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Electroweak (EW) Physics

The EW sector is one of the best understood sectors of the SM
the highest precision possible
Both theoretical predictions and experimental measurements

have remarkable precision
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Deviations potentially indicate the presence of BSM physics sin2®L°,$‘(Tev+LH§:3
High-precision EW physics is sensitive to NP at multi-TeV :E:E
scales, and new particles we might not be able to directly
produce at the LHC
arXiv:2211.07665v1
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https://arxiv.org/pdf/2211.07665

The LHCb Run2 Detector

« Small angle spectrometer, covering the forward region, 2 <n <5
« The detector has a high-precision tracking system

« Momentum resolution, Ap/p~0.5%
JINST 3 (2008) S08005

AL, HEAL Ma M5
SPD/PS M3 250mra

RICH2 M1 M2
3

- High purity PID for muons, £(u) > 95%
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Why LHCDb

LHCDb covers the forward region

s measurements can constrain the PDFs at both high and low parton

momentum fractions

The complementarity to ATLAS and CMS has remarkable effects in LHC

combinations

s for my, measurement, PDF uncertainty is anticorrelated, including LHCb

data helps reduce the overall PDF uncertainty

LHCb

ATLAS W~

ATLAS W~

ATLAS W* ATLAS W LHCb Tevatron

EPJC 84 451 (2024)

(before latest CMS & ATLAS my, measurement)

arXiv: 0808. 1847v1

LHC parton kinematics

X, , = (M/14 TeV) exp(zy)

10°F Q=M M=10TeV =

[ DY lepton pair production at LHCb

Q* (GeV?)
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https://arxiv.org/abs/0808.1847
https://link.springer.com/article/10.1140/epjc/s10052-024-12532-z

Electroweak Measurements at LHCb full shopping list

W and Z boson cross section measurement JHEP 01 (2016) 155, JHEP 01 (2022) 026 ...

my, measurement with 2016 data JHEP 01 (2022) 036

Z — ptu~ angular coefficients measurements with Run2 data  Phys. Rev. Lett. 129 (2022) 091801

JHEP 12 (2024) 026

Measurement of the effective leptonic weak mixing angle with Run2 data

m > measurement with 2016 data arXiv: 2505. 15582

W cross section and my, measurement with 5.02 TeV data LHCb-PAPER-2025-031
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https://lbfence.cern.ch/alcm/public/analysis?filter=%255B%257B%2522id%2522%253A1%252C%2522name%2522%253A%2522QCD%252C%2520Electroweak%2520and%2520Exotica%2522%252C%2522fullName%2522%253A%2522QCD%252C%2520Electroweak%2520and%2520Exotica%2522%252C%2522parent
https://link.springer.com/article/10.1007/JHEP01(2022)036
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.091801
https://link.springer.com/article/10.1007/JHEP12(2024)026
https://arxiv.org/pdf/2505.15582
https://link.springer.com/article/10.1007/JHEP01(2016)155
https://link.springer.com/article/10.1007/JHEP01(2022)036

Electroweak Measurements at LHCb full shopping list

« The entire EW sector, at LO, can be determined with three parameters, e.g. my,, mz and G,

2
« At LO, through EW unification sin?6,, = (1 — ::—Vz;)

= sin?6,, encapsulates the vector and axial-vector couplings of fermions to the boson

Measurement of the effective leptonic weak mixing angle with Run2 data JHEP 12(2024) 026

m measurement with 2016 data arXiv: 2505. 15582

W cross section and my, measurement with 5.02 TeV data LHCb-PAPER-2025-031

CERN
\\
S

EW Precision Measurements at LHCb 24/07/2025



https://lbfence.cern.ch/alcm/public/analysis?filter=%255B%257B%2522id%2522%253A1%252C%2522name%2522%253A%2522QCD%252C%2520Electroweak%2520and%2520Exotica%2522%252C%2522fullName%2522%253A%2522QCD%252C%2520Electroweak%2520and%2520Exotica%2522%252C%2522parent
https://link.springer.com/article/10.1007/JHEP12(2024)026
https://arxiv.org/pdf/2505.15582

. . . .2 nlept
Effective Leptonic Weak Mixing Angle, sin“6 _

At higher order, sinzele‘?f?t = krsin®60y,, absorbing the higher order corrections

« In Z - p™u~ production, without requirements applied to final state leptons in Collins-Soper frame,

the differential cross section follows dcoZH* « 1 + cos?0* + acosH*
. ) ; * __0¢f—0p _ 0(cos0*>0) — 0(cosO0*<0)
Linear in cos@* causes forward backward asymmetry, Ag, 0oL = 0(c0s0%20) 7 0(C0s6¥<0)

