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Hadronic Cross-Sections, Overview
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Individual Event, Auger Observatory (10%°eV)
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Individual Event, Auger Observatory (10%°eV)
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Relating Longitudinal Development to X;
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¢ AX,
ﬂ — 1 e_Xl/Aint
dX; Aint
RMS(Xl): Aint
<Mair>
Oint = e

int

AXmax  Difficulties:
@ mass composition

@ fluctuations in
shower development
RMS(X1) ~ RMS(Xmax — X1)
= model needed for correction
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Analysis Approach of the Pierre Auger Collaboration
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Measurement of A,

L izﬁmﬁiiﬁ 1018 _ 1018.5 eV
10 §§§
— C ¢ i T‘?’ * Tail event selection
& C ‘ﬁ' # ’ No fiducial cuts
5§ [}
S, { {
x '
z [ i
5 ‘\ |
B ‘ ‘ H <E> — 1018.24 eV | }{ " ‘
1071:_\{\ L b v by v b b 0ty {“ L
500 600 700 800 900 1000 1100 1200

Xmax [g/cm?]
A, = [55.8 & 2.3t + 1.6,,.] g/cm?

Unbinned likelihood analysis, 3082 events
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Conversion of A, to Cross-Section

Equivalent c.m. energy \EW [Tev]
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Proton-Air Cross-Section Summary
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Glauber Calculation

Projectile

= !
GG S call:
C% S l,
nucleon i
Target nucleus
ol = 2Re / [ha(b)d?b

12
02}:‘ = /’I’hA(b) d2b

where FhA(E) is the impact parameter profile folded with the nucleus wave function.
Correlations typically not taken into account. Only shells.

R. Glauber, Phys. Rev. 100, 242 (1955).
R. Glauber and G. Matthiae, Nucl. Phys. B 21, 135 (1970).
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Glauber Formalism

Multiple Scattering:

A
FhA(B,E'l...§A):1—exp IZXJ(E—gj) :1—H[1—Fh,\,(5—§j)}
Jj=1

with the projectile-nucleon amplitude:

o ) tot 52
rh[\/(b) = (1 — I[)h/\/) ThN exp{ }

el - el
Ar By, 2Bgy,
Integrating over all all possible nucleus configurations:

A
Fpa(B) = /w;r(rl,...,rA)r,,A(b, S 8 ) [[ 0%

Jj=1
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Extension of Glauber

@ Inelastic Screening, Diffraction

Multiple Scattering Region

Multiple Scattering Region
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Implementation (Good-Walker)

Two-Channel Model:
1 N 0 A 1 A
9= (5) 7= (3) = (3 7)o

Elastic Cross-Section:
A
Cha(b, 81 ... 5a) =(pITra(b, 31 ...54)|p) =1 — (p| H {1 —Fan(b— -?u)} )
j=1

1 A

=1 STt -+ Nrm(B - 3))

=1

ST [t G- G-

Jj=1

(Inelastic, quasi-elastic (and diffractive) cross-sections calculated
individually)
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Measurements of Diffraction
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The Screening Parameters
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Impact and Test on pC Data
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Total and production cross sections of proton-carbon interactions

Production cross-section hardly affected
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Inelastic Proton-Proton Cross-Section

Extended Glauber conversion + propagation of parameter uncertainties
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Cross-section Decomposition

@ Very distinct event final states exists in QCD collisions

@ The most relevant in the context of air showers are:

Inelastic Low Mass Diffraction High Mass Diffraction

@ These are crucial to understand air-shower physics:

@ They all contribute to particle production, thus, energy dissipation

o Diffraction can be up to 30 % of inelastic

o Diffraction is characterized by high elasticity and low multiplicity
final states

o Diffraction contributes to inelastic screening
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Impact of Elasticity and Multiplicity
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= Model features are modified by
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= Here: proton primaries at
10%9-%eV compared to Auger
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@ Model predictions can be
modified slightly

@ Possibility for significant
composition changes is limited

Hadronic Cross-Sections in UHECR Air Showers and Accelerator Measurements



Rapidity gap Cross-Section at LHC
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Model Tuning to LHC Data (at 7 TeV)
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Caveats / Potential:
o Only central rapidities |n| < 2
@ Not highest possible center-of-mass energies
@ Mainly proton-proton data
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Other Observable: Muon Production Height
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o General model performance after first LHC tuning better,

but not yet sufficient
@ More aspects and more data needs to be taken into

account
@ Partly description of UHECR became worse!
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Sensitivity of Air Showers to Interactions

—Proton, 10”%eV/

10° —Proton, 10%eV 10°
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@ Global shower properties and the shower maximum are sensitive to
the highest energy interactions
@ Muons in air showers are sensitive to the hadronic cascade over all
energies
— Large problem in predicting the overall muon number is small
problem on the level of individual interactions
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Acceptance and Extrapolations of Accelerator Experiments

= Reduce extrapolation uncertainties in interaction models

@ Center-of-mass-energy
LHC, Central measurements plus forward region

@ Phase-space

o Nuclear Effects
LHC: compare p-p, Pb-p and e.g. p-O
@ high-x¢
Fixed Target Experiments at SPS, but also with LHC beam
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Summary
» UHECR data contains information on
hadronic cross sections !

@ Well beyond LHC energies:
Eer = 10'82%eV, | /5,, = 57 TeV

@ Very high quality data + advanced
analysis techniques

@ Nuclear Effects and Diffraction are
needed to compare proton-air to
proton-proton data

@ Good-Walker and extended Glauber
Model

@ Recent LHC data as input
@ Impact on Air-Shower predictions

@ Need: high-energy, forward and
light nuclei




