r\nThe inclusion of TeV data in the modeling of afterglow
multi-wavelength (from radio to X-rays) observations allows us to estimate physical properties that are
usually unconstrained, such as the density of the external medium, the energy of the emitting particles,
and the strength of the shock-amplified magnetic field. Since the first announcement of VHE detection
from a GRB, three additional GRBs have been firmly detected by Cherenkov telescopes. In this talk |
review the present status of observations and interpretation of VHE emission from GRBs. Prospects for
future detections with the ASTRI-Mini Array and with CTA, revised in light of these recent observations,
reveal that the VHE band is a very promising energy window for progressing our knowledge of GRB
physics.'
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The Muon Puzzle in air showers and its
connection to the LHC
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Presenter Forum Table

Presenter

Hans Dembinski
Author and Co-Author
Hans Dembinski,

Abstract

"High-energy cosmic rays are observed indirectly by detecting the extensive air showers initiated in
Earth's atmosphere. The interpretation of these observations relies on accurate models of air shower
physics, which is a challenge and an opportunity to test QCD under extreme conditions. Air showers
are hadronic cascades, which eventually decay into muons. The muon number is a key observable to
infer the mass composition of cosmic rays. Air shower simulations with state-of-the-art QCD models
underpredict the observed muon content; this is called the Muon Puzzle. The origin of this discrepancy
has been traced to the composition of secondary particles in hadronic interactions. The muon
discrepancy starts at the TeV scale, which suggests that this change in hadron composition is
observable at the Large Hadron Collider. An effect that can potentially explain the puzzle has been
observed at the LHC, but more experimental data in the forward region and with future oxygen beams
at the LHC is needed to fully understand the impact. | will review what we currently know about the
Muon Puzzle and which measurements at the LHC may point to a solution.”
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Presenter

Huirong Yan

Author and Co-Author
Huirong Yan,

Abstract

'Cosmic ray propagation is determined by the properties of interstellar turbulence. The multiphase
nature of ISM and diversity of driving mechanisms give rise to spatial variation of turbulence properties.
In the meantime, precision astroparticle experiments pose challenges to the conventional picture of
homogeneous and isotropic transport of cosmic rays (CRs). We are beginning a new chapter of CR
propagation research when studies of particle transport and interstellar turbulence can confront each
other. | shall review our current understandings of the fundamental processes governing cosmic ray
propagation, different regimes of particle transport, augmented with insight from multi-wavelength
observations. Challenges and issues from bridging the current CR propagation paradigm and
astroparticle measurements will be discussed.'
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Presenter

Tracy Slatyer

Author and Co-Author
Tracy Slatyer,

Abstract

" | will give an overview of the landscape of possible scenarios for dark matter, including a discussion
of current constraints and some future directions for the field. | will comment on the status of several
claimed anomalies, their possible relationships to dark matter physics, and alternative explanations.'
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Energetic particle observations close to the
Sun by Solar Orbiter and Parker Solar Probe
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Presenter

Olga E. Malandraki

Author and Co-Author

Olga E. Malandraki | David McComas | J. Rodriguez-Pacheco | N. Schwadron | R. F. Wimmer-
Schweingruber | G.C. Ho,

Abstract

'Solar Energetic Particles (SEPs) constitute an important contributor to the characterization of the
space environment. They are emitted from the Sun in association with solar flares and Coronal Mass
ejection (CME)-driven shock waves. SEP radiation storms may have durations from a period of hours
to days or even weeks and have a large range of energy spectrum profiles. These events pose a threat
to modern technology strongly relying on spacecraft, are a serious radiation hazard to humans in
space, and are additionally of concern for avionics and commercial aviation in extreme circumstances.
However, after decades of observations of SEPs from space-based observatories, relevant questions
on particle injection, transport, and acceleration remain open. Understanding how particles are
accelerated at the Sun to high energies (even relativistic) and how these particles propagate from their
acceleration site to fill the heliosphere is one of the key questions that the Solar Orbiter (SoLO) ESA
mission has set out to answer by means of the Energetic Particle Detector (EPD) measurements.
Furthermore, the NASA'’s Parker Solar Probe (PSP) mission also addresses key questions regarding
energetic particles, utilizing measurements by the Integrated Science Investigation of the Sun (ISOIS)
instrument suite very close to the Sun, in a region that no spacecraft has been before. In this talk, a
review of the new, exciting measurements of energetic particles in the near-Sun environment obtained
by these two pioneering missions and the exciting, new results derived will be presented. How
SoLO/EPD and PSP/ISOIS observations are advancing our current knowledge and understanding of
the energetic particle environment close to the Sun (e.g. SEPs, cosmic rays, Corotating Interaction
Region -associated suprathermal ions) will be reviewed.'
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Abstract

'Gamma-ray observations of the Milky Way and star-forming galaxies provide a powerful tool for
studying the acceleration and transport of energetic particles near a diverse variety of their sources and
in the interstellar medium (ISM). Inefficient diffusion around cosmic ray (CR) acceleration sites
suggested by pulsar TeV halos and in the vicinity of supernova remnants challenges the simplified
scenario with homogeneous diffusion of CRs. The development of fundamental theories of
magnetohydrodynamic (MHD) turbulence and the numerical tools for studying their interactions with
CRs leads to a significant progress in our understanding on the acceleration and transport of CRs.
Meanwhile, novel techniques and rich observational data bring us unprecedented informative maps of
turbulent magnetic fields in the multi-phase and multi-scale ISM. In this talk, | will present a review on
the recent findings in gamma-ray astronomy, theoretical and numerical developments on studying
particle acceleration and transport, new techniques for mapping interstellar turbulent magnetic fields,
and finally, their synergy toward a better understanding on the origin of CRs."
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Abstract

'Large underwater neutrino telescopes not only allow us to scrutinize the sky for high energy cosmic
neutrinos but to also study the fundamental properties of the neutrino themselves. Being located in the
northern hemisphere they provide an excellent view of the Galactic Centre and the Galactic Plane.
Furthermore, their clear waters with low light scattering offer the prospect of an unprecedented angular
resolution for neutrino astronomy. \r\n\r\nIn this presentation recent results from the first pioneering
telescopes BAIKAL and ANTARES will be summarised. The latest status and prospects of their
successors GVD and KM3NeT, the next generation of underwater telescopes will be presented.’

Collaborations

Keywords and Comments

52



ICRC 2021

Conference Office icrc2021@desy.de
Webpage icrc2021.desy.de
Branch 1_Plenary
Subcategory Sustainability

Sustainability in Astroparticle Physics

Time
Session Plenary: Sustainability
Presenter Forum Table

Presenter

Stefan Funk

Author and Co-Author

Stefan Funk | Uli Katz | Markus Roth,

Abstract

'Moderator:\r\nStefan Funk (FAU)\r\nUlIrich Katz (FAU)\r\nMarkus Roth (KIT)\r\n\r\nSpeaker:\r\nKnud
Jahnke: General intro into the topic\r\nVolker Lindenstruth: Green Computing\r\nVictoria Grinberg:
Conferences/Travel\r\nChristos Markou: Green Experiment'
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Abstract

'Low energy anti-deuterons in cosmic rays are considered a golden channel for the search of Dark
matter annihilations in the galaxy.\r\nAnti Deuteron Helium Detector (ADHD) project is aiming to study
the signatures offered by an high pressure Helium target for the identification of anti-deuterons in
cosmic rays.\r\nIn particular exotic atoms are produced by stopping anti-protons/anti-deuterons in the
gas and the captured particle can orbit the Helium nucleus for microseconds before the annihilation.
This meta-stability is a unique feature for the Helium target and the characteristic delayed annihilation
is a distinctive signature to identify the antimatter nature of the stopping particle. \r\nA possible
configuration for ADHD space/balloon detector consists of a pressurized helium calorimeter surrounded
by scintillator layers for velocity measurement.\r\nAnti-deuterons are identified by combining the
spectrometric measurement of the stopping particle (velocity/energy) with the delayed emission of
outgoing charged pions caused by the annihilation.\\nA prototype of the pressurized calorimeter, filled
by 200 Bar Helium acting as a scintillator, has been characterized with cosmic muons and with 70-240
MeV proton beam in the INFN-TIFPA laboratory.\r\nSensitivity of the possible Anti-Deuteron-Helium-
Detector for the measurement of low energy anti-deuterons and anti-protons in cosmic rays will be
summarized and the results of the measured performance of the helium calorimeter prototype will be
addressed.'
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Abstract

'Molecular clouds are complex magnetised structures, with variations over a broad range of length
scales. lonisation in dense, shielded clumps and cores of molecular clouds is thought to be caused by
charged cosmic rays (CRs). These CRs can also contribute to heating the gas deep within molecular
clouds, and their effect can be substantial when CRs are abundant. CR propagation is predominantly
diffusive within disordered magnetised media, and the complex magnetic structures in molecular clouds
therefore regulate the spatial propagation and distribution of CRs within them, and hence the local
ionisation and heating patterns. \r\n\r\nOptical and near-infrared (NIR) polarisation of starlight through
molecular clouds can be used to trace magnetic fields. The diffusion coefficients of CRs through
magnetised molecular cloud complexes can therefore be inferred from the observed fluctuations in
these optical/NIR starlight polarisations. We present our calculations of the expected CR distribution
and ionisation/heating patterns in the star-forming filaments of IC 5146, determined from optical/NIR
observations. Our calculations show that the local conditions can lead to substantial variations in CR
diffusion coefficients. This would affect the local CR heating power and the ionisation rate. These
effects are more severe in galaxies that are rich in CRs. The molecular clouds within these galaxies
could therefore evolve differently to those in galaxies where CRs are less abundant.’
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Abstract

"The High Energy cosmic Radiation Detector (HERD) is one of the prominent space-borne instruments
to be installed on board the upcoming Chinese Space Station (CSS) in 2026 and is the result of a
collaboration among chinese and european institutions. Primary scientific goals of HERD include:
precise measurements of the cosmic ray (CR) energy spectra and mass composition at energies up to
few PeV, electron/positron spectra up to tens of TeV, CR anisotropy, gamma ray astronomy and
transient studies, along with indirect searches for Dark Matter particles. HERD is configured to accept
incident particles from both its top and four lateral sides. Owing to its pioneering design, more than one
order of magnitude increase in geometric acceptance is foreseen, with respect to previous and ongoing
experiments.\r\nThe Plastic Scintillator Detector (PSD) constitutes an important sub-detector of HERD,
particularly aimed towards photon tagging and precise charge measurements of incoming CR nuclei in
a range of Z =1 - 26. Main requirements concerning its design, include: high detection efficiency, broad
dynamic range and good energy/charge resolution. In order to define the optimal layout, two
configurations are currently under investigation: one based on long scintillator bars and the other on
square tiles, with both layouts being readout by Silicon Photomultipliers (SiPMs). Ongoing activities and
future plans regarding the HERD PSD will be presented in this work.'
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Abstract

'Silicon Micro-strip Detector (SMD) has been widely used in detecting charged particles. Using SMD as
detector, and to measure the Linear Energy Transfer (LET) generated by the ionizing radiation in
manned spacecraft, a prototype of LET spectrometer is designed. This paper presents the design of
the data acquisition (DAQ) software for the LET spectrometer. To read out and preliminarily analyze the
data, the DAQ software is consist of three modules, which are readout and control module, data real-
time imaging module, and offline data analysis module. Multiple data tests are included in the DAQ
software as a result of reliability requirement of the data. The DAQ software realizes the dual
communication interface through the Ethernet interface of the back-end electronics, which are used to
summarize the data generated from the three detectors of the prototype in the experiment, and the
USB interface of the front-end electronics for debugging a single detector. Qt is used as the
development tool for Windows platform, because of its excellent reliability and maintainability. Its cross-
platform-ability is also important to operate in other platforms. Due to the small amount of data and high
demand of efficiency, it is appropriate to choose C + + as the programming language. In the tests, the
DAQ software shows good performance and fits the needs of application.'
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Abstract

'One of the consequences of having a high-density calorimeter as part of an experiment is a large
number of secondary shower particles generated in the calorimeter -- some of which scatter back up
towards the charge measurement devices. This so-called "backscatter effect" can interfere severely
with accurate charge measurement of the primary nucleus, especially at high energies, as the number
of backscattered particles increases with the incident energy. In this analysis, we study the effect of
backscattered particles on particle identification by simulating the ISS-CREAM instrument model
detector response using the GEANT3 simulation package with the FLUKA hadronic model. Our study
shows the importance of the fine segmentation of charge detectors above the calorimeter. It can
minimize backscattered particle contamination in the same charge detector segment as the incident
particle to avoid its charge misidentification. We will present simulation results regarding charge
measurements, including the tracking resolution, backscattering effects, and charge determination
efficiency.’
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Abstract

'The China Seismo-Electromagnetic Satellite is a multi-instrument space mission dedicated to the
investigation of the topside ionosphere structure and dynamics (plasma parameters, electromagnetic
fields and charge particles fluxes) and the possible correlation of its perturbations with the occurrence
of high magnitude earthquakes. \r\nThe main contribution of the Italian collaboration to the mission is
the High Energy Particle Detector (HEPD), designed and built for the detection of electrons and protons
in the energy range 3-100 MeV and 30-200 MeV, respectively \[[1]\].\\nThe satellite was launched on
February 2, 2018 from the Jiuquan Satellite Launch Center (Inner Mongolia, China) and HEPD is fully
operational since July 28, 2018. \r\nTo ensure correct operations and optimal performances during the
expected life time of 5 years, the HEPD onboard software hosts the Control & Housekeeping system
responsible for the detector management and monitoring.\r\nThe system handles instrument data
acquisition and calibrations, HEPD configuration and monitoring and acts as the main interface of the
detector with the satellite platform. The continuous monitoring of HEPD status allows to control the
detector functionality, to check electronics stability, to identify anomalous behaviors and to perform
recovery actions if necessary. Besides, the high configurability of the detector allows to modify HEPD
configuration in order to preserve its detection efficiency that can deteriorate along with the detector
age.\n\nIn this paper we describe the HEPD Control & Housekeeping system and HEPD operational
status during its 3 years of flight.\\n\N\nREFERENCES\r\n\\[[1]\\] Scientific goals and in-orbit
performance of the High-Energy Particle Detector on board the CSES. Picozza P, et al., ApJS
2019;243(1):16. [http://dx.doi.org/10.3847/1538-4365/ab276¢][11\r\n\r\n\r\n [1]:
http://dx.doi.org/10.3847/1538-4365/ab276¢'
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Abstract

'The CSES (China Seismo-Electromagnetic Satellite) is a multi-instrumental scientific space program
whose objectives are to investigate the near-Earth electromagnetic, plasma and particle environment
and for studying the seismo associated disturbances in the ionosphere-magnetosphere transition zone,
the anthropogenic electromagnetic noise as well as the natural non-seismic electromagnetic emissions,
mainly due to tropospheric activity. In particular, the mission aims at confirming the existence of
possible temporal correlations between the occurrence of earthquakes for medium and strong
magnitude and the observation in space of electromagnetic perturbations, plasma variations and
precipitation of bursts of high-energy charged particles from the inner Van Allen belt.\r\nThe first
satellite (CSES-01) was launched on 2018, while a second one (CSES-02) is currently under
development and its launch is expected by 2022. As in CSES-01, the suite of instruments on-board
CSES-02 will comprise a particle detector (HEPD-02, High-energy Particle Detector) to measure the
increase of the electron and proton fluxes due to short-time perturbations of the radiation belts induced
by solar, terrestrial, or anthropic phenomena in the energy range 3-100 MeV for electrons and 30-200
MeV for protons.\\nHEPD-02 comprises a tracker made of CMOS Monolithic Active Pixel Sensors
(MAPS), a double layer of crossed plastic scintillators for trigger and a calorimeter, made of a tower of
plastic scintillators and a matrix of inorganic crystals, surrounded by plastic scintillator veto planes. We
present the main characteristics and performance of HEPD-02, highlighting the architectural choices
made to meet the scientific objectives of the mission.'
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Abstract

"The China Seismo-Electromagnetic Satellite (CSES) is a multi-instrumental space mission devoted to
the study of the ionosphere, with the main aim to investigate possible correlations between fluctuations
of the ionosphere environment and the occurrence of an earthquake. The first satellite (CSES-01) was
launched on 2018, while a second one (CSES-02) is currently under development and the launch is
expected by 2022. As CSES-01, the second satellite includes a particle detector (HEPD-02, High-
energy Particle Detector) to measure the increase of the electron and proton fluxes due to short-time
perturbations of the radiation belts induced by solar, terrestrial, or anthropic phenomena \\[[1]\\]. The
explored energy range is 3-100 MeV for electrons and 30-200 MeV for protons .\r\nThe HEPD-02
Electronic Subsystem (ELS) contains all the electronics that perform the control of the apparatus and
the processing of the signals provided by the sensitive detectors. It consists of the following boards:
Trigger, Tracker Data Acquisition (T-DAQ), and Data Processing and Control Unit (DPCU). The DPCU
will carry out the functions of management and control of the HEPD-02 operations and the
communication with the satellite computer. The DPCU board will implement HOT / COLD redundancy
and rely on a Zynq XC727045 Xilinx System on Chip (SoC). The boot and all the functional checks of
the SoC will be carried out by a MICROSEMI ProASIC3E FPGA.\r\nWe present the main DPCU
characteristics and functionalities, highlighting the electronic architectural choices to guarantee
reliability and radiation tolerance during the entire mission life span.\\n\nnREFERENCES\\n\\[[1]\\] The
High Energy Particle Detector for the 2nd Chinese Seismo Electromagnetic Satellite, Masciantonio G.,
2019 IEEE NSS/MIC, [DOI:10.1109/NSS/MIC42101.2019.9060030][1]\r\n\r\n\r\n [1]:
https://doi.org/10.1109/NSS/MIC42101.2019.9060030'
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Abstract

'"The CSES space mission, an international collaboration between China and Italy, aims at monitoring
the perturbations originated by electromagnetic emissions in the ionosphere, magnetosphere and in the
Van Allen radiation belts, and at investigating possible correlations with seismic events. The Italian
collaboration, named LIMADQU, contributed to the mission with the realization of the High Energy
Particle Detector (HEPD), an instrument developed on the basis of a long experience in developing
advanced space detectors for charged and neutral particles and gamma rays — on a wide range of
energies — for applications in solar physics as well as in extra-galactic astrophysics\r\nand cosmology.
The CSES Satellite was launched from the Jiuquan Satellite Launch Center on February 2, 2018 and
the expected mission lifetime is of 5 years. Satellite data are transferred to the Institute of Crustal
Dynamics (ICD) of the China Earthquake Administration (CEA) in Beijing, China. \r\nAfter the donwlink
HEPD raw data are transferred to the Italian Ground Segment. In the IGS, HEPD raw data are
processed from level0 to level2 after calibration and equalization and are then stored in a high-
availability processing server and stored in a high-resilience storage. In this poster we present a
schematic of the HEPD detector data structure and the processing pipeline that has been built at the
Italian Space Agency — Space Science Data Center'
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Abstract

