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

ll. Vector boson production in HIC at the LHC
lll. W/Z production in p+Pb collisions with KP NPDFs
V. W/Z production in future heavy-ion collisions

V. Summary
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Framework of the study

Vector boson as a probe of Cold Nuclear Medium effect

Features of W/Z production: In nucleus-nucleus collisions at LHC:

® Drell-Yan process Nucleus A
® High-invariant mass ‘

® Produced in early stage

- l/mW/Z ~107 fin/e Hose
® Decay later Nucleus B QCD matter

~0.08—-0.09 fm/c
® Colorless lepton pair in final state

Clean signal of initial state of the collision, The created hot/dense nuclear
e.g. parton distributions (PDFs), and cold environment (after ~1fm/c) can hardly
nuclear medium effects or NPDFs. pollute the signal of initial CNM effect.
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Framework of the study

Factorization in pQCD

Drell-Yan in hadronic collision

DY
O 4psyx—iix

=3 [ dx,d, £ (5, 0 1 (34,016 s sy
a,b

Partonic
cross section

PDFs

QCD Factorization theorem
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In nuclear collisions:

Bjorken x

@ Factorization theorem holds

@ Parton distributions is altered
in the cold nuclear medium

PDFs — NPDFs (epso9, Dssz, ...)



Framework of the study

Partonic sub-process in pQCD

Leading order (LO)

LN 70 I ur — 7°
dd — 7°

7 s>z ..
ud > W+
cs > W™

d _
° W~ / du > W~
sc > W
m 4 SU—>W™ oo

Weak interaction at LO
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Next-to-leading order (NLO)

Virtual correction

N
VAVAVAYAY / VWY

Real emission

—»—f\/\/\/\/\/ R
L aom

Quark-gluon scattering

IR H 9g¢ —> Vq
- 9g > Vq
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Framework of the study

Numerical simulation in pp collision

Program :DYNNLO Comparison with the LHC data
Code :Drell-Yan Next-to-Next-to 047
Leading Order (DYNNLO) 500800 88, 1 & Vs =7Tev

S. Catani, et al , PRL(2009) , PRL(2007) pP+Pp

o
w

@ High-order QCD correction:
NLO[O(as) 1, NNLO[ O(e3) ]

(1/0) do/d |y4|
o
N
I

: - ——- O(as)
o o 0.1F —— O(cd)
@ Renormalization and factorization - o—o CMS Data

scales
Hr = Hp = My 7

® PDFs: MSTWO08, CT10, ABMP15 Both NLO and NNLO agree with data.

NNLO corrections are small.
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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

Framework of the study

Numerical simulation in pp collision: pT spectra

Z Boson W Boson
Ol §| | T T | LI || | T 01 | | T T | LI || W O(Iocg) 4-
— - o——o ATLAS Combined o o W o) 3
> 02k — 00 T CE I W oord
;8/ ; Olexs) 9 ; F'_'_:'__':_"_ o §
g 10°F prp Vs=7Tev 2 107F prp Vs=7Tev -~ =% 3
z\é : 1\; " i ml<24 Tl ]
S 15 _ mi<24 Lo g 10 = p,.>20GeV 5
L E Pr>20GeV L 10°F py>250Gev
~ 1G5 £ 66 GeV <m; < 116 GeV ~ E my > 40 GeV | N
F | | 1 1 L v vl . 1 I I |
10
10 20 50 100 200 10 50 100 200
p7 (GeV) p W (GeV)

e Different process from the rapidity distribution

e 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

|. 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)

e Numerical results agree well with the LHC
proton-proton data
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ll. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb collisions

x1078
50 [ — Results with EPS09
- Pb+PDb \/SNN =2.7/6TeV NPDFs show a good
- agreement with the data.
~ 40
> i
3 - NNLO correction is
% 30 - O(0d EPS09 small
i O(0é) error bands with (T ag)
- -—-- O(os) EPS09
20 - e—e CMS Combined
:I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
-2 -1 o) 1 2
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Peng Ru DUT/CCNU 24% Sept. - 10. 2@?@


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

ll. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb collisions

Nuclear corrections

= Vsyy = 2.76TeV i sy = 2.76TeV
ST e v 009 - ST T 0
N>\ ___________ —~ i ./ \.\
E b 1 i / ®
o 6 < s \
;O i D?: i /._.-/-I'.'I-l~._._._....-.-I—I‘\'\.
= ' 0.95 I ¥ on
S5/, — —— Pb+Pb EPS09 1\ »
< 7 .—--= Pb+Pb DSSZ ) ¢--* EPS09
i : 0.9 -8 DSSZ
4 -I L L L L I L L L L I L L L L I L L L L I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2
y4 %

e Different nuclear corrections from EPS09 and DSSZ
® A good probe of the NPDFs
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http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org

ll. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb collisions: Parton Level
Momentum fraction at LO Parton contributions

Initial partons are mainly
quarks and anti-quarks.

