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Overview

Only concentrate on the most recent results from LHCb since the last PDF4LHC meeting :

(>

Measurement of Z boson angular coefficient @ 13 TeV )
Phys. Rev. Lett. 129 (2022) 091801

> Measurement of Z boson production cross-section @ 5.02 TeV

W and Z @ 7 TeV (partial dataset)

JHEP 06 (2012) 58

_ arXiv:2308.12940 (submitted to JHEP) Y
The summary of completed cross-section measurements
| for W/Z (+jets) production in pp collisions :
Z + jets @ 7 TeV JHEP 01 (2014) 33
Z+b-jets @7 TeV JHEP 01 (2015) 064
W +b/c — jets @ 7 TeV PRD92 (2015) 052001
W + jets and Z + jets @ 8 TeV JHEP 05 (2016) 131
Z+c—jets @ 13 TeV PRL 128 (2022) 082001

W and Z @ 8 TeV

W @ 7 TeV (full dataset)

W —-ev @ 8 TeV

Z — up @ 7 TeV (full dataset)
Z —>ee @7 TeV

Z —>ee @8 TeV

Z->1T @7 TeV

Z —->1T @ 8 TeV

Z @ 13 TeV (partial dataset)

Z - pu @ 13 TeV (full dataset)

JHEP 01 (2016) 155

JHEP 12 (2014) 079

JHEP 10 (2016) 030

JHEP 08 (2015) 039

JHEP 02 (2013) 106

JHEP 05 (2015) 109

JHEP 01 (2013) 111

JHEP 09 (2018) 159

JHEP 09 (2016) 136

JHEP 07 (2022) 26

Working in progress at 13 TeV |
Yuhao Wang (yuhao.w@cern.ch)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.091801
https://arxiv.org/abs/2308.12940

LHCb detector

» A single-arm forward spectrometer down to very low-p iﬁgjﬁjﬁﬁfﬁm
RICH detec.tors eAg/;dinlﬁ;:giI%n% IVE (GeV)
> Excellent performance of tracking and muon system Pl _—

mis-ID e(m—K) ~5 %

> Excellent particle ID and vertex reconstruction

Vertex Detector
reconstruct vertices
decay time resolution: 45 fs

» Complementary n range to ATLAS and CMS Impact Parameter

resolution: 20 um

O Overlap for cross check : 2.0 <n <25 =
O UniquetoLHCb: 2.5 < n<5.0 LM g

ATLAS

Dipole Magnet Muon system

bending power: 4 Tm Tracking system p identification
momentum resolution e(u—p) ~ 97 %,
Ap/p =0.5%-1.0% mis-ID e(n—p) ~ 1-3 %
CMS (5GeV/c-100GeV/c)

B Tracking

iy : . JINST 3 (2008) S08005
B Muon
Int. J. Mod. Phys. A 30 (2015) 1530022
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Z boson probe and PDF Measurement

> |deal probe of the initial and final states:

O clean final states, unaffected by hadronic activities

O contributes to the measurement of proton PDFs, nuclear modifications,

etc

» LHCb can provide important information in unique Bjorken-x regions with

Q? ~ m% ~ 10* (GeV?) :

O Bjorken-x : X,in ~ 5%107°, X4 ~ 0.8

O the only clean data to clarify the inconsistency in SeaQuest and NuSea

results

g
o

— seaquest/Eg06

20 l:l Systematic uncertainty

— Nusea/Es66

Nature volume 590, pages 561-565 (2021)

[] Aberg & Miller
Basso et al.

wess CT18, NLO, SeaQuest kinematics
éé CTEQ6m, SeaQuest kinematics
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https://www.nature.com/articles/s41586-021-03282-z

Z Angular Coefficients Measurement

» LHCb pp data @ 13 TeV (2016-2018), L =5.1+0.1 fb~!
O High signal purity : Npks/Ngig ~ 0.2%
> The QCD process of pp — y*/Z + X — €€ + X can be described by a set of angular coefficients A;(i =0...7):
= more complex variables, providing precise validation of QCD production mechanisms
» Kinematic distribution : a direct probe of the polarization of the intermediate gauge boson

= sensitive to the underlying QCD production mechanisms

R L2 j /Y*/Z
; 2

Annihilation diagram Compton diagram

v*/Z do
#* dcosfde

(1+ cos? 6)

i
" + §A0(1 — 3cos® ) + Ay sin 20 cos ¢

1
+ §A2 sin? 6 cos 2¢ + Az sinf cos ¢

+ A4 cos@ + Assin? 0sin 2¢
+ Agsin 26 sin ¢ + A7 sin € sin ¢.

