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« /9 boson production is dominated by the quark-antiquark
annihilation process

- /9 boson decays to muon pair with 3% branching ratio.
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« /9 boson production is dominated by the quark-antiquark
annihilation process

- /9 boson decays to muon pair with 3% branching ratio.

« In p-A collisions 29 boson production is important to constrain
nuclear PDF sets.

' 20 - 2o ”
q H p
PDF : f(x,Q?) nuclear PDF: fa(x,Q?) = R(x,Q?,A)x f(x,Q?)
~
Q’ = MF
Z
X = (Mz/1/SNN)eiV Is the fraction of the nucleon momentum carried by the parton (q)
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« /9 boson production is dominated by the quark-antiquark
annihilation process

- /9 boson decays to muon pair with 3% branching ratio.

« In p-A collisions 29 boson production is important to constrain
nuclear PDF sefts. l

Crucial for QGP study

20 u 20 ut
> H p
PDF : f(x,Q?) nuclear PDF: fa(x,Q?) = R(x,Q?,A)x f(x,Q?)
~
Q’ = MF
Z
X = (Mz/1/sNN)eiV Is the fraction of the nucleon momentum carried by the parton (q)
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Introduction and Motivation II

ALICE
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= [0 boson production in p-A collisions is measured by other experiments:
3
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e Detected in the
muon arm

e Region covered
by LHCb

« Complementary
to ATLAS and
CMS covered
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% Muon Spectrometer

=1
o
= Acceptance
13
= polar / azimuthal | [171°,178°] /
angular coverage 360°
>
r
f-'n) minimum muon
momentum/ 4 GeV/c /0.5

> transverse GeV/c
0 momentum
w

pseudo-rapidity -4 <n<-25
X
D
"
=
7]
o Front absorber
o)
= Thickness 4.3 m (60 xo)
@ Dipole magnet
5 Nominal field / field integral 0.67 T/3Tm

5 tracking stations
Nb of chambers per station 2
Spatial resolution (bending plane) ~70 um

2 trigger stations

saA9adsiad

Nb of chambers per station 2
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Analysed Data

« Data used in this analysis taken in 2013.

« The single magnet design of the LHC resulted in beams
energy asymmetry. ¢

CM rapidity is shifted w.r.t Lab one and two rapidity regions corresponding to two beams configuration

-« T =TIl -

I
I
I
I
I
I
I
I
2.03 < yem < 3.53 | -4.46 < ycm < -2.96
I
I
I
I
I
I
I

103 < x< 102 0.2<x<1

Lint = 5.01%= 0.20 nb-! (dimuon) Lint = 5.81% 0.20 nb-! (dimuon)

~
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Analysed Data

ALICE
s+ Data used in this analysis taken in 2013.
)
o
s -+ Thesingle magnet design of the LHC resulted in beams
g energy asymmetry.
>
g CM rapidity is shifted w.r.t Lab one and two rapidity regions corresponding to two beams configuration
m
>
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- 1073_ ALICE A ‘ . . .
= 2 Photons ( Maximum kinematic reach of LHC in
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* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:

®



% Track And Event Selection

* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:

~=iTHl

uoI9NpPOo.IIU|

SisAleuy 3017V

s1insay

uoIsnjauo0?)

saA9adsiad




% Track And Event Selection

* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
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* 17.6 < Raps < 89.5 cm: rejects muons crossing the thick part of the front absorber
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* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:
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Single muon selection:
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* 17.6 < Raps < 89.5 cm: rejects muons crossing the thick part of the front absorber
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A cuton pDCA to reject fake muon that are not pointing to the vertex
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Track And Event Selection

* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:

< THli

Single muon selection:

* 17.6 < Raps < 89.5 cm: rejects muons crossing the thick part of the front absorber

A cuton pDCA to reject fake muon that are not pointing to the vertex

* Pseudo-rapidity cut, -4 < nu < -2.5 to reject muon at the acceptance edge




Track And Event Selection

* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:
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Single muon selection:
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17.6 < Rapbs < 89.5 cm: rejects muons crossing the thick part of the front absorber
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A cut on pDCA to reject fake muon that are not pointing to the vertex

Pseudo-rapidity cut, -4 < nu < -2.5 to reject muon at the acceptance edge
pr(u) > 20 Gev/c, to reject muon from background and other sources
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* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:
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Single muon selection:

17.6 < Rapbs < 89.5 cm: rejects muons crossing the thick part of the front absorber
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A cut on pDCA to reject fake muon that are not pointing to the vertex

Pseudo-rapidity cut, -4 < nu < -2.5 to reject muon at the acceptance edge
pr(u) > 20 Gev/c, to reject muon from background and other sources

saA9adsiad

Cuts on muons that do not match the trigger
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Track And Event Selection