Gluon give small high-
order contribution.

\]SNN =2.76TeV
T I 1 I 1 I T

SR B B 100
Q2 =10 GeVv?2]

(o]
o

MSTWO08

(o))
o

N
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parton contribution (%)
N
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Il. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in Pb+Pb collisions: Parton Level

z mgy

Rf(x>Q2) = (x,0°)/ fP(x,0*) and x= E P = e

SNN SNN

zZ

Define: R, ;(y*)=a(y* )R, (x)R;(x)+ BV IR, (x2)R7(x)

s . . Z . Z . .
A naive choice: a(y")=A(y")=1/2 Probe of the nuclear corrections on
n u+a quark PDFs
1 eI -—— EP309 f Vsyy = 2.76TeV
o T o | - DSSZ 1.05 [ JrY oy
% 09~ N [ .,. ) O(as)
L o \
:_— 0.8 ———— 'd' p 5] g 1f - '\‘
! + S ] \
T? 11 s o //// \\ ] D% . .,l‘.('.'.'".‘I~II~I-I'.'._.}'\.._.
o 1 - ,_’_ = N T \_,\\__ 0.95 /.r" "
09 -:/";,./—“— ........ \'\‘\--\_ :/, \\\_- i o -0 EPSO09
2 y 09} =@ DSSZ
0-8 : . : . : . : . I . I . I . i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-2 -1 O 1 2 -1 O 1 2 ) 1 0 1 2
yZ yZ
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http://iopscience.iop.org/article/10.1088/0954-3899/42/8/085104/meta;jsessionid=0AA024E64AE5B99F1F52B69D943A234B.c4.iopscience.cld.iop.org

ll. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in p+Pb collisions

Differential cross section at NLO

_25Ff % 7o "t eoe °
fe [ g *
2 / R o ‘.i -
- N 1 u_—6
N>\ 20 ~ p+p < 2 i !llﬂ.
© - — — pt+Pb EPS09 A\ é— I O( ) ""\‘\0
> - i Ols L
© 15 . p+IIZE DSSZ (50 \ ol -il-' .
: S grvls |sols.p|.n \ | e--e p+Pb EPS09 “‘A:::
o—o preliminary -
i \ | =--a p+Pb DSSZ
i | | | | | | | | | I

Nuclear corrections result in a Differences between EPS09 and DSSZ
asymmetric distribution are observed

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

ll. Vector boson production in heavy-ion collisions at the LHC

Rapidity distribution in p+Pb collisions: Parton Level

Nuclear correction R_pA provides an image of the nuclear

at parton level corrections on quark PDFs.
m .z
Xpp = X2 = Ze”
Large-x, small-x,
SNN
valence sea quark
7 dominated dominated
Ry (xpy) > R (¥")
1.1 | L i "I\' LI Id'
s Uv SN 1 i- i
PN ,;'/ % v Anti-shadowing S = 5.02TeV
[/ SN, / \\'\\, |
R 09} el oo EPS09 TN
£ | - DSZ N .
N s Us 7N S 4 é— i 'l?’\. g
b 1 —//:.-\\\ '—/j <. \\\ - i O((XS) 'I%._.
DE_ - ’ \..‘- \\ / "'-\._\‘\_ ....... —: . — ' n
0o / Su |/ NS 09T o_o ptPb EPSO9 “Al:::
o it : [ =--a p+Pb DSSZ
0.8-|-|-|-|-|--|-|'|'|'|'- P S W N TR TR TR A WO WO WO N O T T N SN SO WO NN N WA
-3-2-1012 3-2-1012 3 -3 -2 1 0 1 2 3
y* YZm.
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ll. Vector boson production in heavy-ion collisions at the LHC

Transverse momentum (pT) spectra

NLO results with

/>'\ 1L \]?NN =2 76TeV EPS09 NPDFs show
D 2 good agreement with
O - Pb + Pb the data.
—
=) " o—o0CMS Data(11) " =
E 0.01 |-o—o CMS Data(14) ST
e E —— O(ad) EPS09 ]
- . —.. O(o) EPS09
0.001 ———— oy
0)

