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Physics motivation
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Electroweak bosons are unmodified by the hot and dense medium created in nucleus—nucleus collisions, Their
leptonic decays pass through the medium without being affected by the strong interaction.

Therefore, electroweak boson productions well "conserved” the initial conditions of the collisions, can be used to
probe (cold) nuclear effects and constraint nPDFs for Bjorken-x from 104 to 1 at Q% ~ 10* GeV?
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HCb Detector

LHCb is the only detector fully
instrumented in forward region.

Kinematic coverage:
2<n<5

A high precision device, down to
very low-p+, excellent particle ID,
precision vertex reconstruction and
tracking.

(1) Vertex Detector : reconstruct vertices (2) Dipole Magnet : bending power: 4 Tm
(3 RICH Detector : K/I/p separation (4) Tracking System: momentum resolution
(5) Calorimeters  : energy measurement ® Muon System  : muon identification

23-27 October 2019 The Sth China LHC Physics Workshop, Dalian, China 3




Data samples

S 2013 2016
NN (5.02 TeV) (8.16 TeV)
r pPb Pbp pPb Pbp
1.1 nb1 0.5 nb! 13.6 nb? 20.8 nb1
Collider Mode:
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Setups for proton-ion collisions

Forward production:
Center of mass rapidity coverage: 1.5<y*<4.0

Backward production:

forward Center of mass rapidity coverage: -5.0<y*<-2.5

e Rapidity coverage in center of mass frame considers a rapidity shift of
“" about 0.47 with respect to the lab frame coverage 2.0<y<4.5.
] HI

Common range for the measurements: 2.5<|y*|<4.0
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Analysis Strategy

L Ncand X p
9Z—ptpu=,pPb,Pbp = 5 7

where
e N..nq 1s the number of observed candidates after selection.
e p is the purity (the fraction of actual signal events).
e L is the integrated luminosity.

e ¢ is the total efficiency.
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Z production in pPb collisions at 5§ TeV

Integrated luminosity:
forward (1.099 + 0.021 nb~1) / backward(0.521 + 0.011 nb~1)

Yields:
backward (4 events) / forward (11 events)
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Z production in pPb collisions at S TeV

Cross-section in acceptance:

60 < m,+ - <120 GeV e
pr(u®) >20 GeV g
2.0<n(u*) <45 L 30
Results: 20
Oty (fwd) = 13.5+ 33 (stat.) + 1.2(syst.) nb
10
07+~ (bwd) = 10.7727(stat.) + 1.0(syst.) nb
0
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Compare with other experiments

LHCD
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LHCb, CMS and ATLAS: theory prediction below data measurement
ALICE: theory prediction good agreement with data measurement, but data error bar is huge.
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Compare with other experiments

LHCb CMS ATLAS ~_ALICE

34.6 nb™ (pPb 5.02 TeV) ,
250 nD (prh 9T el

40

%1 - . "E r ‘ ‘ = (a) ATLAS '8 - .
— r - - 13, = 7 ~— | - = i
=0 e 1S an g cMs | Phungme 5 S, b AUCERRb sy =s02Tey _
= B = . 5 I~ { 1 —_— - = -
L B syst. @ stat. PrO \Syy eV 1 = F . 1 E 5 | " * -
L . 41 £ 25 @000 e . o_e= ]
430 42 [ R 1 ¥ =& > | p. > 20 GeVlc S 1
L - — | - o~
© i ° FEWZ NNLO + MSTW08 1 © 8¢ % ] & 20 S N i
- FEWZ NNLO + MSTWO08 + EPS09 (NLO) L pPb — Z — |l 1 T 15E ©
B 1 r 3 | b E =Data s
20 — 10 N m pT > 20 GeVie, | ‘Lbl <24 ] § C —C'?'tfﬂ (NLO) ‘ 1B e Data ]
B j 5 —e Data m 1 o 10 — CT10+EPS09 (NLO) ° e “ ° C ]
i C MCFM + CT10 i E ---- MSTW2008 (NNLO) N - |:| pQCD + CT10 1
- S = E s MCFM + CT10 + EPS09 . E = B ]
10E N b MCFM + CT10 + DSSZ 1 & E [ by pQCD + CT10 + EPS09 i
i ] : Luminosity uncertainty: 3.5% e = € - = [ FEwz + MsTW2008 .
= . 0 | 1 P 1 1 P = 3 .
- o 5 . E 13 ; - [ ] FEwz + MSTW2008 + EPS09
0 @] 1-1 0" L | = AP AP PP PP I I I PP I I
backward forward *g 09 e w5 (o) ‘ r ' RE 2 Ratio to (pQCD + CT10) _
2 0. T E 7
JHEP 09 (2014) 030 g o . e e e - -
y & C Data/CT10+EPS09 (NLO) + - 1_§ """" ]
YWBB 759 (2016) 36-57 " Sttt 0se E
c - . :_"_(d) - : ; —t ; : i t i
m\‘ N —, , 3 2k Ratio to (FEWZ + MSTW2008) 4
ee F Data / MSTW2008 (NNLO) i o ] 1S ]
F Data 3
05 , L | + = = e -
Y, 05 —

Forward: PRC 92, 044915 (2015) - B A

ms

all show good agreement JHEP 02 (2017) 077
Backward:

LHCb, CMS and ATLAS: theory prediction below data measurement

ALICE: theory prediction good agreement with data measurement, but data error bar is huge.
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Z production in pPb collisions at 8 TeV

Z production in pPb collisions at 8TeV (expected to be ready for QM 2019)
Integrated luminosity:
forward (12.18 + 0.32 nb™1) / backward(18.58 + 0.46 nb™1)
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Data points are generated randomly according to the number of data and the histogram of MC. Asimov data (fake
data) is shown here.
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Z production in pPb collisions at 8 TeV

Projection based on 2013 5 TeV results
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Forward : 4.7/sqrt(12.18/1.099)=1.41 nb
Backward: 6.75/sqrt(18.58/0.521)=1.13 nb
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With the 2016 8 TeV dataset higher precision, it
would be interesting to see if measured value is
still higher than the theory prediction!
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LHCb Unofficial

SNNF 8 TeV

FEWZ NNPDF31
FEWZ NNPDF31 + EPPS1

FEWZ NNPDF31 + nCTE

—@=— 00f2016 data projection
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Conclusion

» LHCD provides a unique opportunity to probe the cold nuclear matter effects using
Z boson production

» pPb: Z boson production at 5 TeV is published

» pPb: Z boson production at 8 TeV is expected to be public for QM 2019.
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