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Physics motivation

Z and W bosons: sensitive probes of the nuclear modifications of the parton distribution
functions (PDF):

O production well described by perturbative QCD and electroweak theory
O produced in the hard processes, during the initial stages of the collision
O if studied in their leptonic decay: insensitive to the strongly-interacting medium
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Physics motivation

Production cross section: to be compared to the expression obtained with the QCD

factorization theorem, expressed at leading order as:

4
oAB X Z ™ fq (21, Q%) f4(z2, Q%)

Nuclear modification factor: investigates the suppression or enhancement of the production
due to nuclear effects with respect to pp collisions:
1 dNpa/dy 1 dopa/dy
Raa = : , Roa =~ ———+
(Tan)  dopp/dy A doyp/dy

with T’y o: nuclear overlap function from Glauber model.

W charge asymmetry: sensitive to the down/up ratio and to quark densities in the nucleus:

A= Ny .
N;L*HWJr + Nu‘(—W‘

te—Wt+ — N;L_<—W_
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The ALICE detector

SPD
(primary vertex)

ZDC
(centrality)

Muon spectrometer

¢ zZDpC
(centrality)

Vo

(trigger, centrality)

Large rapidities: probing of the low (~ 10~* to ~ 10~3) and
high (~ 107! to almost unity) Bjorken-x regions

Pb—Pb:

) B

2.5 < Yems < 4

p—Pb, p-going:

2.03 < Yoms < 3.53

p—Pb, Pb-going:

,,' % .

—4.46 < Yoms < —2.96
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W production with ALICE

‘ Collision system ‘ Energy ‘ Luminosity ‘ Year ‘ Analyses ‘
Pb—-Pb 5.02 TeV ~ 225 bt 2015 W
p—Pb 5.03 + 0.18 nb!

.02 TeV 201 W
Pb—p S02TeV | ool 4+ 000 bt | 2083
p—Pb 8.47 £+ 0.18 nb! W
8.16 TeV 2016
Pb—p 11277 + 0.25 nb!

J

O W in Pb—Pb at \/syy = 5.02 TeV: measurement combining the data from the 2015 and
2018 periods.

O W in p—Pb at /syy = 8.16 TeV.

I

I
_
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W-boson yield extraction

W extraction: Fit of the single muons pr distribution:

f(pr) = Nur - fur(pr) + Nyew - (fuew (pr) + B - fuez(pr))

)
)

fx(pr): MC templates (FONLL,
POWHEG),

~

) Nx: free parameters,

-

O)
)

POWHEG.

In the fiducial region:

—4 <, <25,
pr(p) > 10 GeV/c.

1: ratio of the Z to W cross sections from

dN /de (counts / 1.0 GeV/c)

Ratio: data / fit
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Raw yield corrected for the acceptance X efficiency of the detector.
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W= in p—Pb at 8.16 TeV

W™ Pb-going W™ p-going
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W= in p—Pb at 8

12~——7+———T71 """+
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MCFM + CT14
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Lepton charge asymmetry 02
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W:t

in p—Pb at 8.16 TeV

Nuclear modification factor: measured as a function of rapidity.

Reference cross section obtained from calculations with POWHEG and CT10nlo.
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Deviation from 1 associated to isospin and nuclear effects. 10/ 14



W= in Pb-Pb at 5.02 TeV (New)

g % ALICE T Pl > 10 GeVic 1 <
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H S0y = 5.02 TeV I+ 4 04 -
. T Cdom ] ‘
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O Large deviation compared with theory. o
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W= in Pb-Pb at 5.02 TeV (New)

First measurement of W in Pb—Pb at large rapidities.

650 T T T T T T T
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W= in Pb-Pb at 5.02 TeV (New)

Nuclear modification factor: using reference cross section from POWHEG + CT10nlo.
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Conclusions and perspectives

In p—Pb:

O significant increase of statistics compared to analyses at 5.02 TeV, deviation of the
measured W production from free-PDF calculation observed at large rapidities

In Pb—Pb:

O first measurement of the W production at forward rapidity, merged with the 2018 data

O statistic uncertainty dominates, can have improvement with Run3 and Run4 data

Large amount of measurements at large rapidities provide extra inputs for nPDFs global fits.

Thank you for your attention!
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Z and W physics

PDG 2018:
myz = 91.1876 + 0.0021 GeV/c? my = 80.379 4+ 0.012 GeV/c?
'z =2.4952 £+ 0.0023 GeV I'yw = 2.085 £ 0.042 GeV
BRy_,,+,- = 3.3662 £ 0.0066 % BRw _,,, = 10.63 £ 0.15 %

Higher order processes: include gluon and photon initial and final state radiations:

+q—W+yg ¢+q—2Z+yg
g+q—W+ry g+q—Z+~y
g+g—>W+4q q+9g—2Z+4q
a+7=>W+dqd  qtrv—=2Z+4
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Why measuring Z and W in HIC

O Probing the cold nuclear effects, Phys. Rev. Lett. 110, 022301 (2013)

