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• What	role(s)	does	the	Higgs	boson	play?	
• What	is	dark	matter	and	dark	energy?
• Where	did	all	the	anti-matter	go?
• …
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Major	Goals	of	Particle	Physics	today

v 8 14 June 2018  |  Quantum Universe 

Higgs 

Mass generation in particle physics via Higgs boson 

� discovered 2012 
� emerging details at LHC  
� new anchor to solve current  

shortcomings of particle physics 
 

Relevance of Higgs couplings in cosmology  

� electroweak phase transition 
� matter-antimatter asymmetry 
� relation to models of Dark Matter 
� relation to models of inflation 



Started	in	Jan.	2019	
• University	of	Hamburg	&	DESY
• More	than	200	scientists	
involved
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Quantum	Universe	Excellence	Cluster

Strong	collaboration	with	scientists	from	Israel	in	many	of	these	areasv 16 14 June 2018  |  Quantum Universe 

Quantum Universe Research Scope 

Our ambition 
understanding the quantum universe  
down to 10-43 seconds 
 
Holistic approach mandatory:  
from mathematics via  
particle physics to cosmology 
 
4 research areas:  

v 14 June 2018  |  Quantum Universe 

The Principal Investigators 
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� scientific leaders  
� complementary expertise covering all aspects of research program  
� history of successful collaboration 
� part of 57 research groups including 14 leaders of young investigator 

groups, 300 scientists altogether 
 

 

Principle	Investigators	of	Quantum	Universe



PETRA	(Positron-Electron-Tandem-Ring-
Anlage)
• 1978-1986:	world’s	highest	energy	
𝑒"𝑒# collider,	length:	2.3	km	
• Now:	PETRA-III	used	to	create	
synchrotron	radiation	for	photon	
science

4

History:	Gluon	Discovery	at	PETRA

Event	shown	by	B.	Wiik of	TASSO	at	conference	in	Bergen	1979Figures,	thanks	to	Sau	Lan	Wu
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History:	Gluon	Discovery	at	PETRA

Event	shown	by	B.	Wiik of	TASSO	at	conference	in	Bergen	1979Figures,	thanks	to	Sau	Lan	Wu

Yehuda	Eisenberg
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HERA:	(Hadron-Electron-Ring-Anlage)
• 1992-2007:	world’s	first	electron-proton collider
• Experiments:	H1,	ZEUS,	HERMES	➞ proton	structure,	unification	of	forces,	…
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History:	Understanding	the	Proton	at	HERA

My#25&years#history#with#GIF#

!!!!!!!!!!!!!!!!!Aharon!Levy!
School!of!Physics!and!Astronomy,!
!Tel!Aviv!University,!Tel!Aviv,!Israel!

First#GIF#grant#(1991&1993)#

My!history!with!GIF!started!when!I!joined!the!ZEUS!
experiment!at!HERA!in!September!1989.!It!was!my!
first!applicaKon!to!GIF,!together!with!Prof.!Gunter!
Wolf!from!DESY,!then!the!spokesperson!of!ZEUS.!Our!
applicaKon!was!successful!and!our!grant!started!in!
January!of!1991.!It!led!to!the!first!paper!published!at!
HERA,!on!the!measurement!of!the!total!
photoproducKon!cross!secKon,!which!ruled!out!
many!models!and!established!the!fact!that!soT!
physics!dominated!also!at!high!energies.!The!rise!of!
the!cross!secKon!was!as!expected!from!the!
tradiKonal!Pomeron!trajectory!(Fig.1).!!!!The!support!
by!GIF!was!acknowledged.!This!was!the!first!of!185!
ZEUS!papers!which!acknowledged!!the!support!of!
GIF.!! Fig.1.!The!total!photoproducKon!cross!secKon!

as!a!funcKon!of!the!γp!centreYofYmass!energy!!
W.!The!high!energy!point!is!the!value!first!
measured!by!the!ZEUS!collaboraKon!at!HERA.!!!

This!large!number!of!papers!was!a!result!of!two!more!
successful!applicaKons.!

