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Infroduction

ALICE

e W bosons are electroweak particles produced in initial hard interactions
e Quark-antiquark annihilation is the dominant production mechanism

ud — Wt do— W~

e In proton-proton collisions = access to valence quark parton distribution functions
(PDFs)

In heavy-ion collisions (p-Pb and PbPb):

e Sensitive to nuclear PDFs
(modification of PDFs inside the nucleus)  proton lead

e Test the binary scaling of hard processes ___).
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Infroduction

ALICE

e W bosons are electroweak particles produced in initial hard interactions
e Quark-antiquark annihilation is the dominant production mechanism

ud — W+ do— W~

e In proton-proton collisions = access to valence quark parton distribution functions
(PDFs)

In heavy-ion collisions (p-Pb and PbPb):

e Sensitive to nuclear PDFs
(modification of PDFs inside the nucleus)
o Test the binary scaling of hard processes 4
e Good probe to access shadowing and b 409 -‘/
anti-shadowing

o Not sensitive to strong intferaction
= reference for
medium-induced effects
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Infroduction

ALICE
e Measured in semi-muonic decay = final state is not affected by the hot and dense
QCD medium
+
7
W+
v

o Signalis a Jacobean peak in the single muon pr-differential distribution with
maximum at pr ~ My /2

e Dominant contribution above pr ~ 30 GeV/c with main background from Z/~v* and
muons from heavy-flavour hadron decays 7. Conesa del Valle, Eur. Phys. J.C(2007)149

T 10k :
W-boson signal is extracted by fitting the 5 w0k pp @ 14 TeV
single muon pr spectrum with suitable g wEY . :y:’aeaw
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Introduction

ALICE
e W-boson production has been measured in p-Pb —
collisions at 5.02 TeV by the CMS collaboration in . antishadowing _ motion
Inl <24 B N AU W

e The ALICE Muon Spectrometer covers the kinematic
region —4 < n < —2.5 complementary to CMS

= (anti-)shadowing is more pronounced

pr and n coverage of the LHC experiments J

H. Paukkunen & C. A.

L shadowing
Salgado, JHEP 1103 ¢2011) 071
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ALICE Setup

ALICE

Detectors used for the measurement )

Event activity

ero Degree Calorimeter (ZDC) ZNA and ZNC

Absorber, tracking and triggering chambers,

VZERO-A(VOA), VZERO-C(VOC) and the muon-filter and the dipole magnet

‘Silicon Pixel Detector(SPD)
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Muon reconstruction

ALICE

CENTRAL PART

Dipole

= TRK4 TRKS TRG 1 TRG 2

x
T . J il
Iron wall [

Low angle
absorber

RK 2|

Front absorber TRK1 T
i

P ER

Rear absorber

< >l< >

e Reconstructed within the pseudorapidity acceptance —4.0 < nap, < —2.5

e Minimum pr tfrigger is 0.5 GeV/c with a minimum momentum (p) threshold of 4
GeV/c
e Muon track selection in addition to geometrical acceptance cuts:
—o offline matching of the tracking and trigger fracks to reduce background
from punch-through hadrons
—o correlation of momentum (p) and Distance of Closest Approach (DCA) to
the interaction point to reduce fake and beam gas tracks

v
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Event activity determination

ALICE

ABSORBER

CHAMBERS

e VZEROs (VOA and VOC) cover the pseudorapidity acceptance 2.8 < npap < 5.1 and
—3.7 < map < —1.7, respectively

o The 219 layer of the SPD (CL1 estimaton): |nap| < 1.4 coverage
e ZNA and ZNC placed +112.5 m from the interaction point along the beam pipe
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Data Samples

ALICE

e pP-Pb collisions af /syny = 5.02TeV (Ep = 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)

= Yems COvered by the muon spectrometer

o Trigger: high-pr muon triggered events (Minimum-Bias (MB,coincidence of VOA
and VOC) & muon with pr 2 4 GeV/c)

Integrated Luminosity J

Forward: 4.9 nb~—!
Backward: 5.8 nb—!
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Signal extraction

ALICE

Signal extraction based on a combined fit f(pr):

f(pr) = Ny« HF - f,u,<—HF + Ny«w - f;u—w + N,u,(—Z/'y* f,u,(—Z/'y*

£ HF = FONLL based template and phenomenological functions
£uews £ 7/ = POWHEG based Monte Carlo (MC) templates
= free normalization parameters

/y*

Ny« HF Nyew .
= fixed to N, w. using ratios of cross-sections from MC *;i

Nyez/y W
) T N,._ w-=400.4+22.7 ~ data
* N, w is extracted between 10 and 80 GeV/c 2 v W
w ot > X2/ndf=87.77/66 e
and corrected for acceptance x efficiency & it Range: 12p"<80 Gevie I
(obtained from simulation) Y 2.03<y""_<3.53 i
% p-Pb \/s\=5.02 TeV
12 ALICE Preliminary
)

