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Hadronic cross sections

Hadron scattering cross sections
Working with the optical theorem in impact parameter space
T = —iAq

InDIPSY, T =1 - exp (— X2, /;), where f; are the
dipole—dipole scattering probabilities.

doe

= 2(T)

dO'el o 2

dO‘jn o 2
p = 2(T(B) ~ (T(b))

averaging over initial states of the target and projectile Tp(b).
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Diffractive excitation
Following Good—Walker

T = ((Tul0)2) ~ (Tl0)

o = ((TlB)2), ~ (Tuulb)?,

G0 (T30~ ((TulO)) — ((TaB)2), + (Tl

Diffractive excitation is related to fluctuations.

d in d abs
g ,ND — Oab e 2 <Tpf(b)>pt — <Tgt(b)>

d?b ~ d?b pt
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DIPSY" Nuclear effects
Glauber Models
Generating final states,

How do we estimate nuclear effects?

» Estimate number distribution of wounded/participating
nucleons using Glauber.

» Find a centrality observable that should be sensitive to the
number of hit nucleons.

» Build up a reference sample by stacking pp-events, fudging
them a bit to fit the centrality distribution.

The centrality measure is typically defined in terms of some
multiplicity or energy in the nucleus direction.
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DIPSY”
Glauber Models Black disks
Generating final states,

Which nucleons are participating/wounded

The simplest Glauber model uses nucleons distributed with a
Wood-Saxon and treating them as solid, fixed-size black disks.

Looking at the cross sections for a projectile on a single
nucleon, we have T(b) = ©(\/o/m — b), and for o = oy We get

o = / b 2 (T(b))

sa = [ b (T(B) =002

rw = [ &% (2(T(6) ~ (T(O)) = oua/2
S /dzb ((T2(6)) — (T(6)%) = 0
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DIPSY”
Glauber Models Black disks
Generating final states,

The black disk approach, clearly cannot properly take diffractive
excitation into account

It can be fudged, by setting e.g. o = gy, Or o = o, but we want
to do better.

We want to be able to see which nucleons that contributes to
the centrality observable.

» absorptively wounded nucleons.
» diffractively wounded nucleons.

Ow = Oabs T ODt + ODD = Otot — Tel — ODp
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DIPSY”
Glauber Models Black disks
Generating final states,

The black disk approach, clearly cannot properly take diffractive
excitation into account

It can be fudged, by setting e.g. o = gy, Or o = o, but we want
to do better.

We want to be able to see which nucleons that contributes to
the centrality observable.

» absorptively wounded nucleons.
» diffractively wounded nucleons.
» ...Not elastically scattered nucleons.

Ow = Oabs T 0Dt + ODD = Oot — Tel — ODp

But setting ¢ = oy, is not enough since we want to model-also
the fluctuations in the projectile.
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DIPSY”
Glauber Models A quick fix
Generating final states,

The two-radii model

A simple extension of the black-disk Glauber model is to
assume that the target and nucleus fluctuates between two
states with different radii, r and R, with the probability ¢ and
1 — c respectively.

Since we have four independent cross sections oapys, oel,
opp = 0, and opp, We introduce a fourth transparency
parameter, o with

a, ¢, r and R can now be fit to reproduce all relevant cross
sections.

But the fluctuations are very crude.
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DIPSY”
Glauber Models GGCF
Generating final states,

Glauber-Gribov and Colour Fluctuations

Arguable the most advanced model is by Strickman et al. —
GGCF

Assume a fluctuating cross section:

_ 2
Otot — /dUPtO[ /dUp exp{—(a/agziz‘l)}

Experiments typically use this together with a black disk,
T(b) = ©(\/o/m — b), with Q@ = 1.01 or 0.55, with the Py
scaled to get the total inelastic cross section

Oin = /dUPin(U) = /dO'Ptot(O'/)\), A = Oin/ 0ot
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DIPSY”
Glauber Models GGCF
Generating final states,

GGCF vs. DIPSY

Let’'s analyse what GGCF does by comparing with DIPSY.

[Ptot (sigma) for DIPSY tp-flukt, Omega=1.01,
Omega=0.55]
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Glauber Models GGCF
Generating final states,

Clearly there are much larger fluctuatios in DISPY.

But we want to use GGCF to model wounded nucleons which
only depends on the fluctuations in the projectile.

Averaging over the target states in DIPSY will result in smaller
fluctuations.
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[Ptot (sigma) for DIPSY tp-flukt, Omega=1.01,
Omega=0.55]
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DIPSY”
Glauber Models GGCF
Generating final states,

Assuming that GGCF describes the fluctuations in the projectile
only, we can fit the parameters to three cross section:

Ot = / d?b / doPo(0)2T (o, b)

/ d’b ‘ / doPo(o

/ &b / doPu(c) <2T(a, b) ~ T(0.b))

We have tried
T(o,b) « exp(—b?/2B),  and
T(o,b) = TyO(\/o/2nTy —b).

But only with the latter was it possible to fit experimental
cross sections.
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Generating final states,

[Ptot (sigma) for DIPSY p-flukt, Omega=1.01,
Omega=0.55, Omega=fit]
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[Pwounded (sigma) for DIPSY p-flukt,
Omega=1.01, Omega=0.55, Omega=fit]
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Glauber Models GGCF
Generating final states,

[Pabs (sigma) for DIPSY p-flukt, Omega=1.01,
Omega=0.55, Omega=fit]
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DIPSY”
Glauber Models
Generating final states, Distribution of wounded nucleons

Distribution of wounded nucleons

We can now use our modified GGCF tuned to experimental
data and obtain a distribution of wounded nucleons.

— GGCF ©=0.83
—_ 2R 4
Black Disk

10% |

10° |

10°
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Glauber Models

Generating final states, Distribution of wounded nucleons

Absorptively wounded nucleons.
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Glauber Models”
Generating final states
Outlook

Generating finalstates in pA

How much does a wounded nucleon contribute to particle
production?

An absorptive pN scattering would distribute particles evenly in
n. But what about projectile wounding two nucleons
absorptively?

For a diffractively wounded nucleon, we expect a high-mass tail:

do 1
M > 2T

with 0 < e < 0.2.
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Glauber Models” The FRITIOF model
Generating final states
Outlook

Fritiof

The old Fritiof model assumed that each wounded nucleon
contributed with a string with a mass distribution corresponding
toe=0.

This worked very well for low energies, where perturbative
effects were smallish. It does not work for LHC.
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Glauber Models”
Generating final states The new model
Outlook

The New Model

» Generate Ny, and N,,.

» Let PYTHIA8 generate one absorptive pp event, But bias
the hard ME with a factor Nyps.

» Stack another N,, — 1 diffractive events using e = 0
(the default in PYTHIA8).

» Make sure energy and momentum is conserved.
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Generating final states

Outlook

pPb @ 5.02 TeV, Inclusive charged —1.0 <7 < 1.0
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Glauber Models”
Generating final states
Outlook

Outlook

Differentiate between wounded and absorbed nucleons
GGCF with individually fluctuating projectile and target
Implement simple FS effects (rope and swing)

From pAto AA
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