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Introduction

Z0-boson production in pp collisions

differential X at small qT

 0th order:

 leading order:

 higher order:

d�(0)

d2qT
/ �2(qT )

<latexit sha1_base64="9MYkc7DtCyGnWegpiIhsrnRQRqg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAjtpiS1oMuiG5cV+oImLZPJpB06k8SZiVBCfsSNv+LGhSIu3Ih/47TNQlsPDBzOuZc753gxo1JZ1rextr6xubVd2Cnu7u0fHJpHxx0ZJQKTNo5YJHoekoTRkLQVVYz0YkEQ9xjpepObmd99IELSKGypaUxcjkYhDShGSktDs+4EAuHUdyQdcTRIy1Yly1J/UIP3w1YGnVhEsYqg4xOmkFbLWq4MzZJVteaAq8TOSQnkaA7NT8ePcMJJqDBDUvZtK1ZuioSimJGs6CSSxAhP0Ij0NQ0RJ9JN5+kyeK4VHwaR0C9UcK7+3kgRl3LKPT3JkRrLZW8m/uf1ExVcuSkN40SREC8OBQmDOu+sKuhTQbBiU00QFlT/FeIx0nUpXWhRl2AvR14lnVrVvqjW7uqlxnVeRwGcgjNQBja4BA1wC5qgDTB4BM/gFbwZT8aL8W58LEbXjHznBPyB8fUDKMGhSg==</latexit>

d�(n)

d2qT
/ ↵n

s

q2T
ln2n�1 M2

q2T
<latexit sha1_base64="wpj+/1fLWquzy3bj04IRNMQrMMY="></latexit>

d�(1)

d2qT
/ ↵s

q2T
ln

M2

q2T
<latexit sha1_base64="aGOh9ich4FrN5GOL4kTLMp8us78="></latexit>

leading logarithm
z ≪ 1, qT ≪ M

Z0 (M, qT)
(z, -qT)
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Introduction

Sudakov resummation

d�(n)

d2qT
/ ↵n

s

q2T
ln2n�1 M2

q2T
<latexit sha1_base64="wpj+/1fLWquzy3bj04IRNMQrMMY="></latexit>

Collins, Soper, Sterman, 1985

d�

dydq2T
= �0

Z
d2b?
(2⇡)2

e�i~qT ·~b?e�SsudQ2
ij

X
fi(x1, µb)fj(x2, µb)

<latexit sha1_base64="s09V2USBRXmplsGgb96GTnkKTIk="></latexit>

 Sudakov factor at NLL accuracy

 b* prescription: perturbative + non-perturbative

next-to-leading 
logarithms

Ssud =

Z M2

µ2
b

dµ2

µ2


(
↵s

⇡
CF + CFK

↵2
s

2⇡2
) ln

M2

µ2
� 3

2
CF

↵s

⇡

�

<latexit sha1_base64="H9F263ZMARpPbZ5K5imlXfEicWo="></latexit>

µb > 2e��E/bmax
<latexit sha1_base64="r1VX3qxB+1qcnY0paj8Z1w20Myg=">AAACC3icbVDLSgNBEJyNrxhfqx69DAmCF+NuFPQkQRE8RjAPyMaldzJJhszsLjOzYlhy9+KvePGgiFd/wJt/4+Rx0MSChqKqm+6uIOZMacf5tjILi0vLK9nV3Nr6xuaWvb1TU1EiCa2SiEeyEYCinIW0qpnmtBFLCiLgtB70L0d+/Z5KxaLwVg9i2hLQDVmHEdBG8u28JxI/wOe4RO/SQ68LQoB/NTwK/NSTAgt4GPp2wSk6Y+B54k5JAU1R8e0vrx2RRNBQEw5KNV0n1q0UpGaE02HOSxSNgfShS5uGhiCoaqXjX4Z43yht3ImkqVDjsfp7IgWh1EAEplOA7qlZbyT+5zUT3TlrpSyME01DMlnUSTjWER4Fg9tMUqL5wBAgkplbMemBBKJNfDkTgjv78jyplYrucbF0c1IoX0zjyKI9lEcHyEWnqIyuUQVVEUGP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8AlymaJg==</latexit>

http://inspirehep.net/record/203059
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Introduction

Sudakov resummation

d�

dydq2T
= �0

Z
d2b?
(2⇡)2

e�i~qT ·~b?e�SsudQ2
ij

X
fi(x1, µb)fj(x2, µb)

<latexit sha1_base64="s09V2USBRXmplsGgb96GTnkKTIk="></latexit>

Some numerical results

p
s = 1.8 TeV; |y| < 4.2
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Collins, Soper, Sterman, 1985

http://inspirehep.net/record/203059
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Introduction: CGC + Sudakov