» Normalize the yield to MB cross section to
obtain o+ =

£, \
R e L e
£ °re” ¢*‘¢W¢T‘M LIS
2 el ]
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Analysis Strategy
ALICE
W and Z/~v* Monte Carlo (MC) templates

» Based on POWHEG (NLO) generator with CTEQ6m

» Interfaced with PYTHIAG.4:
-~ apply showers to POWHEG hard events
= parametrize nPDFs using EPSO9

POWHEG:JHEP 0807(2008)060, CTEQ: JHEP 0207(2002)012, PYTHIAG.4: JHEP 05(2006)026, EPS09: JHEP 0904(2009)065
Generation done for pp and pn separately and combined with:

_Z 1 dNp  A-Z 1 dNpw
Npen dpr A Npp dpr A Npn dpr

A=208andZ=282

Heavy-flavour Monte Carlo (MC) templates

» Based on Fixed Order Next-to-Leading-Log (FONLL) with CTEQ6.6

» Muons from B and D decays in pp at v/s = 5.02 TeV (FONLL)
= used for heavy-flavour semi-muonic decays description

» Phenomenological function previously used by ATLAS

FONLL: JHEP 1210(2012)137, ATLAS: ATLAS-COM-CONF-2011-088
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Computing the cross section

ALICE

e Cross section is computed as follows:

- — Nuew y 1
pew AXe Lint

where Lint is

NvB  NmsH X Fnorm
Llint=—= ——
oMB oMB

and A x e is the acceptance and efficiency factor:
=-Forward rapidity: 0.88 and Backward rapidity: 0.77 <

o Nyg is the number of minimum-bias events

» Nysu is the number of high pr friggered muon events

o Fhorm cOmputed with two methods is the number of minimume-bias events per Nyisu
— Online and offline information - takes intfo account pile-up

» The inelastic cross section were evaluated independently using van der Meer scans
= owmg 15 2.09 + 0.07 b and 2.12 4+ 0.06 b for the p-Pb and Pb-p data samples
respectively JINST 9 (2014) 11, P11003

v
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Systematic Uncertainties

ALICE

N, w is a weighted average of several trials varying:

o pr fit range, description of heavy-flavour decay muons

o Fraction of muons from Z to W cross sections were obtained with PYTHIA and POWHEG

o Alignment — variation of positions of detector elements

Systematics

Signal extraction

efc.)

Acc. xEff.

— alignment
Pile-up
Normalisation to MB

— Fnorm

— OMB

(includes alignment, fit stability/shape,

— track./trig. efficiencies

3.2% (forward) 3% (backward)

from ~ 6% to ~ 10%

2.5%
<1%
0-7.5%

1%

Kgotlaesele Johnson Senosi

W-boson production



Cross section

ALICE

i IS BLELEL B BLELELEY BLELELE BLELE BLELELEY BLUNLELE BLLE
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» Cross section of muons from W+ measured at forward and backward rapid-
ity

o Isospin effects more visible at backward rapidity
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Cross section

ALICE

Theory: Theory: Alioli, Nason, Oleari and Re. JHEP 0807 (2008) 060

= R B o o o LI B e
< 08 ALICE Preliminary  p-Pb s =5.02TeV
L C pi>10 GeV/e ]
S ! .
r Open Boxes: Syst. Uncertainty ]

150 - Vertical Bars: Stat. Uncertainty —|

- i o p' W' Data -

100 :_ _____ e W« W Data _:
e % -- e W' POWHEG 7

50 - e W POWHEG 3
0'...hll_.'-...|...|...|...|...|...|...|...'

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

i
y cms

o Cross section of muons from W= measured at forward and backward rapid-
ity compared with POWHEG Next-to-Leading order calculation

e shadowing not taken into account in the theory
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Cross section

ALICE

Theory: Hannu Paukkunen, pQCD NLO with CT10

= L B e B B e B
< 00 ALICE Preliminary  p-Pb, | sy =5.02TeV
i C p$>10 GeV/c ]
5 200 .
C Open Boxes: Syst. Uncertainty

150 C Vertical Bars: Stat. Uncertainty _]

C Data ]

C O preW ]

100 — o weWw ]

C —E- pQCD NLO, CT10 PDF ]

50 Ewew =

- wew ]
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» Cross section of muons from W+ measured at forward and backward rapid-
ity compared with pQCD calculation without shadowing
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Cross section

ALICE

Theory: Hannu Paukkunen: pQCD with CT10 and EPS09

5 B B B o B e B B
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5 200 .
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C Data ]