'We explore applications of machine learning in particle astrophysics. A supervised machine learning
algorithm is applied to the visual representations of the energy deposits in two orthogonal views of the
calorimeter of ISS-CREAM. Convolutional Neural Networks (CNNs) backed by Tensorflow are used to
calibrate the sampled energy of the calorimeter and reconstruct the total primary energy of cosmic rays
(CR), as well as for CR identification. The CNN regression models are trained on detailed Monte Carlo
simulated events reproducing the behavior of the ISS-CREAM instrument suite, and the results indicate
that a calorimeter energy reconstruction resolution of as good as 20% is achieved. The energy sampled
in the calorimeter is determined with a resolution as good as 10%. The CNN classification model can
reach a CR identification accuracy of up to 93%. The results from machine learning methods are
consistent with a simple scaling of the sampled energy. The increased accuracy of this CNN energy
reconstruction comes from the additional information of the longitudinal and lateral energy deposit
profiles. This machine learning approach is widely applicable to a range of particle physics and
astrophysics problems.'
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Abstract

"The High Energy cosmic Radiation detector (HERD) facility has been proposed to be installed onboard
the future China’s Space Station (CSS).\r\n\\nHERD will address major problems in fundamental
physics and astrophysics with the precise measurement of charged cosmic-rays and gamma-rays from
few GeV to PeV energies by means of a large acceptance detector based on an innovative
concept.\n\n\r\nThe detector consists of a very thick (3 lambda, 55 X0) calorimeter made of nearly 7500
LYSO crystals arranged into an octagonal prism, surrounded by a scintillating fiber tracker, a plastic
scintillator detector and a silicon charge detector to precisely identify and measure high energy
particles. Additionally, a transition radiation detector provides accurate energy calibration.\r\n\r\nHERD
is designed to accept incident particles from both its top and four lateral faces thus providing an
effective geometrical factor one order of magnitude larger than that of current experiments.\r\n\r\nThe
large geometrical acceptance of the system requires detailed studies to define an efficient trigger
system, which is able to identify the event samples for science and calibration purposes and keep the
trigger rate to the level required by the acquisition system.\r\n\r\nWe will present the studies performed
with the use of up-to-date models based on the most recent data, detailed simulations of the detector
response and a CSS model to define the HERD trigger strategy.'
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Abstract

"This contribution describes the Trigger board of the High-Energy Particle Detector, which will be placed
onboard the second China Seismo-Electromagnetic Satellite for CSES-Limadou mission.\r\nThis
mission will monitor variations in ionospheric parameters that are supposed to be related to
earthquakes.\r\nThe first satellite is already in orbit and the second one will be launched in
2023.\r\nThe HEPD detector will be composed by a tracker made of CMOS sensors (ALPIDE sensors),
followed by two segmented planes of plastic scintillators used for trigger signals generation.\r\nThe
actual calorimeter will be composed by twelve planes of plastic scintillator and two segmented planes
of an inorganic scintillator called LYSO. The calorimeter is surrounded by five scintillator planes used
as a veto system.\r\nAll the scintillators are coupled with PMTs, whose signals are acquired and
digitized by the Trigger board, that also implements the trigger system for the whole apparatus.\rnnThe
ongoing work on the Trigger board consists in the design of both the hardware and the firmware used
for the communication with the other boards of the detector, power managing, and the interfacing with
the ASIC used for PMTs’ readout. \r\nEventually the Trigger board will be tested to verify its
functionalities and its compliance with the HEPD design specifications. Next developments are the
integration of the Trigger board with the other systems on the detector and the environmental testing of
the whole system.'
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Abstract

'Deep learning algorithms have gained importance in astroparticle physics in the last years. They have
been shown to outperform traditional strategies in particle identification, tracking and energy
reconstruction.\r\nThe attractive feature of these techniques is their ability to model large dimensionality
inputs and catch non-trivial correlations among the variables, which could be hidden or not easy to
model. This contribution focuses on the application of deep neural networks to the event reconstruction
of the Limadou High-Energy Particle Detector on board of the China Seismo-Electromagnetic Satellite.
We describe the model adopted for the neural network and report on the performance measured on
simulated and real data.’
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Abstract

'The CALorimetric Electron Telescope (CALET), operating aboard the International Space Station since
October 2015, is an experiment dedicated to high-energy astroparticle physics. The primary scientific
goal of the experiment is the measurement of the electron+positron flux up to the multi-TeV region. In
this poster, we will present the analysis strategy employed for this measurement. At first, we will
describe the careful selection of all variables used in the analysis in order that they are well reproduced
by simulations. Then, we will discuss the analysis itself, which is divided in two main steps. The first
step consists of a set of selections to obtain a sample of well reconstructed candidates, removing
particles outside the detector acceptance and particles with a charge Z>1, while keeping a high
selection efficiency for electrons. The second step consists of a final rejection to remove the residual
proton background: this is the most crucial point of the analysis and is performed using different
methodologies. We will demonstrate that, at low energies, it is enough to use a simple single cut that
makes use of the reconstructed longitudinal and lateral profile, whereas, at high energies, it is
necessary to use a more powerful cut that combines all detector information by the use of a multivariate
analysis technique. Finally, we will show that this rejection algorithm leads to very stable performances
at all energies, strongly reducing the impact of the associated uncertainty, which is the main source of
systematic uncertainty in the high energy region.’
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Abstract

'The High Energy cosmic-Radiation Detection (HERD) is a future space experiment which will be
installed on the China’s space station around 2025. The main goal of the experiment is the
measurement of cosmic rays up to energies which are not explored by the instruments currently
operating in space, in particular proton with energies up to PeV, nuclei up to hundreds of TeV per
nucleon and electrons up to tens of TeV. The instrument will consist of silicon charge detectors, anti-
coincidence scintillators, scintillating fiber trackers, a transition radiation detector and a deep
calorimeter.\r\nThe latter is a homogeneous 3D segmented calorimeter made by about 7500 LYSO
cubic crystals: thanks to this innovative design, it will achieve large acceptance, good energy resolution
and excellent electron/proton discrimination. In order to increase both energy calibration capabilities
and redundancy of the instrument, the LYSO scintillation light will be read-out by two independent
systems: one is made by wave-length shifting fibers coupled with imaged intensified ISCMOS, and the
other one consists of photodiodes with different active areas connected to a custom front-end
electronics. Both read-out systems are designed to have a large dynamic range and a low power
consumption. The design of the calorimeter is validated by several Monte Carlo simulations and beam
test results obtained by detector prototypes. In this presentation we describe the anticipated
performances of the calorimeter and the current status of the double read-out system, and we discuss
recent developments of both the HERD prototype and the flight model design.'
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Abstract

'"The High Energy cosmic-Radiation Detection (HERD) facility is a space payload proposed to be
installed onboard the China’s Space Station (CSS). The aim of HERD is the direct detection of cosmic
rays towards the “knee” of the spectrum (~ 1 PeV) and the monitoring of the gamma ray sky up to 1
TeV. The HERD core is a calorimeter capable of accepting particles incident on its top and four lateral
sides, each equipped with a sector of the scintillating fiber tracker: FIT. The top sector hosts 5 tracking
planes while a side sector hosts 9 tracking planes. Each tracking plane is made of 16 modules. The
module, composed of a fiber mat and 3 arrays of SiPMs, is the elementary brick of FIT. Several FIT
modules have been built and tested with particle beams at CERN. A FIT prototype, made of two
partially instrumented tracking planes, has been assembled and sent through vibrational and thermal-
vacuum space qualification tests. The results of all the tests as well as the detailed design of FIT will be
presented in this contribution.'
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Abstract

"The mission CSES (China Seismo-Electromagnetic Satellite) will put into orbit satellites to study
perturbations in the ionosphere, possibly correlated with the occurrence of seismic events. CSES-02,
the second satellite of the constellation, will be supplied with a High-Energy Particle Detector (HEPD),
composed by a tracker, a trigger system and a calorimeter, designed for the detection of electrons
(protons) in the 3-150 (30-250) MeV energy range. The tracker is based on the innovative monolithic
pixel sensors ALPIDE, developed for the ALICE experiment, at CERN. The adaptation of the ALPIDE
technology to the use in space environments, demanded for ad-hoc solutions for the mechanics, as
supporting structures have to withstand structural and vibrational stresses in a wide energy range,
maintaining their capability to dissipate the heat generated by ALPIDE operations. This work presents
the HEPD-02 tracker, consisting of 150 pixel sensors, supported by Carbon Fiber reinforced Plastic
(CFRPs) and enclosed in an Aluminum frame, focussing on the little impact that devised solutions have
on the physics performance. We report results from an intense campaign of qualification tests,
conducted according to the space register and constituting an important premise for using monolithic
active pixel sensors in future space cosmic ray experiments.'

Collaborations
other (fill field below), CSES-Limadou

Keywords and Comments

70



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct

Subcategory Experimental Methods & Instrumentation

Ultra-Heavy Cosmic Ray Analysis with CALET
on the International Space Station: Established
and Developing Procedures

Time 16 July 2021 | 18:00 - 19:30 | Berlin Time

Session Discussion: Presenter Forum 1 - Evening | All Categories - Continued in
Presenter Forum 2 with identical contributions and allocations

Presenter Forum Table 403

Presenter

Anthony Ficklin

Author and Co-Author

Anthony Ficklin | Brian Rauch | Wolfgang Zober | Nicholas Cannady | for the CALET Collaboration,

Abstract

'The CALorimetric Electron Telescope (CALET) has collected over 60 months of uninterrupted data on
the flux and spectrum of the Ultra-Heavy (UH) cosmic rays from Z=30 to 40. Using the latest data
provided from CALET’s UH trigger, we present a newly developed UH analysis complementary to the
ongoing analysis presented at this conference by Zober et al. This work introduces a new Ultra-Heavy
Analysis (UHA) dataset produced from CALET production data allowing for more streamlined analysis.
We detail temporal and spatial correction algorithms using both the 26Fe and 14Si peaks to improve
charge resolution in the Z > 26 region. Additionally, this work presents a new method for removing the
contributions from low-Z nuclei using the Mcllwain L-shell parameter in place of the previously used
vertical rigidity cutoff. We show that parameterization of the data with L-shell, calculated from the
IGRF13 and T05 (Tsyganenko 05) geomagnetic field models, leads to fewer events being removed
from the dataset, while maintaining improved charge resolution for Z > 26. Furthermore, we introduce
Tarle function peak fitting to perform charge corrections needed as a result of any quenching effects.
We show the most recent CALET UH results showing the effect of these improvements in the analysis.'
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Abstract

'China Seismo-Electromagnetic Satellites are the most advanced initiative for the study of the
ionosphere-lithosphere coupling from space. They are sensitive to any type of short- to long-lasting
perturbations in the ionosphere, thanks to the variety of instruments that they host on board. Among
them, the High-Energy Particle Detector is devoted to the observation of electrons and protons with
energy thresholds of 3 MeV and 30 MeV respectively. The Limadou collaboration has designed an
improved version of the HEPD for the second satellite of the CSES constellation, whose launch is
scheduled for mid-2022. The main upgrade pertains to the tracker, which will be made of Monolithic
Active Pixel Sensors, never used so far in space. With respect to the standard hybrid silicon microstrip
technology, MAPS are more precise, more robust, easier to control and readout, cheaper and less
invasive. On the other hand, they are still relatively small-sized and power-demanding. \\n\r\nWe report
on the process of spatialisation carried out by the HEPD-02 tracker team, which has adapted the
operation mode of the ALPIDE sensor to realize a modular and compact particle detector, made of 5
turrets, each one containing 3 stacked sensitive planes. All of 150 ALPIDE sensors are controlled and
readout with a Hybrid Integrated Circuit and supported by Carbon Fiber Reinforced Plastics staves,
housed in an aluminium case. We describe in detail the HEPD-02 tracker project, demonstrating the
advantages of using MAPS in space and manifesting the pioneering nature of the project for next-future
larger size space missions.'
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Abstract

'The adoption of pixel sensors for space-based tracking detectors requires low power consumption and
enhanced heat dissipation to cope with the satellite power and cooling constraints. The High Energy
Particle Detector (HEPD) tracker onboard the CSES-02 will be the first application of monolithic active
pixel sensors (MAPS) to a satellite-based experiment. This result is achieved with a parallel sparsified
readout architecture implemented on a single low-power FPGA chip, which manages the 150 ALPIDE
chips of the three-plane tracker. The power consumption is reduced by reading out the ALPIDE chips
via the control line instead of the high speed data link, and by distributing the clock only to the portions
of the detector crossed by a particle. The readout concept presented in this contribution allows to deal
with both the required performance and the power constraints, and is scalable to larger and more
complex detectors.'
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Abstract

'"The High Energy Particle Detector (HEPD) is one of the scientific payloads of the China Seismo-
Electromagnetic Satellite (CSES). The first satellite of the constellation was launched in February 2018
and has been operational in nominal conditions since then. With the launch of the CSES-02 scheduled
for mid 2022, the realisation of the HEPD-02 detector is ongoing.\r\nThe Limadou collaboration, in
charge of the payload, updated the HEPD design to improve its performance and correct minor issues
observed in HEPD-01.\r\nA Monte Carlo simulation has been developed using the GEANT4 tool, in
order to study the response of the new detector to protons, electrons and light nuclei and validate the
new design. The comparison between simulation results and data collected during tests will also allow
to calibrate the detector response and to train a specifically designed neural network for event
reconstruction. We report preliminary results from the simulation and show that the updated HEPD
meets the scientific requirements of the CSES-02 mission.'
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Abstract

'Plastic Scintillantor Detector (PSD) is part of DArk Matter Particle Explorer (DAMPE), which plays a
crucial role of charge measurement for charged cosmic rays and acts as a veto for gamma rays. In this
work, we give some updated correction methods to enhance the quality of charge measurement,
especially for heavy nuclei. DAMPE has collected nearly 10 billions events by end of 2020, it has
substantial potential to measure the spectra of cosmic rays nuclei up to hundreds of TeV energies,
which could be benefited from these corrections for charge measurement.’
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Abstract

'The Cosmic Ray Energetics And Mass instrument on the International Space Station (ISS-CREAM)
aims to measure the energy spectra of cosmic ray (CR) nuclei from Z=1 to Z=26 with energies from
$10M12}$ eV to $107{15}$ eV. The calorimeter (CAL) was designed to measure the energy of the CR
particles. The ISS-CREAM on-orbit data provide evidence that the CAL may have either suffered from
an efficiency problem or its energy scale may be in need of calibration. As a result, a careful scrutiny of
the absolute energy calibration of the CAL is needed. We propose an approach to calibrate the energy
scale using the on-orbit data of the boronated scintillator detector, which is independent of CAL data
and reduces potential bias. In this talk we will discuss the issues revealed by the on-orbit data,
demonstrate how this can be corrected using the boronated scintillator detector and present preliminary
results.’
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Abstract

'We have developed the desensitized nuclear emulsion films suitable for the detection of heavy cosmic
ray nuclei in the high speed image processing systems (HTS) which was utilized at Nagoya University.
And we have carried out our balloon flight of nuclear emulsion telescope for high resolution gamma-ray
imaging of Vela Pulsar in April, 2018. We have deployed the emulsion chamber which consisted of
several sensitivity type of desensitized nuclear emulsion films in this balloon flight.\r\nWe are going to
report the results of this pilot studies of the application of desensitized films for the detection of cosmic
ray nuclei, and the potential of sensitivity control of nuclear emulsion films suitable for image analysis.'
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Abstract

'By adding suitable amount of Rh compound (Na$_3$RhCI$_6%$-5H$ 2$0) during the production of
nuclear emulsion gel, it enabled to reduce the sensitivity of the nuclear emulsion films and realized the
selection of heavy nuclei by using image processing system suitable for minimum ionized particles. We
have carried out the beam exposure of desensitized nuclear emulsion films in October, 2019 at Heavy
lon Medical Accelerator in Chiba(HIMAC). When charged particles passed through the nuclear
emulsion films, the track were measured as a series of silver grains of which size is typically less than
one micrometer, and we traditionally determine their charge amount by measuring ionization loss
signals such as grain density, delta-ray count. In this study, we measured the energy losses of heavy
ion beams in desensitized emulsion films exposed horizontally to emulsion layer, and we have
estimated the desensitization effect for heavy ion deltections.’
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Abstract

'DAMPE is a space-borne experiment for the measurement of the cosmic- ray fluxes at energies up to
around 100 TeV per nucleon. At energies above several tens of TeV, the electronics of DAMPE
calorimeter would saturate, leaving certain bars with no energy recorded. It is also observed that at
high energies the tracker and the scintillator detector that serve for the charge identification become
heavily populated with back-splash tracks. Both effects interfere in precise measurements of the helium
flux at highest energies. In the present contribution we discuss the application of machine learning
techniques for the treatment of DAMPE data, to compensate the calorimeter energy lost by saturation
and to identify helium events.'
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Abstract

'A project of the OLVE-HERO space detector is proposed for CR measurement in the range 1012-1016
eV and will include a large ionization 3D calorimeter with a high granularity and geometric factor of ~16
m2-sr. The 3D structure of the calorimeter will allow registering CR particles coming from different
directions. As the main NUCLEON-HERO detector is expected an image calorimeter of a boron loading
of plastic scintillator with tungsten absorber. Such a calorimeter allows to measure an additional
neutron signal which will improve the energy resolution of the detector. The more important, the
rejection power between electromagnetic and nuclear CR components will be increased by factor 30-50
in the whole energy range. The boron loading scintillator detector prototype was designed and tested at
the H8 beam test area at CERN SPS. Results of the Monte-Carlo simulation of the NUCLEON-HERO
detector will be presented in the report.'
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Abstract

'Low-energy cosmic ray antideuterons (< 0.25 GeV/n) are a compelling, mostly uncharted channel of
many viable dark matter models, and they benefit from a highly sup-pressed astrophysical background.
The General Antiparticle Spectrometer (GAPS) is a first-of-its-kind Antarctic balloon-borne experiment
specialized for the detection of low energy antiprotons, antideuterons, and antihelium with a targeted
launch in 2022.\r\n\r\nThe results of our novel technology development and a summary of our current
construction status are the focus of this contribution. GAPS exploits an antiparticle identification
technique based on exotic atom formation and decay, allowing more active target material for a larger
overall acceptance since no magnet is required. The GAPS instrument consists of a large-area ($\\sim
50$% m$”2$) scintillator time-of-flight, ten planes of custom silicon detectors with dedicated ASIC
readout, and a novel oscillating heat pipe cooling approach.\r\n\r\nThis contribution will briefly introduce
the exotic atom detection technique and expected flux sensitivities. Following this, the instrument
design will be discussed, and a detailed description of experimental hardware and expected
performance will be presented, followed by a summary of the progress on construction and testing
while also highlighting developments of a scaled, integrated prototype.'
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Abstract

"The goal of the ISS-CREAM experiment is to measure spectra of cosmic-ray particles up to 1000 TeV
from protons to iron nuclei. The detector was designed to complement other current space-based
cosmic-ray missions, and was installed on the ISS on August 22, 2017. During 539 days of on-orbit
operations, ISS-CREAM recorded over 58 million events. The instrument consists of a 4-layer silicon
charge detector, a tungsten/scintillating-fiber sampling calorimeter for energy measurement, top and
bottom scintillating detectors to create a trigger, and a boronated scintillator detector for additional
shower sampling. A variety of subsystem issues developed during on-orbit operations, requiring careful
data filtering, the development of extensive calibrations, and multiple tracking algorithms. We report on
the performance of the ISS-CREAM instrument and present details of the analysis.'
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Abstract

"The DArk Matter Particle Explorer (DAMPE) is a Chinese cosmic-ray direct detection experiment. It
has been operating smoothly on-orbit since its successful launch at the end of 2015. Currently, its sub-
detectors and the satellite are in good working order. The DAMPE payload employs a BGO Calorimeter
for energy measurements, trigger and e/p identification. The calorimeter is constructed of 308 BGO
crystals, and PMTs are coupled to the crystals with optical filters to readout scintillation light. In this
work, we will present the status and performance of the calorimeter, including orbit calibration, energy
measurement, especially in TeV range, detector endurance, and long term performance in a duration of
5 years.'
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Presenter

Wei Jiang

Author and Co-Author

Wei Jiang | Zhan-Fang Chen | David Droz | Yifeng Wei | Yongjie Zhang | on behalf of DAMPE
Collbaration,

Abstract

'Extensive Monte Carlo (MC) simulations are essential in understanding the detector’s response for
high-energy particle detection experiments. We present the infrastructure and status of MC simulations
of the DArk Matter Particle Explorer (DAMPE), a satellite project for the direct detection of high-energy
cosmic rays and gamma rays. The DAMPE simulation tool employs two widely used softwares,
GEANT4 and FLUKA, which implement various physics lists to simulate the interactions of particles in
the detector. The framework of the simulation tool, the production farms, the data-MC comparison, and
the performance of MC simulations on the analysis are summarized.'

