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Nuclear Cross-Sections

Nuclear and QCD
related physics

- Nuclear geometry
- Opacity profile of nucleons
- Multiple interaction
- Inelastic screening
- Correlations

- Saturation

- Fermi motion

Inelastic pp
cross Section

Total pp
cross Section

Single Diffractive pp Elastic pp
cross Section cross Section
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Energy Scales: Acceleration and Interactions

Interaction Energy
Equivalent c.m. energy\s;, (GeV)
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Hadronic Cross-Sections, Overview

Cosmic Ray Proton Beam Energy [eV]
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Air Shower Fluctuations at the Pierre Auger Observatory

L 55888 18 _ 10185
N }iiﬁ By 10 107> eV
10 # 4
C ¢ { ﬁ' e Tail event selection
S r $ b .
NE r + H No fiducial cuts
St 4 ﬁ
. ‘{
x F %
ke) C
° ol
L ‘ ‘H <E> — 1018.24 eV | ! l
10-1:_\?\ v v b v by bl 0%y TT L1

500 600 700 800 900 1000 1100 1200
Xinax [9/cm ‘]

Phys.Rev.Lett. 109 (2012) 062002

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

/s =57TeV Unbinned likelihood analysis, 3082 events
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Proton-Air Cross-Section from Cosmic-Rays
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Cross section (proton-air) [mb]

Equivalent c.m. energy \Fpp [Tev]
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Phys.Rev.Lett. 109 (2012) 062002
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Proton-Air Cross-Section Limits from RMS( X,

az

RMS(X1) = Aint = /RMS(Xmax)2 — RMS(AX)2 < RMS(Xmax)

) [mb]
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Relation between Proton-Air and Proton-Proton
Cross-Section



Challenges

Nuclear and QCD related physics:

@ Nuclear geometry (transverse size of nuclei)
@ Opacity profile of nucleons

@ Multiple interactions

@ Inelastic screening

@ Correlations

@ Saturation

@ Fermi motion

°

(roughly ordered by importance)

= handled by extended Glauber model
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Glauber Calculation

Projectile
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Target nucleus

ol = 2Re / [ha(b)d?b
oA = /‘I‘hA(E)
R. Glauber, Phys. Rev. 100, 242 (1955).

R. Glauber and G. Matthiae, Nucl. Phys. B 21, 135 (1970).
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Glauber Approximation

Multiple Scattering in Nuclei:

rhA(b):/w,.*(a...FA) LT[ - 9)] st ) [ o5

j=1 j=1

Neglecting correlations between the nucleons

A
OHF PR Fa) = [ [ i)
j=1
Impact Parameter Space Amplitude:
A A
FhA(b,El...§A):1—exp IZXJ(b—gj) :1—H{1—Fh,\,(b—§j)
j=1 j=1
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Extension of Glauber

@ Inelastic Screening, Low-Mass Diffraction

Multiple Scattering Region Multiple Scattering Region

[ pp—spx (S, B) = A(S)T pp—pp(s; B)

max)

20¢k(s)

O'SD s, M?
)\2(5) __pp ( D,

Good and Walker, Phys. Rev. 120 (1960) 1857
Kalmykov and Ostapchenko (QGSJet01), Phys. Atom. Nucl. 56 (1993) 346

This technique does not easily account for high mass diffraction.
See e.g. QGSJetll for the theoretical extension.
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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) =(pTha(b, 51 ...54)|p) =1 — (p| H {1 —an(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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Problem: osp depends on M} ...-cut (can be re-normalized)
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Inelastic Screening Parameter
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At 57 TeV (Pierre Auger Analysis):

A=0.54+0.15
and

G = M2 = 0,01 - 0.02
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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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Correlation of Cross Section and Elastic Slope Parameter

Glauber(ctof, Bei, A, ...) = Op_air
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Correlation very “steep” — small impact on resulting 01“91
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Inelastic Proton-Proton Cross-Section

Extended Glauber conversion + propagation of parameter uncertainties
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Nucleon Correlations and Short Range Correlations

Ttot = Ttot + Ttot — A0shad

Double Scattering — Glauber Shadowing
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Double Scattering — Glauber Shadowing + SRC

= Opposite effect with respect to inelastic screening
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Impact on Calculations

Neutron-A scattering data:
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Current Situation

@ Auger: proton-air at /syy = 57 TeV
e LHC:

@ proton-proton at 4/s = 7 and 8 TeV
o lead-lead at /syy = 2.76 TeV
o proton-lead at /syy = 5 TeV
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@ Cosmic-ray interactions are at the highest
accessible energies

@ Primary cosmic-ray mass composition still
not clear. But protons can be enriched for
specific analyses.

@ Nuclear effects are relevant
@ Measurements at overlapping energies
with LHC and cosmic-ray experiments are

testing Glauber model

@ So far no significant disagreement
apparent

@ New data will significantly increase
sensitivity