« The measurement is challenging at LHC, the quark parton interacting can be in either proton

- At high rapidities, the definition of the Z axis at proton-level matches more closely that at parton-

—
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https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf?version=1

: lept
Slnz Geef? Measurement at LHCb - -A-fb JHEP 12 (2024) 026

- Separating the events by |cos6*| enhances the sensitivity to the coefficient of the linear term

o cosO* ~ tanh(|Anl/2), An=n——n"

+ The difference in Ag, caused by a change in the sin26'?" increases with |An|

« Increase of sensitivity, ~14% by studying A, as a function of dimuon pseudorapidity diffference

B

EO10L'|””|””|“”|““”“IH.II"HI""””“”II_' 5 F-"1r -~ 1T 77 T L

LHCDb simulation

g 100 LHCb 5.4 fb-! 1 < 03F  LHCb54fb! S 3
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https://link.springer.com/article/10.1007/JHEP12(2024)026

. 1
smzeeff?t Measurement at LHCb

JHEP 12 (2024) 026

« Comparing measured A, with Powheg-Box EW predictions at NLO in strong and EW couplings

allows sin26'°?" to be extracted
« The PDF uncertainty < statistical uncertainty because of the use of the LHCb acceptance

« Profiling techniques are not necessary to reduce the PDF uncertainty in this analysis

EOlO'_'|""|""|""|""|""|""|""|""|""|""|'_' 'E prrrrrrprrrrprrrrprrrrpr vy prrer e e
. a9
< I LHCbS54fb! ] 500025 —— NNPDF3.1 uncertainty ]
—  sin?0%=0.228 —_— | = [ —— Asin20%;=5x 10~ T et
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https://link.springer.com/article/10.1007/JHEP12(2024)026

. lept
sin?Z@ eefflfa Measurement at LHCb P 12 (0281 026

sin26.°P" = 0.23147 + 0.00044 (stat.) +0.00005 (exp.) + 0.0023 (theo.)

e The result is consistent with other direct measurements and — Toutuncrainy

Statistical uncertainty

with predictions from the global EW fit T

« Theoretical uncertainty includes PDF uncertainty, and - ——

uncertainties from QCD and EW correction sy

JHEP 09 (2015) 049

LA vy

- The total uncertainty is dominated by statistics RSy 1w =
EPJC 78 (2018) 701

2 ATLAS 8 TeV preliminary

———
ATLAS-CONF-2018-037
£ CMS13Tev
g 2iXiv2408 07600
&S || LHCb 13 Tev
LHCB-PAPER-2024-028
. . 2| Electroweak Fit (J. Haller ef al')
more detaﬂS: CERN Semlnar g EPJC 78 (2018) 675
-5 | Electroweak Fit (J. de Blas et al.) IS
§ g PRD 106 (2022) 033003
T3
£A 1 | | 1 1
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https://indico.cern.ch/event/1403080/
https://link.springer.com/article/10.1007/JHEP12(2024)026

m > Measurement

« my can be indirectly determined in a global EW fit: 91204.7 + 8.8 MeV
« At LEP, (an ete~ collider), m» was measured with beam-energy scan, 91187.6 + 2.1 MeV

« At hadron collider, measuring m; is very challenging as many particles are produced

simultaneously Xiv: 2505. 15582
arAlv. .

o CDFII: 91192.3 £ 7.1 MeV

—— Total uncertainty
Statistical uncertainty

o CMS: myz —Mppg = — 2.2 +4.8 MeV
LEP combination ———
Phys. Rept. 427 (2006) 257
CDF
— ————

Science 376 (2022) 170

Measurements

CMS-PAS-SMP-23-002:

Direct

calibration, and corrections. Although Z — uu events are not used to determine the values of
the parameterized muon momentum scale calibration, they are used, together with the mEDG
value [5], to define the systematic uncertainties. Therefore, our m; value is not a measurement
that is independent of the experimental world average.

Electroweak fit (J. de Blas et al.)

