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CNM effect or NPDFs: baseline of the study on jet quenching
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I.
 

Framework of the study

Vector boson as a probe of Cold Nuclear Medium effect

0Z

q

q

l

l
Hot/Dense 

QCD matter

Nucleus A

Nucleus B

Drell-Yan process

High-invariant mass                             

Produced in early stage 

Decay later

Colorless lepton pair in final state

3
W/Z~ 1 ~ 10  fm/cm 

W/Z ~ 80 90 GeVm 

~ 0.08 0.09 fm/c

Features of  W/Z production:

Clean signal of initial state of the collision，
 e.g. parton

 
distributions (PDFs), and cold 

nuclear medium effects or NPDFs.

In nucleus-nucleus collisions at LHC:

The created hot/dense nuclear 
environment (after ~1fm/c) can hardly 
pollute the signal of initial CNM effect.

mfp QGP ~ 10 fml 
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I.
 

Framework of the study

Factorization in pQCD

Drell-Yan in hadronic
 

collision In nuclear collisions:

2 2

,

ˆ( , ) ( , )

DY
AB VX llX

A B
a b a a b b ab VX llX

a b

dx dx f x Q f x Q




 

 

proton

proton

q

q

l

l

V

PDFs Partonic

 cross section

QCD Factorization theorem PDFs
 

→ NPDFs
 

(EPS09, DSSZ, …)

Factorization theorem holds

Parton distributions is altered 
in the cold nuclear medium

R.Petti, DIS2016
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Partonic
 

sub-process in pQCD

Leading order (LO) Next-to-leading order (NLO)

I.
 

Framework of the study
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I.
 

Framework of the study

Numerical simulation in pp collision

Program :DYNNLO Comparison with the LHC data

Code :Drell-Yan Next-to-Next-to 
Leading Order (DYNNLO)

S. Catani, et al

 

, PRL(2009) , PRL(2007)

High-order QCD correction:

NLO[          ], NNLO[            ]

Renormalization and factorization 
scales

PDFs:  MSTW08, CT10, ABMP15

( )SO  2( )SO 

/R F W Zm  

Both NLO and NNLO agree with data.

NNLO corrections are small.

PR, B.W.Zhang, et al, JPG 42

 

(2015) 085104
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.082001
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.222002
http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org
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I.
 

Framework of the study

Numerical simulation in pp collision: pT
 

spectra

Z Boson W Boson

Different process from the rapidity distribution

NLO calculation agree well with the high-pT
 

data
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http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org
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I.
 

Framework of the study

Sensitive to the initial-stage cold nuclear 
medium effect or NPDFs

 
in nuclear collisions

Well understood process in pQCD
 

(Drell-Yan)

Numerical results agree well with the LHC 
proton-proton data
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb
 

collisions

Results with EPS09 
NPDFs

 
show a good 

agreement with the data.

NNLO correction is 
small.
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PR, B.W.Zhang, et al, 
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(2015) 085104

http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org


11
Peng

 

Ru

 

DUT / CCNU    24th

 

Sept. .
 

11 .

II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb
 

collisions
Nuclear corrections R_AA

Different nuclear corrections from EPS09 and DSSZ

A good probe of the NPDFs
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb
 

collisions: Parton Level

1 2~ ~ / ~ 0.033Z NNx x m s

Momentum fraction at LO Parton contributions

LO

MSTW08

Initial partons
 

are mainly 
quarks and anti-quarks.

Gluon give small high-
 order contribution.~ 0 :Zy
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Define : 1 2 2 1 ( ) ( ) ( ) ( ) ( ) ( ) ( )Z Z Z
f ff f f fR y y R x R x y R x R x  

Rapidity distribution in Pb+Pb
 

collisions: Parton Level

A naïve choice: ( ) ( ) 1/ 2Z Zy y   Probe of the nuclear corrections on 
quark PDFs
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Rapidity distribution in p+Pb
 

collisions

II.
 

Vector boson production in heavy-ion collisions at the LHC

Differential cross section at NLO R_pA

Nuclear corrections result in a 
asymmetric distribution

Differences between EPS09 and DSSZ 
are observed
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J. Albacete et al. 1605.09479 [hep-ph]

http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org


15
Peng

 

Ru

 

DUT / CCNU    24th

 

Sept. .
 

15 .

II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in p+Pb
 

collisions: Parton Level
Nuclear correction                               

at parton
 

level
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Transverse momentum (pT) spectra 

NLO results with 
EPS09 NPDFs

 
show 

good agreement with 
the data.
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on pT
 

spectra: Parton Level
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spectrum provides more knowledge of 
nuclear correction on gluon PDFs
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II.
 