C O preW ]
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» Cross section of muons from W+ measured at forward and backward rapid-
ity compared with pQCD calculation with shadowing
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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
collisions ({Neon))
o (Ncon) is expected to be correlated with event activity (central, semi-central,
peripheral)
o Different estimators with different approaches were used to classify event activity:
—  Glauber Model + Negative Binomial Distribution fit to the signal in the VOA or
VOC and the clusters in the first layer of the SPD (CL1)
—o Hybrid method: scaling Ny 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 (ZNA and ZNC)
Proton ZDC Neutron ZDC

~15 g Z
o 7.04 om
22.4em

Beam pipes

e (Neon) systematic uncertainty is multiplicity bin dependent, varies between 8 - 24%
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Yield over (Ngon)

ALICE

¢ Signal extraction done separately for u+ < W and p~ < W~ and then combined

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

e The yield per binary collisions is independent of event activity within uncertainties
e Yield normalized to (Neon) compatible within uncertainties among estimators

10°
A [ T T T ] A
28 24 = Multiplicity estimators AL |CE Preliminary = 28
I opf VoA NE?‘E:: P-Pb, {5y = 5.02 TeV 3 v 12
? F =CL1- Nc;\lu 2.03<y_ <3.53 E ?
o 20 - ©ZNA - Negy 3% correlated uncertainty s= 10
18 E
E ] 8
16 =
14F = 6
10F 3 4
E 1 1 1 1 3

0-100% 0-20% 20-40%
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W-boson production

T
Multiplicity estimators  ALICE Preliminary

=CL1-

<2ZNC- N™Y'

3

coll

p-Pb, {5y = 5.02 TeV
—4.46<ycms<—2.96
3% correlated uncertainty

0-100%

0-20%

20-40% 40-60% 60-80%

Event activity (%)



Summary

ALICE

e Production of W bosons has been measured at forward and backward rapidity

e Cross section
o Isospin effects more prominent at backward rapidity (cru_<_w_ > 0t W)

o PQCD calculations with and without nuclear PDFs describe the measurements
(same observation as CMS in a complementary rapidity region)
= Predictions with nPDFs seem closer to data

¢ Yield normalized to (Neon)

o Measurements performed with different estimators are consistent between one
another

o Production of W-boson scales with (Ngon) With uncertainties
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ALICE

Backup



Glauber+NBD

ALICE

o Glauber MC to obtain P(Npart) assuming Npart = number of particle sources
ancestors

o mulfiplicity distribution per ancestor from Negative Binomial Distribution (NBD)
e minimization procedure to find NBD parameter values

o centrality classes defined slicing measured multiplicity distributions in percentiles of
cross section

S EALCEpPD (s.,=5.02TeV |

S [ ¢ Data ,

02 b NBD-Glauber fit 10

% EN'\ Nyare XNBD (1= 1.0, k = 0.44) . . -

> 8 g

(TR et 3 2

10°E ™ N e
§ 10 20 30 40 E

10 E
FIR(R R 2 e 1

10°18(2| § [ § |8 E
Flo|lo| o o | =
ClO| < 8V ~ |0 =
S Y FRY I ) IR M BT | n
0 100 200 300 400 500

VOA (Pb-side) amplitude (a.u.)
ALICE, Phys. Rev. C88, 044909 (2013)



Hybrid

ALICE

e Similar procedure but coupled with a model for slow nucleon emission (SNM) No
model is currently available for LHC energies

e Features of emitted nucleons weakly dependent on projectile energy from 1 GeV
to 1 TeV

e “Phenomenological” model based on experimental results at lower energies

g F ALIGE p-Pb {5y, = 5.02 ToV o
— r . Data
£ 105: SNM-Glauber
= E
CI>-> F ..
L H
1 04 e —
10°¢
F o
by a2 2 | R
o o o o
102 - DB S | 5
S 1= S |2
] =3 F | S
L L

20 40 60

F. Sikler, arXiv: 0304.065



Systematics on the signal extraction

ALICE

© N, w is extracted from a large number of fit frials, varying:
e The prrange where the fit is performed
e QCD or Heavy-flavour decay muons background description
o Fraction of Z/~* to W+ muons: = obtained using PYTHIA and POWHEG
o Alignment effects = vary the position of detector elements
o Weighted average over

e (3 background description) x (different pr ranges) x (2 N7/ /N ew)x (2
alignment configurations) x (1 MC templates for the signal) trials:

Z WiNy+ Wi

1

=1

<Npew >= ———— = m
‘Zl Wi \/ pW
=

where o, w is the statistical uncertainty per trial
o the statistical error is given by propagating the error on each trial
i (Wiopew,i)?
[5S<tNa;:{_w> — 21:971 ::j -v/n

o systematic error is estimated assuming N, _w is extracted from a uniform
distribution

Mucw> = iz

sovst _ N, w(max.) — N, w(min.) ]
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