Third#GIF#grant#(1999#&#2001)#

This!grant!was!a!threeYway!collaboraKon!between!TAU!(AbramowiczYLevy),!DESYYZeuthen!
(Schlenstedt)!and!Bonn!(Hilger).!This!proposal!was!on!the!measurement!of!deep!inelasKc!e±!p!cross!
secKons!at!high!Q2.!This!study!resulted!in!one!of!the!textYbook!results,!showing!that!the!Charge!
Current!cross!secKon!and!the!Neutral!Current!one!meet!at!high!enough!Q2!(Fig.!3).!It!also!
produced!measurements!of!the!proton!structure!funcKons,!showing!with!high!precision!the!rise!of!
the!F2!structure!funcKon!as!BjorkenYx!decreases,!gefng!steeper!as!Q2!increases!(Fig.4).!!

Fig.#3.!NC!and!CC!cross!secKons!as!a!
funcKon!of!Q2.!

Fig.#4.!The!power!!λ!of!the!funcKon!
!F2~x!λ,!for!x<0.1,!as!a!funcKon!of!Q2.!

electron proton



LHC	(Large	Hadron	Collider)
• 2008-2037:	world’s	highest	energy	pp	collider	at	CERN	near	Geneva
• Experiments:	ATLAS,	CMS,	LHCb,	ALICE	=>	Higgs	boson	discovery,	…
• Germany	and	Israel	member	states	of	CERN
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Working	together	at	CERN

Ceremony	for	admission	of	Israel,	2013
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ATLAS	Collaboration:	A	Global	Experiment
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38  Countries 
103 nationalities

~2000  Scientists
~1800  Students
~5000  Members

Scientists	and	students
• DESY:	~100	
• Technion U.
• Tel	Aviv	U.
• Weizmann	Inst.

~60

➞ talk	by	Liron Barak
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Collaboration	among	particle	physics theorists
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Students-Postdocs

DESY PhD students  
who went to Israel as postdocs 

Elina Fuchs (Weizmann)

Matthias Schlaffer (Weizmann)

DESY postdocs  
who went to Israel as postdocs 

Gauthier Durieux (Technion)

Aleksey Matsedonskyi (Weizmann)

Israeli postdocs  
who came to DESY as postdocs

Ryosuke Sato (Weizmann)

Vibrant	exchange	program:	focus	on	young	scientists
• Student	and	postdoc	exchanges
• Joint	postdoc:	Wolfgang-Pauli-Center	HH	&	WIS
• Many	joint	grant:	GIF,	Minerva,	Helmholtz	Research	School,	...

Common Grants

Minerva grant “Probing the Higgs force and new physics with isotope shift spectroscopy”


Weizmann PIs: Roee Ozeri & Gilad Perez 

German PIs: Dmitry Budker (Mainz) & Christophe Grojean (DESY) 

COST Action “Connecting insights in fundamental physics”


Sofja Kovalevskaja “New tools in the quest for new physics” (declined)
PI:  Yotam Soreq 

DESY host: Christophe Grojean

GIF project “Electroweak Symmetry Breaking Beyond the Higgs” (under review)

Technion PIs: Yael Shadmi & Yotam Soreq 

DESY PIs: Christophe Grojean & Géraldine Servant 

International Helmholtz-Weizmann Research School “Multimessenger Astronomy”

Among PIs: Kfir Blum & Yossi Nir & Gilad Perez (Weizmann),  Christophe Grojean (DESY) 

Joint Initiative

 
 

 

 

 

 
 

 

 

DESY-GIF Young Scientists’ Meeting 
“Origins: from elementary particles to complex chemical and 

biological systems” 
 

March 18-20, 2019 
DESY Hamburg, Germany 

 
Scientific Organizing Committee: 
Prof. Christophe Grojean, DESY 

Prof. Simone Techert, DESY 
Prof. Gonen Ashkenasy, Ben Gurion University 

Prof. Erez Etzion, Tel-Aviv University 
 

 

 

 

 

 

 

Organization and Coordination 
GIF:  Mina Horesh DESY:  Dr. Martin Sandhop 
 Stephanie Weberring  Katharina Scheffler 
   Matthias Kreuzeder 
Contact:  
Mina Horesh, GIF Stephanie Weberring, GIF   
m.horesh@gif.org.il s.weberring@gif.org.il  
+972 52 3509131 +49 89 3187 3106   

 

Elina	Fuchs,	
Uni HH	PhD	2015,
Minerva	postdoc	
fellow	at	WIS
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Examples	of	Joint	Publications
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Students-Postdocs