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

Il. Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on pT spectra: Parton Level

2 2
Z ) pT+\/pT+mZ/W
y NO. x~

Ry (xpy) = R (pr)
SNN
1.6 T T T |
| O(OLS) - Uv dV
Lalbo--moeq i ] I I SN
AP N ~ T N
— A 1} h
K S
3 | 1 1 N P PR | 1 09 II
~ 120 2 Z&(sg V1)00 200 = 09} LD .
< p e N
o e e esesetyesi R & [ -—- Epsoo | 97
1:"”—'—.—__./ - .-l--l.""--' . o Lir DSSz N
—y———g——— - SO
[ e———e EPS09 1:"_———_—_—:::*\':“"_ ----------------- '\'\"
| - a DSSZ NSyn = 2.76TeV - T S~ N
08 ] % 1 1 | 1 1 1 1 09 1 N R | L 1 2 a2 s aaaal N
10 20 50 100 10 100 10 100
Z
pf (GeV) pZ (GeV)

pT spectrum provides more knowledge of
nuclear correction on gluon PDFs
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Il. Vector boson production in heavy-ion collisions at the LHC

W Boson: Charge Asymmetry

A=t - o) v u”(x)  R,(x) u”(x)
N_. +N d(x) d”(x) R,(x) dP(x)
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I i
0.8 - O(ad) (pp) O(a2) EPS09 (PbPb)
> F - O(ocs) ....... O(OLSZ) DSSZ 7
T 06 - =—acCMSpp  ———-0O(os) EPSD9 — In p+p and Pb+Pb
= - 0—O CMSPbPh .
c 04 % —
? . 3 i_ _____ % _____________ % .......... {] ] e Not sensitive to the order.
S i I S ] @ Not sensitive to the
E;B 0 :_ ....................................... _: choice of NPDFE.
© o2F — _
- Vsyy = 2.76TeV .
_04 i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | ]
0 0.5 1 1.5 2
m*|
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Il. Vector boson production in heavy-ion collisions at the LHC

W Boson: Charge Asymmetry

In p+Pb
. | Not sensitive to the choice of
:\/S_ - 502TeV I e ot sensitive 10 the choice O
> [ Mew™® 5 NPDF.
T | I
GE) 0-21 +p|fb/ < pb+pp| @ Somewhat deviation from
; - P \gg—,é:__..- i the data in negative rapidity.
&) 0 __ ........ ﬁ_ .......................... t\\\__
) N o - T @® At the same colliding
o | ,/Q ;I)\/IS preliminary energy(5.02TeV)
S 02 — : i
e . P+Pb —p+p in forward region
© I O(OCS) BP9 P+Pb —Pb+Pb i i
L . — DSS7 — in backward region
-0.4 3' — |2' — I1. — (I) — ;L — |2 — 3 At small-x(sea-quark dominated),
| isospin effect is small
Myap
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Ill. 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.

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

Ill. 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:
plA MEC

q,.=q"" +q" +5q,
p(n)/ A

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

5 MEC
®O0q, :nuclear Meson Exchange Current (MEC) correction

coh

+0q,

05q20h : Contribution from coherent nuclear interactions: Nuclear Shadowing (NS)

—+— 'SLAC E139 (AuD)
| —=— FNAL E665 (Pb/D)

—=— CERN NMC (Pb/C)*(C/D) 1608.06835 [nucl-th]|

| ——— KP model

KP model prediction
Vs

03 o5 07 o DIS data

Bjorken x
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http://arxiv.org/abs/1608.06835v2

Ill. W/Z production in p+Pb collisions with KP NPDFs

Results on p+Pb at the LHC

Forward-backward asymmetry of W boson R.,(¥)=N(+y)/ N(-y)

N
o
T

SAVA 6F W™
L [ Vsyy =5.02TeV ] B I —— ABMP15+KP

| p+Pb o r -—-- CT10+EPS09
I . -- ABMP15 (Zxp+Nxn)

=
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=
o
T T

)]
T L

—
o
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[
L
Z
~
—
o)
_m
=
+
N
=z

data / ABMP15
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Ill. W/Z production in p+Pb collisions with KP NPDFs

