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Recall our goals

* |dentify areas connecting cosmic-ray physics and physics done with
collider detectors

 Compile a list of measurements that are most important for
understanding air shower

* We need a common sense for what’s needed, and should try to
establish a way to achieve this (future activities!)
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Science questions very brief

General features of cosmic ray flux

Equivalent c.m. energy @pp (GeV)
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Science questions very brief
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Science questions very brief

Upper end of source energy spectrum seen ?

Particle flux

(Allard, 1111.3290)
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Different interpretation:
Suppression not due mainly
to GZK energy-loss effect
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Measuring type and energy of primary particles

Schematic Shower Development

energy, particle type, direction 222
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p, N, 7t : wear shower axis
U, ey : wmore wi.dcl.g spread

e,y : from 7°,u decays =10 Mev
u: from 1%, K, decays =1 Gev

Ne,y :Nu = 10-100 varying with
core distance, energy, mass, 6, ...

Details depend on:
hadronic and el.mag. particle production,
eross-sections, deoags, transport, ....
at energies from = 10¢ ... >10%° ev
(far above man-made accelerators)
Earth magwetic field, ...
the ever-changing atmosphere ....

Complex Lwtcrp!,md with ma ny correlations
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Measuring type and energy of primary particles

The very forward region
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Muon excess measured

by Auger

Inclined showers (muon dominated)
RN romon oim
i \\‘-\ Iron Sim 4 10? N = A(E/]OlgeV)B Rt
, ‘(}. Data e g === Fe ‘ ”*
= *
10 § g ---p "0""
- = o events PP R R
L ~ o’ o’
.Z. % P "'
%) = o’
=
B . 100_ B
" Auger Observatory =13 8 ~12
10° | . 1 A | 1 R "r Ny,MC EPOS Fe
500 1000 1500 2000 el | | _
Radius [m] 1019 1020
. . . Erp/eV
Cosmic-ray experiments measure primary —-
particle energies via muon numbers on Energy from fluorescence light
round and fluorescence light Ny data
8 . - 18T _pudata = 2.13+£0.04(stat) £ 0.11(sys)
(electrons/positrons excite nitrogen Nymc 0GS.p
molecules, these de-excite by emitting ’
photons).
20-100% more muons measured than R.Engel
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Muon excess measured by Auger 9
Muons in UHE Air Showers

Number of muons depends on energy fraction of produced hadrons)
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Cosmic-ray MC generators ‘challenging’ collider MC
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Particularly important in view of 13 TeV running after shutdown...
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LHC impact on shower MC
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Lots of helpful measurements exist, many more can be done with existing data,
one example of measurements that could, but cannot yet, be done: light ions
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Light ions LHC running (Django Manglunki) 12

* In many ways light ions like Oxygen and Nitrogen should be collided
with protons to connect to air-shower physics

* Rough informal feasibility study suggests that this is technically

possible
— Oxygen for example easier as it’s already used for preparation of Pb beam

— A few weeks of commissioning, parasitically

— A case for forming a science case within a mixed community of LHC and CR
physicists (LHC forward detectors in particular)

e C(Clear and strong interest formulated a couple of times, to be
followed up
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NA61: low-energy nC, pC, etc
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Glauber model: geometric model

o 220 —e— NAG61 preliminary
= | —o— SELEX 2000
'_'n —e— Schiz et al. 1980
e 1 Glauber (\. = 0.5)
ol 200 - Glauber (A = 0.6)
Projectile
I ? - [ ] r Y I
5 3
180 ?‘“,",,".f..'_.'T..'._i.'..'.".'.'..'_"._'_.’,"._.','.'.T.."...‘,.. % % ijg’ | b; >
| Sescen
nucleon i
Target nucleus
160 —
1 1 1 1 I 1 1 1 1 1 1 1 1
60 100 200 300 400 1000
p [GeV/c]
R.Ulrich
FT T T T T T T 7
110~  -® ATLAS 2011 s o
F - CMS 2011 P I
=z '0F - ALCE 2011 Py %
E gof. 7 TOTEM 2011 /{w'-"_ P
-k =¥~ UA5 P P
§ 80~ -4 CDF/ET10 4,#: s
g r @ This work (Glauber) {0‘( Cet
§ oF
g = /ﬁ - - -- QGSJet01
& F ‘% - QGSJetll.3
I | — - Sibyli2.1
R i -- Epos1.99
a0 — . Pythia 6.115
E e Phojet
0= L il Ll
10% 104 10°
Vs [GeV]

David Berge (NIKHEF) / 12 Feb 2013

Auger, arXiv:1208.1520



http://arxiv.org/abs/1208.1520

Muon bundles
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High muon multiplicity events in Alice

2010-2013 : 5 events with Np > 100 in ~ 22 days — ~ 1 event every 5 days

Seen in LEP, seen now by LHC
experiments, cosmic muon
bundles at surprisingly large
multiplicities.

Different type of interface
between collider and cosmic-
ray experiments...

Surface air-shower counters
being discussed for ATLAS.

B.Alessandro



OPERA muon charge ratio 15

N.Mauri, OPERA
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Future activities — discussion 16

* Interactions are important but not sufficient, need
common approach
— List of actions helps, but is usually not enough
 Most (all?) of our resources focused on LHC mainstream
physics
— Example: ATLAS trigger detectors for soft charged particles will disappear
* LHC In-house versus Invasion

e Extend to generic astroparticle physics discussions?

— Dark matter of course
— Much more sensitive
— Combination of LHC measurements, and LHC with others
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