Collaborations
DAMPE,

Keywords and Comments
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Presenter
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Author and Co-Author

Arshia Ruina | Mikhail Stolpovskiy | Maksym Deliyergiyev | Yuxing Cui,

Abstract

'The DArk Matter Particle Explorer (DAMPE) is a satellite-borne experiment, in operation since 2015,
aimed at studying high-energy gamma rays and cosmic nuclei fluxes. Of the various sub-detectors in
the DAMPE payload, the Silicon-Tungsten tracKer-converter (STK) plays a significant role in the charge
measurement of incoming ions. Depending on the angle of inclination of the impinging particle and its
position of impact on these strips, the collected charge can spread between the strips which results in a
small fraction of signal loss. The $\\eta$ variable is used to identify this spread of charge across the
strips and correct for the associated charge loss. This brings us closer to accurate determination of
particle charge which is crucial for ensuring a good discrimination between particles. The $\\eta$-
correction is, therefore, expected to play an important role in the determination of heavy ions by the
DAMPE detector. It has helped reduce the proton background for the helium identification in STK by a
factor of 1.5 for MIP tracks.'

Collaborations
DAMPE,
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Presenter

Chiara Perrina

Author and Co-Author

Chiara Perrina | for the DAMPE Collaboration, Philipp Azzarello | Enrico Catanzani | Andrii Tykhonov |
Xin Wu

Abstract

'Since its launch, in December 2015, the DAMPE (DArk Matter Particle Explorer) satellite is taking
data smoothly. The Silicon-Tungsten Tracker (STK) of DAMPE consists of six tracking planes (6x, 6y)
of single-sided silicon strip detectors mounted on seven support trays. Tungsten plates (1 mm thick)
are integrated in the 2nd, 3rd and 4th tray from the top to serve as photon converters. The STK is able
to precisely reconstruct the track of charged particles and converted photons, and to measure the
charge of the incoming cosmic rays thus improving the particle identification. Commissioned
rapidly after the launch, the STK is running extremely well since then. The STK in-orbit calibration
and performance during its first 5 years of operation, including the noise behavior and the thermal
and mechanical stability, will be presented in this contribution.'

Collaborations
DAMPE,
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Presenter

Juan Carlos Diaz Vélez

Author and Co-Author

Juan Carlos Diaz Vélez | Rasha Abbasi | Paolo Desiati | Frank McNally, Hannah Woodward

Abstract

"When cosmic-ray arrival directions are observed in celestial coordinates, they appear to have a small
anisotropy whose origin is still largely unknown. In addition to this celestial anisotropy, the Earth's
revolution around the Sun produces a faint Compton-Getting dipole anisotropy with an excess oriented
towards the direction of motion in solar coordinates. The relative rotation of the celestial and solar
reference frames over a calendar year causes interference between the two sources of anisotropy. It is
possible to characterize the resulting yearly modulations by studying the side-bands to the diurnal and
sidereal frequencies in anti- and extended-sidereal time frames. This work provides a numerical
simulation of the interference between anisotropies in sidereal and solar reference frames to predict the
anti-sidereal and extended-sidereal frames' distributions."

Collaborations
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Presenter

John Mitchell

Author and Co-Author

John Mitchell, john Krizmanic | Brian Rauch

Abstract

'"TIGERISS ( Trans-Iron Galactic Element Recorder for the International Space Station) is a natural
evolution to space of the balloon-borne TIGER and SuperTIGER instruments discussed elsewhere at
this conference. TIGERISS will be proposed to the next NASA Pioneers opportunity, anticipated in
September 2021, as an ISS-attached mission to extend measurements of the relative abundances of
galactic cosmic-ray nuclei to the Pt-Pb region with individual element resolution and excellent statistical
precision. TIGERISS is designed to accurately determine the atomic number of incident nuclei to
beyond the end of the periodic table and to begin measurements at a low-Z trigger threshold, planned
for between He and C in order to measure the velocity distributions of the more common species using
its Cherenkov detectors. TIGERISS measures the atomic number of incident nuclei by both the
differential ionization energy loss (dE/dX) vs. Cherenkov (velocity) technique and the Cherenkov vs.
Cherenkov technique using acrylic and silica-aerogel Cherenkov detectors as in TIGER and
SuperTIGER. However, it utilizes silicon strip detectors for dE/dX and trajectory measurements,
replacing the plastic scintillators and scintillating fiber hodoscopes of TIGER and SuperTIGER. The
scientific goals and anticipated results of TIGERISS are discussed in an accompanying paper at this
conference. Here we give the details of the TIGERISS measurement technique and its technical
implementation.'

Collaborations
other (fill field below), TIGERISS
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Abstract

'TIGERISS is an Ultra-Heavy Galactic Cosmic Ray (UHGCR) detector to be proposed to the NASA
Astrophysics Pioneers program capable of measuring the abundance relative to $ {26}$Fe of every
element from $_{5}$B to $ {82}$Pb. It is evolved from the LDB TIGER and SuperTIGER balloon
instruments and the Heavy-Nuclei Explorer SMEX, and compared to its predecessors, TIGERISS will
have a greatly improved capability to definitively identify UHGCR nuclei. This has been demonstrated in
component accelerator tests at CERN, including silicon strip detectors in place of scintillators. The
geometry factor for TIGERISS is estimated to be from 1.1 to 1.7 m$*{2}$ sr depending on the ISS
attachment point, compared to 0.6 m$*{2}$ sr for TIGER. Within one-year TIGERISS would observe
$\sim$27 $_{56}$Ba nuclei, a 20$\\%$ statistically significant result comparable to the current
SuperTIGER data set. Not requiring corrections for atmospheric interactions and scintillator saturation
effects the TIGERISS results would be cleaner, and they would also make preliminary measurements
to higher charges that will test models for cosmic-ray origins and acceleration. TIGERISS will measure
UHGCR nuclei resulting from neutron-capture nucleosynthesis in heavy stars, supernovae, and binary
neutron-star mergers and will probe the relative contribution of r-process elements to the cosmic rays.-
process elements to the cosmic rays.'

Collaborations
other (fill field below), TIGERISS
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Presenter

Brian Rauch

Author and Co-Author

Nathan Walsh | Wolfgang Zober | Brian Rauch,

Abstract

'We present the method used to estimate the cosmic-ray observations expected for that the Trans-lron
Galactic Element Recorder for the International Space Station (TIGERISS), which is designed to
measure the abundances of the rare Ultra-Heavy Galactic Cosmic Rays (UHCR) $_{30}$Zn and
heavier. TIGERISS uses planes of crossed silicon strip detectors at the top and bottom for charge and
trajectory determination and acrylic and aerogel Cherenkov detectors for velocity and charge
determination. Instruments are modeled in configurations for the Japanese Experiment Module (JEM)
"Kibo" Exposed Facility ($\\sim$1.66 m${2}$ sr), as an European Space Agency Columbus Laboratory
external payload ($\\sim$1.16 m$*{2}$ sr), and as an EXPRESS Logistics Carrier (ELC) experiment
($\\sim$1.10 m$*{2}$ sr). Differential geometry factors determined for detector orientations within the
geomagnetic field over the ISS 51.6$*{\\circ}$ inclination orbit are used to determine geomagnetic
screening. Energy spectra are integrated using the higher of the energies needed to trigger the
instrument or penetrate the geomagnetic field for time-weighted bins of geomagnetic latitude,
instrument orientation, and incidence angle. Finally, abundances are reduced by the fraction of events
calculated to fragment in the instrument.’

Collaborations
other (fill field below), TIGERISS
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Presenter
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Author and Co-Author
Brian Rauch | Nathan Walsh,

Abstract

'The SuperTIGER (Super Trans-Iron Galactic Element Recorder) balloon-borne ultra-heavy galactic
cosmic-ray (UHGCR) detector has flown twice in the stratosphere over Antarctica at altitudes up to
$\\sim$130,000 ft. Corrections for propagating through the last $\\sim$0.5$\\%$ of the atmosphere are
based on those developed for the preceding TIGER instrument. Changes due to nuclear interactions
are determined by finding top of the atmosphere (TOA) elemental abundances that yield those
measured in the instrument after solving networks of equations for all elements with partial and total
charge changing cross sections stepping through fine slabs of material. Varying rates of energy loss in
the atmosphere for different elements yield different TOA minimum energies for the acrylic Cherenkov
detector threshold (~350 MeV/nuc). TOA abundances corrected for nuclear interactions for each
element are scaled with the fraction of the integral energy spectrum for its TOA minimum energy, using
the iron spectrum for the UHGCR. Statistical uncertainties are derived at the TOA by shifting the
abundance of each element individually up and down by the measured uncertainty in the instrument
and calculating the TOA abundance of that element. Systematic uncertainties previously were
estimated by simultaneously shifting the partial and then the total cross sections for all elements up and
down by their uncertainties and finding TOA abundances compared to the nominal values. Here we
present a Monte Carlo study of the systematic impact of simultaneously randomly varying atmospheric
propagation parameters over many trials to find the normal range of variation in the resulting TOA
element abundances. Total and partial charge changing cross sections for each element are
individually varied in each sampling.'

Collaborations
other (fill field below), SuperTIGER
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Presenter

stephan o'brien

Author and Co-Author
stephan o'brien,

Abstract

'HELIX (High Energy Light Isotope eXperiment) is a balloon-borne instrument designed to measure the
chemical and isotopic abundances of light cosmic-ray nuclei. In particular, HELIX is optimized to
measure 10Be and 9Be in the range 0.2 GeV/n to beyond 3 GeV/n. To achieve this, HELIX utilizes a 1
Tesla superconducting magnet with a high-resolution gas drift tracking system, time-of-flight detector,
and a ring-imaging Cherenkov (RICH) detector. The RICH detector consists of aerogel tile radiators
(refractive index ~1.15) with a silicon photomultiplier detector plane. To adequately discriminate
between 10Be and 9Be isotopes, the refractive index of the aerogel tiles must be known to a precision
of 0.1%. In this contribution, detailed mapping of the refractive index across the aerogel tiles is
presented and the methodology used to obtain these measurements is discussed.'

Collaborations
other (fill field below), HELIX
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Presenter

Nahee Park

Author and Co-Author

Nahee Park | for the HELIX Collaboration,

Abstract

'Recent discoveries of new features in Galactic cosmic-ray fluxes emphasize the importance of
understanding the propagation of cosmic rays. HELIX (High Energy Light Isotope eXperiment) is
designed to improve the measurements of light cosmic-ray isotopes, including the propagation clock
isotope $2{10}\\mathrm{Be}$ and stable secondary isotope $"{9\\mathrm{Be}$, which will be essential
to study the propagation of the cosmic rays. The magnetic spectrometer of HELIX consists of a 1 Tesla
superconducting magnet containing a high-resolution gas drift chamber as a tracking detector and two
velocity measuring detectors: a time-of-flight detector and a ring-imaging Cherenkov detector. While the
HELIX instrument can measure the fluxes of the light isotopes from protons (Z=1) up to neon (Z=10), it
is optimized to study the flux of beryllium isotopes from 0.2 GeV/n to beyond 3 GeV/n with a sufficient
mass resolution to discriminate between $*{10}\\mathrm{Be}$ and $*{9}\\mathrm{Be}$. In this talk, | will
review the scientific goals and the design of the instrument and report its current status and project
plans.'

Collaborations
other (fill field below), HELIX Collaboration
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Abstract

'SuperTIGER (Trans-Iron Galactic Element Recorder) is a large-area balloon-borne instrument built to
measure the galactic cosmic-ray (GCR) abundances of elements from Z=10 (Ne) through Z=56 (Ba) at
energies 0.8-10 GeV/nuc. SuperTIGER flew over Antarctica for a record-breaking 55 days, from
December 8, 2012 to February 1, 2013. The instrument identifies particles using a combination of
scintillating optical fiber hodoscopes for determining particle trajectories, three scintillators for charge
identification, and an acrylic Cherenkov detector and an aerogel Cherenkov detector for charge and
velocity determination. We have developed a Geant4 simulation to study the interactions of particles
through the atmosphere and through the instrument and supplemented it with additional code to
simulate the Cherenkov signals. The Geant4 model simulates interaction energy losses as well as
interaction losses and production of secondary particles. The Cherenkov simulation code includes
background from knock-on electrons, as well as background scintillation and Cherenkov light from the
light reflectors and mounting material within the detectors. In this presentation, we will demonstrate the
application of corrections due to energy losses and interaction losses from the top of the atmosphere
through the instrument derived from the simulation, and we will demonstrate the establishment of the
energy scales from the Cherenov simulation. These results are a critical contribution to the
SuperTIGER energy spectra calculation for Z=10-30."

Collaborations
other (fill field below), SuperTIGER
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Presenter

paolo maestro

Author and Co-Author

paolo maestro | For the CALET collaboration,

Abstract

'We present the measurements of the energy spectra of carbon and oxygen nuclei in cosmic rays
based on 4 years of observation with the Calorimetric Electron Telescope (CALET) on the International
Space Station. The energy spectra are measured from 10 GeV/n to 2.2 TeV/n with an all calorimetric
instrument with a total thickness corresponding to 1.3 nuclear interaction length and equipped with
charge detectors capable of single element resolution. Data analysis, including the detailed
assessment of systematic uncertainties, and results are reported. The observed carbon and oxygen
fluxes show a spectral hardening around 200 GeV/n established with a significance > 30. They have
the same energy dependence and a constant C/O flux ratio above 25 GeV/n. These measurements will
contribute to a better understanding of the origin of the spectral hardening.'

Collaborations
CALET,
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Presenter

Gwangho Choi

Author and Co-Author
Gwangho Choi,

Abstract

"The Cosmic Ray Energetics And Mass for the International Space Station (ISS-CREAM) experiment
successfully recorded the data for about 539 days from August 2017 to February 2019. In this talk, we
report the measurement of the cosmic-ray proton energy spectrum from the ISS-CREAM experiment in
the energy range of 2.5 TeV-650 TeV. For the analysis, we used the silicon charge detector (SCD)
placed at the top of the ISS-CREAM payload to identify the incoming cosmic-ray charge. The SCD is
finely segmented to minimize charge misidentification due to backscatter effects. The four-layer SCD
consists of 10,752 silicon pixels, each of which is 1.37 x 1.57 x 0.05 cm3 in size. The calorimeter
(CAL) consists of 20 layers of tungsten/scintillating fibers preceded by carbon targets. It provided
cosmic-ray tracking, energy determination, and the high-energy trigger. The Top and Bottom Counting
detectors (T/BCD) are above and below the CAL, respectively, and provided the low energy trigger.
Each T/BCD is composed of an array of 20 x 20 photodiodes on plastic scintillators. The measured
proton spectral index of 2.67 + 0.01 between 2.5 and 12.5 TeV is consistent with prior CREAM
measurements. The spectrum softens above ~ 10 TeV consistent with the bump-like structure as
reported by CREAM I+lIl, DAMPE, and NUCLEON, but ISS-CREAM extends measurements to higher
energies than those prior measurements.'

Collaborations
ISS-Cream,

Keywords and Comments
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Presenter

Eun-Suk Seo

Author and Co-Author
Eun-Suk Seo,

Abstract

"The Cosmic Ray Energetics And Mass for the International Space Station (ISS-CREAM) experiment
took high energy cosmic ray data for 539 days after its successful installation\r\non the ISS in August
2017. The ISS-CREAM instrument is configured with complementary\r\nparticle detectors capable of
measuring elemental spectra for Z = 1 - 26 nuclei in the energy\r\nrange 10<sup>12</sup> —
10<sup>15</sup> eV; as well as electrons at multi-TeV energies. The goal is to understand cosmic ray
origin, acceleration and propagation by extending direct measurements of cosmic rays to energies that
overlap the energy region of air showers measurements. The four layers of finely segmented Silicon
Charge Detectors provide precise charge measurements. They have been designed to minimize hits of
accompanying backscattered particles in the same segment as the incident cosmic ray particle to avoid
the charge misidentification. The sampling tungsten/scintillating-fiber calorimeter identical to the
calorimeter for prior CREAM balloon flights provides energy measurements. In addition, scintillator-
based Top and Bottom Counting Detectors distinguish electrons from nuclei. Our analysis indicates that
the data extend well above 100 TeV. Recent results from the ongoing analysis will be presented.’

