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Detour: Astroparticle Physics with Rolf (L3+C)

of the ic muon spectrum from 20-GeV to 3000-GeV

L3 Collaboration (P. Achard et al.). Jul 2004. 34 pp.
Published in Phys.Lett. B598 (2004) 15-32
CERN-PH-EP-2004-023
DOI: 10.1016/i.physletb.2004.08.003
e-Print: hep-ex/0408114 | PDE

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

CERN Document Server ; ADS Abstract Service ; CERN Server

Detailed record - Cited by 163 records il

sr'l]
e
3

e
2N
T

cos 6 offset

p3<I> [GeVzcm'zs'1

0525.0.600  +0.35

NEED Ny SHENE ToZ 04

24TA SELECTrOM N 2060 0.600-0675  +0.30

06750750 +0.25
03 -

(hPRevE Alto 07500825 +0.20

|Frsvecs Ve 15

08250900  +0.15
09000938 +0.10

01 09380975 +0.05

0.975-1.000 -
\
10 10° 10°

0
p [GeV]

3 of 38]



Detour: Astroparticle Physics with Rolf
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UHECR Observatories

Telescope Array
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UHECR Observatories

Telescope Array

Pierre Auger Observatory
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Hybrid Detection of Air Showers
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Energy Spectrum of UHECRs
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Energy Spectrum of UHECRs
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Energy Spectrum of UHECRs
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Primary Mass and Longitudinal Shower Profiles

Height a.s.l. (km)

12 10 8 6 4 2

[ ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘
- — proton, E=10"° eV

e Auger shower

Number of charged particles (x109)

0 T \\
200 300 400 500 600 700 800 900 10020
Slant depth (g/cm”)

9 of 38]



Primary Mass and Longitudinal Shower Profiles
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Xmax Distributions
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Xmax Distribution: Mean
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E: primary energy, A proton interaction length, D: elongation rate, A: mass number
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Xmax Distribution: Mean
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Xmax Distribution: Standard Deviation

> U(Xmax)p > U(Xmax)A > O-(XIHaX)p/\/Z
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Measured (X,,.x)
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Measured (X ,ax)
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Average Shower Maximum: Comparison to TA
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Average Shower Maximum: Comparison to TA
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Average Shower Maximum: Comparison to TA

820
800
+ Auger 2014 0 TA MD

780

760

X __ Cglent]

740

720

700

+ TA MD 2014 preliminary

18.2 18.4 18.6 18.8 19 19.2 194 19.6 19.8

Ig(E/eV)

(A) = (2.9 4+ 2.7 (stat.) + 18 (syst.)) g/lcm?

MU for the Pierre Auger and TA Collaborations, Proc. 34th ICRC, arXiv:1511.02103

20

[16 of 38]



Correlation between X,,,.x and SD Signal
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A. Yushkov for the Pierre Auger Coll., Proc. 34th ICRC, arXiv:1509.03732
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Correlation between X,,,.x and SD Signal

heavier nuclei produce shallower showers with larger signal (more muons)
general characteristics of air showers / minor model dependence
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Correlation between X,,,.x and SD Signal
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Neutrino- and Photon-Limits

“guaranteed” flux of cosmogenic photons and neutrinos if CRs are protons
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Self-Consistent CR+v Analysis (TA Spectrum)

spectral index at source v and source evolution (1 + z)™
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tail of X .« distribution:

Measurement of the UHE p+Air Cross Section
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Measurement of the UHE p+Air Cross Section

Equivalent c.m. energy Vs, [TeV]
10" 1 10 10°
800 T T T T T T T T
- O Nam et al. 1975
- A Siohan et al. 1978
; v Baltrusaitis et al.1984
700 - ar H. Mielke et al.1994
- A Honda et al.1999 -7
~ Knurenko et al.1999
— < Belov et al.2007
= 600 W 1 Aielli et al.2009
E - + Aglietta et al.2009
— N \V4 Telescope Array 2015
500f— —W— Auger PRL2012
5 [ —@— This Work 2015
o> F
400— — EPOS-LHC
B QGSJETII-04
300 ;}_— -.= SIBYLL-2.1
=
2007 vl v vl el vl vl vl il e
13 15 16 18 19
10 10" 10 10 107 10 10 10
Energy [eV]