DESY PhD students  
who went to Israel as postdocs 

Elina Fuchs (Weizmann)

Matthias Schlaffer (Weizmann)

DESY postdocs  
who went to Israel as postdocs 

Gauthier Durieux (Technion)

Aleksey Matsedonskyi (Weizmann)

Israeli postdocs  
who came to DESY as postdocs

Ryosuke Sato (Weizmann)

Joint Publications

 

Probing New Long-Range Interactions by Isotope Shift Spectroscopy

Julian C. Berengut,1,* Dmitry Budker,2,3,4,† Cédric Delaunay,5,‡ Victor V. Flambaum,1,§ Claudia Frugiuele,6,∥

Elina Fuchs,6,¶ Christophe Grojean,7,8,** Roni Harnik,9,†† Roee Ozeri,10,‡‡ Gilad Perez,6,§§ and Yotam Soreq11,∥∥
1School of Physics, University of New South Wales, Sydney, New South Wales 2052, Australia

2Helmholtz-Institut Mainz, Johannes Gutenberg-Universität Mainz, 55128 Mainz, Germany
3Physics Department, University of California, Berkeley 94720-7300, USA

4Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
5Laboratoire d’Annecy-le-Vieux de Physique Théorique LAPTh, CNRS—Université Savoie Mont Blanc,

BP 110, F-74941 Annecy-le-Vieux, France
6Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Rehovot 7610001, Israel

7DESY, D-22607 Hamburg, Germany
8Institut für Physik, Humboldt-Universität zu Berlin, D-12489 Berlin, Germany

9Theoretical Physics Department, Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
10Department of Physics of Complex Systems, Weizmann Institute of Science, Rehovot 7610001, Israel

11Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA

(Received 22 May 2017; revised manuscript received 20 September 2017; published 26 February 2018)

We explore a method to probe new long- and intermediate-range interactions using precision atomic
isotope shift spectroscopy. We develop a formalism to interpret linear King plots as bounds on new physics
with minimal theory inputs. We focus only on bounding the new physics contributions that can be
calculated independently of the standard model nuclear effects. We apply our method to existing Caþ data
and project its sensitivity to conjectured new bosons with spin-independent couplings to the electron and
the neutron using narrow transitions in other atoms and ions, specifically, Sr and Yb. Future measurements
are expected to improve the relative precision by 5 orders of magnitude, and they can potentially lead to an
unprecedented sensitivity for bosons within the 0.3 to 10 MeV mass range.

DOI: 10.1103/PhysRevLett.120.091801

Introduction.—The quest for new physics (NP) beyond
the standard model (SM) of particle physics is pursued in
multiple directions. Current efforts with colliders such as
the LHC form the so-called energy frontier, probing directly
the TeV energy scale. Other accelerators, such as meson
factories, beam dump, and neutrino experiments, form the
intensity frontier that broadly explores the MeV-GeV scale.
Atomic physics tabletop experiments form a third frontier of
precision measurements (see, e.g., Refs. [1–5]; for a review,
see Refs. [6–8]) where sub-MeV physics can be efficiently
tested. It is interesting to note that NP that may account for
the hierarchy issues could be new light scalars that couple to
matter fields [9–15]. To convert the high precision offered
by atomic and molecular spectroscopy into sensitivity
to a fundamental new physics, one either has to acquire a
similar theoretical accuracy of atomic structure or, alter-
natively, search for unique observables that are insensitive to
theoretical uncertainties.

In this Letter we show that precision isotope shift (IS)
spectroscopy may probe spin-independent couplings of
light boson fields to electrons and neutrons. The idea is to
extract constraints from bounds on nonlinearities in a King
plot comparison [16] of isotope shifts of two narrow
transitions [17]. We develop a new formalism to interpret
these measurements in the context of searching for new
low-mass force carriers and propose several elements and
transitions that can be used for such analyses. We recast
existing measurements into bounds and provide an esti-
mation for the sensitivity of future measurements; see
Fig. 1. The validity of our method to bound NP does
not rely on a knowledge of the SM contributions to King
plot nonlinearities. Its constraining power, however, is
limited by the size of the observed nonlinearities. In a
case in which King linearity is established at the current
state-of-the-art experimental precision—and barring can-
cellation between the SM and NP contributions—world-
record sensitivity in a certain mass range will be achieved.
For an application of such IS bounds to various models
beyond the SM, see Ref. [18].
Factorization of isotope shifts.—Consider an atomic

transition, i, between narrow atomic states. The difference
in the transition frequency νi when comparing the isotopes