* / candidates are obtained by combining opposite-charge muon tracks that fulfil the
single muon selection:

< THfi

Single muon selection:
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17.6 < Rapbs < 89.5 cm: rejects muons crossing the thick part of the front absorber
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A cut on pDCA to reject fake muon that are not pointing to the vertex

Pseudo-rapidity cut, -4 < nu < -2.5 to reject muon at the acceptance edge
pr(u) > 20 Gev/c, to reject muon from background and other sources
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Cuts on muons that do not match the trigger
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Signal Extraction

ALICE
2 This selection criteria resulted in the following invariant mass spectra in the two
‘é_ rapidity regions
% * At backward rapidity, low statistics is due to lower detector efficiency and
= Kinematical acceptance.
>
5 & 8F g 4r —
m O [ ALICE Preliminary O - ALICE Preliminary
S 7 > 3.5
> @ [ PPb|s5=502TeV © [ PPb,|5,=5.02TeV
5 O 6f203<y_ <353 O 35 -446<y <-2.96
o 9 @
77 E) 5:— (z) 2.5:—
(- L (- L
4 — 2
2 2 7F S
c W 3p W qs5E
7} - -
2 1=
(@) N -
% 1 0.5
3 0L N SR RNV 1l I BRNURPE N N IO B R oL | R RN | NN i P RS
o 0 20 40 60 80 100 120 0 20 40 60 80 100 120
M,, (GeV/c?) M, (GeV/c?)
5
®
G
8 Nz (2.03 < Yem < 3.53) = 21 £ 5 (stat) Nz (-4.96 < yem < -2.46) = 2 + 1 (stat)
<
(1]
(/)]
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MC Simulation I

ALICE

« Full simulation is done:
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« POWHEG used as particle generator:

E « Take NLO contributions into account.

i - Need to be interfaced with MC shower program (PYTHIA-6).
E

1

S

§.
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MC Simulation I

ALICE
=1
R
& « Full simulation is done:
=
=

« POWHEG used as particle generator:
. « Take NLO contributions into account.
i - Need to be interfaced with MC shower program (PYTHIA-6).
>
B
<
o,
(7]
X
&
S
7
o %2000:_ brP collsions: Yoy = .02 Te § 4500 F p-Pb collisions, sy, = 5.02 TeV
© > 1800f D 4000F Zoup )
?—’ B e g 3500 — POWHEG + PYTHIAG compar-on
A,  s000, S POb\/leE!vEgen d
o 1400 | an
N : PYTHIA as particle
o generator via pT
o 1000 and rapidity
o : distribution
-c?g 800 IS
é. 5 4 3 2 1 0 1 2 3 4 5 0 10 20 30 20 - 50

Zhy pT(Z/y) (GeV/c)
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MC Simulation I

ALICE
]
R
& « Full simulation is done:
2
=
« POWHEG used as particle generator:
E - Take NLO contributions into account.
i - Need to be interfaced with MC shower program (PYTHIA-6).
1
2 « EPSOYNLO setis used to take nuclear shadowing into account.
(7))
3
« ALICE detector is simulated with GEANT-3.
e
=
&
E %2000; 2‘2’:‘1”90”3’\/57:««=5-°2T3V § 4500;- ] p-Pb collisions, \/s, = 5.02 TeV
S i@ "0 romeo. & 4000 o comparison
g 1600; < 35005— :Esmklfgawvmm between
o 1400 F POWHEG Ond
N : PYTHIA as particle
o generator via pT
3 1000 CII’)d (Opidity
3 800 distribution
3 5 -4 3 -2 -1 0 1 2 3 4 _5 0 10 20 30 40 . 50
o Yoy p.(ZIy) (GeV/e)
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Events/(3 GeV/c?)

N WA~ 01O N

—

o

Does data distribution agree with MC ?

= Aﬁ'gE..Pre'P”i?w « The number of simulated events is
- 203<y,,<353 normalised to datao.
- POWHEG
F Xndi=809/12.00 - Statistics are not enough to make
2 * the comparison in backward
- : T rapidity region.
- { « MC distribution describes well the
3 data in forward rapidity region.
0 20 40 80 80 100 120

M,, (GeV/c?)
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MC Simulation II

ALICE

2 Does data distribution agree with MC ?
L ALICE Prelimi
§ 7 p_Pbcomsiof pni?iv - The number of simulated events is
2 5 b 203<y,<353 normalised to data.
S 9'\_3, 55_— POWHEG
.2 x*indf=8.09/12.00 « Statistics are not enough to make
s 9 4 * the comparison in backward
L 1= { rapidity region.
: °E 111 . MC distribution describes well the
o i data in forward rapidity region.
1 O ~"20 a0 60 80 100 120
Q) M,, (GeV/c?)
(@)
S Detector Efficiency:
. The detector efficiency is calculated in both rapidity regions as the
v ratio between the reconstructed and generated events:
2 £(2.03 < yom < 3.53) = 83.54 + 0.72 (stat) + 0.44 (sys) %