Collaborations
ISS-Cream,

Keywords and Comments
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ISS', 'for the ISS-CREAM Collaboration’
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Presenter
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Author and Co-Author
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Abstract

'Precision measurements by the Alpha Magnetic Spectrometer (AMS) on the International Space
Station of 3He and 4He fluxes are presented. The measurements are based on 100 million 4He nuclei
in the rigidity range from 2.1 to 21 GV and 18 million 3He from 1.9 to 15 GV collected from May 2011 to
November 2017. We observed that the 3He and 4He fluxes exhibit nearly identical variations with time.
The relative magnitude of the variations decreases with increasing rigidity. The rigidity dependence of
the 3He/4He flux ratio is measured for the first time. Below 4 GV, the 3He/4He flux ratio was found to
have a significant long-term time dependence. Above 4 GV, the He/4He flux ratio was found to be time
independent, and its rigidity dependence is well described by a single power law «RA with
A=-0.294+0.004. Unexpectedly, this value is in agreement with the B/O and B/C spectral indices at
high energies.’

Collaborations
AMS,
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Presenter

Sinchul Kang

Author and Co-Author
Sinchul Kang,

Abstract

'Cosmic Ray Energetic And Mass for the International Space Station (ISS-CREAM) was designed to
study high-energy cosmic-rays on the ISS. The ISS-CREAM instrument can measure high energy
cosmic rays up to PeV energies and recorded data from August 22nd, 2017 to February 12th, 2019. In
this analysis, the silicon charge detector (SCD), calorimeter (CAL) and top and bottom counting
detectors (TCD/BCD) are used. The SCD is composed of 4 layers and provides the measurement of
cosmic-ray charges with resolution of ~0.2 e. The CAL is composed of 20 interleaved tungsten plates
and scintillators. It measures the energies of the incident cosmic-ray particles and provides a high
energy trigger. The TCD/BCD consist of photodiode arrays and plastic scintillators and provide a low
energy trigger. In this analysis, the SCD top two layers are used for charge determination. The
measured energy distribution from CAL is deconvolved into an incident energy distribution. Monte-
Carlo simulation data is used to calculate efficiency. We will present preliminary results of cosmic-ray
heavy nuclei spectra from the ISS-CREAM instrument.'

Collaborations
ISS-Cream,
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Presenter
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Author and Co-Author

Kazuyoshi Kobayashi | for the CALET Collaboration,

Abstract

'Calorimetric Electron Telescope (CALET) is aiming to measure the main components of high energy
cosmic rays up to ~1 PeV in order to understand the cosmic ray acceleration and propagation. The
detector consisting of a charge detector, an imaging calorimeter, and a total absorption calorimeter, is
located on the International Space Station. The thickness of the calorimeter corresponds to 30 radiation
length and to ~1.3 proton interaction length. Data taking has started in October 2015 and continues
stably without any serious troubles. We have taken data for more than 5 years so far. We present the
latest result of proton spectrum analysis in the energy region from 50 GeV to several tenths of TeV. A
fiducial geometrical factor of ~416 cm2 sr is used. The energy resolution of proton is 30-40%. The
remaining background is less than 10% in 50 GeV<E<10 TeV region. Compared to our previous result
published in Physical Review Letters in 2019, statistics has been increased by more than two years.
Spectral hardening in E=1-10 TeV region is then confirmed with higher statistics. We will newly discuss
spectral softening above 10 TeV as well as the proton to helium spectrum ratio.'

Collaborations
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Keywords and Comments
'proton; helium; CALET', "

100



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Experimental Results

Neural Networks aproach to event
reconstruction for the GAPS experiment

Time 16 July 2021 | 18:00 - 19:30 | Berlin Time

Session Discussion: Presenter Forum 1 - Evening | All Categories - Continued in
Presenter Forum 2 with identical contributions and allocations

Presenter Forum Table 425

Presenter

Nadir Marcelli

Author and Co-Author
Nadir Marcelli,

Abstract

'The General Antiparticle Spectrometer (GAPS) is a balloon-borne detector, whose first flight is
scheduled in the austral summer 2022,and is designed to measure low energy (<0.25 GeV/n) cosmic
antinuclei. A particular focus is on antideuterons, which are predicted to have an ultra-low astrophysical
background as compared to signals from dark matter annihilation or decay in the Galactic halo. GAPS
uses a novel technique for particle identification based on the formation and decay of exotic atoms. To
achieve sufficient rejection power for particle identification, an accurate determination of several
fundamental quantities is needed. The precise reconstruction of the energy deposition pattern on the
primary track is a particularly intricate problem and we exhibit a strategy devised to solve this using
modern machine learning techniques. In the future, this approach can be used for particle identification.
Here, we present preliminary results of these efforts obtained from simulated data.'

Collaborations
GAPS,

Keywords and Comments
" 'On behalf of the GAPS collaboration'

101



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Experimental Results

Investigating the Vela SNR's Emission of
Electron Cosmic Rays with CALET at the
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Presenter Forum Table

Presenter

Holger Motz

Author and Co-Author

Holger Motz | for the CALET Collaboration,

Abstract

'"The 1SS-based Calorimetric Electron Telescope (CALET) is directly measuring the energy spectrum of
electron+positron cosmic rays up to 20 TeV. Cosmic-ray electrons of TeV region energy are limited by
energy loss to a propagation range of about 1 kpc, therefore the expected sources are a few nearby
supernova remnants (SNR), with the Vela SNR dominating the spectrum [Kobayashi et al. 2004].
\r\nThe latest spectrum measured by CALET in combination with the positron-only flux published by
AMS-02 [Aguilar et al. 2019] is fitted with a comprehensive model including nearby pulsars as the
source of the positron excess. This model is extended to the TeV region by addition of the flux from the
Vela SNR as calculated with DRAGON, with the integrated energy emitted in electron cosmic rays by
the SNR as a variable scale factor. Exploring various scenarios for the time and energy dependence of
the cosmic-ray release from Vela, under varied propagation conditions, best-fitting interpretations of the
spectrum and upper limits on the emission of cosmic-ray electrons by Vela have been derived.'

Collaborations
CALET,

Keywords and Comments
'Vela SNR ; Cosmic Ray Acceleration ; Cosmic Ray Propagation’, "
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Measurement of the energy spectrum of
cosmic-ray helium with CALET on the
International Space Station

Time 14 July 2021 | 18:00 - 19:30 | Berlin Time
Session Discussion: 17 Nuclear CR spectra: theory and observations | CRD
Presenter Forum Table

Presenter

Paolo Brogi

Author and Co-Author

Paolo Brogi | for the CALET collaboration,

Abstract

"The CALorimetric Electron Telescope (CALET) is a space instrument designed to carry out precision
measurements of high energy cosmic-rays. \r\nlt was installed onboard the International Space Station
in August 2015 and since mid-October 2015 it is collecting data with excellent performance and no
significant interruptions.\r\nThe instrument consists of two layers of segmented plastic scintillators to
identify the charge of individual elements from proton to iron, followed by a thick (30 $X_{0}$ and ~1.3
$\lambda_{I}$) calorimeter. It comprises a finely segmented imaging calorimeter (3 $X_{0}$), providing
accurate particle tracking and complementary charge measurement, and a total absorption (27
$X_{0}$) homogeneous calorimeter.\r\nIn addition to its primary science goal of identifying nearby
sources of high-energy electrons and possible signatures of dark matter in the electron spectrum,
\\nCALET is carrying out measurements of the energy spectra, relative abundances and secondary-to-
primary ratios of individual elements from proton to iron and above,\r\nin order to shed light on the
mechanism of acceleration and propagation of cosmic rays in the Galaxy. \r\nPreliminary
measurements of the energy spectrum of cosmic-ray helium, based on the first five years of collected
data, will be presented and details of the analysis are given. The observations performed by CALET in
the energy interval from a few GeV/n to the multi-TeV region show that the helium differential spectrum
does not follow a simple power-law.'

Collaborations
CALET,

Keywords and Comments
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Presenter Forum Table

Presenter

Neeraj Amin

Author and Co-Author
Neeraj Amin,

Abstract

"The NA61/SHINE facility is a multi-purpose experiment located at the H2 beam line of the CERN SPS
North Area, with the aim of studying the properties of hadron production in nuclear collisions with fixed
targets. Important goals are to measure hadron-nucleus interactions to improve cosmic-ray shower
modeling and also to study light, secondary cosmic-ray nuclei production (Li, Be \& B) in the Galaxy.
An analysis of the data taken during a pilot run in 2018 will be presented in this contribution. These
data were taken with $2{12}$C projectiles at a beam momentum of 13.5 *A* GeV/c and two fixed
targets, viz.polyethylene (C$_{2}$H$ {4}$) and graphite. The specific focus here is the measurement of
total boron ($7{10}$B & $*{11}$B) production cross section in C+p interactions at 13.5 *A* GeV/c. The
cosmic-ray nucleus $*{11}$C is termed a 'Ghost nucleus' on account of its short lifetime compared to
the usual cosmic-ray diffusion time in the Galaxy and it ultimately decays to Boron as,
$M113$C8\\rightarrow A{11}$B + $\\beta+$. Therefore, precise knowledge of the production cross
section of $*{11}$C is very relevant for the understanding of boron production in the Galaxy.\r\n\r\nA
new measurement of the fragmentation cross section of C+p $\\rightarrow”{11}$C will be presented,
which, together with our previously reported B-production cross section, provides a new constraint on
boron production in the Galaxy in the high-energy range relevant for modern space based cosmic-ray
experiments like AMS-02.\r\n\r\nMoreover, the impact of our measurement on the interpretation of the
B/C ratio and an outlook for future fragmentation measurements with NAG61/SHINE will be briefly
discussed."

Collaborations
other (fill field below), NA61/SHINE

Keywords and Comments
'fragmentation; cross-section; fixed target; B/C ratio; boron-to-carbon ratio; 10B; 11B; 11C;

propagation; diffusion’,
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Presenter

Scott Nutter

Author and Co-Author

Scott Nutter | Tyler Anderson | Yu Chen | Stephane Coutu | Tyler LaBree | Jason Link | John W.
Mitchell | S.A. Isaac Mognet | Kenichi Sakai | Jacob Smith | Monong Yu,

Abstract

'We present the results of an analysis of on-orbit data from the Cosmic Ray Energetics And Mass
instrument for the International Space Station. The design objective is to measure the elemental
spectra of cosmic rays from Z=1 to Z=26 over the energy range of $10*{12} - 10"{15}$ eV. The
instrument was installed on the ISS on August 22, 2017 with operations terminated on February 12,
2019, resulting in approximately 1.5 years of operation. We compare detailed GEANT4 simulations to
instrument data, demonstrate how we determine the appropriate energy scale for the instrument, and
show some preliminary results.’

Collaborations

Keywords and Comments

‘elemental spectra;’,
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Presenter Forum Table

Presenter

Qi Yan

Author and Co-Author
Qi Yan, Vitaly Choutko

Abstract

'Precise knowledge of the charge and rigidity dependence of the secondary cosmic ray fluxes and the
secondary-to-primary flux ratios is essential in the understanding of cosmic ray propagation. We report
the properties of heavy secondary cosmic ray fluorine F in the rigidity R range 2.15 GV to 2.9 TV based
on 0.29 million events collected by the Alpha Magnetic Spectrometer experiment on the International
Space Station. The fluorine spectrum deviates from a single power law above 200 GV. The heavier
secondary-to-primary F/Si flux ratio rigidity dependence is distinctly different from the lighter B/O (or
B/C) rigidity dependence. In particular, above 10 GV, the (F/Si)/(B/O) ratio ratio can be described by a
power law R® with & = 0.052+0.007. This shows that the propagation properties of heavy cosmic rays,
from F to Si, are different from those of light cosmic rays,from He to O, and that the secondary cosmic
rays have two classes.’

Collaborations
AMS,

Keywords and Comments
'AMS; Fluorine; heavy nuclei; secondary cosmic ray; cosmic ray propagation; latest new AMS result', "
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Presenter Forum Table

Presenter

Shoji Torii

Author and Co-Author

Shoiji Torii | Yosui Akaike | for the CALET Collaboration,

Abstract

'Primary objectives of the CALET (CALorimetric Electron Telescope) mission are to search for possible
nearby cosmic-ray sources and dark matter signatures with the precise measurement of the electron
and positron (all-electron) spectrum. The instrument, consisting of a charge detector, an imaging
calorimeter and a total absorption calorimeter, is optimized to measure the all-electron spectrum well
into the TeV region with a thick calorimeter of 30 radiation length with fine shower-imaging capability.
Due to the excellent energy resolution (a few % above 10 GeV) and the outstanding e/p separation
(~105), CALET achieves optimal performance for a detailed search for structures in the energy
spectrum\r\nCALET has been accumulating scientific data for more than five years without any major
interruption, and the statistics of observed electron events has increased more than double since the
latest publication in 2018. In this paper we will present precise measurements of the all-electron
spectrum up to several TeV, as obtained with the high statistics data, and we will briefly discuss about
its interpretation.’

Collaborations
CALET,

Keywords and Comments
'‘Cosmic ray electron; Electron spectrum; Particle acceleration; Nearby source; Dark matter;', "
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Presenter

cheng zhang

Author and Co-Author

cheng zhang, Zhen Liu | For the AMS collaboration

Abstract

'We report the properties of sodium (Na) cosmic rays in the rigidity range 2.15 GV to 3.0 TV with 0.46
million nuclei collected by the Alpha Magnetic Spectrometer experiment on the International Space
Station. We observed that above 6 GV the Na flux is well described by the weighted sum of the silicon
flux (primary cosmic rays) and the fluorine flux (secondary cosmic rays).\r\n The fraction of primary
component increases with rigidity and becomes dominant at highest rigidities. Na/Si abundance ratio at
the source is determined independent of cosmic ray propagation models.'

Collaborations
AMS,

Keywords and Comments
'Cosmic rays & astroparticles; Cosmic ray composition & spectra; Cosmic ray acceleration; Cosmic ray

propagation; Cosmic ray sources',
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Presenter

Alberto Oliva

Author and Co-Author
Alberto Oliva,

Abstract

'We report the observation of new properties of primary cosmic rays, neon (Ne), magnesium (Mg), and
silicon (Si), measured in the rigidity range 2.15 GV to 3.0 TV with 1.8 million Ne, 2.2 million Mg, and 1.6
million Si nuclei collected by the Alpha Magnetic Spectrometer experiment on the International Space
Station. The Ne and Mg spectra have identical rigidity dependence above 3.65 GV. The three spectra
have identical rigidity dependence above 86.5 GV, deviate from a single power-law above 200 GV, and
harden in an identical way. Unexpectedly, above 86.5 GV the rigidity dependence of primary cosmic
rays Ne, Mg, and Si spectra is different from the rigidity dependence of primary cosmic rays He, C, and
O. This shows that the Ne, Mg, and Si and He, C, and O are two different classes of primary cosmic
rays.'

Collaborations
AMS,

Keywords and Comments
'AMS-02', "
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Presenter

Miguel Angel Velasco

Author and Co-Author

Miguel Angel Velasco | Jorge Casaus | for the AMS Collaboration,

Abstract

'Analysis of anisotropy of the arrival directions of galactic protons, helium, carbon and oxygen has been
performed with the Alpha Magnetic Spectrometer on the International Space Station. These results
allow to investigate the origin of the spectral hardening observed by AMS in these cosmic ray species.
The AMS results on the dipole anisotropy are presented along with the discussion of the implications of
these measurements.'

Collaborations
AMS,

Keywords and Comments

"mn
’
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Presenter Forum Table

Presenter

Francesco STOLZI

Author and Co-Author

Francesco STOLZI | Caterina CHECCHIA | Yosui Akaike | for the CALET Collaboration,

Abstract

'"The Calorimetric Electron Telescope (CALET), in operation on the International Space Station since
2015, has collected a large sample of cosmic-ray charged particles and gamma-rays over a wide
energy interval. The instrument consists of two layers of segmented plastic scintillators to identify the
charge of individual elements from proton to iron (and above), a thin imaging tungsten scintillating fiber
calorimeter providing accurate particle tracking, and a lead-tungstate homogeneous calorimeter to
measure energy. One of the scientific objectives of CALET is the direct measurement of the energy
spectra of cosmic nuclei conveying important information on their acceleration and propagation in the
Galaxy. Based on the first five years of CALET observation, CALET has measured the iron spectrum in
the range of kinetic energy per nucleon from 10 GeV/n to 2.0 TeV/n. We present the CALET iron
results, describe the analysis of the data and the detailed assessment of systematic uncertainties, and
compare the CALET results with the findings of previous experiments.'

Collaborations
CALET,

Keywords and Comments

111



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Experimental Results

Properties of Cosmic Aluminum Nuclei: Results
from the Alpha Magnetic Spectrometer

Time 14 July 2021 | 18:00 - 19:30 | Berlin Time
Session Discussion: 17 Nuclear CR spectra: theory and observations | CRD
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Presenter

Zhen Liu

Author and Co-Author

Zhen Liu | cheng zhang | Mercedes Paniccia,

Abstract

'We report the properties of aluminum (Al) cosmic rays in the rigidity range 2.15 GV to 3.0 TV with 0.51
million nuclei collected by the Alpha Magnetic Spectrometer experiment on the International Space
Station. We observed that above 6 GV the Al flux is well described by the weighted sum of the silicon
flux (primary cosmic rays) and the fluorine flux (secondary cosmic rays). The fraction of primary
component increases with rigidity and becomes dominant at highest rigidities. Al/Si abundance ratio at
the source is determined independent of cosmic ray propagation models.'

Collaborations
AMS,

Keywords and Comments

112



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Experimental Results

Towards Understanding the Origin of Cosmic-
Ray Electrons

Time 15 July 2021 | 18:00 - 19:30 | Berlin Time
Session Discussion: 16 Cosmic Ray Antiparticles and Electrons | CRD-DM-GAD-
MM
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Presenter

Dimitrii Krasnopevtsev

Author and Co-Author

Dimitrii Krasnopevtsev | For the AMS02 Collaboration,

Abstract

'Precision results on cosmic-ray electrons are presented in the energy range from 0.5 GeV to 1.4 TeV
based on 28.1 million electrons collected by the Alpha Magnetic Spectrometer on the International
Space Station. In the entire energy range the electron and positron spectra have distinctly different
magnitudes and energy dependences. The electron flux exhibits a significant excess starting from 41.2
GeV compared to the lower energy trends, but the nature of this excess is different from the positron
flux excess above 25.2 GeV. Contrary to the positron flux, which has an exponential energy cutoff of
810 GeV, at the 50 level the electron flux does not have an energy cutoff below 1.9 TeV. In the entire
energy range the electron flux is well described by the sum of two power law components. The different
behavior of the cosmic-ray electrons and positrons measured by AMS is clear evidence that most high
energy electrons originate from different sources than high energy positrons."'

