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Collision Geometry: the Glauber Model

@ For a nice overview: M.L. Miller et al., nucl-ex/0701025;

@ For some references to pp physics: T. Sjostrand and M. van
ZijL, PRD 36, 2019 (1987)
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Glauber Model: outline

@ Nuclei are extended/composite objects:
they can cross at different impact
parameter b and with a different number
of elementary binary collisions Neo;

Projectile B Target A
—_— -—

@ the Glauber Model (optical or MC) is used
to describe the geometry of the collision

a) Side View b) Beam-line View
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Glauber Model: outline

@ Nuclei are extended/composite objects:
they can cross at different impact
parameter b and with a different number
of elementary binary collisions N¢o;

Projectile B Target A
—_— -—

@ the Glauber Model (optical or MC) is used
to describe the geometry of the collision

a) Side View b) Beam-line View

Modeling collision geometry important to interpret the data

@ Thicker/denser medium going from peripheral to central collisions
(higher particle multiplicity, larger jet quenching...);

@ Initial eccentricity and fluctuations leave their fingerprints in final
hadronic observables

Analogies with modeling of UE and MPI in pp collisions
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Glauber Model: the optical limit

@ Nuclear “thickness function” [Area~!]:

Projectile B Target A ~
R Tals) = [ dzapals.z)
A ,,,,,,,,, i f
****** - (B
b z—
v """""""""" @ Nuclear “overlap function” [Area™1]:
a) Side View b) Beam-line View ?AB(b) = /ds ?A(S) ?B(s _ b)
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Glauber Model: the optical limit

@ Nuclear “thickness function” [Area~!]:

Projectile B Target A ~
TA(S) E/dZApA(S,ZA)
AN Ea r
tp- @
b z—
""""""" a """ @ Nuclear “overlap function” [Area™1]:
a) Side View b) Beam-line View ?AB(b) = /ds ?A(S) ?B(s _ b)

@ Probability of elementary inelastic collision: p¥(b) = NV Tz(b)

m

@ Collisions at a given impact parameter b is described by a binomial
distribution:

P(n,b) = (AB) Y (B)]P[L — Pl (BB
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Glauber Model: results in the optical limit

@ Number of binary collisions (per A — B crossing, Z?Eo P(n,b) =1):
Neon( Z"P n,b) = AB Tap(b) o

@ Number of participants:
Npart(b) = A/ dsTa(s) {1~ [1 — Ta(s — b)olt"]%}
+B/ds?3(s —B) {11 Ta(s)l)

@ Total inelastic cross section o/\% = [ 27 bdb p/,°(b) obtained
integrating the probability of having at least one inelastic interaction

AB
pP(b) =Y P(n,b) =1~ [1— Tag(b)o/\"]"?

n=1
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Glauber Model: centrality classes

Lm0 s o+ 2oem @ Centrality classes defined from measured
0100 150 200 20 500 30 dNeyi /dN.y,, dividing total inelastic
cross-section in percentiles;
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Glauber Model: centrality classes

dNeyi /dNey, dividing total inelastic

cross-section in percentiles;

@ Analogous observable considered in UE
studies in pp collisions, and used for

MC-tunes

@ Centrality classes defined from measured
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Glauber Model: centrality classes

@ Centrality classes defined from measured
dNeyi /dN.y,, dividing total inelastic
cross-section in percentiles;

@ Analogous observable considered in UE
studies in pp collisions, and used for
MC-tunes

N .
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@ Which is the range of impact parameters (to use in a theory
calculation!) corresponding to a given centrality class?

