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ATLAS data.

Two theoretical questions:

1. Could be NMF < 1 at low x and large pT�Qs without
violation of the factorization theorem ?

2. Can be the value of NMF of the order of the value
measured by ATLAS?
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QCD factorization.
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Violation of QCD factorization ?!
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No violation of QCD factorization, but
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Linear equations at large pT

Evolution in lnQ2 (DGLAP evolution):

Q=Q (p,x)s Q=Q (A,x)s

CGC/saturation
d  o  m  a  i  n

2 2
QCD

Y=ln(1/x)

Q0

x (Y )0 0

x ~ 1

x << 1

DGLAP evolution

BFKL         evolution
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Evolution in ln(1/x) (BFKL-type evolution):

For low x both BFKL and DGLAP evolution equations have
the form:

•
∂xG

(
Y ; p2

T

)
∂Y

=

∫
d2kT K (pT , kT ) xG

(
Y, k2

T

)

Solutions have the form

xG
(
Y, ξ ≡ ln

(
p

2
T/Λ

2
QCD

) )
=

∫
dξ
′
G
(
Y − Y0, ξ − ξ′

)
xGin

(
Y = Y0, ξ

′)

• G (Y − Y0, ξ − ξ′) =⇒ Green’s function,

• G (Y = Y0, ξ − ξ′) = δ (ξ − ξ′).

• xGin (Y = Y0, ξ
′) is the initial condition for xG
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General property of the solutions:

• xG
(
Y, ξ ≡ ln

(
p

2
T/Λ

2
QCD

) )
=

∫
dξ
′
G
(
Y − Y ′, ξ − ξ′

)
xG

(
Y
′
, ξ
′)

Indeed, the general solution has the form

• xG (Y, ξ) =
∫ ε+i∞
ε−i∞

dγ
2πi e

ω(γ)Y +γξ g (γ) =
∫ ε+i∞
ε−i∞

dω
2πi e

ωY +γ(ω)ξ g (ω)

• ω = ω(γ) −→ Mellin image of K; γ = γ(ω) −→ solution of ω = ω(γ)

• G
(
Y − Y ′, ξ

)
=

∫ ε+i∞
ε−i∞

dγ
2πi e

ω(γ)(Y−Y ′) + γ(ξ−ξ′)
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Assume: x0G (Y0, kT ) = S Q2
s(Y0)g

(
τ = k2

T/Q
2
s (Y0)

)
• xG

(
Y, ξ ≡ ln

(
p

2
T/Λ

2
QCD

) )
=

∫
dk2

T

k2
T

G
(
Y − Y0, ξ − ξ′

)
xG

(
Y0, k

2
T

)
= S Q

2
s (Y0)

∫
dk2

k2
T

G
(
Y − Y0, p

2
T/k

2
T

)
g
(
k

2
T/Q

2
s (Y0)

)
= S Q

2
s(Y0)

∫ ε+i∞

ε−i∞

dγ

2πi
e
ω(γ)(Y−Y0)

(
p2
T

k2
T

)γ
g

(
k2
T

Q2
s (Y0)

)

= S Q
2
s(Y0)

∫ ε+i∞

ε−i∞

dγ

2πi
e
ω(γ)(Y−Y0)

(
p2
t

Q2
s (Y0)

)γ ∫
dτ

τ
τ
−γ
g (τ )

= S Q
2
s(Y0)

∫ ε+i∞

ε−i∞

dγ

2πi
e
ω(γ)(Y−Y0)

(
p2
t

Q2
s (Y0)

)γ
f (γ)

Nuclear modification factor for gluon jets E. Levin 8



Proof: x0G (Y0, kT ) = S Q2
s(Y0)g

(
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)
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( McLerran-Venugopalan)
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Estimates for NMF
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• γ = ᾱS

(
1
ω
− 1

)
or ω (γ) = αS

γ + ᾱS

• G (Y, τ ) = f (γSP ) exp
(
2
√
ᾱS Y ln (τ ) − ᾱS ln (τ )

)
with γSP =

√
ᾱSY
ln(τ )

Nuclear modification factor for gluon jets E. Levin 10



  R
CP

centrality 0 - 10 %

p
T

0

0.2

0.4

0.6

0.8

1

1.2

50 75 100 125 150 175 200 225 250 275 300

  R
CP

centrality 30  - 40 %

p
T

0

0.2

0.4

0.6

0.8

1

1.2

50 75 100 125 150 175 200 225 250 275 300

  R
CP

centrality 50  - 60 %

p
T

0

0.2

0.4

0.6

0.8

1

1.2

50 75 100 125 150 175 200 225 250 275 300

• x = 10−3 !!!
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Conclusions

1. Could be NMF < 1 at low x and large
pT�Qs without violation of the factorization
theorem ?

2. Can be the value of NMF of the order of the
value measured by ATLAS?

YES
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