Multiplicities at the LHC
in 2 geometric scaling model
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Idea

Start from lepton-proton and
lepton-nucleus and extrapolate
by geometric scaling

IFAE Barcelona, May 2007 A new look at HIC: Preparing for the LHC 2



[ Dipole model and geometric scaling

-

\_

> The totalvy"hcross section in the dipole model

Q) = [ ar / 420 (Q2 1, 2) 2 ol (0, )

Geometric scaling — all x-dependence in the saturation scale

h

Jdip (I', CC) — O-ciilip (rQsat (ZU))

For massless quarks and without impact parameter

O7 Q%) = QP F(rPQ%) = o} [ (2,Q%) = 0} (Q*/ Q2 (2))

Ny, (I'Qsat) /

Geometric scaling present in the lepton-hadron data

J
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(" . . .
_ Geometric scaling in Ip data
;

All lepton-proton data with
x <0.01 only function of

2
2

Tp —
sat

T\ A

Q2 — (—0) . A =0.288
T

Stasto, Golec-Biernat, Kwiecinski

PRL86, 596 (2001); Golec-Biernat,

Wusthoff PRD59, 014017 (1999)

We fit this scaling function to
®(1) =00[ve +T(0,§) +Ing],

)

. a=1.868, b=0.746

b

G
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4 .
_ The nuclear case - impact parameter

\_
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= With impact parameter: suppose all the b dependence can be
scaled—out by the radius Ry,: b = b/+/7R?

/d2bNh (T Qsat,h(xab)) — WR%/G?Z_), Nh(rQsat,h (CU,B))

If these two rescalings are exact

UT L (Q2/Qsat h( )
WR%L

is a universal function for any A = proton or nuclei

> So the scaling condition for the nuclear case is

[JV*A(T) _ 07*p(TH
WR%

J
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4 . . .
_ Geometric scaling in 1A data

-

= We define

1/5
2
2 A= 2 ARP
sat,A sat,p 2
RA

Rjy=112AY3 —0.86 A"1/3

= With free parameters
fitted to data[x?/dof = 0.95]

R, = 0.70 & 0.08 fm

( 5= 0.79 + 0.02

1

0.9 -

0.8 ©

2 4/9 0.7 ©
Sat ™~ A ) 06 :HH

02 a0 1 0 a0
§=1[Q%, ~ AY3] = x?/dof = 2.35 7,=Q%/Q;,

\_

[See also Freund et al. 2003]
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*C (NMC)
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C Multiplicities in AA collisions

-

Factorization formula Gribov, Levin, Ryskin Phys Rep 100, 1 (1983) ...

dNAB
dyd2 Dy b

(87

s / Pk daly, k,0) di (v (k — pr)°.b) |
where
d2r

ST expiir - k} Nh(rz, z;b)

oy, k*,b) :/

Geometric scaling: ¢, (y, k%, b) = (kQ/Qsat h)

dNAA
g
dy

y~0

X Qons ATRY / —deb o(77) ¢ ((1 —s)?)

:NO\/EN?"S

Npart part

But factorization not really needed, only geometric scaling.

\ J
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_ Multiplicities and RHIC data
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= Energy dependence fixed by lepton-proton data
= Centrality dependence fixed by lepton-nucleus data

('—'} Energy and centrality dependence factorize j

\ J
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C Predictions for the LHC

V3 (GeV/A)
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N
1550 + 1760 for Npare = 350

1670 + 1900  for Npare = 375
,
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C Predictions for the LHC
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ligh-p; at forward rapidities

\_

Forward rapidities — testing ground for saturation.
To check geometric scaling

= Use the factorization formula
dNAB aS
ddeptdb

d2k ¢A(y7 k b) ¢B (ya (k pt) 7b) )

N Suppose
¢A(k — Q/Q) — (I)(TA); TA = k2/4Q at A’ Qsat A C gat,A

= Taking ¢g ~ 1/k7, n > 1

deAu
colll dﬂdQPt ~ COllQ ¢A (pt/QS C1 ) ~ COHQ ¢(7-Cl )

deAu c0111 ¢A (pt/QS,CQ ) Ncolll (I)(TCQ )
N00112 dnd2pt

where cl, ¢, are two centrality classes.

l.e. we make ratios of the DIS scaling function at the appropriate 7.

J
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4 . .
_ Geometric scaling and dAu data

-

.

— Saturation scale for dAu

2 N1/5

sat coll

Ncoll —
13.6 £0.3, 7.94+£0.4, 3.3+0.4

=2 LHC at central rapidities —
suppression similar to RHIC at
forward rapidities
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R
_dummary
-

— Geometric scaling able to describe a variety of data
~N lepton-proton
~N lepton-nucleus
N AA multiplicities
N pA suppression at large rapidities

= From analysis of lepton-hadron data

N Energy dependence
N Saturation scale grows faster than A!/?

= Predictions for the LHC multiplicities

-

JNAA 1550 = 1760 for Npart = 350

| o | 16701900 for Nyaw = 375
\_ J

g W,
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