Collaborations
AMS,

Keywords and Comments
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Presenter

Yosui Akaike

Author and Co-Author

Yosui Akaike | paolo maestro | For the CALET Collaboration,

Abstract

'CALorimetric Electron Telescope, CALET, has been measuring high-energy cosmic rays on the
International Space Station since October 2015. One of the scientific objectives of the CALET mission
is the precise measurements of the energy spectra of individual cosmic-ray nuclei and the energy
dependence of secondary-to-primary abundance ratio to reveal the detail of the cosmic-ray
acceleration and propagation in the Galaxy. The instrument, consisting of two layers of segmented
plastic scintillators, a 3 radiation length thick tungsten-scintillating fiber imaging calorimeter, and a 27
radiation length thick PWO calorimeter, has capabilities to identify individual nuclei elements up through
Iron with excellent charge resolution and cover the wide energy range from 10 GeV to a PeV scale.
Long-term observation with CALET for over five years of operation allows to investigate the TeV region
of the secondary components. In this contribution, the details about the analysis of secondary-to-
primary cosmic-ray ratios such as B/C and their preliminary results will be presented.’

Collaborations
CALET,

Keywords and Comments
'secondary to primary ratio; propagation in Galaxy;', "
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Author and Co-Author

Eduardo Ferronato Bueno, Fernando Baréao | Javier Berdugo | Carlos Delgado | Francesco Dimiccoli |
Diego Gomez Coral | Manuela Vecchi | Paolo Zuccon | Philip von Doetinchem | For the AMS02
Collaboration

Abstract

"The Alpha Magnetic Spectrometer (AMS-02) has been operating aboard the International Space
Station (ISS) since May 2011. Deuterons represent about 1% of the single-charged cosmic-ray nuclei.
They are mainly produced by fragmentation reactions of primary cosmic 4He nuclei on the interstellar
medium and represent a very sensitive tool to verify and constrain CR propagation models in the
galaxy. Given the smaller cross-section for 4He->D with respect to C->B, the deuteron flux provides
additional information about the propagation of cosmic rays compared to the cosmic B/C ratio. Precise
particle rigidity and velocity measurements and a large acceptance enable separating deuterons from
abundant protons in the rigidity range from 1.92 to 21.1 GV. Precision measurements of the deuteron
flux obtained with a high-statistics data sample collected by the AMS-02 during its 8.5 years of
operation on the International Space Station will be presented.'

Collaborations
AMS,

Keywords and Comments
'deuteron; cosmic-ray; AMS-02; secondary', "
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Presenter

Margherita Di Santo

Author and Co-Author

Margherita Di Santo, Antonio Surdo | Pengxiong Ma | Chuan Yue | Yapeng Zhang | For the DAMPE
Collaboration

Abstract

'DAMPE (DArk Matter Particle Explorer) is a Space mission project promoted by the Chinese Academy
of Sciences (CAS), in collaboration with Universities and Institutes from China, ltaly and Switzerland.
The satellite hosting the DAMPE detector has been successfully launched on December 17th, 2015,
and is currently collecting data in a stable way. The main goals of the mission are: indirect search of
Dark Matter, looking for signatures in the electron and photon spectra with energies up to 10 TeV; high
energy gamma-ray astronomy; analysis of the flux and composition of primary Cosmic Rays (CR) in the
energy range from few tens of GeV up to hundreds of TeV. In this work we present the latest result on
the CR Helium spectrum measured by DAMPE and discuss the observed features in the light of the
current models about the origin, acceleration and propagation of galactic Cosmic Rays. The outcome is
validated through independent analyses performed inside the DAMPE Collaboration, which give
consistent results within the overall uncertainties.'

Collaborations
DAMPE,

Keywords and Comments
'‘Cosmic Rays; CR Direct detection; CR Helium flux; Space experiments', "
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Presenter

ZhiHui Xu

Author and Co-Author

ZhiHui Xu, Francesca Alemanno | Pengxiong Ma | Leandro Silveri | Qiang Yuan | For the DAMPE
Collaboration

Abstract

'Dark Matter Particle Explorer (DAMPE) is a calorimetric-type, satellite-borne detector for observations
of high energy electrons, gamma-rays, and cosmic-ray nuclei. Using five years data recorded with
DAMPE from January 1, 2016 to December 31, 2020, we measure the spectrum of iron nuclei in a wide
energy range. Detailed studies of the fragmentation of iron in the detector have been performed using
Monte Carlo simulations. The DAMPE result shows good consistency with previous measurements by
other experiments below hundreds of GeV/n, and improves the precision at higher energies.'

Collaborations
DAMPE,

Keywords and Comments
'Cosmic Rays; CR Direct detection; CR Iron Flux; Space experiments', "
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Presenter

Hsin-Yi Chou

Author and Co-Author

Hsin-Yi Chou | Zuhao Li | Zhi-Cheng Tang | Zhili Weng | Andrei Kounine,

Abstract

"The fluxes and flux ratios of charged elementary particles in cosmic rays are presented in the absolute
rigidity range from 1 up to 2000 GV. In the absolute rigidity range ~60 to ~500 GV, the antiproton,
proton, and positron fluxes are found to have nearly identical rigidity dependence and the electron flux
exhibits different rigidity dependence. Below 60 GV, the antiproton-to-proton, antiproton-to-positron,
and proton-to-positron flux ratios each reaches a maximum. Particular emphasis is made on new
observations of the properties of elementary particles in the rigidity range above 500 GV.'

Collaborations
AMS,

Keywords and Comments
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Presenter
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Author and Co-Author
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Abstract

"The DArk Matter Particle Explorer (DAMPE) is a space-based particle detector launched in a Sun-
synchronous orbit on December 17th, 2015 from the Jiuquan Satellite Launch Center, in China. It is
taking data very smoothly since more than 5 years. Science goals of the DAMPE mission include the
study of the electron-positron energy spectrum, the study of galactic cosmic-rays, gamma-ray
astronomy, and indirect dark matter search. Performing precise measurements of light elements in
space, the most abundant components of cosmic radiation, is necessary to address major problems in
galactic cosmic ray acceleration and propagation mechanisms. Selecting a p+He sample (instead of
protons or He alone) allows larger efficiency and purity, also minimizing systematic effects in the
reconstruction of the energy spectrum, due to possible cross-contaminations. The use of looser
analysis cuts allows collecting larger statistics thus extending the covered energy range and providing a
link between direct and indirect cosmic-ray measurements. The measurement of the p+He energy
spectrum up to about 100 TeV will be presented, along with a discussion on the features of the
spectrum and a comparison with other experiments.'

Collaborations
DAMPE,

Keywords and Comments
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Abstract

'SuperTIGER (Super Trans-Iron Galactic Element Recorder) is a long-duration-balloon instrument that
completed its first Antarctic flight during the 2012-2013 austral summer, spending 55 days at an
average float altitude of 125,000 feet. SuperTIGER measured the relative abundances of Galactic
cosmic-ray (GCR) nuclei with high statistical precision and well resolved individual element peaks from
$ {10}$Ne to $_{40}$Zr. SuperTIGER also made exploratory measurements of the relative
abundances up to $_{56}$Ba. Although the statistics are low for elements heavier than $_{40}$Zr, we
present preliminary relative abundance measurements of charges $Z=41-56$ with individual element
resolution. GCR measurements up to $ {40}$Zr support a source acceleration model where
supernovae in OB associations preferentially accelerate refractory elements that are more readily
embedded in interstellar dust grains than volatiles. In addition, injection into the GCR for both refractory
and volatile elements appears to follow a charge dependence consistent with their grain sputtering
cross sections. Our preliminary measurements of the $Z=41-56$ range suggest the existence of an
alternative GCR source or acceleration model for $Z>40$ elements. We report progress in refining this
interesting result.'
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Presenter
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Author and Co-Author

Laurent DEROME, Mercedes Paniccia

Abstract

"The Alpha Magnetic Spectrometer (AMS-02) has been operating aboard the International Space
Station (ISS) since May 2011. Lithium and Beryllium are expected to be mainly produced by the
fragmentation of primary cosmic rays (CR) during their propagation. Therefore, their measurement is
essential in the understanding of cosmic ray propagation and sources. Their isotopic composition can
provide crucial complementary information. In particular, the 10Be/9Be ratio can be used as a
radioactive clock providing the measurement of CR residence time in the Galaxy. In this contribution,
the measurement of the lithium isotopes 6Li and 7Li fluxes and ratios and 7Be, 8Be, and 10Be fluxes
and ratios based on data collected by AMS during the first 8.5 years of operation are presented.'
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Presenter
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Author and Co-Author

Miguel Molero Gonzalez | Jorge Casaus Armentano | for the AMS Collaboration,

Abstract

'Analysis of anisotropy of the arrival directions of galactic positrons and electrons has been performed
with the Alpha Magnetic Spectrometer on the International Space Station. These results differentiate
between point-like and diffuse sources of cosmic rays for the explanation of the observed excess of
high energy positrons. The AMS results of the dipole anisotropy are presented along with the
discussion of the implications of these measurements'

Collaborations
AMS,

Keywords and Comments

122



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Experimental Results

Properties of Light Primary and Secondary
Cosmic Rays He-C-O and Li-Be-B Measured
with the AMS on the ISS

Time 19 July 2021 | 18:00 - 19:30 | Berlin Time

Session Discussion: 18 Cosmic Ray Secondary nuclei: observations and impact
on theories | CRD

Presenter Forum Table

Presenter
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Abstract

'We present precision high statistics measurements of the primary cosmic rays Helium, Carbon, and
Oxygen and the secondary cosmic rays Lithium, Beryllium and Boron by the Alpha Magnetic
Spectrometer in the rigidity range from 2 GV to 3 TV, based on 150 billion cosmic ray events collected
by AMS during the first 8.5 years of operation aboard the International Space Station. The properties of
the He-C-O and Li-Be-B fluxes are discussed. Comparisons with other measurements are shown.'
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Presenter
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Zhili Weng | For the AMS Collaboration,

Abstract

"The latest precision measurements on the cosmic ray positrons flux by the Alpha Magnetic
Spectrometer on the International Space Station are presented. The positron flux exhibits complex
energy dependence. lts distinctive properties are (a) a significant excess starting from 25 GeV
compared to the lower-energy, power-law trend; (b) a sharp drop-off above 284 GeV; (c) in the entire
energy range the positron flux is well described by the sum of a term associated with the positrons
produced in the collision of cosmic rays, which dominates at low energies, and a new source term of
positrons, which dominates at high energies; and (d) a finite energy cutoff of the source term at 810
GeV is established with a significance of more than 40. These experimental data on cosmic ray
positrons show that, at high energies, they predominantly originate either from dark matter annihilation
or from new astrophysical sources.'
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AMS,
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Abstract

'High precision cosmic-ray antiproton fluxes reported by BESS-Polar, PAMELA and AMS-02 are overall
consistent with secondary production from interactions of primary cosmic rays with the interstellar
medium. This severely constrains the possibility of antiprotons of primary origin such as annihilation or
decay of supersymmetric dark matter or evaporation of primordial black holes. In the case of
antideuterons, secondary production in collisions is strongly suppressed, especially at low energies,
because of the very low production cross-section and strict kinematic requirements compared to
antiproton production. The lack of secondary background would imply that there is still plenty of room to
search for primary antideuterons from novel production processes. The most sensitive reported search
used BESS flight data obtained during four BESS balloon flights from 1997 to 2000. By comparison,
the BESS-Polar Il LDB flight in 2007/2008 accumulated cosmic-ray data in near solar minimum
conditions with more than ten times the statistics of one day flight for BESS97. We will report the result
of a new search for antideuterons with unprecedented sensitivity using BESS-Polar Il data.'
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Abstract

"The Calorimetric Electron Telescope (CALET), launched to the International Space Station in August
2015 and continuously operating since, measures cosmic-ray (CR) electrons, nuclei and gamma-rays.
CALET utilizes its main calorimeter charge detector to measure CR nuclei from $ {1}$H to $§ {40}$Zr.
In order to maximize the acceptance of the rare ultra-heavy (UH) CR above $ {30}$Zn, a special high
duty cycle ($\\sim$90%) UH trigger is used that does not require passage through the 27 radiation
length deep Total Absorption Calorimeter (TASC). This provides a 6x increase in geometry factor
allowing CALET to collect in 5 years a UHCR data set with statistics comparable to those from the first
flight of the balloon-borne SuperTIGER instrument but without the need for atmospheric corrections.
Previous CALET UHCR analyses using time and position corrections based on $_{26}$Fe and a
geomagnetic vertical cutoff rigidity selection have shown abundances of even nuclei in agreement with
SuperTIGER. To further improve resolution and maximize statistics, a trajectory dependent
geomagnetic rigidity selection has been employed here with further work being done to implement a
Cash-Karp Runge-Kutta ray tracing method for an improved determination of effective cutoff rigidities.
Additional work has also been done to analyze events from the smaller dataset of events that pass
through the TASC, which provides energy information and a better charge assignment that will provide
higher resolution UH measurements, albeit with lower statistics.'
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Presenter
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Abstract

'A small anisotropy in the arrival directions of comic rays has been consistently observed by ground
detectors based on very large sample of events. The Dark Matter Particle explorer (DAMPE) has so far
accumulated nearly 10 billion events above GeV with relatively high spatial and energy resolution,
expected to be the space detector to observe the anisotropy of cosmic rays. We introduce in this poster
our optimizations in the direction measurement, data sampling and anisotropy analysis. The anisotropy
predicted by the east-west effect due to the Earth magnetic field and the Compton-Getting effect due to
the Earth revolution are then applied to the validation of our analysis.'
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Presenter
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Author and Co-Author

Chuan Yue, Zhanfang Chen | Mingyang Cui | Dimitrios Kyratzis | Libo Wu | For the DAMPE
collaboration

Abstract

"The DArk Matter Particle Explorer (DAMPE), a space-based high energy particle detector, has been
operated on-orbit for more than five years. The large geometric factor and good charge resolution
enable DAMPE to have very good potential to measure cosmic-rays up to 100 TeV. Knowledge of the
boron to carbon (B/C) flux ratio is very important in understanding the propagation of cosmic rays,
especially in TeV energy range. In this contribution, the latest progress of the B/C flux ratio analysis
based on the flight data collected by DAMPE will be presented.’
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Presenter
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Author and Co-Author

Fabian Machate, maura graziani | weiwei xu

Abstract

"The detailed measurement of the positron fluxes from May 20, 2011 to October 29, 2019 with the
Alpha Magnetic Spectrometer on the International Space Station, is presented. Time variation of the
fluxes on different time scales associated with the solar activity over half solar cycle 24 is shown. The
measured effect of charge sign dependent effects on particles with the same mass is discussed.’
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Abstract

'Direct measurements of cosmic-rays (CRs) is fundamental to achieve a better understanding of their
origin, mechanism of acceleration and propagation in the Galaxy. Due to the hardening around a few
hundred GeV/n in the spectrum of proton, helium and heavy nuclei from recent observations, it is of
great importance to provide new and precise measurements of the region of transition for each nuclear
species up to the TeV scale. The space experiment of DArk Matter Particle Explorer (DAMPE) is
designed to measure CRs and gamma-rays in space, and since December 2015, it is collecting data
with smooth and continuous operations. DAMPE has good potential to distinguish the elemental
composition of CRs and measures CRs in the energy range of 50 GeV to 100 TeV. In this report, the
selection criteria of the carbon and oxygen component will be presented; efficiency of event selections
will be validated by Monte Carlo simulations and analysis of system error will be also demonstrated in
this report.'
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Abstract

'We report the observation of new properties of primary iron (Fe) cosmic rays in the rigidity range 2.65
GV to 3.0 TV with 0.62 million iron nuclei collected by the Alpha Magnetic Spectrometer experiment on
the International Space Station. Above 80.5 GV the rigidity dependence of the cosmic ray Fe flux is
identical to the rigidity dependence of the primary cosmic ray He, C, and O fluxes, with the Fe/O flux
ratio being constant at 0.155+£0.006. This shows that unexpectedly Fe and He, C, and O belong to the
same class of primary cosmic rays which is different from the primary cosmic rays Ne, Mg, and Si
class.'
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Presenter

Chengming Liu

Author and Co-Author

Chengming Liu, Pengxiong Ma | For the DAMPE Collaboration

Abstract

"The existence of fractionally charged particles (FCP) in present is some extensions to the Standard
Model of particle physics, and their detection would be a significant breakthrough. Most of the previous
cosmic-rays (CRs) studies are mainly focused on the secondary CRs from the extensive air shower,
but there is rarely on-orbit study to search FCP from primary CRs. The DArk Matter Particle Explorer
(DAMPE) was launched into space on the 17th December 2015, and it has been working well in space
for more than five years with the purpose of measuring CRs and gamma-rays and as today a large
amount of scientific data has been acquired. In this work the five years’ on-orbit data of DAMPE have
been analyzed for the search of 2/3 fractionally charged particle (FCP). The FCP is assumed to have
high penetration capability, and therefore in the selections the particle is required to penetrate the
entire detector from top to bottom. Two sub-detectors, the Plastic Scintillator Detector (PSD) and the
Silicon Tungsten tracKer (STK), are used for charge discrimination. The Geant4 simulations toolkit is
used to investigate the signal region and selection efficiency of 2/3 FCP in the detector. The detailed
selection methods and progress will be presented and discussed.'
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Abstract

'Astronomical events such as Solar and Lunar eclipses provide the opportunity for studying the
disturbance produced in the atmosphere by these events and its effect on cosmic ray intensity. There
are earlier reports on decrease in secondary cosmic gamma ray (SCGR) flux during solar eclipse and
enhancement of the same during lunar eclipse. We present the results from the measurement of SCGR
using Nal(Tl) scintillator detectors during a total solar eclipse, an annular solar eclipse and two lunar
eclipses that took place during 2017-2019. For the total solar eclipse of August 21, 2017, visible in
parts of North America, our aim was to examine if there are any variation in the SCGR flux at Kolkata,
India due to the occurrence of the eclipse in America. There were decrement and increment in SCGR
flux in certain energy regions, which are interpreted as effects of the Travelling lonospheric
Disturbances (TIDs) during the solar eclipse in America. The annular eclipse of December 26, 2019,
visible from Ooty, India provided a great opportunity to verify its direct effect on cosmic rays. We
present the results from analysis of SCGR data from Cosmic Ray Laboratory (CRL) at TIFR, Ooty. We
have also measured the variation of SCGR flux during the lunar eclipse of 31 January, 2018 and of 27
July, 2018, that took place in India. Both the measurements have been carried out in the Detector
laboratory of Bose Institute, Kolkata, India. We observed a slight increment of SCGR during the lunar
eclipse of January, whereas no significant changes during lunar eclipse of July. Details of all the
measurements and the results will be presented.’
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Presenter
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Abstract

