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Outline

• How to extend saturation model fits from protons to nuclei?

• What is the A dependence of Qs?
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Basics: small-x and dipole cross section
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Assumptions:

• S-matrix real

• optical theorem

• Ψγ(Q2, rT , z) ∼ K0,1(
p
z(1− z)Q|rT |) I

momentum scale Q2 ∼ 1/r2
T

• Diffractive: t distribution is FT of bT distribution.
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Simple impact parameter dependence: GBW

Golec-Biernat & Wüsthoff [1,2] and many followers

For total cross section assume form where impact parameter dependence is factorized. 3

parameter (x0, σ0 = 2πRp, λ) fit to:

σdip(x, rT ) = 2

Z

d
2
bT

„

1− e−r
2
TQ

2
s (x)/4

«

Tp(bT ), Q
2
s = Q

2
0(x/x0)

−λ

(GBW do not choose an explicit form for Tp(bT ), values for Rp below are for θ(Rp −
|bT |)) Fit (w/ charm) gives 2πR2

p = 29mb I Rp ≈ 0.7fm (no charm ≈ 0.6fm).

For diffractive data assume constant diffractive slope

σdip(x, rT ,∆) = e
−1

2BD∆
2
σdip(x, rT ,∆ = 0)

with BD = 6/GeV2 ⇐⇒ Gaussian proton with rms. radius Rp ≈ 0.7fm.

As far as I can see same is also done by Kugeratski et. al. [3].
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Fitting existing nuclear data à la GBW 1

Freund, Rummukainen, Weigert[4], geometric scaling fit to data from E665[5,6] and NMC[7].
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• Expectation: γ = 0 (⇐⇒ πR2
A ∼ A2/3) and δ = 1/3

(⇐⇒ Q2
s ∼ A1/3)

• Fit result: γ = 0.09 and δ = 1/4
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Slower growth of Q2
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A.
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Fitting existing nuclear data à la GBW 2

Armesto, Salgado, Wiedemann [8]
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with RA = (1.12A1/3 − 0.86A−1/3)fm.

Fit parameters: Rp, α, so essentially one is fitting to a form

Q
A
s

2
= C

„
A
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(Q
p
s)

2

with C and α determined by the fit.

Expectation: α = 1

Fit result: Rp = 0.7fm, α = 1.25.

I Statement: “Favors QA
s

2 ∼ A4/9”

50 100 150 200

0.52

0.53

0.54

QsA 2�A1�3

[8] N. Armesto, C. A. Salgado and U. A. Wiedemann, Phys. Rev. Lett. 94 (2005) 022002 [hep-ph/0407018].
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ASW fit: discussion

Statement: “Favors QA
s

2 ∼ A4/9”
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But assumed nuclear radius dependence

makes interpretation more complicated for

realistic size nuclei (A . 200).

Note normalization: QA
s

2 ∼ 0.5A1/3Qp
s
2

I back to this in a second.
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Kowalski-Teaney impact parameter saturation model: protons[9]

2 improvements over GBW

• Include DGLAP evolution: improves fit for large Q2, smoother large x limit. (Starting

in Bartels et. al.[10], Gotsman, Levin, Lublinsky [11,12,13], see Mischa’s talk.)

• Consistently use same impact parameter dependence for both total and diffractive

cross sections (also here I don’t claim that KT were necessarily the first ones to do

this, see e.g. Mischa’s talk.)

σdip(x, rT ) = 2

Z

d
2
bT

„

1− exp

−r
2
TQ

2
s/4

z }| {(

− π2

2Nc

αs(µ
2
)xg(x, µ

2
)Tp(bT )r

2
T

)«

,

with µ2 = C

r2
T

+ µ2
0.

xg(x, µ2) is evolved with DGLAP with initial condition Agx
−λg(1− x)5.6

Best fit result λg < 0: increase of Qs for small x comes entirely from DGLAP!
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KT: nuclei

Straightforward generalization to nuclei:

σ
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where bT i are the positions of the nucleons, drawn from a Woods-Saxon density as in the

Monte Carlo Glauber model we all know and love.

Tp gives a proton radius ∼ 0.6fm, much less than the nucleon-nucleon distance. So this

is a lumpy nucleus, very different from
PA

i=1 Tp(bT − bT i) −→ TA(bT ).

Assuming bT i are uncorrelated this can be resummed to
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A1/3 from the KT model?
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Qs is not directly a parameter of the model any more.

Define

dσdip(x, rT , bT )

d2bT

= 2(1−e−1/4
), when r

2
T = 1/Q

2
s

If we simplify (1) by approximating

σpdip(rT ) = 2πR2
pe
−r

2
T (Q

p
s )2/4 and

TA(bT ) = θ(RA − |bT |)/(πR2
A)

I for A� 1

QA
s

2 ≈ AR2
p

R2
A

Qp
s
2 ≈ 0.3A1/3Qp

s
2

with Rp = 0.6fm and RA = 1.1A1/3fm

b (GeV-1)

A
T(

b) Tp(b) - Prot
TA(b) - He4
TA(b) - C12
TA(b) - Ca40

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 5 10 15 20 25

1/x

Q
S 2  (G

eV
2 )

1

10

10 2 10 3 10 4 10 5 10 6

10/12



Tuomas Lappi Feb 2007

Additional increase from DGLAP

“Small constant times A1/3” gives most of KT A-

dependence, but there is an additional effect: the Au to

Ca – ratio is . 3, more than (197/40)1/3 ≈ 1.7

Previous estimate: neglected increase of

xg(x,C/r2
T + µ2

0) with increasing 1/r2
T .

Take nuclei A and B. Saturation condition
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)

Gold/Calcium: 2.6 ≈ 1.7×1.5 (around x = 10−4 ?)

Bigger effect for smaller x.
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Conclusions: what is the nuclear “oomph” factor?

Impact parameter dependence and “lumpiness” of nucleus: comparing nuclear and proton

Qs is not necessarily apples to apples.

What bT in proton does one compare to? Gold/Calcium or other such ratio better.

• Pay a price for diluteness of nucleus: Rp < A−1/3RA

• For larger nuclei (as in QAu
s /QCa

s ) expect something like A1/3

• DGLAP increase of xg(x,Q2) with Q2 will add to this.

• Also nuclear surface effect less important at large A: small increase in Qs from

deviation from TA(bT = 0T ) ∼ A−2/3

Further things to do:

• Lumpiness and other nuclear effects on diffraction

(too small t to be measured?, 1/RA ∼ 0.03GeV)

• More blackness locally and in rare events: fluctu-

ations?
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