&E(-4.46 < Yem <-2.96) = 63.67 = 1.40 (stat) 0.27 (sys) %
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With the cut on the muon pT, the expected contribution from background is very small
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A With the cut on the muon pT, the expected contribution from background is very small

Possible sources:

1- One or two muons are mis-identified hadrons (pion, kaon,..) :
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Background Contribution I
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A With the cut on the muon pT, the expected contribution from background is very small

Possible sources:

1- One or two muons are mis-identified hadrons (pion, kaon,..) :
« No electric charge correlation for dimuon from this source

— By looking at Like-Sign dimuon distribution, this contribution is
negligible
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N Background Contribution I
LICE

A With the cut on the muon pT, the expected contribution from background is very small
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Possible sources:

>

: 1- One or two muons are mis-identified hadrons (pion, kaon,..) :

g « No electric charge correlation for dimuon from this source

@ — By looking at Like-Sign dimuon distribution, this contribution is
5 negligible

o 2- Semileptonic decay of bb or c¢ pairs :

‘é.
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N Background Contribution I
LICE

A With the cut on the muon pT, the expected contribution from background is very small

uo119NpPOoJIU|

Possible sources:

>

: 1- One or two muons are mis-identified hadrons (pion, kaon,..) :

g « No electric charge correlation for dimuon from this source

@ — By looking at Like-Sign dimuon distribution, this contribution is
5 negligible

o 2- Semileptonic decay of bb or c¢ pairs :

‘é.

¥
Q - Using PYTHIA simulation (distribution
b normalised by FONLL cross sections), the

U

@ o contribution from this source in the high mass
] + \\ region is negligible

2 q



Background Contribution II
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contribution from
this source is higher
at mid-rapidity.
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contribution from
this source is higher
at mid-rapidity.
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>

o contribution from

. this source is higher
s at mid-rapidity.

>

& 4- 2> 17— U

S

2 Due to missing

= energy from

neutrinos,
contribution from
this source is higher
at low-mass region.
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4- Z = 1t = uy

contribution from
this source is higher
at mid-rapidity.

. contribution from
. these two sources is

. estimated using
. POWHEG simulation
to be less than 0.4%
. (0.2%) in forward

Due to missing
energy from
neutrinos,
contribution from :
this source is higher:
at low-mass region.:

oooooooooo

(backward) rapidity
. region.
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Cross section Results

o - =
IR T Lxeff
The cross sections are defined in the fiducial region:

ALICE

uo119NpPOoJIU|

> (60 < My, < 120 GeVic?

m { pr(y) > 20 GeV/c

>

3 -4.0 -2.5

<; L < Nu<

® 07—+ u—(2.03 < Yo, < 3.53) = 5.11 £ 1.12 (stat) £ 0.30 (sys) nb

D oz e (—4.46 < o < —2.96) = 0.54707L (stat) 4 0.04 (sys) nb

(@)

o

§ « At backward, the statistical uncertainty is defined as the 68% confidence
° interval assuming a poisson distribution for the number of Z candidates.
5o

& - Different sources of systematic uncertainty (efficiency, luminosity,..) are

summed quadratically.



Results Vs Theory

ALICE
5 —
g 2 6 [ p-Pbcollisions |
2} N—" B ~ _
g 1 : SNN — 5-02 Tev //{f//

=. 5 -|-
I:E T - N ALICE
cr_a N i P POWHEG: PDF=CTEQ6m, nPDF=EPS09NLO ‘

b 4 — A POWHEG: PDF=CT10nlo, nPDF=EPS09NLO
EJ? B POWHEG: PDF=CTEQ6m, no nPDF
E_ 3 [ \w FEWZ: PDF=JRO9NNLO, no nPDF
o B
- |/, FEWZ: PDF=MSTW2008NNLO, no nPDF

Y B FEWZ: PDF=MSTW2008NNLO, nPDF=EPS09NLO
b 2
@ i
9 15 ‘
S i ..
o - . ALICE Preliminary
!,' i | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
o 0]
- -8 —6 —4 -2 0 2 4 6 8
o
=X y cm
@
2 < Within large statistical uncertainty, results agree with theory predictions in
®
7

pboth rapidity regions.
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LHCb Analysis

