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Shower development (qualitatively)
cructal: CO VV&Lath !
- tnelastic cross-sections (S.

Lv\,cl,)‘7
- hadrontc pa vtiele prooluctiow

(LW&LQStLOLtU k’iwel, L.e. fraction of energy converted tinto secondaries)

large cross-sections,

s - } make short showers
high tnelasticity

small cross-sectlons,
make Long showers

Low LweLastiaitg

less crucial:
nuclear fragmentation, de/dx, decays, tracking,
electromagwnetic reactions, ....
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Measwred Cross-Sections
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Measuring o, .. : De-convolution Method by HiRes
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p-/-\ir Inelastiec Cross-Sectlons 2001
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HERA weaswred structure functions at small x
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Gluon density at low
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Coverage in x - @2 plane

10 ° -
8 - ] HERA 94-96
L B
< - 7 HERA SVTX 1995
o 104
- [l ZEUS BPC 1995
- [l HERA 1994
3
10 —
- ] HERMES
10 2 ? /;é//éf
- | || BCDMS
- — CCFR
10 = v
- | | SLAC
1=
- @?/
, ’ -1 B //Q.//
2~ - | \\\HH‘ | \\\HH‘////\ \\\HH‘ | \\\HH‘ | \\\HH‘ | I |
=0 10 10~ 10 10 10~ 107" 1
X =0 X

Johannes Knapp, Arequipa 2008



Cowversion from. p-p to p-Alr cross sections  (Glawber Theory)
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3 groups applied Glauber theory to deduce
the proton-Air inelastic cross-section from
the measured p-p cross-sections (SppsS, Tevatrow)

origin of difference? what exactly is the nucleon distribution of a nucleus?
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Cross-Sections own
Proton. and Aty

Where data exist
models agree,

where no data exist,
wodels diverge.
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Soft Hadrowic wteraction Types e o

elastic scattering

b!

inelastic, single diffractive

no colowr exchange,

Low center-of-mass energy,
Low inelasticity

colour exchange,

high center-of-mass energy,
high inelasticity
inelastic, non-diffractive

inelastic, double diffractive

diffractive - won-diffractive
ratio is very important
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Results ow pa rticle produotiow

Pa rtiele muLtLpLicitg
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Multiplicity distributions of charged particles for 10'°eV ' ‘N coll.
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MuLtipLioitg Dlstribution

at high energies:
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Negative Binomial Distribution

describes the wider range of values for n observed in collider data
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("a) (e

) (
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neg. Binomial

At ~10%° ev

negative binomial
distribution

Ls needed to describe
the experimental data.

Johannes Knapp, Arequipa 2008



UAS results at the SPPS Rapidity:
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is additive in Lorentz
transformation.
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'Pseuolompidi’cg (n) distributions iwi’ciaLLg wot very well described:
models can fit etther dN/dN (N=0) or
the tail to large N-values,
but not both.

ave vapdlels wrong) or badlly) tunedl?
< <
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Awnother experiment at the same collider ....

E,, = 630 GeV P23 (Harretal.)
Simulations including experimental trigger
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New experimental results tn contradiction to older UAS distributions,
but very good agreement with simulations.

Experimental results are not always to be takewn at face value.
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Particle production in forward direction
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Projectile § Target
Parvticipants

Fe - N collistons

most probabLe:
one proj ectile nucleon
hits one target nucleon
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Feynmaw x distribution in p-N
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Feynman x distribution in. N-N collistons ...
... shouwld be sammetria as well

dN/d x ¢
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Nitrogen-Nitrogen Collisions
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Lf nuclear interactions ave treated well.
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Longitudinal Shower Profiles
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Longitudinal Shower Development
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Average Longitudinal Shower Development

RGS)et well in Line with other models.
High multiplicity
partly compensated by
Lower cross-section and
partly Lrrelevant since mostly
Low-energy particles produced.
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The 8 x 102° ¢V FLg 's Bye Bvent
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The 3 x 102° ¢V Fl,g 's Bye Bvent
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Data versus Stmunlations