Results on p+Pb at the LHC

Charge asymmetry of W boson

o
I

[ Vsyn =5.02TeV
: :_p+Pb

L (e) uP(x) / dP(x) — ABMP

------- - CT10
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http://arxiv.org/abs/1608.06835v2

Ill. W/Z production in p+Pb collisions with KP NPDFs

Results on p+Pb at the LHC

Comparison with the ATLAS data

VSNN:S.OZTeV
p+Pb

o
T T T T

—— ABMP15+KP
.—-- CT10+EPS09
- ABMP15 (Zxp+Nxn)

O ATLAS preliminary

o)
=
o]
_&
=
°
~~
O
°

O ATLAS
11 I 11 1 I 11 1 I 11 1 11 1 11 1
- - 3 2 -1 0
| | Z
11Iab 11Iab yc.m.

PR, Kulagin, Petti, B.W.Zhang,
1608.06835 [nucl-th]
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http://arxiv.org/abs/1608.06835v2

Ill. W/Z production in p+Pb collisions with KP NPDFs

Nuclear corrections with different effects

Bjorken x Bjorken x

0.01 0.001 0.5

a. FMB

b. FMB+OS . .
o FMBAOSENS I W diffenential cross

d. FMB+OS+NS+MEC| [ section

L ©
— — £
= [ A= I S
_l—_rl:rd__ .1":!-_ = T
L LI - L=

T — - e i

=
H

data / ABMP15
[

°
R 2N R B

a-ABMP15: FMB|

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

difference / ABMP15
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Ill. W/Z production in p+Pb collisions with KP NPDFs

Nuclear corrections with different effects

Z boson Bjorken x

0.03 0.01 0.003
T I T II TT T T T I
== a.FMB
-—-— b. FMB+0OS
— ===~ c¢. FMB+OS+NS
d. FMB+OS+NS+MEC

Lo
—
ol
=
M
<
-~
s
(1]
©

difference / ABMP15

PR, Kulagin, Petti, B.W.Zhang,
1608.06835 [nucl-th]
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http://arxiv.org/abs/1608.06835v2

Ill. W/Z production in p+Pb collisions with KP NPDFs

X 2/N,... between model and measurement

" W(do/dn) - W(doldn)
[ CMS [

L 7%(do/dy)

- W*(do/dn) L W~ (do/dn)
| ATLAS | | A ® A ABMP15 + KP
m B.CT10 + EPS09

A C. ABMP15 (Zxp+Nxn

® Good agreement between KP model

2
(Oun = Oeap) predictions and the latest LHC data.

2 2
8stat + 8syst

@® Evidence of nuclear modification.
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V. W/Z production in future heavy-ion collisions

Pb+Pb at 39TeV 2w
p+Pb at 63TeV SNN

® 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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V. W/Z production in future heavy-ion collisions

Pb+Pb: Z boson rapidity distribution

Nuclear correction at parton level Parton contributions at LO
R, 7(3") =1/2| Rp (x)R7(x;) + Ry (x,)R7(x)) |
L L L L L A L L L B 100 VSNN =2.76TeV VSN =39TeV
1.2 :_ uS+ US uv+ US—: . T 1 1 T 1 1 | 1 | 1 | 1 | 1 |
R f,.afsanfa., [al e, c &0
T R = §
e N S - 2 60
,\‘>-; 06 - | | | | I_. | | I BT I E
T“:nl.Z:- ds+ ds AAAAAAAS-L-S_ § 40
& 1 [gogafafaga, 287 777 0020 IS 20
0.8 F Mmumnmimnss @
_&~\\\\ —”/’, el _- o
0.6 [ I I P I I I [P B B 0
3210123=2-101 2 3 3-2-101233-2-10123
y* y# y“
EPS09 EPS09 M u+0g,d+ds Il ustTs, dotds S+3,c+C
LHC: = Dssz Future: ----- DSz
s nCTEQ ---- nCTEQ
Differences between LHC and future -

- L)
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http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3652-x

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

LHC + Future

REHC (pfy + ApY)

W
%(APT ) - RFMIM (pTO APT )

() 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.