Vector boson production in heavy-ion collisions at the LHC

W Boson:  Charge Asymmetry
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Not sensitive to the order.

Not sensitive to the 
choice of NPDF.

In p+p
 

and Pb+Pb
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II.
 

Vector boson production in heavy-ion collisions at the LHC

W Boson:  Charge Asymmetry

In p+Pb

Not sensitive to the choice of 
NPDF.

Somewhat deviation from 
the data in negative rapidity.

At the same colliding 
energy(5.02TeV)

P+Pb →p+p

 

in forward region

P+Pb →Pb+Pb

 

in backward region

At small-x(sea-quark dominated),

isospin

 

effect is small
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

KP nuclear parton
 

distribution

Predicted from the semi-microscopic model developed by
S. A. Kulagin

 
and R. Petti.

NPA
 

756 (2006) 126; PRC
 

90 (2014) 045204

Not a fit, unlike conventional approaches.

Offer insights on the underlying nuclear physics mechanisms.

The KP nuclear PDFs
 

have been validated with data from a wide 
range of processes including lepton-nucleus DIS, Drell-Yan 
production in pA

 
collisions, Z,W production in heavy ion collisions at 

colliders.

http://www.sciencedirect.com/science/article/pii/S0375947405011838
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.045204
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

KP nuclear parton
 

distribution

Different nuclear effects
 

on parton

 

distributions (PDF) are taken into account:

: PDF in bound p(n) with Fermi Motion, Binding (FMB), and Off-Shell effect (OS)

: nuclear Meson Exchange Current (MEC) correction

: Contribution from coherent nuclear interactions: Nuclear Shadowing (NS)

KP model prediction

vs

DIS data
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http://arxiv.org/abs/1608.06835v2
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Results on p+Pb
 

at the LHC

Forward-backward asymmetry of W boson
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Results on p+Pb
 

at the LHC

Charge asymmetry of W boson
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Results on p+Pb
 

at the LHC

Comparison with the ATLAS data
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Nuclear corrections with different effects

W diffenential
 

cross 
section

4 nuclear effects 
(FMB, OS, NS, MEC) 
play roles at the LHC.

0.9

1

1.1

da
ta

 / 
A

B
M

P
15

a. FMB
b. FMB+OS
c. FMB+OS+NS
d. FMB+OS+NS+MEC

-0.05
0

-0.05
0

-0.05
0

di
ffe

re
nc

e 
/ A

B
M

P
15

-3 -2 -1 0 1 2 3

ηlab
l

-0.05
0

-3 -2 -1 0 1 2 3

ηlab
l

0.0010.010.10.5

Bjorken  x
0.0010.010.10.5

Bjorken  x

W + W −

CMS

a−ABMP15:  FMB

b−a:  OS

c−b:  NS

d−c:  MEC

PR, Kulagin, Petti, B.W.Zhang, 
1608.06835 [nucl-th]



26
Peng

 

Ru

 

DUT / CCNU    24th

 

Sept. .
 

26 .

III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Nuclear corrections with different effects

Z boson
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

χ2/NData

 

between model and measurement

Good agreement between KP model 
predictions and  the latest LHC data.

Evidence of nuclear modification.
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IV.  W/Z production in future heavy-ion collisions

Pb+Pb
 

at   39TeV
p+Pb

 
at   63TeV

,~ Z W

NN

m
x

s

Vector boson will be produced by smaller-x initial partons.

The shadowing effect of the sea quark and gluon would be 
significant.

Valence quark contribution and isospin
 

effect would be small.
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Pb+Pb: Z boson rapidity distribution

IV.  W/Z production in future heavy-ion collisions

PR, B.W.Zhang, et al.
EPJC

 

75 (2015) 426

Nuclear correction at parton
 

level Parton contributions at LO
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LHC: Future:

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3652-x
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LHC + Future

IV.  W/Z production in future heavy-ion collisions

Valuable constraints on NPDFs
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V.  Summary

Nuclear corrections
 

on W/Z boson
 

rapidity
 

and transverse 
momentum

 
distribution at the LHC are studied at partonic

 
level. 

EPS09 and DSSZ predict different rapidity dependences.

With the KP model, the nuclear corrections on W/Z production with 
different underlying physical mechanisms

 
are shown for the first 

time.

The predictions with KP nuclear effect show a better agreement
 with the latest LHC p+Pb

 
data, than those without nuclear correction. 

