Vector-boson production in p-Pb collisions
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Infroduction

ALICE
o Electroweak gauge bosons W and Z do not interact strongly F renadoun Femi-
o F antishadowing motion
e Thus they constitute clean probes of the initial state Y ST W
of nucleus-nucleus and proton-nucleus collisions ’
and a test of the scaling of hard processes with the [ shedowino
number of binary collision (Neon) ulﬂ 102 u;" 1
T

e Their production provides an excellent tool to study:

Cold Nuclear Matter (CNM) effects

e nuclear modifications, generally known as shadowing and anti-shadowing
= refer to the modification of parton distribution functions in nuclei

o other effects are: isospin, absorption, EMC effect, Fermi motion and neutron
skin effects (arXiv:1412.2930,Eur. Phys. J. C (2015) 75:426)

e Their leptonic final states allow their detection, despite low production cross

section at LHC energies, especially at forward rapidity
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Infroduction

ALICE
" Eur, Phys. J.C(2007)149
W-boson signal: W= — p= [ LA
o Measured via its semi-leptonic decay E "'“;; a2 R
channel g e
o Thesignalis a Jacobean peak in aninclusive sin- = g ™t S i Eig;“w
gle muon differential pr spectrum at pr = My /2 ;8& M M
e Single muon decay from heavy-flavour (B- and i —_—
D-meson decays) and Z-boson decays are the ) N N . B P 1 :""’W“"

O R TR )
dominant background contributions P, (GeVic)

—~ 8
1 : =4 I i & _F ALICE Preliminary
Z-boson S|gnol. Z- >t % 75_ + p-Pb collisions, | s, = 5.02 TeV
e Is observed in the invariant mass distribution of = G sf 2% <¥a=<8%

. . . ©  _F PowHEG
unlike-sign muon pairs as a peak around the B BF  nai-s0s/1200
Z-boson mass S 4

[ITRY =
o Compared with POWHEG Nexi-to-Leading 2§
Order (NLO) event generator JHEP 0807(2008)060 £
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ALICE Setup

ALICE

Event activity
Zero Degree Calorimeter(ZDC)
ZNA and ZNC £112.5 m from the
interaction point
Acceptance: |nian| > 8.7

Detectors used for the
measurement

Event activity and triggering
VZERO-A (VOA): 2.8 < miap < 5.1
VZERO-C (V0C): —3.7 < niap < —1.7
Silicon Pixel Detector(SPD):
|Mab| < 1.4 (CL1)

DC

from P,

SPD V0A VOC

Muon detection and trigger
—4.0 < Map < —2.5
pp " trigger = 0.5 GeV/c
p> 4 GeV/c
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Data Samples

ALICE

e p-Pb collisions at /syy =5.02TeV (B, = 4 TeV & Ep, = 1.58 TeV)

o Two beam configurations with a rapidity shift (Ay = 0.465) in the proton direction
p-going (forward rapidity, Yems) Pb-going (backward rapidity, —Yems)

2.03 < Yems < 3.53 —4.46 < Yems < —2.96

= Yems COvered by the muon spectrometer
Triggers:

e high-pr single muon friggered events (for W-boson only)

—o Minimum-Bias (MB,coincidence of VOA and VOC) & a single muon with
pr 2 1GeV/c

e low-pr di-muon friggered events (for Z-boson only)
—o Coincidence of MB and two low-pr (pr > 0.5 GeV/c) muons

Kgotlaesele Johnson Senosi Vector-boson production 4/15



Event and frack selection

ALICE

¢ Single and di-muon events selection applied for W and Z respectively

¢ Muon candidates are reconstructed in the kinematic acceptance of the spectrometer

—o Pseudorapidity acceptance: —4.0 < nap < —2.5
—o Angle at the end of the absorber: 170°< 04,5 <178°

Zoom on the absorber :
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Event and frack selection

¢ Single and di- muon events selections applied for W and Z respectively

Zoom on the absorber :

® Muon candidates are reconstructed in the kinematic acceptance of the spectrometer

—o Pseudorapidity acceptance: —4.0 < nj,p < —2.5

—o atthe end of the absorber: 170°< 64,5 <178°

e Muon track selection in addition to geometrical acceptance cuts:

—o offline matching of the fracking and trigger tracks to reduce background from
punch-through hadrons x K

Absorber
Tracking
chambers

Magnet Filter

—o correlation of momentum (p) and Distance of Closest Approach (DCA) to the
interaction point to reduce fake and beam gas fracks
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Monte Carlo simulations

ALICE

W and Z/~* Monte Carlo (MC) templates
o Based on POWHEG (NLO) generator with CTEQ6m/CT10

o Inferfaced with PYTHIA6.4:
— apply showers to POWHEG hard events
= parametrize NPDFs using EPS09

POWHEG:JHEP 0807(2008)060, CTEQ: JHEP 0207(2002)012, PYTHIA6.4: JHEP 05(2006)026, EPSQ9: JHEP 0904(2009)065,
CT10:arXiv:1101.0561