ALICE
2 ~
o 60 < myu < 120 GeV/c?
c
c Fudicial region: < pr(y) >20GeV/c
20<nu<4.5 -4, < nu<-2.5 for ALICE
> —
)
m
> Q ' ' T ' '
= > —utun” > o Z—utpo
:_’ g - LHCb él’:dgm) & 4:— LHCb (PP:dZ‘a)
% [ pPbys,, =5TeV Zoopty- o | pPb Sy =5 TeV e -
E - backward _(MC PYTHIAS) E 3 forward (MC PYTHIAS) 1
e g f : g | :
@ g - — - = ]
i ST Y : S () :
a JRN J s b
2 : § ]
% :___g_ﬁ”_l_l- L " " N 0- ) R _{—"'r . ‘ o
c 60 80 100 120 60 80 100 120
g_ m,... [GeV/c?] m,. [GeV/c?]
- -4.47 < Yom < -2.47 1.53 < Yem < 4.03
O
(]
= Lint = 0.521 £ 0.011 nb-1 Lint =1.099 = 0.021 nb-?
O
'é".
&

O+ p- = 13.575% (stat) £1.2 (sys) nb

O ptp- = 10.7727 (stat) +0.26 (sys) nb



Comparison To LHCb

ALICE
_ 38
= > 3: B —e— ALICE Preliminary i
§_ S r7 - [ ] Systematic uncertainty E
0 o B 4<n <-2.5 -
E: = N - # i
P @ - )
6 — - LHCDb [JHEP 1409, 030 (2014)] —
> — - ] Systematic uncertainty 7
C =- - 2<n <45 -
o = O ‘ -
T § Theory: FEWZ [Phys. Rev. D86 (2012) 094034] i
> [ _
2 N4 - :
< b N i
E. B i
¢ 3 -
2 : :
P 2 -
7] N ]
1 =y "+-' """"""""" -
O N i
o)
= B 1 -
% O C oo e b e oo b o e b ]
3 8 6 4 -2 0 2 4 6 8
=
Y om
T
4
(2] . . .
8 Atforward, the results from the two experiments agree with unity.
g' « At backward rapidity, no fair conclusion can be made with large statistic

uncertainties for both experiments. .8



ALICE

Conclusion
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[/ boson production is important to constrain nuclear
PDF sets.

The cross section 07—y 1S determined in p-Pl collisions

at 5.02 TeV in two rapidity regions.

An agreement is found between the obtained cross
sections and theoretical predictions in both rapidity
regions.

At forward rapidity, an agreement is found between
ALICE and LHCb results.
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« |t seems that we only need more statistics.

uoI9NpPOo.IIU|

=T= « Coulditbein LHC-run2?

SisAleuy 30171V

s]insay

uoIsnjauo0?)

saAnoads.iad




®

Some Perspectives
ALICE

« |t seems that we only need more statistics.
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,* |

. |+ CouditbeinlHCrun2?

2

1 . Oy
s Forward to backward ratio: Rppg(|y|) =

g O—|y|
)

¢ .+ Better quantity to test the nPDF

’ sets.

g« With ALICE, it can be measured

g_:_ iN2.96 < |ycm| <3.53.

« Uncertainty on the PDF s
cancelled for the theory
predictions.

saADadsiIad
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Some Perspectives
ALICE

« |t seems that we only need more statistics.
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T+ Coulditbein LHC-run2?

>

-

®)

m

>

S O'_|_

= Forward to backward ratio: Rppg(|y|) = v

’ O—ly|

‘:DD 1 1.4F FEWZ ]

. - Better quantity to test the nPDF e

a __ MSTW2008NNL —_
SetS . ' i §§ MzTWZOOBNNLg + EPSO9NLO ]

§ « With ALICE, it can be measured T ]

o i :

@, iN2.96 < |ch| < 3.53. T osf : - ]

(@) L i

°  « Uncertainty on the PDF is o8 :

3 cancelled for the theory oal

-‘?3 predictions. I2!6| | |2!8| | :la | '3!2' | '3.|4' | |3!6| | |3!8| !

s ly_|

]

(/)]

Rrs FEWZ prediction at +/snn =8 TeV







Summary of systematic uncertainties

Tracking Trigger Matching Cluster
efficiency efficiency efficiency resolution

Efficiency

Forward

backward
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ALICE and LHCb acceptances

POWHEG Simulation

p-Pb collisions, \sy, = 5.02 TeV
— 2.03<y_ <3.53: 58069 Entries
— -40< n, < -2.5:

19562 Entries

POWHEG Simulation

p-Pb collisions, |s, = 5.02 TeV
—— 2.03<y_ <3.53: 54952 Entries
—— 40< n, < -2.5: 10062 Entries
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Forward Backward
ALICE 29.12 + 0.29 18.31 £ 0.18
LrCDb 45.43 + 0.29 28.15 £ 0.37
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