'"The cosmic-ray propagation in the Galaxy has not yet been understood in detail. The flux ratio of
secondary to primary components among the cosmic radiation have been measured by many
experiments providing important information to understand the average amount of interstellar material
traversed by cosmic rays. However, such ratio cannot strongly constrain another essential parameter of
the cosmic-ray confinement time. The most direct method to estimate the confinement time is to
measure the abundance of radioactive component that has a decay time comparable to the
confinement time. Among them, the most attractive one is beryllium which has two stable isotopes (7Be
and 9Be) and one unstable 10Be with a decay time of 1.4 Myr. The 10Be/9Be ratio has not been
measured, except for few cases such as ISOMAX, because of the small statistics of 10Be and the
difficulty of distinguishing these isotopes.\r\nThe Balloon-borne Experiment with a Superconducting
Spectrometer (BESS) has carried out precise observation of the low-energy cosmic rays. Using a
tracking system (in a 0.8 T uniform magnetic field) with a rigidity resolution of ~0.4% at 1 GV and a
time-of-flight system with a time resolution of 120 ps, the BESS instrument enables us to distinguish
isotope events. In December-January 2007- 2008, BESS-Polar Il achieved a 24.5-day observation
during its balloon flight over Antarctica. By using 4.7 billion cosmic-ray event data obtained during the
flight, rare 10Be events have been searched and analyzed. We will report the beryllium isotope ratio
integrated in the BESS-Polar Il analysis.'
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Abstract

"The Cosmic Ray Energetics And Mass experiment for the International Space Station (ISS-CREAM)
was installed on the ISS to measure high-energy cosmic-ray elemental spectra for the charge range
Z=1to 26. The ISS-CREAM instrument includes a tungsten scintillating-fiber calorimeter preceded by
carbon targets for energy measurements. The carbon targets induces hadronic interactions, and
showers of secondary particles develop in the calorimeter. The calorimeter was calibrated with electron
beams at CERN. This beam test included position, energy, and angle scans of electron and pion
beams together with a high-voltage scan for calibration and characterization. Additionally, an
attenuation effect in the scintillating fibers was studied. In this paper, beam test results, including
corrections for the attenuation effect, are presented.'
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Abstract

"The High Energy cosmic-Radiation Detection (HERD) facility has been proposed as a space
astronomy payload onboard the future China’s Space Station (CSS) aimed to detect charged cosmic-
rays and gamma-rays from few GeV to PeV energies.\r\nThe main science objectives of HERD are
searching for dark matter particles, the study of cosmic ray chemical composition and high energy
gamma-ray observations.\N\nHERD will extend high precision and high statistics spectral
measurements of individual cosmic ray species up to few PeV, reaching the knee of the all-particle
spectrum. It will also observe the gamma-ray sky from a few GeV up to 1 TeV contributing to multi-
messenger astronomy together with ground-based high energy gamma-ray telescope and neutrino and
gravitational waves detectors.\r\nThe heart of HERD is a very thick (3 lambda, 55 X0) cubic calorimeter
made of small LYSO cubic crystals allowing 3D reconstruction. On the top and on the four sides of the
calorimeter there are a silicon charge detector for nuclei identification, a plastic scintillator detector for
veto and charge measurements and a tracker consisting of scintillating fibers. On one of the sides there
is a Transition radiation detector for on-orbit calibration of the calorimeter.'
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Abstract

"The General Antiparticle Spectrometer (GAPS) experiment is a balloon payload designed to measure
low-energy cosmic antinuclei during at least three ~35-day Antarctic flights, with the first flight expected
in December, 2022. With its large geometric acceptance and novel exotic atom-based particle
identification method, GAPS will detect ~1000 antiprotons per flight and produce a precision cosmic
antiproton spectrum in the kinetic energy range of 0.03 - 0.23 GeV at float altitude, corresponding to
0.085 - 0.30 GeV at the top of the atmosphere. With these high statistics in a measurement extending
to lower energies than any previous experiment, and with orthogonal systematic uncertainty compared
to a magnetic spectrometer, the GAPS antiproton measurement will be sensitive to physics including
dark matter annihilation, primordial black hole evaporation, and cosmic ray propagation. The antiproton
measurement will also validate the GAPS exotic atom technique for the antideuteron and antihelium
rare-event searches and provide insight into models of cosmic particle attenuation in the atmosphere.
This contribution demonstrates the GAPS sensitivity to antiprotons using a full instrument simulation,
event reconstruction, and solar and atmospheric effects.’
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Abstract

'We report the results and accompanying analysis methods from field-testing calorimeter prototypes for
the Advanced Particle-astrophysics Telescope (APT) during the 2019 austral Antarctic balloon season
and during a 2018 CERN beam test. The Advanced Particle-astrophysics Telescopeis a proposed
space-based gamma- and cosmic-ray instrument that utilizes a novel dispersed imaging calorimeter for
both particle tracking and energy reconstruction. The imaging Csl calorimeter (ICC) consists of a
Csl:Na scintillator read out by (WLS) fibers in both the x- and y-planes. To function both as a gamma-
ray and cosmic-ray instrument APT must operate over a large dynamic range, from the single photon-
election regime for low energy gamma-ray events to electronics-saturating cosmic-ray events. Analysis
from a 150 mm x 150 mm calorimeter prototype accompanying the 2019 SuperTIGER-2.3 flight
demonstrates successful event reconstruction from the long scintillation tail of saturating cosmic-ray
events by utilizing the deep memory depth available to the TARGET readout electronics. Spatial
reconstruction of events are performed using a two-sided Voigt profile and show position localization
within the imaging calorimeter plane to < 3 WLS fiber widths. Charge resolution was evaluated on a 50
mm x 50 mm prototype placed in the 150 GeV/nuc, A/Z = 2.2 CERN SPS beam line. Nuclei were
tagged using HNX silicon-strip detectors and allowed for fragmentation cuts in the data. The vastly
saturating signals were reconstructed from the Csl:Na scintillation tail and show an APT charge
resolution up to Z = 12 (with experimental limitations preventing full evaluation for Z > 12) and linearity
in the Csl:Na signal response up to lead.’
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Abstract

'Cosmic Rays (CR) are a powerful tool for the investigation of the structure of the magnetic fields in the
galactic halo and the property of the Inter-Stellar Medium.\r\nTwo parameters of the Cosmic Ray
propagation models: the galactic halo thickness, H, and the diffusion coefficient, D, are loosely
constrained by current CR flux measurements, in particular a large degeneracy exists being only H/D
well measured.\r\nThe $*{10}$Be/$"9%$Be isotopic flux ratio (thanks to the 2 My lifetime of $*{10}Be$)
can be used as a radioactive clock providing the measurement of CR residence time in the galaxy. This
is an important tool to solve the H/D degeneracy. \r\nPast measurements of $*{10}$Be/$"9$Be isotopic
flux ratio in CR are scarce, limited to low energy and affected by large uncertainties. Here a new
technique to measure $*{10}$Be/$"9%$Be isotopic flux ratio with a Data-Driven approach in magnetic
spectrometers is presented. \r\nAs an example by applying the method to Beryllium data collected and
published by PAMELA collaboration it is now possible to determine this important measurement
avoiding the prohibitive uncertainties coming from the Monte Carlo simulation. It is shown that the
accuracy of PAMELA data permits to infer a value of the halo thickness H within 25\\% precision.'

Collaborations

Keywords and Comments
'radioactive cosmic rays; propagation models; halo thickness; beryllium', 'Here a new (preliminary)
measurement of 10Be/9Be at "high" energy is obtained by analyzing old data with a new technique.

Maybe this could be tagged also as "Experimental results".
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Presenter
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Author and Co-Author
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Abstract

'We explore analytical techniques for modeling the nonlinear cosmic ray transport in various
astrophysical environments which is of significant current research interest. While nonlinearity is most
often described by coupled equations for the dynamics of the\r\nthermal plasma and the cosmic ray
transport or for the transport of the plasma waves and the cosmic rays, we \r\nstudy the case of a
single but nonlinear advection-diffusion equation. The latter can be approximately solved\r\nanalytically
or semi-analytically, with the advantage that these solutions are easy to use and, thus, can \r\nfacilitate
a quantitative comparison to data. We present our previous work in a twofold manner.\r\nFirst, instead
of employing an integral method to the case of pure nonlinear diffusion, we apply an
expansion\r\ntechnique to the advection-diffusion equation. We use the technique systematically to
analyze the effect of nonlinear diffusion for the cases of constant and spatially varying advection
\r\ncombined with time-varying source functions. Second, we extend the study from the one-
dimensional, Cartesian\r\ngeometry to the radially symmetric case, which allows us to treat more
accurately the nonlinear diffusion problems on larger scales\r\naway from the source. The results are
compared to numerical solutions, which are also extended to more complex situations.'
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Presenter
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Author and Co-Author

Jiro Shimoda | J. Martin Laming,

Abstract

'"The acceleration of non-thermal particles in collisionless shocks, especially in supernova remnant
shocks, is a long standing problem for revealing the origin of Galactic cosmic-rays. In the most relied
scenario, the Galactic cosmic-rays originate in the diffusive shock acceleration mechanism, and the
pressure of accelerated cosmic-rays should be large comparable to the ram pressure of upstream
background protons to realize the maximum energy of Galactic cosmic-rays, 3 PeV. If the case, the
upstream plasma is decelerated "before" entering the shock front (measured in the shock rest frame).
This is called the cosmic-ray modified shock and one of the essential predictions for collisionless
shocks efficiently accelerating cosmic-rays. Nevertheless, the modification has unfortunately never
been observed yet. In numerical simulation, an inferred degree of velocity modification is just 10
percent level. Thus, we must examine this 10 percent modification of plasma located at a distance of
kpc scale. We have found that the polarimetry of Ha emission at supernova remnants is a potentially
powerful tool to quantify the velocity modification: the polarization direction of Ha is parallel to the shock
normal vector in the modified shock case, while the direction is perpendicular without modification. Note
that although observations of Ha in supernova remnants has been done in past decades, linearly
polarized Ha is recently discovered by Sparks et al. (2015). We have also found that among observable
values we calculated, only the polarization direction responds sensitively to the velocity modification (5
percent in our model). Therefore, the polarimetry of Ha will be a unique diagnostics of cosmic-ray
modified shock and will bring new insights to particle acceleration physics in collisionless shocks.'
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Abstract

'Interstellar cosmic ray (CR) spectra just outside the heliosphere are accessible thanks to direct
measurements of CR, with uncertainties given by the solar modulation. Interstellar CR spectra in the
local medium (i.e. within ~1 kpc around the Sun) are indirectly accessible thanks to observations of
interstellar emissions in radio/microwaves and in gamma rays produced by \xaOCR interactions
\xaOwith \xaOthe \xaOinterstellar \xaOmedium \xa0and the \xaOGalactic \xaOmagnetic field.
Observations of these interstellar emissions are an invaluable tool for understanding densities and
spectra of CR in different places of our Galaxy. The derivation of both spectra depend on model
assumptions. \r\nUntil very recently it was believed that CR as directly measured were resembling CR
throughout the Galaxy, after accounting for solar modulation and propagation effects. However, present
precise data and sophisticated modeling are posing significant challenges. If interstellar CR spectra just
outside the heliosphere and in the local medium are the same is a question that has recently opened
again. \r\nWe present here our effort in answering this question and our recent results.’
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Presenter
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Abstract

'In the cosmic ray (CR) spectrum related studies, the CR propagation function was always numerically
solved with the software that using the finite-difference method (FDM), i.e. GALPROP. In these
solutions, the Galaxy is divided into uniform girds, which would require a huge amount of computing
resources when the problem is related to the CR density nearby the solar system. For example, when
we try to study how the local interstellar magnetic field within 50 pc influences the CR anisotropy, we
need to divide the local area into $\\mathcal{O}(10)$ pc grids, which would occupy $\\sim$ 1000 times
more memory than the usual cases.\r\n\r\nIn order to efficiently solve this kind of problem, we adopt a
non-uniform-grid method. In this method, we design a set of non-uniform grids in which only the area
around the solar system is finely divided while the area relatively far away is roughly divided, and then
performed a nonlinear coordinate transformation to transform the problems into problems with uniform
grids before applying the FDM.\r\n\r\nWith this method, we adopt the local interstellar magnetic field to
predict the CR anisotropy and reach a reasonable result.'
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Abstract

"The AMS-02 experiment has reported precise measurements of energy spectra of several cosmic-ray
species in the energy range of ~ (0.5-2000) GeV/n. An intriguing finding is the differences in the
spectral shape between the different species. Protons exhibit the steepest spectrum of all the species,
and helium, carbon, oxygen and iron spectra are found to be harder than that of neon, magnesium and
silicon. These observations are difficult to explain as diffusive shock acceleration, the currently most
plausible theory for cosmic particle acceleration at high energies, expects independence of the spectral
index from mass and charge of the accelerated particle. Moreover, propagation in the Galaxy has been
shown to not being able to compensate for this discrepancy. In this work, we present an explanation
based on two-component model for the origin of cosmic rays in the Galaxy. The first component
originating from regular supernova remnants in the interstellar medium and the second component from
Wolf-Rayet supernovae. Considering a recently proposed model for cosmic ray injection enhancement
at astrophysical shocks and apply it (a) to interstellar-medium elemental abundances for the regular
supernovae and (b) to the wind composition for the Wolf-Rayet component, we show that the
combination of the two components may explained most of the behavior observed by the AMS-02
experiment.'
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Abstract

'Despite significant efforts over the last decade, the origin of the cosmic ray positron excess has still not
been unambiguously established. A popular class of candidates are pulsars or pulsar wind nebulae but
these cannot account for the observed hard spectrum of cosmic ray antiprotons. We revisit the
alternative possibility that the observed high-energy positrons are secondaries created by spallation in
supernova remnants during the diffusive shock acceleration of the primary cosmic rays, which are
further accelerated by the same shocks. The resulting source spectrum of positrons at high energies is
then naturally harder than that of the primaries, as is the spectrum of other secondaries such as
antiprotons. We present the first comprehensive investigation of the full parameter space of this model -
- both the source parameters as well as those governing galactic transport. Various parameterisations
of the cross-sections for the production of positrons and antiprotons are considered, and the
uncertainty in the model parameters discussed. We obtain an excellent fit to the recent precision
measurements by AMS-02 of cosmic ray protons, helium, positrons and antiprotons, as well as of
various primary and secondary nuclei. The only notable deviation is an excess of antiprotons around
~10 GeV. This model thus provides an economical explanation of the spectra of all secondary species -
- from a single well-motivated population of sources.'
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Abstract

'Galactic winds can alter the evolution of a disk galaxy by launching outflows from the disk that move
gas into the circumgalactic medium (CGM) so that the gas is unavailable to star formation while slowing
the infall of fresh gas onto the disk. One agent that is able to drive these galactic winds are GeV cosmic
rays (CR) injected by supernovae into the intersellar medium. Through a gyroresonant micro-scale
plasma instability CRs drive Alfvén waves that couple their dynamics to the dynamics of their ambient
medium. Galactic-scale winds are launched via the momentum transferred by the amplification of these
astronomical unit-scale Alfvén waves. Once the CR passed the disk-halo interface their gyro-resonant
Alfvén waves damp via various processes and heat the CGM. This heating has a significant
contribution to the overall thermodynamics of the CGM and alters the kinematics of material contained
in the CGM. The plethora of involved physical processes urges an investigation of the CR dynamics in
galactic winds. We developed a two-moment fluid approximation for GeV-CR transport in an arbitrary
magnetic field configuration and model their interaction with gyro-resonant Alfvén waves on grounds of
the quasi-linear theory of this process. We present the results of high-resolution galaxy formation
simulations that uses this this two-moment model. These simulation show that the majority of CRs are
streaming with their self-generated Alfvén waves and that the CR diffusion-coefficient is a spatio-
temporal varying quantity that cannot be approximated with the fiducial values of ~ 3e28 cm”2 / s.'
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Abstract

"The origin of cosmic rays is still a long-standing problem in astrophysics. Supernova remnants are
plausible candidates of cosmic rays up to 10215.5 eV. For cosmic ray nuclei, the maximum energy is
limited by the escape from accelerators. In previous studies about the cosmic-ray escape, the diffusion
approximation is assumed. However, the diffusion approximation cannot apply to investigate the
escape process from a perpendicular shock region because the gyration can be important for a
perpendicular shock acceleration. It is suggested that the diffusive shock acceleration at a
perpendicular shock is a potential acceleration mechanism to accelerate particles up to PeV scale
without the magnetic field amplification in the upstream region. However, the escape process and the
escape-limited maximum energy at perpendicular shocks are still unknown. In this study, we investigate
the escape process from a perpendicular shock region of supernova remnants in the interstellar
magnetic field by using a test particle simulation. In this talk, we will report results about the escape
process and the escape-limited maximum energy at a perpendicular shock region of supernova
remnants in the interstellar magnetic field.'
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Author and Co-Author
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Abstract

'Although most massive stars are thought to live inside clusters giving rise to galactic-scale
superbubbles, a complete model of cosmic ray production in these objects is still missing in the
literature. | present an attempt to model particles acceleration in these systems including all the
relevant physical processes. The acceleration mechanisms taking place in superbubbles differ from
that occuring at isolated supernova remnants in several aspects. The presence of a magnetized shell is
expected to efficiently confine the particles, which may therefore experience successive reaccelerations
at supernovae shocks. The medium is also though to be highly turbulent, which hardens the particle
spectra and make shock acceleration nonlinear. Spectra are further shaped by losses, stellar winds,
and the leakage of the interstellar cosmic rays through the superbubble shell. | will discuss typical
superbubble spectra and detail the time-dependent emission of these objects.'
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Abstract

'Although supernovae remnants can accelerate cosmic rays up to PeV energies, the origin of more
energetic particles remains uncertain. In particular, standard diffusive shock acceleration in isolated
shocks does not explain some features in the spectrum such as the so-called "knee" and "ankle". Other
acceleration mechanisms should therefore be considered. | describe the time-dependent acceleration
of cosmic rays in two colliding shocks. These collisions may appear to be standard processes when
supernovae interact with winds in compact stellar clusters. | show how this system can be solved semi-
analytically in order to obtain the resulting spectrum of accelerated particles. Under certain conditions,
the collision hardens the spectrum at high energies. | then show how nonlinear reacceleration can be
solved when multiple shock acceleration takes place.'
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Abstract