PRD 106 (2022) 033003

Indirect
\© Determinations

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 L
1150 91160 91170 91180 91190 91200 91210 91220
m, [MeV]
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https://arxiv.org/pdf/2505.15582

Dedicated m > Measurement at LHCb

« m? =2p*p~(1 —cosh), neglecting the final state particle mass p: momentum
« 0 is determined with extremely high precision in Z and Y decays

« The main challenges are

o detailed detector calibration to control momentum measurement biases

o cannot use Z information for the calibration

107 LHCDH Jp(1S) prompt-like sample
o /5= 13T pw P W(2S) Y“YS)ZS pr(p) > 1GeV, p(u) > 20 GeV
@ et

Y(3S)

—_
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@)

et z
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S
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Candidates / o[m(up)]/ 2
5z 3

05

10° 10* 1
Phys. Rev. Lett. 120 (2018) 061801 m(pp) [MeV]
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Momentum Calibration

A transformation to the measured momenta of charged particles

p— (1+a+pB/p—qbp)p

o a: a momentum-scale offset caused by a miscalibration of the bending power of the magnet and/or

the tracker length scale

= fB: a possible inaccuracy in the ionisation-energy-loss corrections

s § is a q/p bias due to a mis-alignment of the tracking detectors

a and f are performed with ¥ - u*pu~ sample

JINST 19 (2024) P03010

The momentum bias model captures the overall trend well

1.0010 =

arXiv: 2505. 15582
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https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010
https://arxiv.org/pdf/2505.15582

Momentum Calibration

« The Y — p*tpu~ mass distribution shows good agreement between data and simulation after

calibration
106 arXiv: 2505. 15582
X
S AL Ss50000 bt S
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https://arxiv.org/pdf/2505.15582

m » Result at LHCb

« S

ensitive via the dimuon mass distribution

« Dimuon mass templates are generated from

Powheg-Box [Eur. Physcs. J. C 73 (2013) 6], with EW theory

input scheme: (Gg, my,, mz)

the NNPDF3.1 PDF are used

processed with photos for modelling of
additional photon radiation and with Pythia for

simulating the rest of the event

arXiv: 2505. 15582

30000 —
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https://inspirehep.net/literature/1220256
https://arxiv.org/pdf/2505.15582

m Z Res u It at LH C b more details: CERN Seminar

arXiv: 2505. 15582

- Using 2016, 1.7 fb~! dataset

my = 91184.2 + 8.5 (stat.) = 3.8 (syst.) MeV

« Demonstrate the feasibility of a dedicated m; measurement at the LHCb and LHC

Total uncertainty
Statistical uncertainty
Source Size [MeV] LEP combination
——
Momentum scale and resolution modelling | 3.6 Detector material, stat. unc., external inputs I Phys. Rept. 427 (2006) 257
QED corrections I 0.8 Pythia instead of PHOTOS | g CDF
o @
Parton distribution functions | 0.7 Envelope from NNPDF31, CT18, MSHT20 | 5 2 Science 376 (2022) 170
(5]
=R
Muon ID, trigger and tracking efficiency I 0.1 Statistical uncertainties; method choices | ap= LHCD
)
Statistical 8.5 LHCb-PAPER-2025-008
Total 9.5 é Electroweak fit (J. de Blas ef al.)
£ o
.- PRD 106 (2022) 033003
£ 35
< o
E Q 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
91150 91160 91170 91180 91190 91200 91210 91220

m, [MeV]
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https://arxiv.org/pdf/2505.15582
https://indico.cern.ch/event/1525997/

my, Measurement at LHCb

- Experimental challenges:

= W cannot be fully reconstructed with good precision as the undetected neutrino

s a significant amount of QCD background complicates signal extraction

- myy sensitivity from pk, my, is extracted through a template fit to the p~ shape

Must carefully determine the kS 60 W_' ) | B B §'W+ o
momentum of the outgoing muon 8 fit region LHCb simulation fit region
5 ' (s=13 TeV ' !
Precise modelling of the production of W I 17,74 ;" 40 m
bosons and backgrounds X o = w
Pr X Pr H s — 4300 MeV
= _—
+ L S
w miss g
i Dy X Uur z L
J 105t | | O
= N . Ty e il W
. 3 1 ; : : :
| e R = o
| 095+ | : : -

—004 -003 -002 —001 0 001 002 003 004
q/pr [1/GeV]
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my, Measurement at LHCDb

« A proof-of-principle measurement, using 2016, 1.7 fb~! dataset

my = 80354 + 23 (stat.) + 10 (exp.) + 17 (theory) + 9 (PDF) MeV

Demonstrate the feasibility of my, measurement at the LHCDb

JHEPO1 (2022) 036

The theoretical modelling of the signal process is deeply embedded in the fit.