The KP NPDFs
 

well describe the W charge asymmetry.

A further improvement of the accuracy of future
 

LHC data
 

may allow 
to

 
disentangle the effects

 
of different underlying mechanisms.

The W/Z production in
 

future
 

heavy-ion collisions may provide more 
powerful constraints on the NPDFs.
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V.  Summary

Nuclear corrections
 

on W/Z boson
 

rapidity
 

and transverse 
momentum

 
distribution at the LHC are studied at partonic

 
level. 

EPS09 and DSSZ predict different rapidity dependences.

With the KP model, the nuclear corrections on W/Z production with 
different underlying physical mechanisms

 
are shown for the first 

time.

The predictions with KP nuclear effect show a better agreement
 with the latest LHC p+Pb

 
data, than those without nuclear correction. 

The KP NPDFs
 

well describe the W charge asymmetry.

A further improvement of the accuracy of future
 

LHC data
 

may allow 
to

 
disentangle the effects

 
of different underlying mechanisms.

The W/Z production in
 

future
 

heavy-ion collisions may provide more 
powerful constraints on the NPDFs.

Thank you !
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Thank you !
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I.
 

Framework of the study

Numerical simulation in pp collision

Program :DYNNLO

Total cross sectionCode :Drell-Yan Next-to-Next-to 
Leading Order (DYNNLO)

S. Catani, et al

 

, PRL(2009) , PRL(2007)

High-order QCD correction:

NLO[          ], NNLO[            ]

Renormalization and factorization 
scales

PDFs:  MSTW08, CT10, ABMP15

( )SO  2( )SO 

/R F W Zm  

NNLO corrections are quite small

~1-2%

Comparison with the LHC data

PR, B.W.Zhang, et al, JPG 42
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.082001
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.222002
http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on PDFs

K. J. Eskola, et al

 

JHEP 0904 065

 

( 2009)

2 2 2( , ) ( , ) / ( , )Pb p
fR x Q f x Q f x Q

http://iopscience.iop.org/article/10.1088/1126-6708/2009/04/065/meta;jsessionid=A6F15CBDED481E3FA9B1D1875196748A.c2.iopscience.cld.iop.org
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on rapidity distribution in p+Pb
 

collisions

Large-x, valence 
dominated

small-x, sea 
quark dominated

Anti-shadowing

Shadowing

R_pA(y) provides an 
image of the nuclear 
corrections on quark 
PDFs.
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in p+Pb
 

collisions: Parton Level
Parton contributions at LO Nuclear correction at parton

 
level
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on Transverse momentum (pT) spectra: Pb+Pb
R_AA Parton contributions at LO

Difference between EPS09 and 
DSSZ are observed. Gluon gives LO contributions.
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on Transverse momentum (pT) spectra: p+Pb
R_pA Parton contributions at LO

Difference between EPS09 and 
DSSZ are observed. Gluon gives LO contributions.
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II.
 

Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution:
 

Sensitive to the CNM effect 
(shadowing and anti-shadowing) on quark distribution

 
(both 

valence and sea).

pT
 

spectrum:
 

Valuable probe of nuclear gluon distribution.

Differences
 

between predictions with different NPDF are 
observed.

W boson asymmetry: Sensitive to the isospin
 

effect.

A good probe of flavor dependent nuclear corrections on PDFs.
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Results on p+Pb
 

at the LHC

Differential cross section of W boson

PR, Kulagin, Petti, B.W.Zhang, 1608.06835 [nucl-th]
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

Results on p+Pb
 

at the LHC
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III.
 

W/Z production in p+Pb
 

collisions with KP NPDFs

χ2/NData

 

between model and measurement

PR, Kulagin, Petti, B.W.Zhang, 
1608.06835 [nucl-th]
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IV.  W/Z production in future heavy-ion collisions

Pb+Pb: Z boson pT
 

spectra
Nuclear correction at parton

 
level Parton contributions at LO

( ) ( )f Pb f TR x R p

Differences between LHC and future
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Backup 

0 1 2 3 4
|yZ|

0

0.1

0.2

0.3

0.4

(1
/σ

) 
dσ

/d
 |y

Z
|

ABMP15

CT10

√ s  = 7 TeV

NLO

p+p

CMS



46
Peng

 

Ru

 

DUT / CCNU    24th

 

Sept. .
 

45 .

Backup 
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In future heavy-ion collisions
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S.Alekhin

 

et al, 
1508.07923[hep-ph]
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