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW LETTERS 120, 091801 (2018)

0031-9007=18=120(9)=091801(7) 091801-1 Published by the American Physical Society

 

Ultralight dark matter in disk galaxies

Nitsan Bar,1,* Kfir Blum,1,2,† Joshua Eby,1,‡ and Ryosuke Sato3,§
1Weizmann Institute of Science, Rehovot 7610001, Israel

2Theory department, CERN, CH-1211 Geneve 23, Switzerland
3Deutsches Elektronen-Synchrotron (DESY), Notkestraße 85, D-22607 Hamburg, Germany

(Received 14 March 2019; published 29 May 2019)

Analytic arguments and numerical simulations show that bosonic ultralight dark matter (ULDM) would
form cored density distributions (“solitons”) at the center of galaxies. ULDM solitons offer a promising
way to exclude or detect ULDM by looking for a distinctive feature in the central region of galactic rotation
curves. Baryonic contributions to the gravitational potential pose an obstacle to such analyses, being
(i) dynamically important in the inner galaxy and (ii) highly nonspherical in rotation-supported galaxies,
resulting in nonspherical solitons. We present an algorithm for finding the ground-state soliton solution in
the presence of stationary nonspherical background baryonic mass distribution. We quantify the impact of
baryons on the predicted ULDM soliton in the Milky Way and in low-surface-brightness galaxies from the
SPARC database.

DOI: 10.1103/PhysRevD.99.103020

I. INTRODUCTION

An ultralight bosonic field oscillating around a minimum
of its potential [1–4] can play the role of dark matter (DM).
On cosmologically large scales, ultralight dark matter
(ULDM) behaves similarly to cold weakly interacting
massive particle (WIMP) dark matter, reproducing its
success with respect to the cosmic microwave background
and large-scale structure. On smaller scales comparable
to the de Broglie wavelength, ULDM behaves differently
than WIMPs. In particular, at the center of galactic halos,
ULDM develops cored density profiles that lead to mark-
edly different predictions than those found for ordinary
WIMPs [1,5–30]. The cored ULDM distributions corre-
spond to quasistationary minimum energy solutions of the
equations of motion. We will follow common convention
and refer to these solutions as “solitons.”
Reference [23] analyzed the rotation curves of well-

resolved low–surface brightness (LSB) disk galaxies from
the SPARC database [31] and pointed out that these
galaxies fail to show the soliton feature predicted by

numerical simulations [9,10,32].1 This led to the bound
m≳ 10−21 eV. A similar constraint2 was found in Ref. [26]
considering the dwarf spheroidal galaxy Eridanus-II. The
matter power spectrum inferred from Ly-α forest analyses
yields a comparable bound [34–38].3 These lower bounds
on m are interesting because they probe DM using gravity
alone, without requiring any direct interactions with SM
fields; because they define how light DM could possibly
be; and also because ULDM with m ∼ ð10−22–10−21Þ eV
was suggested as an explanation for puzzles facing the
WIMP paradigm on small scales [16,47].
In the attempt to constrain (or detect) ULDM with

galactic kinematics, an important issue is the modeling
of the baryonic contribution to the gravitational potential
which can distort the soliton.4 Reference [23] analyzed the
solution in the presence of a spherically symmetric back-
ground potential, in order to estimate the size of the effect.
That was found to be significant for the Milky Way (MW)
but not significant for the relevant SPARC LSB galaxies.

*nitsan.bar@weizmann.ac.il
†kfir.blum@cern.ch
‡joshaeby@gmail.com
§ ryosuke.sato@desy.de

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI.

1Reference [33] reports independent evidence against soliton
cores.

2Reference [26] notes that dynamics of a central star cluster in
Eridanus-II could potentially probe ULDM up to m ∼ 10−19 eV.