%10° Source Size [MeV]
‘ W o LHCb W+ o Parton distribution functions 9
_ 1sop fitregion | A N it region | Theory (excl. PDF) total 17
E - W — pv Transverse momentum model 11
5 100 Z - up Angular coefficients 10
o
ED FSR model 7
& v - Q
2 50t B Light hadrons Additional electroweak corrections
M
I Rare backgrounds Experimental total 10
0 Momentum scale and resolution modelling 7
- 14F Model uncertainty Muon ID, trigger and tracking efficiency 6
3 1'21 . - e T e Isolation efficiency 4
S 08} QCD background
0.6t ; : L i
—0.04 —0.03 —0.02 —00I 0 001 002 003 004 Statistical 23
Muon g/py [1/GeV] Total 32
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Users/menglin/Downloads/JHEP01(2022)036.pdf

W — uv Cross Section @ 5.02 TeV

LHCb-PAPER-2025-031 (in preparation)

do

« It would be much simpler to measure — first, then extract my,
dpt LHCb, 100 pb~!, V5 =5.02 TeV
S [T > * T = 7 ¢ [ & gy ]
. . . . (;'2) 2000 [ e + giz;[::al
« Use muon isolation information to subtract the background, 5 [ Calibrated
. . . S 1500k LHCb Prefiinary’ -
then perform the differential cross-section, doyw _,,,/dpT g
O L
o muon isolation: the scalar sum of the transverse momenta 1000 | .
of all other charged particles and electromagnetic b :
calorimeter clusters within a distance (An)2 + (A¢)? < 0.52 } '
0 S '
« External analysts can use our published cross-section to extract 0 ? ! S wison 1@

my, based on their own theoretical predictions or assumptions

(C\ERN? EW Precision Measurements at LHCb 24/07/2025 19



W — up Differential Cross Section @ 5.02 TeV

Use Vs =5.02 TeV data, C;,; = 100 = 2 pb~! as a proof of principle

12 bins of pt, 8 bins of muon isolation, 2.2 <n < 4.4, 28 < pt <52 GeV

Interval in pr

(GeV)

LLHCDb-PAPER-2025-031 (in preparation)

do/dpr (pb/GeV)

Wt — uty,

W= —uv,

LHCb, 100 pb~!, Vs =5.02 TeV
= RIS L L R N AR BEAN A R IR L R R R
L
O 2000 | data N
— BN clectroweak
= i i [ heavy flavour
:;; L g M [ hadrons
E 1500 [ phins . W v, &
£ LHCb Preliminary ]
1000 | W+t =
500 .
0 8 16 24 32 40 48 56 64 72 80 88
Interval of pt and isolation
pr bin 1 p; bin 4

28-30
30-32
32-34
34-36
3638
38-40
40-42
42-44
44-46
46-48
48-50
90-52

11.89 £0.44 £ 0.35
14.35 £ 0.46 £+ 0.29
17.66 +0.48 + 0.29
18.88 +0.51 £ 0.29
22.74 £0.56 £ 0.32
23.50 £0.58 £0.29
17.16 £ 0.563 £ 0.31
10.45 +£0.43 £ 0.28
6.01 £0.35 £ 0.17
3.46 £ 0.30 £ 0.12
2.59 +£0.26 = 0.12
1.75+0.21 £0.14

14.77 £ 0.47 £ 0.36
15.69 £ 0.48 £ 0.25
15.60 = 0.48 £ 0.23
16.10 = 0.48 £ 0.22
16.54 £ 0.49 £ 0.23
14.58 £0.48 £0.21
10.27 £ 0.42 £ 0.20
6.14 = 0.35 £ 0.18
3.29 £ 0.28 £0.10
242+0.24+£0.10
1.66 £ 0.22 £ 0.07
1.42 £0.18 = 0.08

LHCb Preliminary
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W — up Differential Cross Section @ 5.02 TeV

- Largely diagonal due to excellent p resolution

LLHCb-PAPER-2025-031 (in preparation)

« The unfolding can be performed without regularisation

52 IL'HIC'blSi'muIati(')n
5 o i
Sl W -
_g* LHCb Preliminary . i
§44- -. i
7

Sa0f .. ;
L

) N

36 . g
32t .. g
28:‘.""'1'1--11-- glig 5

ik i ]
26 30 34 38 42 46 50 54
True pr [GeV]

response matrix

1.0

— 0.0

LHCb, 100 pb~!, Vs =5.02 TeV
L L L B,

—52
>

<) w

5148 LHCb Preliminary

36

I 1 1T I T 1 1 | LI I T 1 1 I T 1 1

32

:zEg P I T T T [ T TR T A TR ST SR N SO S S A S T
28 32 36 40 44 48 52

pr [GeV]

statistical correlation matrix
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W — uvp Integral Cross Section @ 5.02 TeV

LLHCb-PAPER-2025-031 (in preparation)

