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Inelastic Electron-Proton Scattering
Idea: Break protons up into their constituent particles

by scattering high-energy electrons off them

→ cross section:

dσ =
1

F
|M|2dQ

F =̂ incoming flux

|M|2 =̂ |i〉 → |f〉 rate
dQ =̂ |f〉 phase space

X
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Parton Model
Assumption: The proton consists of non-interacting quarks.
→ parton distribution functions (PDFs) qi(x)

xp

q

(1− x)p

qi(x) =̂ probability quark i has momentum xp

If quarks are fermions, the cross section follows from QED.

=⇒ Callan-Gross relation: 2xF1(x) = F2(x) = x

2NF∑
i=1

e2i qi(x)



Quantum Chromodynamics

QCD is the theory of the interaction between quarks and gluons.

LQCD = Ψf (i 6D −mf )Ψf −
1

4
GaµνG

µν
a

Processes affecting the PDFs:

q→ g emission g→ q emission g→ g emission

→ PDFs now depend on the energy scale Q2 = −q2
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DGLAP Equations

The DGLAP equations describe the Q2 dependence of the PDFs.

PFF

PFF

PGF

PFF

PGG

PGF

∂

∂ lnQ2

(
Ω(x,Q2)

G(x,Q2)

)
=
αs

2π

∫ 1

x

dz

z2
x

(
PFF (x/z) PFG(x/z)

PGF (x/z) PGG(x/z)

)(
Ω(z,Q2)

G(z,Q2)

)

with the momentum densities Ω = xΣf (qf + qf ), G = xg



GLR-MQ Equations

Taking gluon recombination into account modifies the evolution.

gluon-gluon recombination:

−81

16

α2
s

R2Q2

∫ 1

x

dz

z
G2(z,Q2)

gluon-quark recombination:

− 27

160

α2
s

R2Q2
G2(x,Q2)
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Convolution Integrals
The evolution is done on a grid in x and Q2, with D(xc, Q

2
r) = Drc.∫ 1

xc

dz PAB

(xc
z

)
D(z)

Linear−−−−−−−−→
Interpolation

n∑
k=c

wAB(xk, xc)Drk, where

wAB ∼
∫

dz PAB(z)

PAB can be written as a perturbation series in αs:

PAB(x) = P
(0)
AB(x) +

αs
2π
P

(1)
AB(x) + . . .

Leading order contribution:

P
(0)
GG(z) = 2CG

[
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− 1

z
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1∫
0
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1
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3
TRNF



Convolution Integrals
Next-to-leading order contribution:
P

(1)
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Evolution Process
Evolution equations:
Ω′rc = WFFΩrc +WFGGrc +MF − V1G2

rc

G′rc = WGFΩrc +WGGGrc +MG −
(
V2G

2
rc + V3Grc +NG

)
Two extra equations follow from a quadratic interpolation:

Drc = D(r−1)c +
∆r

2

(
D′(r−1)c +D′rc

)
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Interpretation
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Parton Mixing

10−5 10−4 10−3 10−2 10−1 100

x

0

6

12

18

24

30

36

42

48

G
/A

Gluon, nonlinear (Au197)

nCTEQ, 2 GeV

nCTEQ, 4 GeV

nCTEQ, 10 GeV

python, 4 GeV

python, 10 GeV



Parton Mixing
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A Dependence

10−5 10−4 10−3 10−2 10−1 100

x

0.850

0.875

0.900

0.925

0.950

0.975

1.000

G
n

li
n
/G

li
n

Gluon, Q = 10.0 GeV

A = 1

A = 12

A = 40

A = 108

A = 197



Numerical Evaluation of Nonlinear Corrections to
Nuclear Parton Evolution

Janik Rausch


	1) Background
	2) Parton Evolution
	3) Numerical Method
	4) Results