Wlihan '"; d
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V. Summary T‘W yO‘M/'

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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Framework of the study

Numerical simulation in pp collision

Program :DYNNLO

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

S. Catani, et al , PRL(2009) , PRL(2007)

Comparison with the LHC data

Total cross section

@ High-order QCD correction:
NLO[O(as) 1, NNLO[ O(e3) ]

@ Renormalization and factorization
scales
Hr = Hp = My 7

e PDFs: MSTWO08, CT10, ABMP15

Vector Cross-section(nb)  Cross-section(nb)
boson at O (ay) at (9(0:32)

7° 0.45 = 0.0002 0.458 £ 0.0008

W+ 3.000 £ 0.0016 3.062 = 0.0092

W= 2.025 £ 0.001 2.045 + 0.0048

NNLO corrections are quite small
~1-2%
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ll. Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on PDFs

R, (x,0%) = ™ (x,0°)/ f¥(x,0%)

Pb Pb Pb

Ry R R
Nﬁ 1-4 T IIII\IH| T T IIIIII__I IIIIIH| IIIIIIH| I IIIIIII| I I:.IIII 1'4
> 12 : Q*=100 GeV” 12
g 10_ __ e e e — e 10

S = o
T 0.8 F T T 0.8
‘> 0.6 - - H- = 0.6
3 04 | =—— This work. EPSOONLO_| H'—_ | 04
P S HKNO7 (NLO) + T -+
S 02 == DS (NLO) T in 702
O-O 4I III\IH| gl III\IH| 2I III\IH| ll (E NI 4.I IIIIIH| .-.,I IIIIIH| ,.)I IIIIIII| 1I Illh 4I IIIIHI| 3\ IIIIHI| 2\ IIIIIII| l\ (RN O-O
107 107 10° 100 107 107 107 107 107 107 107 10 1
x x T

Yhhen - ‘ ) '
Peng Ru DUT/CCNU 24t Sept. 34 H 59 @?6
] u Z 5


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

ll. 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
4l quark dominated
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Il. 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
- m .z
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ll. Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on Transverse momentum (pT) spectra: Pb+Pb

Parton contributions at LO

Difference between EPS09 and
DSSZ are observed. Gluon gives LO contributions.
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ll. Vector boson production in heavy-ion collisions at the LHC

Nuclear corrections on Transverse momentum (pT) spectra: p+Pb

Parton contributions at LO

Difference between EPS09 and = _ T —
DSSZ are observed. uon gives contributions.
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ll. Vector boson production in heavy-ion collisions at the LHC

e Rapidity distribution: Sensitive to the CNM effect
(shadowing and anti-shadowing) on quark distribution (both
valence and sea).

e pT spectrum: Valuable probe of nuclear gluon distribution.

e Differences between predictions with different NPDF are
observed.

e W boson asymmetry: Sensitive to the isospin effect.

A good probe of flavor dependent nuclear corrections on PDFs.

)
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Ill. W/Z production in p+Pb collisions with KP NPDFs

Results on p+Pb at the LHC

Differential cross section of W boson
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data / ABMP15
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Ill. W/Z production in p+Pb collisions with KP NPDFs

Results on p+Pb at the LHC
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[lI. W/Z production in p+Pb collisions with KP NPDFs

X 2/Np.., between model and measurement

TABLE I. Normalized \? (per degree of freedom) for the various observables (rows) shown in the
plots listed in the first column, calculated between each data set and three different model predic-
tions: ABMP15+KP, CT10+EPS09, and ABMP15 without nuclear modifications (last column).

Observable Npata| ABMP15 CT10 ABMP15
+ KP + EPS09 (Zp + Nn)
CMS experiment:
dot /dn! 10 1.052 1.532 3.057
do— /dn! 10 0.617 1.928 1.393
NT(+7')/Nt(—nh) 5 0.528 1.243 2.231
N=(+7')/N" (=7 5 0.813 0.953 2.595
(NT —N7)/(NT+N7) 10 0.956 1.370 1.064
dcr/dyz 12 0.596 0.930 1.357
N(+yZ)/N(—y%) 5 0.936 1.096 1.785
CMS combined 57 0.786 1.332 1.833
ATLAS experiment:

do ™ /dn! 10 0.586 0.348 1.631
do= /dnf 10 0.151 0.394 0.459
dor/dyz 14 1.449 1.933 1.674
CMS—+ATLAS combined| 91 0.796 1.213 1.635

1)
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V. W/Z production in future heavy-ion collisions

Pb+Pb: Z boson pT spectra

Nuclear correction at parton level
R, (xpy) > R, (pr)

EPS09 EPS09
LHC: = DSz Future ----- DSsz
A nCTEQ ---- nCTEQ

Differences between LHC and future

Parton contributions at LO
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Backup
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Backup
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Backup
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Backup
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Backup
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Backup

In future heavy-ion collisions
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