O reference for hot matter effects,

7§ g 3 ATL, ‘ ‘ L» ee B
. . P Pb+Pb\,‘sNN =276 TeV , QZHJI |
O calibration of muons and electrons of 56 4 D20 Lm0l Y22 -
-—Z" - ’_' - N

detectors, R +§+ ) h* h *; ¢
O estimator of the collision centrality. 4j i’ 5
: R= pz<1DGeV1;* +?? +*f +H* il
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o os B : w pedron P10 omplementarity of the coverages between the
LHCb W |umi counters .
..m_ o HOAL LHC experiments, allow to probe several
tracking .
R Bjorken-z ranges.
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Z and W at the LHC

Large rapidities: probing of the low (~ 10% to ~ 1072) and high (~ 10~! to almost unity)
Bjorken-z regions.

1.6
g\ 1.4
o 1.2
O -
Complementary between the LHC experiments in term S 1.0 ek E
of Bjorken-z coverages: I 0.8 A -
, S 0.6 [ 2 g
O ALICE and LHCb at high and low-z, G S
g.g" 04 . (@)
O ATLAS and CMS at mid-z. -yl 0.9 % Q
i U EPPS16 7] w
m 0.0 1 IIIllIII 1 IlllIIII 1 lIIIIlI| L1
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z
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Z signal extraction in p—Pb at 8.16 TeV

Dimuon invariant mass distribution after selection, compared with simulated distribution scaled
to the number of events in the data.
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W= and Z p—-Pb at 5.02 TeV

Z — pp oo~ W ut =Wt
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Cross-sections compared to pQCD and FEWZ: agreement with and without including nPDFs.
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W= and Z bosons results in p—Pb at 5.02 TeV
LCepton charge asymmetry. partial cancelation or

uncertainties, still compatible with and without including Loz
2
nPDFs. ¥
=
i
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Z uncertainty in run 3

Z uncertainty comparison between run 2 data and run 3 expectation

= large reduction of the uncertainty, which becomes of the same order as the one on

theoretical predictions.
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ALICE: muon spectrometer

ALICE Twiki

Dipole

TRK4 TRKS  TRG1TRG2
]
S ——
l I

IPLHC

|
1

Iron waII
Low angle

absorber Rear absorber

< < >

Trigger: 18 resistive plate chambers in two stations.

Tracking: 10 multi-wire proportional chambers, two-by-two in five stations.

Dipolar magnet: integrated field of 3T m for charge and momentum measurements.

Absorbing system: background rejection. 14/ 14



clear effects

Shadowing and anti-shadowing: increase or decrease of the production following from constructive or

destructive interferences of amplitudes arising from multiple scattering of partons in the nucleus.

EMC effect: not totally understood, believed to come from the modification of the nucleon radius and
mass as well as multi-nucleons effects in the nucleus.

Fermi motion: dynamics of the nucleons in the nucleus.

Color glass condensate: gluon density saturation reached in nucleus (from Lorentz contraction).
Cronin effect: broadening of the pr spectra due to nucleon-nucleon interactions in the nucleus.
Nuclear absorption: breaking of a bound state passing through a nuclei.

Parton energy loss: elastic scattering from displacements inside the nucleus before hard scattering.
Comovers absorption: interaction between comovers as they move away from the interaction point.
Colour screening and sequential dissociation: dissociation of quarkonia bound states when the
radius reaches the Debye screening radius.

Regeneration: new bound states created by initially produced quark and antiquarks.
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nPDF models

7

? = 10CeV

R, @)

Up (valenCe):

)

10GeV
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Down (valence):

Gluon:
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==== (]

A
1

PoS (HardProbes2018) 014
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nPDF models

| nPDFset | EPSO9 | nCTEQI5 | EPPS16 |
Order NLO NLO NLO
Flavour separation valence quarks | valence + sea quarks
Proton baseline CTEQ6.1 | CTEQ6M-like CT14NLO
Free parameters 15 35 52
Data points 929 708 1811
Included experimental data
DISinI7+A v v v
Drell-Yan in p+A v v v
RHIC pions d+Au v v v
v-nucleus DIS v
Drell-Yan in 7+A v
LHC p—Pb dijets v
LHC p-Pb W and Z v

14/ 14
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nPDF models

EPPS16 — nCTEQ15 comparison:

O Valence quarks: u and d independently parametrized, both models consistent with one
another.

O Sea quarks: u, d and s independently parametrized in EPPS16, while not in nCTEQ15 =
more uncertainty but less bias (uncertainty mostly comes from strange quark).

1.6 .
2 _ o2
L4 [ Pb @7=10Gev )
Gluons: at large Bjorken-z, smaller uncertainty 1.2
in EPPS16 due to constrains from LHC dijet e
data. At small Bjorken-z, smaller uncertainty = 08
in nCTEQ15 following from the form of the fit. 067 || L
b
EPPS16
PoS (HardProbes2018) 014 02k +F nCTEQIS
OAO 1 1 1

10 10° 107 10" 14/ 14
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