Dilute-dense factorization
Z0 (M, qT)

x1 ≫ x2

x1
x2

dilute
dense

Leading order cross section
Quark density in CGC framework

(saturation, TMD…)

Mueller, 1999;  
Marquet, Xiao, Yuan, 2009;  
Gelis, Jalilian-Marian, 2002, 2003; 
……

d�

dydq2T
= �0Q

2
ij

X
fi(x1)Fj(x2, qT )

<latexit sha1_base64="ot25F50eYogwlBqsWWQ51mGhPlA="></latexit>

qT ~ saturation scale
parton shower is missing

forward rapidity

http://inspirehep.net/record/498572
http://inspirehep.net/record/822469
http://inspirehep.net/record/592866
http://inspirehep.net/record/602850
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Z0(qT ) Z0(qT )
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g(µb)

g(µb)
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Introduction: CGC + Sudakov

Quark density at small-x

Leading order cross section
Quark density in CGC framework

(saturation, TMD…)

Mueller, 1999;  
Marquet, Xiao, Yuan, 2009;  
Gelis, Jalilian-Marian, 2002, 2003; 
……

d�

dydq2T
= �0Q

2
ij

X
fi(x1)Fj(x2, qT )

<latexit sha1_base64="ot25F50eYogwlBqsWWQ51mGhPlA="></latexit>

qT ~ saturation scale
parton shower is missing

http://inspirehep.net/record/498572
http://inspirehep.net/record/822469
http://inspirehep.net/record/592866
http://inspirehep.net/record/602850
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Introduction: CGC + Sudakov

CGC + Sudakov resummation

d�

dydq2T
= �0

Z
d2b?
(2⇡)2

e�i~qT ·~b?e�S0
sudQ2

ij

X
fi(x1)Fj(x2, b?)

<latexit sha1_base64="d3MB83K4wgT5TCNVQQkK2DxurYQ="></latexit>

Mueller, Xiao, Yuan, 2013

 One-loop calculation

 Sudakov resummation & small-x resummation factorize 

A tale of two αs

x2F(x2, b) =
↵sM2

ZNC

8⇡4↵s

Z
dzd2b1d

2R?
~b1 ·~b2
|~b1||~b2|

✏2fK1(✏f |~b1|)K1(✏f |~b2|)
1 + (1� z)2

z

[N (x2, z|b1|) +N (x2, z|b2|)�N (x2, z|b|)]
<latexit sha1_base64="aPQWlmyi8hH1v9GwJAoozRs1BQs="></latexit>

http://inspirehep.net/record/1247814
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Z0-boson production in forward pp(A) collisions

Self-normalized data from D0

p
s = 1.96 TeV; 2 < |y| < 3
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s = 5.02 TeV; 1 < y < 2
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 prescription (B): two αs cancel

Marquet, Wei, Xiao, 2019

https://inspirehep.net/record/1754672
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Z0-boson production in forward pp(A) collisions

Absolute cross section from LHCb

p
s = 7 TeV; 2 < y < 4.5
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Marquet, Wei, Xiao, 2019

https://inspirehep.net/record/1754672
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Z0-boson production in forward pp(A) collisions

From pp to pA collisions

larger saturation scale

smaller per nucleon density

larger transverse momentum

RpA < 1

broader qT distribution

p
s = 5.02 TeV; 3 < y < 4
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Marquet, Wei, Xiao, 2019

https://inspirehep.net/record/1754672
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Z0-boson production in forward pp(A) collisions

From pp to pA collisions

p
s = 5.02 TeV; 3 < y < 4
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 CGC agrees with EPPS16, a smaller error band.

 Rapidity dependence of RpA.

Marquet, Wei, Xiao, 2019

https://inspirehep.net/record/1754672
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Forward dijet angular correlation

Same framework

Experimental data: dijet cross section normalized by trigger jet cross section.

Giacalone, Marquet, Matas, Wei, in preparation 
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http://inspirehep.net/record/1717481
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Forward dijet angular correlation

Nuclear Modification factor RpA

p
s = 5.02 TeV, [ 78⇡,⇡]
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Giacalone, Marquet, Matas, Wei, in preparation 
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Forward dihadron angular correlation
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From dijet to dihadron

pT > 2 GeV
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Giacalone, Marquet, Matas, Wei, in preparation 

Prelim
inar

y



 

Shu-yi Wei              Sudakov resummation in CGC framework  16

Summary

Thank
s for

 you
r at

tenti
on!

 Motivation: Sudakov + CGC?

(1) To be able to describe the experimental data.

(2)  To establish the baseline to study nuclear effect.

 Yes, we have some numerical results.



The End