@ A simple geometrical picture arises from the Glauber Model, e.g.

o bdb{1 — [1 — Tag(b)olN]AB}
J5¥ bdb{1 — [1 — Tag(b)oN4B}

defines the 0-10% centrality class
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Glauber model for hard processes

Hard pQCD processes (c€ production, high-pr scattering...) scale with
Neot, hence the interest of estimating (N.,11) in a given centrality class
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Glauber model for hard processes

Hard pQCD processes (c€ production, high-pr scattering...) scale with
Neot, hence the interest of estimating (N.,11) in a given centrality class

@ Binary collisions per inelastic event at given b:
Neait " (b) = Neon(b)/pi° ()

(distinction relevant only for very peripheral events)
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Glauber model for hard processes

Hard pQCD processes (c€ production, high-pr scattering...) scale with
Neot, hence the interest of estimating (N.,11) in a given centrality class

@ Binary collisions per inelastic event at given b:

Négllevr(b) (()”( )/pm
(distinction relevant only for very peripheral events)

@ Average over all inelastic events at different b:

f bdb Nin: evt(b) p;?lB(b) f:z bdb Ncoll(b)

coll

[ bab pAB(b) 1.2 bdb p(b)

(Neott) by—b, =

7/9



Glauber model for hard processes

Hard pQCD processes (c€ production, high-pr scattering...) scale with
Neot, hence the interest of estimating (N.,11) in a given centrality class

@ Binary collisions at given b:

Nm (\‘r(b) — Ng,oll(b)/

coll

(distinction relevant only for very peripheral events)

@ Average over all inelastic events at different b:

Sy, bdb foiif”‘(b) PAZ(B) _ [,y bdb Neon(b)
bdprB bdb AB(p
by

lIl

(Neott) by—b, =

One can then compare with a proper
rescaled
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Modeling of MPI in pp: some similarities

In QCD for small piin;

paradox solved by multiple interactions:
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Modeling of MPI in pp: some similarities

In QCD for small piin;

paradox solved by multiple interactions:
@ Interactions at given b assumed to follow a Poisson distribution

Po(b) = @ expl-(b)], with n(b) = k O(b)

overlap
NB: Poisson vs Binomial distribution in AB collisions
@ Number of interactions

A(b)  kO(b)

@ Average number of interactions per inelastic event:

_ [ bdb(n(5)) pun(b) _ [ bdbA(b) _ onara

O = hdbpu(b) ] bdbpu(b) ~ oxp

8/9



Glauber Model: Monte Carlo implementation

a)

p(r) 7 p(0)

b)

p(r,)

deuteron

012345678910
distance r to center (fm)

01234567

8 910

proton-neutron distance r,, (fm)

@ Effective nucleon radius R from
hard-sphere scattering o =4m R?
identifying o = oNN;

m !
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Glauber Model: Monte Carlo implementation

) @ Effective nucleon radius R from

deuteron hard-sphere scattering o =41 R?,

identifying o = oNN;

m !

p(r) 7 p(0)

@ Nucleons distributed in nuclei A
and B according to pa/g(X)

0123456782910 012345678910
distance r to center (fm) proton-neutron distance r_(fm)
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Glauber Model: Monte Carlo implementation

@ Effective nucleon radius R from
hard-sphere scattering o =41 R?,
identifying o0 = oV,

in 1

@ Nucleons distributed in nuclei A
and B according to pa/g(X)

@ A collision occurs if d; <2R
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Glauber Model: Monte Carlo implementation

@ Effective nucleon radius R from
hard-sphere scattering o =41 R?,
identifying o = o'V,

@ Nucleons distributed in nuclei A
and B according to pa/g(X)

] hpeetwen. @ A collision occurs if d) <2R
x (fm) z (fm)

@ Overall agreement  100f 3 :
g £ of Aus+Au (optical limit) =;'2“°‘**.,Qo =Ny (Optical)
except for most 8 sl Fooodk % o Ny (MO)
. . 3 b 5 N,qq Oplical)
peripheral collisions; i ool s + Ny (MC)
50; - °
@ MC-Glauber wE 600 5
provides more 30f-
L 20
granular initial 10E .
conditions 0“4 E 90 12 14 16 16 CRETRE R

impact parameter b (fm) b (fm)
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