Tree-level digrams for Z-boson with finite pr General expression for angular distribution
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-
Z Angular Coefficients Measurement

> Differential cross-section of lepton decay angle (0, ¢) in CS frame is parametrized by angular coefficients:

do
dP2dyd cosfd¢

(0.6

-+

" A

(1+ cos®0) > LO term

1 cos?0 :

~Ao(1 —3cos®6 >

2 of aukl higher order term /

1 . ,
A1 sin 20 cos ¢ + 5142 sin® 6 cos 2¢ + Aszsinfcos @ =» (0, @) terms
Ay cosb 3  LO term : determine Agp

As sin? 0 sin 2¢ + Agsin20sin ¢ + A7 sinfsing —>» very small terms P,

2

.'J' e oy, /
D

=

b

» A;, the ratio of helicity dependent cross-section over the unpolarized cross-section

O A;: the difference in the probability of emission of gluons by low x and high x patrons

O
O
O
O

Lam-Tung relation: Ay = A,

A,: sensitive to the Boer-Mulders transverse momentum dependent PDFs
Ag: is expected to be small

A, sensitive to the weak mixing angle (investigate its variation AA,)
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A; at LHCb - p1 Dependent

1.2 T T T 0.3
- LHCb _ L Measurement + Uncertainty
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Yuhao Wang (yuhao.w@cern.ch)

The first measurements of the angular coefficients of

Drell-Yan ™1~ pairs in the forward rapidity region of

pp collisions at 13TeV

Measurement are corrected to the Born level

The uncertainty is dominated by statistical uncertainty
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A; at LHCb - y Dependent

0.4 r—r—r————————————————————— ] — ——————r———
A LHCb 015k A, ¢ Measurement + Uncertainty
03F °°0 {s=13 TeV, 5.1 fb’ 7 3
75<M,,<105 GeV/c? 0.1 + ResBos
0.2F =
0.05
0.1F = v +—+— - 1 0 e e o
i 1 o005
0.2 03 r .
015 A, 4 02 AA, -
0.1} 4 o1 .
B — — iy — + m
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Yuhao Wang (yuhao.w@cern.ch)

» Reasonable agreement between the measurements and

ResBos calculations for Agto AA,

» The Ay — A, (Lam-Tung relation) has noticeable

differences in the highest y region

= indicate a y dependence in the QCD resummation
or higher-order effects
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R —
A: at LHCb - Boer-Mulders TMD

» A, is sensitive to the TMD

» The measured A, deviates significantly from all predictions in the lowest p region for the low-mass region

> None of the predictions include nonperturbative spin-momentum correlations

> The total uncertainty (shown in the figure) is dominated by the statistical component.

50 — 75 GeV/c? 75 — 105 GeV/c? 105 — 120 GeV/c?

0.8 ——— 0.6 0.8 T T
0.6k A2 LHCb ] _ 0.5F AZ y>2, 75<Muu<105 GeV/c? - 06k Az 2, 105<Mw<120 GeV/ict
Vs =13TeV, 5.1 fb ) 0.4 Measurement + Uncertainty |
0.4} y>2, 50<M, <75 GeV/e® 1 3L % POWHEG+PYTHIA 1 o04f :
Pythia8, LHCb tune
02k 4  02F v DYTurbo - 02k _
3 » n z 0.1k + ResBos B .
- v .
Offay ety X0 WY = 0T Vo y XU %y FE T opetvrgy § Y vy
~02} 4 -Olf 1 -02f -
0 el el é P A 1IO M P 1I5 el PR 20 0 A i A i 5 i i M i 10 M A 2 M 15 M M L M 20 0 5 10 15 20
p, [GeVic] p,. [GeVic] p, [GeVic]
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e
Z Production Cross-section Measurement

