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Z and W bosons

Nicolo Valle for the ALICE Collaboration

V< v Well described by pQCD and EW theory

Hot Hadron Gas
6 <71 <10 fm/c

v" Produced during initial stages of the collision

v Insensitive to the presence of strongly
interacting medium / quark-gluon plasma

Equilibrium QGP
2<t<6fmlc

Non-equilibrium QGP
0.3<t<2fmlc

| Clean probes of the nuclear modification fo the

Parton Distribution Functions

Semi-hard particle production
0<71<0.3fm/lc
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EW bosons production. Hard process, quark-antiquark annihilation.

At leading order:
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Nuclear PDF (nPDF).  f£A(x,Q2) # A f,(x, Q%)

@@@H Help constraining the nPDFs by adding data for their global fits

ALICE ATLAS ALICE
LHCb CMS LHCb
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EPS09: JHEP (2009) 0904:065 EPPSI6: EPJC (2017) 77:163

Drell-Yan in m+A
LHC p—Pb dijets
LHC p—Pb W and Z

EPS09 nlo nCTEQI5 nlo EPPS16 nlo
Flavour separation Valence quarks Valence + sea
Free parameters 15 35 52
Data points 929 708 1811
DIS in I[+A v v
Drell-Yan in p+A v v
RHIC pions d+Au v v
v-nucleus DIS

23 data points
(ATLAS, CMS)

6{&&&&&

nCTEQI5: Phys. Rev. D 93 (2016) 085037

+ Other groups working on nPDFs {NNPDF)

NNPDF: Eur. Phys. ). C 79 (2019) no. 3, 035201
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Nicolo Valle for the ALICE Collaboration
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Z and W reconstructed in their muonic decay channels
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Rapidity coverage. 2.5 <y < 4 in the
laboratory frame

Shifted in the cms by Ay = +0.46 when

[ Front absorber ]
proton and lead nucleus collide

[ Dipole magnet | [ Trigger stations]

[Trocking chombers] [ Iron woll]

Probing regions at low (10~* — 1073 and
high (10~ — 1) Bjorken-x, where the nPDFs
are less constrained

106° CONGRESSO SIF




®

Nicolo Valle for the ALICE Collaboration

Z signal extraction

Opposite-sign muon pairs in the fidudical region:

2.5 < |n,| < 4

pryu > 20 GeV/c

45 T I I I I I Ll Ll Ll I T T T I T T T ' T T T

60 < m,, <120 GeV /c? ALICE, 0-90% Pb-Pb, | s, = 5.02 TeV

pi > 20 GeV/c

Hu
25< Yo < 4 +
Data, opposite charge

Data, same charge
POWHEG

Background from heavy-flavor, top quark and
Z — 1t - uu: lower than ~1.5%

Combinatorial background (almost) negligible

— signal extracted by bin counting «

dN/dm,, (counts / 2.5 GeV/c?)

Raw yield corrected for efficiency (POWHEG + Pythia,

+ embedding in Pb—Pb ) e s 00 140
m,,, (GeV/c?)
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POWHEG: JHEP 07(2008)060
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W signal extraction

— signal extracted by fitting single muon pr distribution «

f®1) = Nur fur(®@r) + Nycw [fw—w(PT) + R fw—z(pT)]

) S 10° g T T T T 3
Fitted parameters 3 ALICE preliminary -
o "E  p-Pb, Sy =8.16TeV  posive muon E
MC templates (FONLL, POWHEG) - g 2_03@ as3 e =
£ 10t cms L =
Fixed, from POWHEG g e E
g 1 =
g ===-u¢c,b =
Fiducial region: S ¢ Globalf - .
3 n
2.5 <|n,l <4 ) P :"::"-:.‘ Jf i 9)
7]
pry > 10 GeV/c 1_||Iﬁl$ NN o2
Raw yield corrected for efficiency (POWHEG + Pythia, I 4;;'1;;iiﬁﬂtj+;ﬁii b O
+ embedding in Pb—Pb ) e R (RN o1
O
ALI-PREL-346935 o

FONLL: JHEP 10 (2012) 137  POWHEG: JHEP 07(2008)060



LHC Run2, ALICE measurements

System , \/syy Z bsoson W boson

luminosity

Pb—Pb, 5.02 TeV Phys.Lett.B 780 (2018) 372 * *
~ 750 ub! arXivi2005.11126[nucl-ex |

p}f’ E ' bs {02 TeV JHEP 02 (2017) 077 JHEP 02 (2017) 077
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P—z:’flbﬁ-“ TeV arXivi2005.11126[nucl-ex]
~ £ ND°

* Not full statistics (Lipe ~ 225 pb™)

2 L e e L A S S S B B g g1V 1 a C T T leb\ T 6% ]
E 3 =S E [ ALICE, p-Pb =5.02 TeV obal uncertainty: 4.8% _]

L E AUGEpreliminay  [=]ysw-816Tev E _g OF  MORPTRSe-sieTEY E o E e i L
Z o08f = ] Zowu 3 S [ ! ] —_—
+ % e s, -816TeY MeEM = ot E s Pl > 20 GeVic | 528‘8— -44;<y <-2.96 3 (70

= 06F 10 Gev [ ]™McFM+cTi4 4 EPPSIE 3 = TF I E = C o ]

. o4 Pr71DGEVE E S H ‘ 3 T e[ ] O
= E 7 ) | z -
= = - 3 5F =
= S i T a5 vy E " ub ] A

S: ; € e i %

- 02 e = gg$ - [_1MCFM + CT14nlo + EPPS16nlo 12— . Dﬁ
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Differential results for production yield, cross sections, nuclear modification factor, lepton charge asymmetry... 9
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£ in p—Pb TeV
W=in p—Pb at 8.16 Te :
0
First measurement of W at 8 TeV at large rapidities =
@)
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CT14: Phys. Rev. D 93 (2016) 033006 EPPS16: EPJC (2017) 77:163



Pb—Pb collisions

Nz/w Nz/w
Ran=
(TaA) Nevt (TaA) Nevt Opp

Normalized yield =

opp from pQCD calculations
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W2 in Pb-Pb at 5.02 TeV

First measurement of W in Pb—Pb at large rapidities

[ 102 E - L L= . ~_~ 1200 T T T T T T T T T T T T .
< 1 Isospin N | | L Expected scaling of the
— C —— +0.7% normalization uncertainty not shown | . - ~ - P e T + 1 - -
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Z in Pb—Pb at 5.02 TeV

ALICE 0-90% Pb-Pb, | 5= 5.02 TeV

" ! Data stat. uncertainty

25y <4, p>20 GoVic SR Strongest evidence
of nuclear

e @ modifications with

I free PDF gauge bosons

MCFM + CT14 + EPPS16

oor PDF measured with
nuciear AL”@E

MCFM + CT14 + EPS09s
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FEWZ + nCTEQ15

v b v by v b by by b Ly
2 3 4 5 6 7 8 9

dN/dy™ /(T ) (pb)
ALI-PUB—-347344
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CT14: Phys. Rev. D 93 (2016) 033006 EPPS|6: EPJC (2017) 77:163 nCTEQI5: Phys. Rev. D 93 (2016) 085037



The measurements at large rapidities provide data in a kinematic region
where the nPDFs are less constrained.
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The results are better described by calculations including nuclear
modification of the PDFs. Large significance of nuclear modification has

been measured in Pb—Pb collisions.

Sizable amount of new data points providing extra inputs for nPDFs global fits
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