3See also Refs. [39,40]. A bound, m≳ 10−23 eV, comes from
scalar metric perturbations induced by ULDM [41] that were
searched for in pulsar timing signals [42]. Heating of the MW
disk suggests m > 0.6 × 10−22 eV [43]. More tentative con-
straints include m > 1.5 × 10−22 eV [44], based on preliminary
analysis of stellar streams in the Milky Way, and m > 8 × 10−21

[45], assuming that 21 cm results by EDGES [46] are confirmed.
4See Ref. [48] for a preliminary study of the dynamical impact

of stars in ULDM numerical simulations.
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New axion searches at flavor factories

Xabier Cid Vidal,a Alberto Mariotti,b Diego Redigolo,c,d,e Filippo Salaf
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bTheoretische Natuurkunde and IIHE/ELEM,
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Abstract: We assess the impact of searches at flavor factories for new neutral resonances

that couple to both photons and gluons. These are well motivated by “heavy axion”

solutions of the strong CP problem and by frameworks addressing both Dark Matter and

the Higgs hierarchy problem. We use LHCb public diphoton data around the Bs mass

to derive the current best limit on these resonances for masses between 4.9 and 6.3GeV.

We estimate that a future LHCb dedicated search would test an axion decay constant of

O(TeV) for axion masses in the few-to-tens of GeV, being fully complementary to the low

mass ATLAS and CMS searches. We also derive the impact of BABAR searches based on

Υ decays and the future Belle-II reach.

Keywords: Beyond Standard Model, Particle and resonance production, Hadron-Hadron

scattering (experiments), Flavor physics, B physics

ArXiv ePrint: 1810.09452

Open Access, c⃝ The Authors.

Article funded by SCOAP3.
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Classical nonrelativistic effective field theory and the role
of gravitational interactions

Joshua Eby,1 Kyohei Mukaida,2 Masahiro Takimoto,1 L. C. R. Wijewardhana,3 and Masaki Yamada4
1Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Rehovot 761001, Israel

2DESY, Notkestraße 85, D-22607 Hamburg, Germany
3Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221, USA
4Institute of Cosmology, Department of Physics and Astronomy, Tufts University,

Medford, Massachusetts 02155, USA

(Received 5 April 2019; published 6 June 2019)

Coherent oscillation of axions or axionlike particles may give rise to long-lived clumps, called axion
stars, because of the attractive gravitational force or its self-interaction. Such a kind of configuration has
been extensively studied in the context of oscillons without the effect of gravity, and its stability can be
understood by an approximate conservation of particle number in a nonrelativistic effective field theory
(EFT). We extend this analysis to the case with gravity to clarify the EFT expansion scheme in terms of
gradient energy and Newton’s constant. Our EFT is useful to calculate the axion star configuration and its
classical lifetime without any ad hoc assumption. In addition, we derive a simple stability condition against
perturbations in the case of self-gravitating objects. Finally, we discuss the consistency of other
nonrelativistic effective field theories proposed in the literature.

DOI: 10.1103/PhysRevD.99.123503

I. INTRODUCTION

Light scalar particles arise in numerous theories of
physics beyond the Standard Model. A prime example
is the axion, typically realized as a pseudo Nambu-
Goldstone boson (pNGB) of a broken Uð1Þ symmetry at
some high cosmological scale [1–3]. Such particles are
also natural candidates for the particle nature of dark
matter [4–7].
Axions are produced early in the Universe and naturally

occupy states with very high occupation numbers, which
coherently oscillate with dominant frequency ω ∼mϕ,
where mϕ is the axion mass. Such states are well described
by a classical field. Owing to the smallness of mϕ, higher-
order contributions to the oscillation frequency ωn ∼ nmϕ
are extremely rapid and are typically neglected at leading
order. There now exists a standard procedure for deriving
the low energy limit of the Klein-Gordon equation for a real
scalar field: one expands the relativistic field ϕ in a
nonrelativistic wave function ψ using the relation

ϕðt; xÞ ¼ 1ffiffiffiffiffiffiffiffiffi
2mϕ

p ½e−imϕtψðt; xÞ þ eimϕtψ&ðt; xÞ'; ð1:1Þ

and drops any term beyond leading order in rapidly
oscillating factors e(imϕt. The resulting equation of motion,
generically a nonlinear Schrödinger equation, is both
classical and nonrelativistic.
Localized quasistable solutions to the classical, non-