R. Ulrich for the Pierre Auger Coll., Proc. 34th ICRC, arXiv:1509.03732

20



Derived UHE Proton+Proton Cross Section

= T T T T TT] T T T T LI T T T \’J‘
110 - Auger 2012 (Glauber) / o Rs
C -e-ATLAS 2011 7l e
100F- =& CMS 2011 T
- % ALICE 2011 .
T gf  “® TOTEM201 N N
E SF - UAS5 SN
—~ onF —&- CDF/E710 LT
§ 80 < TOTEM2013
° - -@- This work
o 70—
o G
2 coF G -- QGSJETIL3
e F Pt — - SIBYLL21
ZSOE e EPOS1.99
40,';3-:':2/—*" —  EPOS-LHC
- e QGSJETII-04
30; Il I ‘ Il L1 11 ‘ Il I ‘
10° 10* 10°

s [GeV]

R. Ulrich for the Pierre Auger Coll., Proc. 34th ICRC, arXiv:1509.03732

[24 of 38]



proton, EPOS-LHC, E=10"° eV
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Muon Content of Air Showers
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Muon Number vs. X,,..x (FD)
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The UHECR Sky above 10 EeV
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—— 99% CL isotropy

The UHECR Sky above 10 EeV

Power Spectrum

significance map:
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Searches for a Localized Excess of UHECRs

Auger:
> r=1°-30° Ar =1°
» E =40 —80 EeV, AE = 1EeV

> r =12° E = 54 EeV
> Nobs/Mexp = 14/3.23
> pre-trial: 4.3¢
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Auger Coll., APJ 804 (2015) 1, 15; TA Coll., APJ 790 (2014) L21, 7-year update at ICRC15.
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Summary of Observations

» spectrum
— flux suppression at £ > 5 x 10'° eV
» elongation rate, (Xmax), 0(Xmax), 7¢(Xihax/S™(1000))
— mixed composition around and above the ankle
(if LHC-inspired extrapolations are ok)
» neutrinos and photons
— start probing cosmogenic fluxes from 100% p
» p+air cross section
— compatible with model extrapolations
» arrival directions
— isotropic in the South, some hints for anisotropy in the North
» muons content of air showers
— at odds with predictions for mixed composition
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Origin of Ankle and Flux Suppression?
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Upgrade of the Pierre Auger Observatory

» origin of flux suppression?

» proton fraction at UHE?

» hadronic physics above /s = 140 TeV
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Upgrade of the Pierre Auger Observatory

. ) Xmax determination:
additional scintillators (4 m?) o 80
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muon determination:
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Upgrade of the Pierre Auger Observatory

1
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é Left Module Right Module
H
b

Two modules in one box per station readout by one PMT, area ~4 m?

a4 0 a4 a2 2 a5

Read-out of scintillators with WLS fibers
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Upgrade of the Pierre Auger Observatory

... poor man’s version of L3+C scintillators

1
I —
-

é Left Module Right Module
H
b

Two modules in one box per station readout by one PMT, area ~4 m?

10cm

a4 0 a4 a2 2 a5

Read-out of scintillators with WLS fibers J.Bahr, H.Grabosch, V.Kantserov, H.Leich, R.Leiste,
R.Nahnhauer AIP Conf.Proc. 450 (1998) 385
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Upgrade of the Pierre Auger Observatory

low-Z particle astronomy

no mass determination: p-Fe separation merit factor: 1.5
05 = 05 ©
z z
= >
0.4 é 04 =
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(isotropic background: 25%)
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Upgrade of the Pierre Auger Observatory

low-Z particle astronomy

no mass determination: p-Fe separation merit factor: 1.5
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quadruple acceptance:
» 500 add. SDs
» 2.08 km spacing

» 2 add. FD stations
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Outlook

» TA & Auger Upgrades:

» study nature of flux suppression
» prospects for particle astronomy
» R&D for Next Generation Observatory

» fluorescence detection from space
» KLYPVE, Mini-EUSO (K-EUSO), EUSO
» radio detection of air showers

» ground-based hybrid detectors (radio&surface)
» high-altitude antennas

» LHC run i
» /5 =14 TeV (Ecr = 10'7 eV), p+O collisions?