"The cosmic-ray flux of positrons is measured with high precision by the space-borne particle
spectrometers AMS-02. The hypothesis that pulsar wind nebulae (PWNe) can significantly contribute
to the excess of the positron ($e"+$) cosmic-ray flux has been consolidated after the observation of a
$\\gamma$-ray emission at TeV energies of a few degree size around Geminga and Monogem PWNe.
In this work we simulate pulsars populations adopting different distributions for the position in the
Galaxy, the age, the spin-down period and the surface magnetic field of the sources, to overcome the
incompleteness of the ATNF catalogue. We fit the AMS-02 data with the positron flux produced by
these simulated populations, in order to constrain the values of the efficiency $\\eta$ and spectral index
$\\gamma$ of the injectum spectrum of PWNe and to test different configurations of our Galaxy. We
adopt a new parametrization of the two-zone diffusion model for the propagation of $e*+$ accelerated
by the Galactic population of PWNe, with the diffusion around these PWNe suppressed by two orders
of magnitude with respect to the average in the Galaxy. The attempt of obtaining information about
PWNe from the analysis of the AMS-02 $e”+$ data, which facilitate the search for point sources or
new physics with respect to the matter component, has never been performed with this level of
accuracy.'
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Presenter
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Author and Co-Author
Antonio Codino,

Abstract

'Particles of the cosmic radiation, electrons and nuclei, transport a dominant positive electric charge. A
tiny fraction of these particles of extremely high energies in favorable conditions overflow from galaxies.
The overflowing of positively charged cosmic nuclei into the intergalactic space uncovers an equal
amount of negative charge in the parent galaxy. Negative charge is mainly stored by quiescent
electrons. After adequate particle propagation neither the negative electric charge located in the
galaxies nor the positive electric charge of the overflowed cosmic nuclei can be neutralized due to the
enormous distances.\r\nIn several ways it is proved that the total electric charge retained by clusters of
galaxies after an appropriate time interval generate a repulsive force between clusters which
overwhelms gravity. After a few billions years of electrostatic repulsion, peripheral clusters attain
relativistic velocities and their mutual distances increase accordingly. Several facts suggest that the
expansion of the universe, as determined by optical observations since a century, has been caused by
the electrostatic repulsion of the positively charged cosmic nuclei overflowed from galaxy clusters.'
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Abstract

'Although supernova remnants remain the main suspects as sources of Galactic cosmic rays up to the
knee, the supernova paradigm still has many loose ends. The weakest point in this construction is the
possibility that individual supernova remnants can accelerate particles to the rigidity of the knee, ~ 106
GV. This scenario heavily relies upon the possibility to excite current driven non-resonant hybrid modes
while the shock is still at the beginning of the Sedov phase. These modes can enhance the rate of
particle scattering thereby leading to potentially very-high maximum energies. Here we calculate the
spectrum of particles released into the interstellar medium from the remnants of different types of
supernovae. We find that only the remnants of very powerful, rare core-collapse supernova explosions
can accelerate light elements such as hydrogen and helium nuclei, to the knee rigidity, and that the
local spectrum of cosmic rays directly constrains the rate of such events, if they are also source of PeV
cosmic rays. The implications for the overall cosmic ray spectrum observed at the Earth and for the
detection of PeVatrons by future gamma-ray observatories are discussed.'
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Abstract

"The last decade brought spectacular advances in the astrophysics of cosmic rays (CRs) and gamma-
ray astronomy. Improvements in sensitivity of new experiments and other technological breakthroughs
allow them to explore unchartered territory, advancing in energy coverage, energy and angular
resolutions, and probe subtle signatures of new physics. The accuracy of theoretical models becomes
crucial in understanding our Galaxy and beyond, and identifying new phenomena. The state-of-the-art
CR propagation code called GALPROP is designed to address exactly this challenge. Having 24 years
of development behind it, the GALPROP code has become a de facto standard in astrophysics of CR,
diffuse gamma rays, and searches of new physics. The GALPROP code uses information from
astronomy, particle, and nuclear physics to predict CRs, gamma rays, synchrotron emission and its
polarization in a self-consistent manner — it provides the modeling code unifying the results of individual
measurements in physics and astronomy spanning in energy coverage, types of instrumentation, and
the nature of detected species. The range of physical validity of the GALPROP code covers sub-keV—
PeV energies for particles and from micro-eV—PeV for photons. The GALPROP framework includes the
code and independently developed datasets, such as interstellar gas (H2,HI,HlIl), radiation and
magnetic fields distributions as well as the nuclear and particle production cross sections. The code
and the datasets are public and are extensively used by many experimental collaborations, and by
thousands of individual researchers worldwide for interpretation of their data and for making
predictions. We will present latest updates to the GALPROP framework that improve its accuracy and
capabilities and will discuss its applications.'
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Abstract

'Galactic cosmic-rays (GCRs) are thought to be accelerated by the first order Fermi mechanism in
strong shocks induced by massive star winds and supernova explosions sweeping across the
interstellar medium (ISM). But the phase of the ISM from which the CRs are extracted has remained
elusive up to now. Using the latest CR composition data from the AMS-02, Voyager-1 and SuperTIGER
experiments, we show that the volatile elements of the CR material are mainly accelerated from a
plasma of temperature of approximately 3 million Kelvin, which is typical of the hot and tenuous
medium found in galactic superbubbles energized by the combined activities of massive star winds and
core-collapse supernova explosions. In addition, we identify a CR component arising from acceleration
of massive star winds in their termination shocks, which is responsible for the overabundance of 22-Ne
in the GCR composition. The CR composition also shows evidence for a preferential acceleration of
refractory elements contained in ISM dust. We suggest that this component arises from the
acceleration of dust grains continuously injected into superbubbles through evaporation of adjacent
molecular clouds. We derive the acceleration efficiencies for these various components and compare
them to those predicted by the diffuse shock acceleration theory.'

Collaborations

Keywords and Comments
'‘Cosmic-ray composition; Particule acceleration; supernova remnants; Superbubbles', "

154



ICRC 2021

Conference Office icrc2021@desy.de

Webpage icrc2021.desy.de

Branch CRD | Cosmic Ray Direct
Subcategory Theoretical Results

On the interpretation of the latest AMS-02
cosmic ray electron spectrum

Time 15 July 2021 | 18:00 - 19:30 | Berlin Time
Session Discussion: 16 Cosmic Ray Antiparticles and Electrons | CRD-DM-GAD-
MM

Presenter Forum Table

Presenter

Fiorenza Donato

Author and Co-Author

Fiorenza Donato | Mattia Di Mauro | Silvia Manconi,

Abstract

'"The latest AMS-02 data on cosmic ray electrons show a break in the energy spectrum around 40 GeV,
with a change in the slope of about 0.1. We perform a combined fit to the newest AMS-02 positron and
electron flux data using a model which includes production of pairs from pulsar wind nebulae (PWNe),
electrons from supernova remnants (SNRs) and both species from spallation of hadronic cosmic rays
with interstellar medium atoms. We demonstrate that the change of slope in the AMS-02 electron data
is well explained by the interplay between the flux contributions from SNRs and from PWNe. In fact, the
relative contribution to the data of these two populations changes by a factor of about 13 from 10 to
1000 GeV. The PWN contribution has a significance of at least 40, depending on the model used for
the propagation, interstellar radiation field and energy losses. The effect of the energy losses alone,
when the inverse Compton scattering is properly computed within a fully numerical treatment of the
Klein-Nishina cross section, cannot explain the break in the e- flux data, as recently proposed in the
literature.'
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Abstract

'Significant spectral hardening at around 200 GV magnetic rigidity has been reported by AMS-02,
ATIC-2, CALET, CREAM, and PAMELA. This has been observed in high-accuracy measurements of
various nuclei energy spectra of both primaries and secondaries. To explain the spectral hardening
while maintaining proper B/C and p/He ratios, we study 3 approaches in a reacceleration model: adding
a diffusion coefficient break, introducing extra injection spectra breaks, and a combination of both. We
use the numerical code GALPROP to compute the propagation of cosmic rays with such parameter
sets on the rigidity dependence of source and propagation parameters. Implications on the antiproton
and positron spectra will be discussed.'
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Abstract

'Secondary positrons produced inside Galactic Molecular Clouds (GMCs) can contribute significantly to
the observed positron spectrum on earth. Multi-wavelength data on GMCs are particularly useful to
build this model. Very recent survey implemented the optical/IR dust extinction measurements, to trace
567 GMCs within 4 kpc of Earth, residing in the Galactic plane. We use the updated list of GMCs
reported in recent papers, which are distributed in the Galactic plane, to find the secondary positrons
produced in them in interactions of cosmic rays with molecular hydrogen. Moreover, by analysing the
\\textit{Fermi}-LAT data, new GMCs have been discovered near the Galactic plane. We also include
some of these GMCs closest to the Earth where cosmic ray interactions are producing secondaries. It
has been speculated earlier that cosmic rays may be reaccelerated in some GMCs. We select 7 GMCs
out of 567 GMCs recently reported, within 4 kpc of Earth, where reacceleration due to magnetized
turbulence is assumed. We include a hardened component of secondary positrons, produced from
interaction of reaccelerated CRs in those 7 GMCs. We use publicly available code \\textbf{ DRAGON}
for our simulation setup to study CR propagation in the Galaxy and show that the observed positron
spectrum can be well explained in the energy range of 1 to 1000 GeV by our self-consistent model.'
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Presenter
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Tsuyoshi Inoue | Alexandre Marcowith | Gwenael Giacinti,

Abstract

'Origin of cosmic rays (CRs) is still not known. In this work we argue that PeV cosmic rays can be
accelerated during the early phase of a supernova blast wave expansion in dense red supergiant
winds. We solve in spherical geometry a system combining a diffusive-convection equation which treats
CR dynamics coupled to magnetohydrodynamics to follow gas dynamics. The fast shock expanding in
a dense ionized wind is able to trigger the fast non-resonant streaming instability over day timescales.
We investigate the maximum energy CRs can reach in this configuration accounting for pp losses.
Multi-PeV energies can be reached if the progenitor mass loss rates are of the order of, or larger than,
$107{-3}$ solar masses/year. It has been recently invoked that prior to the explosion hydrogen rich
massive stars can produce enhanced mass loss rates. These enhanced rates would then favor the
production of a Pevatron phase in early times after the shock breakout. We discuss observational tests
to probe our model using future radio and gamma-ray facilities.'
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Abstract

'Since its launch the AlphaMagneticSpectrometer-02 (AMS-02) has delivered outstanding quality
measurements of the spectra of cosmic-ray (CR) species, which resulted in a number of
breakthroughs, including the spectrum of iron: because of the large fragmentation cross section and
large ionization energy losses, most of CR iron at low energies is local, and may harbor some features
associated with relatively recent supernova (SN) activity inside the Local Bubble. The analysis of new
iron spectrum together with Voyager 1 and ACE-CRIS data revealed an unexpected bump in the iron
spectrum and in the Fe/He, Fe/O, and Fe/Si ratios at 1-2 GV: the found excess fitted well with recent
discoveries of radioactive 60Fe deposits in terrestrial and lunar samples, and in CRs. This was the first
time such an excess was found in the spectrum of an element that is dominated by stable species,
most notably 56Fe: it will be fundamental to measure the spectra of other heavy CR species to see if a
similar spectral feature is present. Our calculations within the GALPROP-HELMOD framework
provided an updated local interstellar spectrum (LIS) of iron in the energy range from 1 MeV/n to 10
TeV/n: starting from this LIS and the 60Fe/56Fe abundance measured by ACE-CRIS, Fe isotopes
composition is estimated and compared to SN yields, along with the prediction of the important
SubFe/Fe ratio for different scenarios.'
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Abstract

'"The dipole anisotropy of multi-TeV cosmic rays exhibits a strong energy dependence that is at odds
with the predictions of standard isotropic diffusion models. It has been argued that the observed
variation in amplitude and phase is a consequence of the global distribution of cosmic ray sources in
combination with anisotropic diffusion in our local environment. For a quantitative description\r\nof this
effect it is necessary to understand the complicated interplay of cosmic ray diffusion on local and global
scales. In this work we study the impact of isotropic magnetic turbulence realisations on cosmic-ray
propagation and anisotropy. We define a novel methodology that allows us to quantify generic
properties of local and global diffusion with the help of test-particle simulations. We confirm the
emergence of local anisotropic diffusion that leads to an alignment of the cosmic ray dipole with the
local magnetic field and a reduction of its amplitude in perpendicular directions. We discuss the
phenomenological consequences of these findings.'
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Abstract

"The transport of Galactic cosmic rays (CRs), governed by the magnetic collisionless interactions they
suffer with interstellar plasma waves, is commonly studied as a diffusive movement, characterised by a
diffusion coefficient following a power law as function of rigidity. The accuracy of current CR data allows
us to precisely test our propagation models, usually by reproducing the secondary-to-primary CR flux
ratios (e.g., B/C). Nevertheless, the precision of cross sections data for production of secondary CRs is
very poor (>20%), considerably limiting our studies.\r\nTherefore, in this talk we explore the
consequences of the spallation cross sections uncertainties in the evaluation of the secondary CRs B,
Be and Li and in the determination of the Galactic halo size, in addition to compare different cross
sections parametrisations. We also demonstrate that there is no hint of primary sources producing
these secondary CRs and show that it is possible to reproduce the antiproton-over-proton spectrum
considering these uncertainties. Then, we report the results of a Markov chain Monte Carlo analysis of
the propagation parameters obtained from the ratios of B, Be and Li to C and O. Employing two
different methods for including the uncertainties associated to the spallation cross sections we can
simultaneously reproduce the flux ratios of these secondary CRs and find clear evidence that the cross
sections describing Li production are highly discrepant with respect to B and Be.'
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Abstract

'Relativistic shocks are ubiquitous in the universe, in which synchrotron maser instability produces
intense electromagnetic precursor waves. Recent one-dimensional Particle-in-Cell (PIC) simulations
show that longitudinal electrostatic waves, which are called wakefields, are induced in the wake of the
large-amplitude electromagnetic waves and that nonthermal particles are generated during the
nonlinear collapse of the wakefields (Lyubarsky 2006; Hoshino 2008). This particle acceleration may
explain the origin of ultra-high-energy cosmic rays (Chen et al. 2002).\r\n\r\nAlthough the synchrotron
maser instability in the context of relativistic shocks are important for the cosmic ray acceleration, it has
so far been discussed solely with one-dimensional PIC simulations (e.g., Langdon et al. 1988) and it is
not well known whether the same mechanism can operate in more realistic multidimensional systems.
However, our high-resolution two-dimensional PIC simulations (lwamoto et al. 2017, 2018) showed that
the wave emission continues with substantial amplitude for the first time. We confirmed that the large-
amplitude electromagnetic precursor waves continue to persist and that the wakefields are indeed
excited by the intense electromagnetic waves (lwamoto et al. 2019). The wakefields collapse during the
nonlinear process of the parametric decay instability in the near-upstream region, where both ions and
electrons are accelerated by the motional electric field in the upstream and produce clear nonthermal
tails in the particle energy spectra measured in the upstream rest frame. In this talk, we discuss this
particle acceleration and wave-plasma interaction for more details.'
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Abstract

'‘Cosmic rays leave their sources mainly along the local magnetic field present in the region around the
source and in doing so they excite both resonant and non-resonant modes through streaming
instabilities. The excitation of these modes leads to enhanced particle scattering and in turn to a large
pressure gradient that causes the formation of expanding bubbles of gas and self-generated magnetic
fields. By means of hybrid particle-in-cell simulations, we demonstrate that, by exciting this instability,
cosmic rays excavate a cavity around their source where the diffusivity is strongly suppressed. This
phenomenon is general and is expected to occur around any sufficiently powerful cosmic ray source in
the Galaxy. Our results are consistent with recent $\\gamma$-ray observations where emission from
the region around supernova remnants and stellar clusters have been used to infer that the diffusion
coefficient around these sources is $\\sim 10-100$ times smaller than the typical Galactic one.'
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Author and Co-Author

Marco Kuhlen | Philipp Mertsch | Vo Hong Minh Phan,

Abstract

'In the standard picture of cosmic ray transport the propagation of charged cosmic rays through
turbulent magnetic fields is described as a random walk with cosmic rays scattering on magnetic field
turbulence. This is in good agreement with the highly isotropic arrival directions as this diffusion
process effectively isotropizes the cosmic ray distribution. However, high-statistics observatories like
IceCube and HAWC have observed significant deviations from isotropy down to very small angular
scales. This is in strong tension with this standard picture of cosmic ray propagation. By relaxing one
of the assumptions of quasi-linear theory and explicitly considering the correlations between the fluxes
of cosmic rays from different directions, we show that power on small angular scales is a generic
feature of particle propagation through turbulent magnetic fields. We present a first analytical
calculation of the angular power spectrum assuming a physically motivated model of the magnetic field
turbulence and find good agreement with numerical simulations. We argue that in the future, the
measurement of small-scale anisotropies will provide a new window to testing magnetic turbulence in
the interstellar medium.'
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Abstract

'"The propagation distances of MeV cosmic rays is significantly limited due to ionisation loss in the
interstellar medium. Therefore, the density of cosmic rays will depend sensitively on the exact
distribution of the sources in space and time. For an ensemble of source distributions, the fluxes will
follow a strongly non-Gaussian distribution. Here, we show that the typical flux, that is the median of the
distribution, significantly deviates from the average flux, that is the expectation value of the distribution.
Taking this into account allows for a consistent fit of data from Voyager 1 and AMS-02 without any
unmotivated breaks in the source spectrum or mean-free path where earlier models needed to
introduce those in an ad hoc fashion. We conclude with a discussion of the implication of these results
for the discrepancy between the observed and predicted ionization rate induced by low-energy cosmic
rays.'
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Abstract

"The results of cosmic ray measuring experiments such as NUCLEON, HAWC, CREAM-III, DAMPE
indicate a change in the index of the cosmic ray spectra near the magnetic rigidity of 10 TV.\\nSuch an
inhomogeneity in the regular CR spectra can be explained by several possible reasons: features of CR
acceleration, specific features of CR propagation, or a contribution to the CR flux from a nearby source.
In this work, the latter interpretation is considered.\r\nThe NUCLEON space experiment measured the
structure of this spectral feature for each of the abundant primary CR components separately - which is
important for understanding the nature of this feature. The DAMPE and the CREAM experiments
significantly increased the amount of experimental statistics for light nuclei, and the ground-based
HAWC experiment, which has a high statistical reliability of the result, measured a total spectrum of all
particles in this area.\r\nTo test the hypothesis of the effect of a single source on the specitra, a
mathematical model was created that takes into account the contribution of cosmic rays from a
hypothetical close source to the total CR flux. The model is based on solving the problem of CR
propagation in the diffusion approximation.\r\nThe result of the calculation is the area of
\u200b\u200blocalization of a possible source on the age-distance surface and its expected power as
well as its chemical composition. A feature of the model is the use of the penalty function method to
correctly take into account the systematic error of the ground experiment.’
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Abstract

