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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
W and Z bosons production

®
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— Standard Model summary:
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W and Z bosons production

I~ cavy-ion collisions:

v" well described by perturbative QCD and
EW theory

~  fakes place in the early stages of the
collision

v' an effective handle to constrain

Parton Distribution Functions

L> The leptonic decays are medium-blind processesj

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Hadronic gas

/ Mixed phase
QGP

Pre-equilibrium

Z axis
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Nuclear PDFs (nPDFs)

Different from free-nucleon PDFs

Extracted from global fits to data... but still less
constrained than PDFs

* Need of observables not interacting strongly
with QGP ( no final state effects)

 Data from DIS, DY... (small Q%, high Bjorken-x)

+ new LHC data on di-jets and electroweak
bosons (wide x range)

Knowing the nuclear initial state is important for the
interpretation of the system evolution

EPPSI6: EPJC (2017) 77:163

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

®

ALICE: p-Pb and Pb-Pb collisions
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Z-opuw, W-ouy,

[ Front absorber ]

RUNZ2
configuration

[ Dipole magnet | [ Trigger stations]

[Trocking chombers]

[ Iron wcuII]

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

The ALICE muon spectrometer

* 2.5 < y<4inthelaboratory frame

« Shiftfedin the c.m.s. by Ay = +0.46 when
proton and lead nucleus collide

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

RUNZ2
configuration

[ Front absorber ]
/[ Dipole magnet ] [ Trigger stations]

[Tracking chambers| [ Iron wcuII]

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

The ALICE muon spectrometer

* 2.5 < y<4inthelaboratory frame

« Shiftfedin the c.m.s. by Ay = +0.46 when
proton and lead nucleus collide

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

are less constrained

ALICE results: Z and W; p—Pb and Pb—Pb

System, \/syn Lin:
p—Pb, 8.16 TeV ~21.2 nb’!
p—Pb, 5.02TeV ~10.8 nb"!
Pb—Pb, 5.02 TeV ~ 750 pb

W: new!

o
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

W signal extraction

®

— signal extracted by fitting single muon pr distribution «
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Global fit
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Z signal extraction

®

Opposite-sign muon pairs in the fiducial region:

45 1 I 1 1 1 I T T T I T 1 1 I 1 1 1 I

2.5 <|n,l <4 ALICE, 0-90% Pb-Pb, | s, = 5.02 TeV

pi > 20 GeV/c

9.0 (0202) 60 d3Hr

60 < m,, < 120 GeV/c?

e Data, opposite charge
m  Data, same charge
POWHEG

Background from bb,cc,ttand Z - 1T > U
lower than ~1.5%

Nicold Valle forthe ALICE Collaboration

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

Combinatorial background (almost) negligible

40 60 80 100 120 140

— signal extracted by bin counting «
m,,, (GeV/c?)

ALI-PUB-347334

Raw yield corrected for efficiency (POWHEG + Pythiq,
+ embedding in Pb—Pb )
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W%in p—Pb at 8.16 T
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
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cms LI-PREL-351925

CT14: Phys. Rev. D 93 (2016) 033006 EPPSI6: EPJC (2017) 77:163

2.2 24 2.6 2.8 3 3.2 3.4

Probing a
> low-x (if y>0, “p-going”)
ora
> high-x (if y < 0, “Pb-going”)
quark in the nucleus

Results compared with pQCD
calculations with (CT14+EPPS16) and
without (CT14) nuclear modification:

* Tension especially with free-
nucleon predictions (up to 3.7a
at low-x, largest rapidities)
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W%in p—Pb at 8.16 T

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
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Wi

in Pb—Pb at 5.02 TeV
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Low and high x regions probed simultaneously

Sensitivity to valence quarks (u, d):
> Isospin differentiates W* and W~ production

®
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Wi'

in Pb—Pb at 5.02 TeV
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+0.7% normalization uncertainty not shown
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Low and high x regions probed simultaneously

Sensitivity to valence quarks (u, d):
> Isospin differentiates W* and W~ production

The number of participant nucleons and the
number of nucleon-nucleon binary
collisions N.,;; depends on the centrality

b :
W @ > Nuclear overlap function T4, computed

with Glauber model.