Generation done for pp and pn collisions separately and combined with:

1 dNop ANpp | A-Z dNpn

—z 1 dNp Az 1
Nppo dor A Npp d Npn dpr

S

A=208andZ=282

Heavy-flavour Monte Carlo (MC) templates

» Based on Fixed Order Next-to-leading-Log (FONLL) with CTEQ6.6
» Phenomenological function previously used by ATLAS

FONLL: JHEP 1210(2012)137, ATLAS: ATLAS-COM-CONF-2011-088
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Signal extraction: W boson

ALICE
Signal extraction based on a combined fit f(por):
f(pr) = Ny« HF - f,u,<—HF + Ny«w - f;u—w + N,u,(—Z/'y* f,u,(—Z/'y*
£« nr —heavy-flavourand £, w.f . z/,+ - W and Z templates
N, HF N, w free normalization parameters and v, « fixed to G”ﬂ‘;iz/“f from MC
° N, w is extracted between 10 and 80 GeV/c T w0l N wed0041227 < data
% X3/ndi=87.77/66 = H*<—¥/f’
i i~ i . . reZIy*
» N,—w is an average over pr range variation, 9._ e Geve FONLL
detector configuration parametrization and g p-Pb (5y=5.02 TeV

Ope2Z/~* /U;u—w E ALICE Preliminary

o N, w is then corrected for
acceptance x efficiency (Axepp, and AXeppp)

Average acceptance x efficiency (Axe) ‘
£, O RS
Axeppp = 0.88 £ 0.05% and Axeppp = 0.77 + 0.06% J = Hyl

70 kL
p, (GeVic)
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Signal extraction: Z boson

ALICE

» The signal of the Z-boson is an invariant mass peak of opposite sign muons around its
mass
o Muons with pf >20 GeV/c are selected

* Nuu«z is extracted between 60 and 120 GeV/c?

Average acceptance x efficiency (Axe)
Axeppp=83.54+0.72(stat.)£0.44(sys) % and Axeppp=63.67+ 1.40(stat.)£0.27(sys) % J

» Z candidates are number of entries (consistent with the integral of a Gaussian fit)
» Validation with the MC simulations

—~ 8r
% _F ALICE Preliminary
% 75 . pPb collisions, | sy, = 5,02 TeV.
& b 20<y,<3m
(2 F —— POWHEG
B SF xendt=809/12.00
2 Tt
S 4
> £
w o ae
2f
=
E | ! L |
%

n
o

40 60 80 100 120
M,, (GeV/c?)
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Systematic uncertainties
ALICE

o Alignment = variation of positions of detector elements (efficiency)
e Same alignment files used for reconstruction and obtaining Axe

o Systematic uncertainties on fracking. friggering. tracking-trigger matching efficiency
@

o Detector resolution influence on the signal extraction determined considering the track
residuals effect (cluster resolution) on the templates

Signal extraction Axe Tracking Triggering Matching e Normalization

oMB
p-Pb 6~10% 1% 2% 1% 0.5% 1% 3.2%
Pb-p 6~10% 1% 3% 1% 0.5% 1% 3%

o Same alignment files used for reconstruction and obtaining Axe

o Detector resolution influence determined considering the track residuals effect (cluster
resolution) on the input shape (Gaussian and Breit-Wigner to the track residuals)

Axe Tracking e Triggering e Matching e Cluster resolution

IMB
p-Pb 1% 4% 2% 1% 1.3% 3.2%
Pb-p 2% 6% 2% 1% 0.2% 3%
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Results: W-boson cross sections

ALICE

Theory: Hannu Paukkunen and Carlos A Salgado, JHEP 1103 (2011) 071

— L e o L e i

> [ ]
5; 250 ALICE Preliminary  p-Pb, | 5, = 5.02 TeV
1 N p$>10 GeV/c ]
o 200 -]
r Open Boxes: Syst. Uncertainty |
150 - Vertical Bars: Stat. Uncertainty _]
C Data ]
u 0 pew ]
100~ o weW 7
L -E— pQCD NLO, CT10 PDF ]
50~ -
0 C | 1 1 1 1 1 1 1 7

-6 4 -2 0 2 4 6 8 10 12

o Cross sections of muons from W= measured in the forward and backward rapidity

e They are compared with pertubative Quantum Chromodynamics (pQCD) predictions
at Next-to-Leading Order (NLO) with CT10 PDFs

o Measured and theoretical cross section of W= are in agreement in both rapidity
regions, whereas W cross sections agrees within uncertainties
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Results: W-boson cross sections

ALICE

Theory: Hannu Paukkunen and Carlos A Salgado, JHEP 1103 (2011) 071

— L e o L e i

o o 4
5; 250 ALICE Preliminary  p-Pb, | 5, = 5.02 TeV
[ C p$>10 GeV/c ]
o 200 -]
r Open Boxes: Syst. Uncertainty |
150 - Vertical Bars: Stat. Uncertainty _]
C Data ]
u 0 pew ]
100~ o weW 7
L -E— PQCD NLO, CT10 with EPS09 PDF]
50~ -
0 Lo o 1 1 1 1 1 1 7