_ + ~1 Q T
» LHCb pp data @ 5.02 TeV (2017), L =100+2 pb S wl oHo .
g 10° }[E)O—?Sbolz Tev Z —»u*u simulation
O H|gh Signa| punty . ka /Nsi ~ 29 < - = hea ke I Hadronic backgrounds
9 9 8 0 y?/ndof = 22/30 I Electroweak backgrounds
: . . g 10 -
O Fiducial region : § i
T - 10
7 di-muon 1
pr > 20GeV/c 5 -
M+, <12
2<n<4b 60 < M,+,- < 120GeV/c o
10_360 80 100 120
. . M, [GeV/c?]
> Provide important tests of the QCD and the EW sectors o RoGh Aolo [
_ o o ) Luminosity 0.79 2.00
» Constrain the uncertainties of PDFs and nuclear modification factors Statistical 070 177
Tracking 0.40 1.01
: : _ : , : .7 7 % - Efficiency Closure 0.24 0.61
> Differential cross-section in bins of a = y*, p7, ¢7 : Trigger 0.21 0.54
Background 0.19 0.48
. Z . s o
dUZ—Hﬁ'M_ N Nz(Z) 5 fFSR(Z) Identification 0.10 0.25
(i) = = = FSR 0.07 0.18
da L-e%(i) - Aa(i) Calibration <40x10® <0.01
Total Systematic (excl. lumi.) 0.56 1.42
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e
Z Production Cross-section Measurement

> Single differential cross-section - Z boson rapidity y4 :

0 Consistent with theoretical predictions.

O Difference observed at lowest and highest rapidity bins due to the statistical fluctuations

S 80 B 1 1 1 T I 1 1 1 1 I 1 1 1 1 I | 1 1 1 _ S 1 1 1 I T 1 1 1 I 1 1 1 1 | T 1 1 1
S - . S B 7
bl‘\’;\ 70 :_ LHCb Statistical Uncertainty _: = 1.8 B Statistical Uncertainty LHCbH ]
=it - 100 pb’! Total Uncertainty : E‘ L Total Uncertainty 100 pb'l 4
- (5=5.02 TeV I ResBos+ CT18, NNLO : 2 1g. I Resbos+CTI8,NNLO  |5=502TeV 7
60 |- g JOMHEG--CIILNNLO S “°C I POWHEG +CTI8,NNLO ]
N T POWHEG + MSHT20, NNLO] - T POWHEG + MSHT20, NNLO i
N ¥ MCFM + CT18, NNLO N L ’ .
50 -] 14 I MCFM +CTI18, NNLO |_
40 i = L1l i
E YHC ’H iH y{}! E 1.2 ‘4} H{'
wp # : - q
. e #h . ] poeeeeees - %H‘--* ooeeeeres lﬂ* i i [ ---------------
20 -] fﬂ'l' f{l*
- vede iy i
oE B 0.8 ~ -
;n AR : B 7
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e
Z Production Cross-section Measurement

> Single differential cross-section - Z boson transverse momentum p%
[0 Consistent with theoretical predictions.

O Difference observed at low p% region

5 T T IIIIIII IIII T Ll lllllll

= - ] 8

= u ] S 1.6 s ; —
> 45F LHCb Statistical Uncertainty 3 5 - Statistical Uncertainty LHCb N .
\% - 100 pb™ Total Uncertainty ] g r Total Uncertainty 1!90—1)51302 - §
& 4F (5=5.02TeV I Resbos+ CT18, NNLO — é’ 14 [ I ResBos+CTI18,NNLO §=o0ele 7
S 3 £ POWHEG+CII8,NNLO 3 b I POWHEG+CT18,NNLO 1
: l }{} 1 POWHEG + MSHT20, NNLO . ~ | POWHEG + MSHT20, NNLO T
2E lf {l* E 12+ -
" {* u - { E
25F } = [ | : | l ]

- § 3 *
,* __ - T W
15 — } i . _:‘ - {* -
c LS : - i i
1E " E 0.8 | : { ~
C . ] L i
0.5F o =3 - .
: 11 | 1 1 1 [ PN I R | L : 0.6 i 1 L 1 1 LAl 1l | L 1 1 1 I T | | :
1 10 10 1 10 10°
p‘; [GeV/c] p? [GeV/c]
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e
Z Production Cross-section Measurement

> Single differential cross-section - ¢;: % — tan[(m — Ap')/2]/cosh(An'/2)

