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Overview of the roadmap
1. We want to calculate 
this correction

2. We calculate hadronic 
tensor

3. We compare result with the form
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4. Extract quark distribution functions 
with gluon correction
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5. To simplify calculation we compute

WT ⌘ �gµ⌫Wµ⌫

WL ⌘ PµP ⌫Wµ⌫

6. The last result we obtained was
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Transverse structure function
B(µ, ⌫) =
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0
dxx

µ�1(1� x)⌫�1

To take angular integral we 
need beta function
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Longitudinal structure function
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Longitudinal structure function
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Longitudinal structure function
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Structure function
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We’ve calculate longitudinal and transverse structure 
functions for scattering on a single gluon
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It is straightforward to obtain this function for 
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L

=
1

4⇡M

Z 1

x

dy

y3
g(y)W̃

L

(1� ✏)
1

M

F2 = xWT + 4
x

3

Q

2
(3� 2✏)WL

The form factor is given by a formula

(1� ✏)F2 =
X

i

Q2
i

g2

8⇡2

Z 1

x

dyg(y)z

⇥
⇣

z2 + (1� z)2
⌘⇢

�1

✏

�(1� ✏)

�(1� 2✏)
� ln

4⇡

Q2

z

1� z

�
+ 6z(1� z)

�

For the form factor we get
Almost final formula



Correction to the quark distribution
Almost final formula
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Alternatively we can define quark distribution 
function as

Final formula!!!
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order (see, Lecture 2)

q0(x)

Explicit dependence on Q. Scaling violation.

Let’s combine with parsonic 
cross section correction



Correction to PDF
Let’s update our result for the cross 
section in the leading order
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Correction to the partonic cross section
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We start from the general factorization formula
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Sum of corrections
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Sum of corrections
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No collinear singularity

Renormalized 
distribution function

d�1 =
e

2
g

2

48⇡

X

i

Q

2
i

Z 1

⌧0

dx1

Z 1

⌧0/x1

dx2q̄0i(x1)g(x2)
1

s

⇢h
z

2 + (1� z)2
i
ln

M

2

Q

2
(1� z) +

3

2
� 5z +

9

2
z

2

�

d�0 =
⇡e

2

3S

X

i

Q

2
i

Z 1

⌧0

dx1

Z 1

⌧0/x1

dx2q̄0i(x1)qi(x2, Q
2)�(x1x2 � ⌧

o

)



Large logarithm
q(x,Q2)

Where does this parameter 
come from?

We measure this function at 
a particular scale in DIS

We get this parameter in the 
correction as well

We can use distribution measured 
at any scale but corresponding 
correction will be different as well

This logarithm comes from collinear 
cross section. It can be large
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Large logarithm: what to do?

q(x,Q2)

q(x,Q2)

Measure distribution 
function at large scale

q(x,M2)

Evolve to a different 
scale

lnM2/Q2 ! 1

Eliminate large logarithms

?

We need to construct evolution equation



Evolution equation

q(x,Q2) = q0(x) +
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Gluon contribution to quark 
distribution function



Evolution equation
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We can solve this equation in a form:
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Recall the result for the cross 
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Evolution equation
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We can solve this equation in a form:
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Evolution equation
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We can solve this equation in a form:
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Dokshitzer–Gribov–Lipatov–Altarelli–Parisi

DGLAP evolution equation(s)

V.N. Gribov, L.N. Lipatov, Sov. J. Nucl. Phys. 15, 438 (1972)  
G. Altarelli, G. Parisi, Nucl. Phys. B126, 298 (1977)  
Yu.L. Dokshitzer, Sov. Phys. JETP 46, 641 (1977)

There are several equations 
of this kind



DGLAP equation
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DGLAP equation
d

d lnQ2
q(x,Q2) =

↵

s

(Q2)

2⇡

Z 1

x

dy

y

g(y,Q2)P
qg

✓
x

y

◆

There is also quark contribution
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