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Motivation (1)
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B Heavy mass CT14 NNLO
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Motivation (2)

EPJC 79 (2019) 857 EPJC (2017)77:163K. Eskola, P. Paakkinen, H. Paukkuuen, C. Salgado
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B pp collisions B p—Pb and Pb—Pb collisions
B Good test for pQCD and electroweak theory B Provide insights on nuclear modification of
B Observed faster than linear production in high parton distribution function (nPDF)
multiplicity pp events for charged-particle productions B Important to understand the initial-state
B W/Z bosons may different behavior due to their feature nuclear effects

B Offering a unique perspective in the events
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ALICE detector in Run 2 ALICE

VO B Muon channel (4 <n <-2.5)
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B EMCal (Energy, trigger)
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B Pb—Pb
T m25<y <4

TPC Muon ¢
Pectr
4 < n < _2.5°meter

M Probe different x regimes, from x~10-3 — 10~* to x~ 10!
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Weak-boson measurements with ALICE in Run 2

13 TeV

5.02 TeV

8.16 TeV

5.02 TeV

~6.6 pb~! 2016 + 2017 + ZW
2018 (e, midrapidity)
5.03 = 0.18 nb™ 2013 ZW Z,W :JHEP 02 (2017) 077
58| &= 0.20 nb™' (1, forward /backward)
6.73 = 0.16 nb™ 2016 ZW W JHEP 05 (2022) 036
10.0 = 0.22 nb™! (RN Z :JHEP 09 (2020) 076
663 * 15 ub™! 2015 +2018 Z,W W : JHEP 05 (2022) 036
(w, forward) Z : JHEP 09 (2020) 076
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Z, boson reconstruction in ALIC]

Counts / 4 GeV/c?
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B Z bosons reconstruction at midrapidity : invariant mass of electron pairs
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MM
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Data, opposite charge
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B One of electron (positron) has p1. > 30 GeV/c & |y,| < 0.6
B Z boson reconstruction at forward rapidity : invariant mass of muon pairs

B Both muons have pr, > 20 GeV/c & 2.5 <y, <4
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ALICE

CT l4nnlo :S. Dulat et al.,PRD 93 (2016) 033006
CTI18nlo : M.Yan et al,, PRD 107 (2023) 116001
NNPDF4.0 :R. D. Ball et al., EP] C82 (2022) 428

B Compared to models including pQCD NLO (POWHEG) with PDFs (CT 14nnlo, CT |8nlo, NNPDF4.0)

B Consistent with data within uncertainties
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(d2N/dedy) / <d2N/dp-|-dy>lNEL >0

Multiplicity dependence of W production
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A faster-than-linear trend for associated hadrons

— Colour-reconnection
interaction with partons from other hard

scattering via strong force
J. R. Christiansen and P. Z. Skands, JHEP 08 (2015) 003

— Auto-correlation between jet-fragmentation products

and hadron for multiplicity estimation
S. G. Weber, A. Dubla. A. Andronic, and A. Morsch EPJC (2019) 79:36

— W-boson production is not affected by color-
reconnection and autocorrelation
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B Fiducial cross section of Z bosons
B One of electron (positron) has pr > 30 GeV/c
and |y| < 0.6
B 60 <M, < 108 GeV/c?
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W= in p—-Pb at 8.16 TeV (1)
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W= in p—Pb at 8.16 TeV (2) ALICE
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B Ratio to CT14 as a function of rapidity compared with CMS results (PLB 800 (2020) 135048)
B ALICE reaches the largest |y| region (down to x~ [0~ at forward region)

B ALICE results in agreement with the trend at the edges of the CMS acceptance
B Suppression of W* boson production at large rapidity
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Z production in p-Pb
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Ratioto CT14

W= in Pb-Pb at 5.02 TeV H'LICE
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B Ratio to CT14 as a function of rapidity compared with ATLAS results (EPJC 79 (2019) 935)
B ALICE results well described by EPPS16 calculations (20 lower than CT14 without EPPS16)
B EPPS|6 underestimates ATLAS data

B Ratio to CT 14 is smaller than unity at large rapidity
B Suggests a significant modification of the PDFs
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Z in Pb-Pb at 5.02 TeV

JHEPO9 (2020) 076
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B Model with free PDF (MCFM+CT [4) shows a 3.40 deviation w.r.t. the measured Z cross section
B Models with nPDF (CT4+EPPS16, EPPS09s, nCTEQ 15) show a well-reproduced measured Z cross section

B Strong evidence of modification of Z production in Pb—Pb collisions
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Summary

» Presented electroweak-boson production in ALICE from small to large collision
systems with ALICE
pp collisions at \/syy = |3 TeV

W/Z boson production is consistent with NLO pQCD (POWHEG) + PDF (CTI4nnlo, CT18nlo and
NNPDF4.0)

Linear dependence of W production on charged multiplicity

p—Pb collisions at /syy =5.02 and +/syN = 8.16 TeV, and Pb—Pb collisions at 4/syy = 5.02 TeV

ALICE reaches the largest rapidity for W boson measurements
Suggests a significant modification of the nuclear PDFs

» Outlook at Run3

Detector upgrades : MFT, ITS and TPC

Significant increase in luminosity (up to 60 pb~'in pp and 1.6 nb~! in Pb-Pb)
Detailed study of nPDFs
Differential study for electroweak-boson production (ex. W/Z + jet)
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Back up
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W+ in Pb-Pb at 5.02 TeV (2)

B Normalized yields as a function of centrality
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PRL 127, 102002 (2021)

R,, in CMS and ATLAS
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Modified cross section

N N e Eskola et al. (PRL 125(2020)212301
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FIG. 3. The centrality-dependent nuclear modification ratios for W* and Z-boson production in Pb + Pb collisions from ATLAS

[39,40] compared to NNLO pQCD calculation with EPPS16 nuclear modification with the nominal value of %! = 70.0 mb (left) and
with the nuclear-suppressed value o2 = 41.5 mb (right).
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H.L. Lai et. al.,

B Larger cross section for e¥ « W™ due to isospin effects PRD 82 (2010), 074024
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W= in Pb-Pb at 5.02 TeV (2) ALICE

ALICE, JHEP 05 (2022) 036

B Production of hard probes in peripheral collisions
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