'We investigate the damping of Alfvén waves generated by the\r\ncosmic ray resonant streaming
instability as due to ion-neutral\r\ndamping, turbulent damping and non linear Landau damping, in
the\r\nwarm ionised and warm neutral phases of the interstellar medium.\r\nWe do so in the context of
the cosmic ray escape and propagation\r\nin the proximity of supernova remnants. For the ion-neutral
damping,\r\nstate-of-the-art damping coefficients are used, where the momentum\r\ntransfer and
charge exchange cross sections between various species\r\nof ions and neutrals are computed in
detail or measured. We\r\ninvestigate whether the self-confinement of cosmic rays nearby\r\nsources
can appreciably affect the grammage. In fact, if this is\r\nthe case, the standard picture, in which CR
secondaries are produced\r\nduring the whole time spent by cosmic rays throughout the
Galactic\r\ndisk, should be deeply revisited. We show that the ion-neutral\r\ndamping and the turbulent
damping effectively limit the residence\r\ntime of cosmic rays in the source proximity, so that the
grammage\r\naccumulated near sources is found to be negligible. This also\r\nhappens in the most
optimistic scenario where ion-neutral damping\rinis less effective, namely in a medium with only
neutral helium\rinand fully ionized hydrogen, contrary to what was previously suggested.'
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Abstract

"The total cosmic ray electron spectrum (electrons plus positrons) exhibits a break at a
particle\r\nenergy of ~ 1 TeV and extends without any attenuation up to ~ 20 TeV. Synchrotron and
inverse\r\nCompton energy losses strongly constrain both the age and the distance of the potential
sources of\r\nTeV and multi-TeV electrons to = $1075$ yr and = 100 — 500 pc, depending on both the
absolute value\r\nand energy dependence of the cosmic ray diffusion coefficient. This suggests that
only a few, or just\r\none nearby discrete source may explain the observed spectrum of high energy
electrons. On the\r\nother hand the measured positron fraction, after initially increasing with particle
energy, saturates\r\nat a level well below 0.5 and likely drops above ~ 400-500 GeV. This means that
the local source(s)\r\nof TeV electrons should not produce positrons in equal amount, ruling out
scenarios involving\r\npulsars/pulsar winds as the main sources of high energy leptons. In this paper
we show that a\r\nsingle, local, and fading source can naturally account for the entire spectrum of
cosmic ray electrons\r\nin the TeV domain. Even though the nature of such source remains unclear, we
discuss known\r\ncosmic ray accelerators, such as supernova remnant and stellar wind shocks, which
are believed to\r\naccelerate preferentially electrons rather than positrons.'
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Abstract

'"The Galactic cosmic ray (CR) fluxes observed in the vicinity of the Earth encode the space and time
averaged properties of their sources and are also shaped by the effects of their propagation in the
Galaxy.\r\nA combined study of the spectra of different particle types (protons, primary and secondary
nuclei, electrons, positrons and antiprotons) is essential to determine the roles of the source and of
propagation in the formation of the fluxes.\r\nSeveral authors are now claiming that these combined
studies have essentially solved the problem, and that the source spectra for all particle types are now
well determined in a broad energy range, with significant uncertainties only at high energy.\r\nThis
conclusion obviously also imply that also the CR propagation is well understood.\r\nin this contribution
we analyze critically these results, and conclude that the problem of determining in good approximation
the average CR source spectra (and therefore also the main properties of CR propagation)remains
open, with very large uncertainties.\r\nSolving this problem has profound implications for the properties
of the Galactic CR accelerators (that have not yet been firmly identified) and for our understanding of
the Milky Way magnetic structure.\r\nFuture observations, especially of electrons and positrons in the
multi--TeV range and of unstable isotopes like Beryllium in the few GeV range should soon allow to
solve the problem.’
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Abstract

"The bulk propagation speed of GeV-energy cosmic rays is limited by frequent scattering off
hydromagnetic waves, predominantly by waves that they generate themselves through a resonant
streaming instability.\xa0\xa0ln most simulations of galaxy evolution, cosmic rays are then assumed to
be strongly coupled to the gas; however, when we zoom into the multiphase, frequently under-resolved
ISM, we find a cosmic ray “obstacle course” of collisional targets and density inhomogeneities that
induce cosmic ray decoupling. So how do cosmic rays navigate and influence such a medium, and can
we constrain that transport with observations?\r\n\xaO\u2028\r\nIn this talk, I'll present a new set of
idealized, high-resolution MHD+CR simulations that probes cosmic ray transport in multiphase gas. I'll
discuss how cosmic rays sample the ISM and how they transfer energy and momentum to the gas,
taking into account fast cosmic ray transport in partially neutral gas. Our simulations illuminate the
important role of cloud interfaces in limiting cosmic ray streaming speeds, thereby generating steep
cosmic ray pressure gradients that excite waves in opposition of ion-neutral damping, transfer energy
to the thermal gas, and accelerate cold clouds in galactic winds. We also quantify differences in the
density-weighted cosmic ray content and resulting gamma-ray emission, with and without taking into
account gas ionization effects on cosmic ray transport. While the spatial footprints of gamma-ray
emission clearly differ between models, the total gamma-ray luminosity is, interestingly, largely
unchanged.'
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Abstract

'We present MHD+CR simulations probing reacceleration of pre-existing cosmic rays by long-
wavelength, subsonic, compressive turbulence. With purely diffusive transport, we recover the scaling
relations of Ptuskin 1988, where the reacceleration time reaches a minimum at the ““sweet spot”
diffusion coefficient of the sound speed times the outer turbulence scale, $D_{\\rm crit} \\sim c_{s}L$.
For GeV energy cosmic rays, however, where self-confinement and streaming transport likely
dominate, reacceleration rates are highly suppressed at low plasma $\\beta$; collisionless energy loss
$\\propto v_{A} \\cdot \\nabla P_{CR}$ largely offsets energy gain, even when additional diffusion at the
"sweet spot” value of $D_{\\rm crit}$ is included. At higher plasma $\\beta$ (when diffusive transport
dominates), which may be appropriate in galaxy halo environments, the energy gain time is again quite
short (as low as a few eddy turnover times). \r\n\r\nThis in-situ cosmic ray production, especially if
coupled with reacceleration by large-scale shocks, can increase non-thermal pressure support in the
circumgalactic medium, as required to explain COS-Halos absorption line measurements, and could
leave an imprint in diffuse gamma-ray emission. In low-$\\beta$ environments like the interstellar
medium, reacceleration of GeV-energy cosmic rays can likely be ignored. This may alleviate tension
between current cosmic ray reacceleration models and recent observations by Voyager 1 and AMS-02
that favor pure diffusion / convection models.'
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Abstract

'Diffusive shock acceleration (DSA) in supernova remnants is widely accepted as a plausible
mechanism to produce galactic cosmic rays. However, several problems are pointed out to this picture
and some modifications are needed to understand cosmic ray acceleration in SNRs. In our previous
work (Yokoyama & Ohira, 2020), we considered a shock wave propagating to an inhomogeneous
medium, although the conventional DSA assumed the shock upstream medium to be uniform. It was
revealed that sound waves generated by the interaction between the inhomogeneous upstream
medium and the shock wave can accelerate particles even in the shock downstream region and modify
the energy spectrum of cosmic rays.\r\nHowever, because our simulations used linear solutions for the
description of background plasma, nonlinear behaviors of sound waves are not included. In this talk, we
introduce our recent simulations which solve particle diffusion and fluid equations simultaneously. The
results show that weak shock waves formed by steepening of downstream sound waves can rapidly
accelerate particles before they dissipate. We will discuss the spectral modification and the difference
with the results of our previous simulations.'
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Abstract

'We present here a unified scenario that connects together three peculiar spectral features recently
reported in the spectra of charged cosmic rays (CRs).\r\n  The spectral hardening measured by AMS-
02 in the hadronic spectra above $\\sim 250 \\, \\mathrm{GeV}$ is here interpreted as a diffusion
imprint, and modeled by means of a transport coefficient that smoothly hardens with rigidity. \\n  We
implement such propagation framework to solve the transport equation with the {\\tt DRAGON2}
numerical code in order to determine the large-scale contribution to the CR fluxes. \\n  On top of this
solution we explore the hypothesis of a nearby, hidden Supernova Remnant (SNR) to be responsible
for the high-energy (above $\\sim 100 \\, \mathrm{GeV}$) all-lepton flux, in particular for the spectral
break consistently measured by all the space-borne and ground-based detectors around $1 \\,
\\mathrm{TeV}$. We compute such contribution analytically adopting the same propagation setup
implemented for the large-scale background.\r\n  Simultaneously, we find the signature of the same
source in the peculiar \\textit{bump} structure observed by the DAMPE Collaboration in the proton
spectrum, consisting of a strong hardening at $\\sim 500 \\, \mathrm{GeV}$ and a softening at $13 \\,
\\mathrm{TeV}$. \rin  We validate our hypothesis with the CR dipole-anisotropy (DA) amplitude and
phase. In particular, we interpret the high-energy data (above $10 \\, \mathrm{TeV}$) pointing towards
the Galactic Center as the convolution of the directional fluxes of the large-scale-background sources,
whereas the DA amplitude below that energy is compatible with the predictions of our model and is
therefore considered as a signature of the nearby SNR that we invoke.'
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Abstract

"The AMS-02 collaboration released several secondary-to-primary ratios of\ir\nunprecedented accuracy.
These ratios can be used to test the\r\nuniversality of propagation for different species, and also to test
the\r\npresence of breaks in the diffusion coefficient. It was shown in Weinrich\r\net al. (A&A 639, 131,
2020) that the combined analysis of Li/C, Be/C,\r\nand B/C strengthens the case for a low-rigidity
diffusion break. It was also\r\nshown that a standard propagation model successfully reproduces
these\r\nratios (and also AMS-02 N/O and 3He/4He data), without the need for\r\nadditional sources of
Li, Be, or B. However, significant modifications\r\n(~5-15%) of the production cross sections are
required, though these\r\nmodifications remain within estimated nuclear uncertainties. We
also\r\nextend our analyses to the recently published F/Si ratio and discuss\r\snhow much F at source
can be accommodated by the data.’
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Abstract

'"Time variability of the X-ray flux of supernova remnants enables us to probe the evolution of the local
magnetic field and the particle acceleration at interstellar shocks. High spatial resolution multiepoch
(from 2000 to 2014) Chandra observations of Cassiopeia A supernova remnant have shown evidence
of variation up to 50% of the 4.2-6 keV flux in six distinct regions located on the west side and toward
the center of the remnant. We show that the [4.2-6] keV non-thermal flux increase traces the
exponential growth of the magnetic field due to vortical amplification mechanism at reflection inward
shocks colliding with inner outward clumps. The amplification occurs in the outer layer of the clumps
where density gradient is non-vanishing (about 0.1 pc in this case). The fast synchrotron cooling as
compared with shock-acceleration time scale qualitatively supports the flux decrease.'
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Abstract

'In the last decade, the space-borne experiment AMS-02 has determined cosmic-ray spectra with
unprecedented precision, potentially providing new insights into cosmic-ray propagation in our Galaxy.
However, the analysis of this increasingly precise cosmic-ray data requires more careful modeling of
systematic uncertainties.\r\nl will review the conclusions from the analysis of the secondary cosmic rays
of Li, Be, and B, and the primaries C, N, and O. To investigate the uncertainties in the propagation
scenarios, we have considered five different propagation frameworks, including detailed analyses of the
break in cosmic-ray diffusion coefficient at a rigidity of a few GV and models of Alfvenic reacceleration.
Global fits of these propagation frameworks have been performed utilizing the GALPROP code to solve
the diffusion equations of cosmic rays. Systematic uncertainties arising from the nuclear production
cross sections of secondaries have been taken into account as nuisance parameters. Furthermore, the
impact of correlations in the systematic uncertainties of the AMS-02 data is studied.\r\nWe find that, in
particular, the uncertainties on the nuclear production cross sections prevent a deeper understanding of
the properties of CR propagation. Nonetheless, we find robust constraints on the slope of the diffusion
coefficient at intermediate rigidities of $\\delta\\simeq0.4-0.5% and a lower bound on the half-height of
the diffusion halo at $z_\\mathrm{h}>3\\;\\mathrm{kpc}$. In all considered propagation scenarios, the
fits are compatible with zero convection.'
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Abstract

'We present an analytical model for the fluxes and spectra of positrons accelerated within the
intrabinary shocks of compact binary millisecond pulsars (CBMSPs). We find that the minimum energy
$E_{\\min}$ of the pairs that enter the shock is critical to quantify the energy spectrum with which
positrons are injected into the interstellar medium. We measure for the first time the Galactic scale
height of this new and growing population of nearby neutron stars ($z_\\mathrm{e}=0.4\\pm 0.1$ kpc)
and use this to estimate their local density (5$-$9 kpc$*{-3}$). In the isotropic diffusion approximation,
our model predicts only a minor contribution from CBMSPs to the diffuse positron flux at 100 GeV
observed at Earth. We also quantify the effects of anisotropic transport due to the ordered Galactic
magnetic field, which can change the diffuse flux from nearby sources drastically. We find that a single
““hidden" CBMSP close to the Galactic plane can yield a positron flux comparable to the AMS-02
measurements at 600 GeV, if its line-of-sight to Earth is along the ordered Galactic field lines. Its
combined electron and positron flux at higher energies would be close to the measurements of CALET,
DAMPE and Fermi-LAT.'
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Abstract

"The possibility of antihelium production in interaction of cosmic rays with the interstellar gas is studied
using large-scale Monte Carlo simulations. For this purpose, an energy-dependent coalescence
mechanism developed previously is extended to estimate the production of light antinuclei (antihelium-3
and antihelium-4). The uncertainty in the coalescence parameter and its effect on the expected
antiparticle flux is also investigated. The simulated background antihelium fluxes are found to be lower
than the fluxes predicted by simplified models using numerical scaling techniques. Ongoing
measurements to improve these results, at NA61/SHINE at CERN-SPS, are also discussed.'
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Abstract

'We investigate the dynamical effects of cosmic rays (CRs) in isolated disc galaxies. CRs are included
as a non-thermal component in the advection-diffusion approximation and are dynamically coupled to
the gas in the magneto-hydrodynamical simulations. The CRs are spectrally resolved with a full
spectrum ranging from sub-GeV to TeV in every computational cell. We can therefore account for
energy-dependent losses and include an energy-dependent diffusive transport in every cell. We show
the differences between a grey CR approximation and our new spectrally resolved CRs concerning
galactic outflows and gamma ray mock observations. We highlight, where the steady state
approximation for CR spectra is a valid approach as well as where and now strongly the spectra vary
spatially in different regions of the galaxy and temporally over the course of several Gyr.'
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Abstract

'We will show that Solar Energetic Particles (SEP), as well as energetic particles generated in
magnetospheres of the Earth, Jupiter, Saturn and other planets, in interplanetary space, and in
atmospheres of stars have the same nature as Galactic and Intergalactic CR: they are all runaway
particles from the Maxwell-Boltzmann distribution of background plasma where they were generated.
Energy of these run-away particles is much higher than average energy of background thermal
particles. It is shown in this work that the energy of all these run-away particles have the same general
nature: it is always transfer energy from the Macro-objects and Macro-processes directly to Micro
World (to charged runaway particles). This transfer energy is formatted in dynamic plasma with frozen
in magnetic fields: really magnetic fields 'glues’ billions thermal background particles into Macro-objects
and Macro-processes. So, thank to frozen in magnetic fields runaway particles can interact not only
with thermal background particles (and loose energy), but also directly with Macro-objects and Macro-
processes with very high macro-energy (many order higher than energy of run-away particle).
Thermodynamically Macro-objects have much bigger “effective temperature” than runaway particles
and though the energy always transferred from Macro World to runaway particles of Micro World. We
also consider by thought travel together with CR particles of different energy how looked stars, planets,
Galaxy and other objects.\r\nlt is important to understand what will be radiation hazards during real
relativistic travels in future.'
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Abstract

"The Horizon-T experiment is located at the elevation of 3346 m above sea level near the city of
Almaty, Republic of Kazakhstan. A thorough comparison of the spatial and temporal characteristics of
charged components of Extended Air Showers (EAS) with delayed particles with the simulated EAS
using CORSIKA simulation package has been conducted using the selection from the experimental
data set of events with two pulses recorded by a detector at ~600 m distance from axis [1]. This
comparison has shown that events with delayed particles cannot be described within existing
simulation models.\r\n\r\nThe significance of these results prompted the upgrade of the Horizon-T
experiment. New points have been added at the ~600m to enhance data at that distance. Fast glass-
based detectors have been added to the detector center point for accurate measurements of the pulse
widths with radiative material layer option. This poster covers these upgrades and the latest data
statistics from the new Horizon-T detector from the physics run 2020-2021.\r\n\r\n[1] Rashid
Beisembaev, et al., 2019. “Extensive Air Showers with Unusual Spatial and Temporal Structure.” In
EPJ Web Conf., 208: Pp. 06002.'
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Abstract

'ROOT-Based Simulator for Ray Tracing (ROBAST) is an open source library designed to simulate
complex optical systems used in Cherenkov and fluorescence telescopes. It has been used for the
Cherenkov Telescope Array (CTA) more than 10 years to simulate hexagonal light concentrators and
parabolic, Davies—Cotton, and Schwarzschild—Couder optical systems. In addition to CTA, ROBAST is
also used in design study of future cosmic-ray telescope projects. The latest major revision, ROBAST
3, is able to simulate multilayer interference on optical components. Thus more detailed detector
properties such as reflection on silicon photomultipliers, and UV-enhanced or IR-cut coating can be
simulated. We report the current development status and the new functionality of ROBAST 3, and a few
applications will be presented. Items to be shown are updates from our ROBAST 2 talk presented at
ICRC2015."
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Abstract

"The method of “weighting fields” gives an efficient way to compute the signal produced in a detector by
a passing charged particle. Originally based on (quasi-)electrostatic approximations, this so called
Ramo-Shockley theorem is heavily used to calculate signals in detectors based on ionisation, like gas
detectors or silicon sensors. | will present an extension of the method to encapsulate the full extent of
Maxwell’s equations, which renders it applicable to all devices that detect fields and radiation from
charged particles. | will discuss possible applications of this method for the experimental study of
cosmic rays, including consequences for the modelling of the detector signal produced by atmospheric
showers.\r\n\r\nBased on https://doi.org/10.1016/j.nima.2020.164471"
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