-6 4 -2 0 2 4 6 8 10 12

o Cross sections of muons from W= measured in the forward and backward rapidity

e They are compared with pertubative Quantum Chromodynamics (pQCD) predictions
at NLO and CT10 PDFs with EPSO9 nPDFs parametrization

e Theoretical cross sections with shadowing are in agreement with the measured cross
sections within uncertainties
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Results: Z-boson cross sections

ALICE

— -
9 4L p-Pbcollisions
c .
= F Vs =5.02 TeV 7
= 5 —m— auce i !
T I Upper limit with 95 % CL
N [ Py POWHEG: PDF=CTEQ6m, nPDF=EPS09NLO
© 45 4 rouneo por-criono. neorsepsoonio
r POWHEG: PDF=CTEQ6m, no nPDF
[~ FEWZ: PDF=JROSNNLO, no nPDF
3 FEWZ: = .0, no nPDF
E FEWZ: PDF=MSTW2008NNLO, nPDF=EPS09NLO
2
1
s ALICE Preliminary
0"“I..xl;“I.‘AI‘..I“‘I...lu.
-8 -6 —4 -2 0 2 4 6 8
ycm

e The measured Z — pt + pu~ cross section at forward and backward rapidity
compared with NLO and Next-to-NLO pQCD MC calculations (POWHEG and FEWZ,
respectively) with different PDFs and/or nuclear PDFs (EPSO9)

e The measured and theoretical cross sections are in agreement
o Uncertainties are too high to constrain nPDFs, which is also the case for the W boson
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Results: Z-boson cross sections %

ALICE

—e— ALICE Preliminary
[]Systematic uncertainty
4<mn,<-25

zopp

Theory
Oy 5unl O
n w » 4] (] ~ ©
T

- —a- LHCb [JHEP 1409, 030 (2014)) B
[]Systematic uncertainty
2<1,<45

Theory: FEWZ Prys. Rev. 06 (2012) 094034]

== :

o The ratio of the measured cross section by ALICE and LHCb to the FEWZ theoretical
predictions are shown

e The ratfios are compatible with unity at forward rapidity for both ALICE and LHCb
o The ALICE point at backward rapidity is also compatible with unity
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Test of binary scaling

ALICE

e Production of W bosons is a hard process, thus is expected to scale with the number
of colliding nucleons

o (Ncon) is expected to be correlated with event activity (centrality of the collision)
o Different estimators with different approaches were used to classify event activity:

—o Glauber Model + Negative Binomial Distribution fit to the signal in the VZEROs
and the clusters in the first layer of the SPD

SPD VO0A VOC

\

o Hybrid method: scaling Nop in minimum-bias collisions by the ratio between the
average multiplicity density measured at mid-rapidity in a given ZDC energy
event class and the one measured in minimum bias collisions

Proton ZDC Neutron ZDC

s Q _ Z
o T
—_————
22.4em

Beam pipes

e (Neon) systematic uncertainty is multiplicity bin dependent, varies between 8 - 24%
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Yield over (No)

ALICE

e Yield is normalized to (Nqqp) o test binary scaling

Forward Backward

x10° x10°
A F T T T T ] A C T T T T ]
8 24 Multiplicity estimators - ALICE Preliminary = 3 [ Multiplicity estimators - ALICE Preliminary ]
=2 F _ \/Glauber - _ 1 2 12| o voC . NGauer . _ -
Y oof VoA Ng\’guber p-Pb, \ sy =5.02 TeV v [~ VO o p-Pb, | sy = 5.02 TeV 7]
3¢ F =CL1- NCND‘EH 2.08<y, <38.53 E 31 [ =CLi- N“r?\'.':. -4.46<y <296 ]
o3 20 E ©ZNA - Neoy 3% correlated uncertainty ] s> 10 ©-ZNC - Ny 3% correlated uncertainty
18| = C ]
16 :— —: 8 L ]
1 B O 3
121 @ E : 1
10F 3 4 ]
E 1 1 1 1 E : 1 1 1 1 :

0-100% 0-20% 20-40% 40-60% 60-80% 0-100% 0-20% 20-40% 40-60% 60-80%

Event activity (%) Event activity (%)

e The yield per binary collisions is independent of event activity within uncertainties
e Event activity estimators compatible within uncertainties J
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Summary

ALICE

~(W- and Z-boson cross sections) N

sy ALICE has measured massive vector bosons at forward and backward rapidity
in p-Pb collisions

s The measured cross sections are consistent with pQCD theoretical predictions
with and without shadowing

sy Current uncertainties do not allow disentanglement of the shadowing effects,
small effect of NPDFs in the models

(W—boson yield normalized to (Ncou)}

1 The (Non)-normalized yield is compatible with the notion of hard-processes
being independent of event activity, within uncertainties

1 This measurement is consistent among different estimators within uncertainties
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