relativistic equations of motion are known as oscillons
[8–10] or boson stars.1 Such objects can be supported by a
balance of attractive and repulsive forces, sometimes
including gravity. The original solutions for gravitationally
bound (but otherwise noninteracting) boson stars were
found by [13,14], though self-interactions have been
included in recent years in generic ϕ4 scalar theory
[15–17] and also in the specific case of the axion potential
[18,19]. In the latter case, configurations are referred to as
axion condensates, or more often, axion stars.
There are certain applications in which the nonrelativ-

istic limit may be insufficient. Over the last few years, a
number of procedures have appeared for organizing cor-
rections to the nonrelativistic limit, which can generically
be referred to as nonrelativistic effective field theories
(NREFTs). One such method was presented by some of the
present authors (hereafter MTY) [10], in which the scalar
field was decomposed into nonrelativistic and rapidly
oscillating parts, ϕ ¼ ϕNR þ δϕ. MTY presented a scheme

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

1In this work, we will use these terms interchangeably,
although the usual terminology is that boson stars are coupled
to gravity while oscillons are not. Sometimes the term oscillaton
is used to refer to an oscillon coupled to gravity [11,12].
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Abstract: We study vector boson fusion production of new scalar singlets at high energy

lepton colliders. We find that CLIC has the potential to test single production cross-

sections of a few tens of attobarns in di-Higgs and di-boson final states. In models with a

sizeable singlet-Higgs mixing, these values correspond to a precision in Higgs couplings of

order 0.1% or better. We compare our sensitivities with those of the LHC and interpret our

results in well-motivated models like the Twin Higgs, the NMSSM and axion-like particles.

Looking forward to even higher energy machines, we show that the reach of muon colliders

like LEMMA or MAP overcomes the one of future hadron machines like FCC-hh. We

finally study the pair production of the new scalar singlets via an off-shell Higgs. This

process does not vanish for small mixings and will constitute a crucial probe of models

generating a first order electro-weak phase transition.
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Abstract: Extended objects such as line or surface operators, interfaces or boundaries

play an important role in conformal field theory. Here we propose a systematic approach to

the relevant conformal blocks which are argued to coincide with the wave functions of an in-

tegrable multi-particle Calogero-Sutherland problem. This generalizes a recent observation

in [1] and makes extensive mathematical results from the modern theory of multi-variable

hypergeometric functions available for studies of conformal defects. Applications range

from several new relations with scalar four-point blocks to a Euclidean inversion formula

for defect correlators.
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The Higgs program and open questions in particle physics and cosmology

Beate Heinemann1,2a, and Yosef Nir3b1

11Deutsches Elektronen-Synchrotron, 22607 Hamburg, Germany
2Albert-Ludwigs-Universität Freiburg, Physikalisches Institut, 79104 Freiburg, Germany

3Department of Particle Physics and Astrophysics,
Weizmann Institute of Science, Rehovot, Israel 7610001∗

The Higgs program is relevant to many of the open fundamental questions in particle physics and
in cosmology. Thus, when discussing future collider experiments, one way of comparing them is
by assessing their potential contributions to progress on these questions. We discuss in detail the
capabilities of the various proposed experiments in searching for singlet scalars, which are relevant
to several of the open questions, and in measuring Higgs decays to fermion pairs, which are relevant
to the flavor puzzles. On other interesting questions, we list the most relevant observables within
the Higgs program.

I. INTRODUCTION

The jewel in the crown of the achievements of the LHC experiments to date is the Higgs boson discovery in July
2012 [1, 2]. The discovery of a Higgs boson is, however, not just an end of a story - a quest that began with the
theoretical predictions of Brout, Englert [3] and Higgs [4] - but also a beginning of one. While the presence of the
Higgs boson provides a solution to the question of how fundamental particles can acquire mass, it does not actually
explain the mass values themselves, and it also raises new questions. “The Higgs program” is a major research project
at the LHC, and at all proposed future collider experiments. From the experimental side, the Higgs program refers
to a large set of measurements aimed to learn the detailed properties of this unique particle. From the theoretical
side, this is also a very exciting program, as it touches upon several open questions and puzzles in particle physics
and particle cosmology.
In this article, we explore the relationship of the properties of the Higgs boson to big questions in the field of

particle physics and cosmology. This work was initiated by discussions in the Scientific Policy Committee of CERN
in the context of discussions on future accelerators. All proposed future accelerators consider measurements of the
Higgs boson a major part of their scientific program, and this short article is designed to summarize concisely the
conclusions from the currently available literature that relates Higgs precision measurements to fundamental open
questions about our Universe. We also summarize the precision these future colliders estimate, and try to contrast that
with the precision required to answer a given question. It is worth noting that for many of the questions there are also
important observables unrelated to the Higgs boson measurements (at both collider and non-collider experiments),
but discussing those is beyond the scope of this article.
Here is a list of seven open questions at the forefront of particle physics and cosmology, to which the Higgs program

may provide answers:

1. Is h the only scalar degree of freedom?

2. Is h elementary?

3. What keeps m2
h ≪ m2

Pl?