OW+opty, = 300.9 + 2.4 (stat.) + 3.8 (syst.) £ 6.0 (lumi) pb

Ow-—pv, = 236.9 + 2.1 (stat.) = 2.8 (syst.) £ 4.7 (lumi) pb

LHCb, 100 pb~!, Vs =5.02 TeV
N R T R ML N

= LN A
= CTI8 LHCb Preliminary
g245 NNPDF31 7
*g [ [ NNPDF40 o ORI
. . g b - ... MSHT20 .
« The results are compared with predictions at % 240l P Measurement -
NNLO from MCFM generator, link ; ' P

« Predictions have uncertainties on varying PDF 235

members and scale variations ol o’ _

PR SR TR S SR NN NN TR T SR SN SN ST S T S S SN NN SN S SN T N
290 295 300 305 310 35
W cross-section [pb]
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https://mcfm.fnal.gov/

my, Measurement

= Fitdo/d péf with a semi-arbitrary model to extract my,

LLHCb-PAPER-2025-031 (in preparation)

LHCb, 100 pb~!, Vs =5.02 TeV
;25:—% [ ¥ [ FLF GEL VP T (7 KO B L8 % 1 [ X LT Ga] ot [0

o inputs: 24 do/d p¥% values and one 24 x 24 OO S W
covariance matrix |20 0000 LHCb Preliminary
sls [ 4 ]
o fit can be performed with any model N | — TR el ]
_.*r_ fl
« Model in this analysis: Pythia, reweighted to DYTurbo - [ .
. 10 F -4~ ki
(NNLO + NNLL unpolarised, NLO angular terms) ' | 7 Fit result 1
L 1L my + 500 MeV I
5010077 my—500 MeV 7

- | ¢ Data

¢ )/ I P P RS P PN FREE P RN P P PR R
28 30 32 34 36 38 40 42 44 46 48 50 52

pr [GeV]
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m W M eas u re m e nt LLHCb-PAPER-2025-031 (in preparation)

my, = 80371 £ 130(exp.) £ 32 (theo.) = 80371 £ 145 MeV

e Total uncertainty
« First analysis to measure do/d p# at a hadron collider B Sty
Phys. . D 70 2004) 052008
. . . DOII —————
° PTOOf—Of'prlnCII)le Wlth 5 . 02 Tev dataset Phys. Rev. Lett. 108 (2012) 151804
“ LEhP\smg«lﬁnaEm ?‘em 3)119
« Same method on 201742018 13 TeV data givesa ~12 : 2.
g % CDFII ———
MeV statistical uncertaint PR | SARRSICRIRA
y s LHCb Preliminary ——
CM$ ' - ——
LHCbD do/dpr
LHCh-PAPER-2025-031
WS
p=| Gfitter
i E EPJC 78 (2018) 675
EE HEPfit
Eg Phys. Rev. D 106 (2022) 033003
80100 80150 80500 80&50 80!300 SOCI’»SO 80)100 80&50 80!1300 80550

my [MeV]
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Summary

« LHCb measured my, with 2016 data, the weak mixing angle with 2016-2018 data, m; with
2016 data and my, with 2017, 5.02TeV data

« The precision of all those measurements is limited by the statistics
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Future Prospects
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Z Mass Measurement Supplementary
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Z Mass Measurement Supplementary
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W — uv Cross Section @ 5.02 TeV Supplementary

- Relative systematic uncertainties on the differential cross-sections
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e

HCb, 100 pb~!, Vs =5.02 TeV
EEN EARS BERE RELE

IIIIIII_I

lIIIIIIIII]IIIIIIII"IIII

Total

Hadronic background
Isolation

Muon efficiency
Charge independent
momentum biases

Charge dependent
momentum biases

Unfolding

oo
T T I

LHCb Preliminary

—— gy — e A

Relative uncertainty (%)
@)
I
BV APpad0

LY
Ll T I T Ll Ll

IIIIII.IIIII Illlllllllll

|
0 2 4 6 8 10 2 14 16 18 20 22
I Interval of pr and charge

wW-

W+

(C\ERN& EW Precision Measurements at LHCb 24/07/2025
N

30



W — uv Cross Section @ 5.02 TeV Supplementary

« Correlation matrix corresponding to the total systematic uncertainty

LHCb, 100 pb~!, Vs =5.02 TeV

pr and charge
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W — upv Cross Section @ 5.02 TeV Supplementary

« Results of the myy fit with three different PDF sets compared to the baseline (NNPDF 3.1).

LHCb-PAPER-2025-031 (in preparation)

PDF set x>  mw [MeV] Shift [MeV] PDF uncertainty [MeV]
NNPDF3.1 26/21 80368 £ 130 - 28
MSHT20 28/21 80382 4+ 130 +14 14
CT18 25/21 80363 + 130 —d 23
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