TAA - I / O.nucleon—nucleon
co

®

10

Nicold Valle forthe ALICE Collaboration

PANIC 2021



Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

W= in Pb-Pb at 5.02 TeV
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Z in Pb—Pb at 5.02 TeV
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ALICE 0-90% Pb-Pb, | 5= 5.02 TeV C

o

Low and high x regions probed simultaneously

Data stat. uncertainty

25« y:‘;g < 4, pi > 20 GeV/c [ Data total uncertainty

_ALICE L,,~750 b

ALICE, L,~225 pb™
Phys. Lett. B780 (2018): 372-383

MCFM + CT14

» Both quarks are close to a region where PDFs are
suppressed

mm [l free PDF This result is a strong evidence of nuclear modification

MCFM + CT14 + EPPS16

nuclear PDF

MCFM + CT14 + EPS09s

FEWZ + nCTEQ15

cooa by by o e by by Ly
2 3 4 5 6 7 8 9 ALICE ALICE

dN/dy™ /(T ,,) (pb)

ALI-PUB-347344
JHEP, 09 (2020) 076
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Z in Pb—Pb at 5.02 TeV

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

Data stat. uncertainty

25« y:‘;s < 4, pi > 20 GeV/c [| Data total uncertainty
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0pp from pQCD calculations
 suppression of theoretical uncertainties on
free PDF (CT14) model

Larger deviation from free PDFs at the largest
rapidities

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Low and high x regions probed simultaneously

» Both quarks are close to a region where PDFs are
suppressed

This result is a strong evidence of nuclear modification
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

ALICE: W production in pp collisions

®
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W-oev,

L3 magnet

ry T £ =

[ Inner Tracker (ITS) ]

| TPC |

RUN2
configuration

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

®

W reconstructed in its electronic decay
channel

Rapidity coverage:

* |y| < 0.6, to fit the EMCal fiducial
region

Nicold Valle forthe ALICE Collaboration

Full Run 2 statistics, pp at /s =13 TeV

> Lint ~ 6.6 pb_l

PANIC 2021
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Signal extraction

®

The selection is based on isolation cuts on high-pt é
electron candidates 3
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Win pp at 13 TeV
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

ALICE measured electroweak-boson production in:

> pp collisions at /s = 13 TeV (W boson)

v' Integrated and pp-differential cross section; W*/W- ratio
v" Consistent with pQCD calculations

» p-Pb and Pb-Pb collisions at different energies (W and Z)

v' Large rapidities, where the nPDFs are less constrained

v Integrated and y-differential cross sections and yields; centrality-dependent yield and Raa
v" Results show evidence of nuclear suppression of the PDFs

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

®
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

®

EXTRA SLIDES

Nicold Valle forthe ALICE Collaboration

PANIC 2021

17



nuclear PDFs

Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

ATLAS / CMS / ALICE
Z-boson, Pb—Pb, 5 TeV
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ALICE

Z-boson, p—Pb, 8.16 TeV
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

ALICE
Z-boson, Pb—Pb, 5.02 TeV vs centrality
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

ALICE
Z- and W-boson, p—Pb, 5.02 TeV
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Electroweak-boson production in pp, p-Pb and Pb-Pb collisions with ALICE

Z-boson in Run3

a\ 2 4 I1_| LI I L L L L LB L L L L L L L O L L L L L L L B |:
8 oo Theory uncertainty (p-Pb |5, = 5.02 TeV) .
ﬁ 2 :_ Data stat. uncertainty for L, = (5.81+5.03) nb’’ —:
B - "7 7777 inpPbys,, = 5.02 TeV, JHEP 1702 (2017) 077
Q 1.8 :_ Expected stat. uncertainty for L, = (0.25+0.25) pb'_f
) 16E ' (POWHEG + CT10nlo + EPS09) =
> F -
1.4 ALICE Projection E
1.2 ;— p-Pb \s,, = 8.8 TeV —;
1 Z— =
- p!>20GeVic;-4<n" <-25 =
0.8 T lab 1
C 60 < my, < 120 GeV/c? ]
0.6 -
0.4 -
u_l L1 11 l L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 1.1 I L1 11 I I_

-5 -4 -3 —2 -1 0 1 2 3 4

M
y cms

ALI-SIMUL-311637

Comparison between uncertainties in
Run 2 and expectation in Run 3

®

23

Nicold Valle forthe ALICE Collaboration

PANIC 2021