4. Was the electroweak phase transition first order?

5. Did CP violating h interactions generate the baryon asymmetry?

6. Are there light SM-singlet degrees of freedom (in particular, related to Dark Matter)?

7. What is the solution of the flavor puzzle(s)?

In what follows, we focus on two topics. In Section III, we describe the search for singlet scalars. We choose this
topic for four reasons:

∗Electronic address: abeate.heinemann@desy.de; byosef.nir@weizmann.ac.il
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Astrophysics:	New	Satellite	“ULTRASAT”

• Satellite	hosts	telescope	with	very	large	view	in	ultraviolet	regime	
• Increases	extra-Galactic	volume	sensitivity	for	UV	by	~300	
• Cost	$70M,	weight	160	kg,	size	1	m3,	geosynchroneous orbit

• Ultrafast	search	for	electromagnetic	sources	to	follow	up	or	provide	
alert	for	astrophysical	event	within	minutes
• e.g.	gravitational	waves	or	supernovae

• DESY	will	contribute	UV	camera	(Focal	Plane	Array)
• Launch	into	space	planned	for	2023

E.	Waxman,	WIS

R.	Bühler,	DESY
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New	Experiment at	European	XFEL:	LUXE

My#25&years#history#with#GIF#

!!!!!!!!!!!!!!!!!Aharon!Levy!
School!of!Physics!and!Astronomy,!
!Tel!Aviv!University,!Tel!Aviv,!Israel!

First#GIF#grant#(1991&1993)#

My!history!with!GIF!started!when!I!joined!the!ZEUS!
experiment!at!HERA!in!September!1989.!It!was!my!
first!applicaKon!to!GIF,!together!with!Prof.!Gunter!
Wolf!from!DESY,!then!the!spokesperson!of!ZEUS.!Our!
applicaKon!was!successful!and!our!grant!started!in!
January!of!1991.!It!led!to!the!first!paper!published!at!
HERA,!on!the!measurement!of!the!total!
photoproducKon!cross!secKon,!which!ruled!out!
many!models!and!established!the!fact!that!soT!
physics!dominated!also!at!high!energies.!The!rise!of!
the!cross!secKon!was!as!expected!from!the!
tradiKonal!Pomeron!trajectory!(Fig.1).!!!!The!support!
by!GIF!was!acknowledged.!This!was!the!first!of!185!
ZEUS!papers!which!acknowledged!!the!support!of!
GIF.!! Fig.1.!The!total!photoproducKon!cross!secKon!

as!a!funcKon!of!the!γp!centreYofYmass!energy!!
W.!The!high!energy!point!is!the!value!first!
measured!by!the!ZEUS!collaboraKon!at!HERA.!!!

This!large!number!of!papers!was!a!result!of!two!more!
successful!applicaKons.!

Halina	Abramowicz,	A.	Levy,	I.	Pomerantz (TAU)
Noam	Tal	Hod,	G.	Perez	(WIS)

New	Experiment	to	probe	quantum	physics
• Laser	Und	XFEL	Experiment	
• Quantum	Electrodynamics	in	strong	field
• Hope	to	start	data	taking	~2022/2023

Submitted	Sept.	2nd 2019
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Conclusions

• Particle	physics	is	a	truly	global	endeavor
• Understand	fundamental	laws	of	physics	in	our	
Universe	(“Quantum	Universe”)

• Past	and	present	collaboration	Israel/DESY
• Strong	history	of	collaboration	since	1970s
• New	projects	starting	(ULTRASAT,	LUXE,	
Helmholtz	Research	School,	joint	postdoc,	…)

• GIF,	ISF	and	Minerva	grants	very	important

Looking	forward	to	further	deepen	interactions	in	particle	
physics	and	other	science	areas!	