O Consistent with theoretical predictions. Eur.Phys.J.C71,1600(2011)

O qbﬁ is equivalent to p%, but less impacted by detector resolution effects

800 T IIIIIII T T IIIIIII

III T T IIIIIII

C 8 I
- . 1.6 - . —
ol = " LHCb Statistical Uncertainty ] A s Statistical Uncertainty LHCb B i
3|e 700 100 pb! Total Uncertainty B E‘ - Total Uncertainty {{(_)O_psbo2 o _
[ Vs=5.02TeV I Resbos+CT18, NNLO ] = 4L T ResBos+CTI8 NNLO STORIEY
» i POWHEG + MSHT20, NNLO A - T POWHEG + MSHT20, NNLO 4
500 = i , ]
_ } I { i l i . 1.2+ lT
400 - H = I ]i |
z ! L AT S
300 - t = 1 I { I | l * . i
i . {l* iy
N do 7] L
200 - = I t
C s N 0.8 —
100 - - - i ]
— 0 ] L -
o I 1 I l‘. I-l 0.6 L 1 llllll 1 L L lIIlll 1 1 1 ||1|||
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https://epjc.epj.org/articles/epjc/abs/2011/03/10052_2011_Article_1600/10052_2011_Article_1600.html

e
Z Production Cross-section Measurement

> Integrated cross-section at 5.02 TeV in the forward region:

Ozt = 39.6 0.7 (stat) £ 0.6 (syst) &= 0.8 (lumi) pb

O The MCFM predictions are consistent with current measurements of the Z boson at different energies

LHCb Vs =5.02 TeV, 100 pb™!
pT(p.) >20GeV/c

20<n)<4.5
60 < M, <120 GeV/c?

o, whw

—

Stat. Uncertainty
Total Uncertainty (without Lumi)

Total Uncertainty

=39.6 £ 0.7 (stat) = 0.6 (syst) £ 0.8 (lumi) pb

ResBos + CT18, NNLO
POWHEG + CT18, NNLO
POWHEG + MSHT20, NNLO
POWHEG + NNPDF4.0, NLO
POWHEG + NNPDF3.1, NLO
MCFM + CT18, NNLO

Yuhao Wang (yuhao.w@cern.ch)
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Z Production Cross-section Measurement

o ST
» Update of nuclear modification factors at 5.02 TeV > | . Zown
® 4 LHCb (pPb data)
. . . - a i Y Yy =2'1EY _ Zoprus i
O The first Z boson production measurement in pPb collisions : 2 3f backward (MC PYTHIAS) 1
JHEP 09(2014)030 T
07yt u- (fwd) = 13.5%54(stat.) + 1.2(syst.) nb § ’F (a) T E
07yt (bwd) = 10.784(stat.) + 1.0(syst.) nb s E
O With latest results in pp collisions, the NMF in the forward %0 80 100 120
m.,- [GeV/c?]
(1.53 < y} <4.03) and backward (-4.97 < y}; <—2.47) region o ST —
) % o Zoptu
are first measured as : S 4F rHob (pPb data)
) - pPb \syy =5TeV _ Zesr- .
Ry p, = 1.2703 (stat) £ 0.1 (syst) RP5, = 3.6755 (stat) & 0.2 (syst) g 3— forward IT GEESEEE
5 r
0 The theoretical predictions are : 8 2F (b) |‘ 3
REAM = 0.906+04%2 REA™ = 0929743, i :
B L]
= about 2.3 sigma difference mainly due the low statistics o6g—r—~—-’;‘0J . 1'20

M., [GeV/c?]
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https://link.springer.com/article/10.1007/JHEP09(2014)030

-
Summary

> Highlights of last year's LHCb measurements using Z boson as probe:
v The first study of the angular coefficients of Drell-Yan pu pairs in pp collisions at 13 TeV in the forward region
v" The first measurement of Z boson production cross-section in pp collisions at 5.02 TeV in the forward region

v' The first measurement of nuclear modification factor in pPb collisions at 5.02 TeV in the forward region

> A lot of anlayses are working in progress for new exciting measurements !
OO0 W cross-section @ 13 TeV
OO0 Zee cross-section @ 13.6 TeV
O Z + jets cross-section @ 13.6 TeV
O ..
Many thanks for your attention !
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