X wax Versus energy :

comparison with model suggesteol

composttion change from Fe to p

MOCCA Splitting Algorithm

Gaisser et al. (1993)
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Data versus Simuulations
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Model dependence of composition persists, though at much Lower Level.
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Data versus Simulations
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Data versus Simulations ... another example

KASCADE : 1015 -1016¢v
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Lateral Dlstribution

ea rLg start,
high maximum,

-(Lat Lateral distribution

Late start,
Lower maxitmum,
steep Lateral distribution

> >

Lateral distribution is sewmsitive to X, (L.e. to particle type)
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Lateral distribution of energy deposit: protons 37°

protons, 37 °

smallest fluctuations
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Lateral distribution of energy deposit: different masses
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Lateral distribution (measured by Auger)
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Haverah Park data (re-awal.gseal 200=)
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State-of-the-art model 1972
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Models could not e)qaLa'w» e)qaerimem,taL data at all !
How to interpret the data? (mass >> Fe 22?)
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inclined showers (R > &0°) are different
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Near-Hortzowntal Events

muonic component dominant Auger
(verg short pulses)
deflection in Barth magwnetic field
(dependent on azimuth)
5.08(4'30)
0.69(2‘@)&( .
°

expected dewsitg contours /

for specific angle of tncidence

500 m

Densitymap.EVENT: 204272

Johannes Knapp, Arequipa 2008



Plerve Auger Observatory

Inclined Showers
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Primary Ys, e.9. from decays of topological defects 22

Haverah Park,
Ave etal., PRL 5 (2000) 2244

e Data
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Events > Ep
)
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10 3 ]
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This awaLgs'Ls could only be made since wmodels do describe (rou@th)
the experimental data.
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Auger bata
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Azinuthal Asymmetry in Signal and Rise Tume

trailing particles (> 1s)
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Muons L MACRO detector
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Figure 5.25: Search for aligned clusters in the MACRO detector. We plot the nor-
malized distributions of events as a function of the parameter Ay (see text), both for
experimental (full cireles) and simulated data (open markers).
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figure 5.20: Z-cluster evenis ratio of experimental data over simulated data. The
plots on the right refer to events reconstructed with o central cluster plus an isolated
muon; on the right side: events reconsiructed with a centval cluster plus a cluster
with at least fwo muons.
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Muown. bundles tn. MACRO detector
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to the same number of events.

Separation (m)

io the same number of events.

RETRABATION  °F 'blS‘rFrMC,ES
BETWESN T Maronss

Ratio

Ratio

Ratio

DATA / DPMJET-IL.4

(DRl

T 40

Separation (m)
- DATA /HDPM E
- #
v
. -]
0 20 40

Separation (m

Figure 5.10: Ratio between the experimental and simulated decoherence functions for
the sample N = 8. The ratio has been computed belween distributions normalized

Lk@ER
NETANCES

CORSIKA / RGS)et describes experimental data rather well.
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Ls+C Vvertical Muown Spectrum. § Charge Ratio (cosO > 0.92)
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RASCADE hadrown and trigger rates
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Summary § Outlook

B creat inprovements in BAS simulations in past few years.
Soft hadronie and nuclear interactions modeled on basts of
Gribov-Regge § Glawber Theory.

New modlels allow a safer extrapolation to highest energjies.

B Assumption of a mixed CR composition (p, He, ... Fe)
and extrapolation of models from 100 Gev range (e.9. RGS)ET)
Yields amazingly good agreement with CrR data from ~10™2 ... 109 ev.

B Many new accelerator experiments will provide new expertmental tnput to
cross-sections, diffraction anol hadronic particle production under small angles.

B New astroparticle experiments will provide new constraints at higher energies
and data with improved quality  (e.9. KASCADE-Grande, Auger, ICE Cube
AMS, dirvect C, ....)

only HEP and Astroparticle physieists together can solve the problem of

origin of the high energy cosmic rays (the highest-energy particles in the universe)
and its hadronic interaction with the atmosphere.
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