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LHCb

• Designed for flavour physics – but also able to act as general purpose forward detector. 
• Overlap with ATLAS/CMS precision coverage in 2.0< η<2.5; unique precision coverage in 

2.5<η<5.

• Single arm spectrometer, fully instrumented in the forward region.

JINST 3 (2008) S08005
and Int. J. Mod. Phys. A 30, 1530022 (2015)

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
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PRL 120 (2018) 061801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
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LHCb – datasets
• LHCb runs at a reduced luminosity 

compared to ATLAS and CMS.
• Provides very clean environment with 

reduced pileup.

• Integrated Luminosity recorded:
• LHC Run 1:   3/fb @ 7, 8 TeV.
• LHC Run 2:   6/fb @ 13 TeV.

• Proposal to record at least 300/fb of data 
at LHCb as part of the HL-LHC.

arxiv:1808.08865

https://arxiv.org/abs/1808.08865
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Cross-section Measurements
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Electroweak Cross-section Measurements

• Factorisation theorem [schematic]:

• Cross-section measurements and ratios are 
sensitive to PDFs.
• Partonic level calculation give percent level 

accuracy; but PDF uncertainty usually larger.
• Measurements used to constrain PDFs.
• LHCb covers a unique region in x-Q2 plane.

• But also probe pQCD in the hard interaction.
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Selected LHCb Measurements

• Wide selection of measurements at different 𝑠 and for different final states –
including:

• 𝑍 → 𝜇𝜇 JHEP 09 (2016) 136, JHEP 01 (2016) 155, JHEP 08 (2015) 039, JHEP 06 (2012) 058   
• 𝑍 → 𝑒𝑒 JHEP 05 (2015) 109, JHEP 02 (2013) 106
• 𝑍 → 𝜏𝜏 JHEP 09 (2018) 159, JHEP 01 (2013) 111 
• 𝑊 → 𝜇𝜈 JHEP 01 (2016) 155, JHEP 12 (2014) 079 
• 𝑊 → 𝑒𝜐 JHEP 10 (2016) 030
• 𝑍 + jets, W+ jets JHEP 05 (2016) 131, JHEP 01 (2014) 33 
• 𝑍 + HF, W+ HF  PLB 767 (2017) 110, PRD 92 (2015) 052001, JHEP 01 (2015) 064, JHEP 04 (2014) 091
• 𝑍 → 𝑏,𝑏 PLB 776 (2018) 430

More details at 
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html

https://link.springer.com/article/10.1007/JHEP09(2016)136
https://link.springer.com/article/10.1007/JHEP01(2016)155
https://link.springer.com/article/10.1007/JHEP08(2015)039
https://link.springer.com/article/10.1007/JHEP06(2012)058
https://link.springer.com/article/10.1007/JHEP05(2015)109
https://link.springer.com/article/10.1007/JHEP02(2013)106
https://link.springer.com/article/10.1007/JHEP09(2018)159
https://link.springer.com/article/10.1007/JHEP01(2013)111
https://link.springer.com/article/10.1007/JHEP01(2016)155
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP10(2016)030
https://link.springer.com/article/10.1007/JHEP05(2016)131
https://link.springer.com/article/10.1007/JHEP01(2014)033
https://www.sciencedirect.com/science/article/pii/S037026931730062X?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052001
https://link.springer.com/article/10.1007/JHEP01(2015)064
https://link.springer.com/article/10.1007/JHEP04(2014)091
https://www.sciencedirect.com/science/article/pii/S0370269317309589?via%3Dihub
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html
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LHCb combination

Precision Z production
• Require two forward leptons with pT > 20 GeV, 2.0< η<4.5, 60 < 𝑚11 < 120 GeV 

JHEP 09 (2016) 136

• Differences between PDF sets already show power of LHCb to provide constraints 
- but broad agreement between LHCb data and theory.

https://link.springer.com/article/10.1007/JHEP09(2016)136
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Precision Z production
Rapidity

JHEP 09 (2016) 136
and A Banfi et al., EPJC 71:1600 (2011)

𝝓𝜼∗ = tan
𝜙acop
2

/ cosh
∆𝜂
2

~
𝑝F
𝑚11

Broad Agreement between data and theory
LO Pythia8 provides better description of data than 
NLO POWHEG + Pythia (when no dedicated  
POWHEG/Pythia tune used).

https://link.springer.com/article/10.1007/JHEP09(2016)136
https://link.springer.com/article/10.1140/epjc/s10052-011-1600-y
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𝑍 → 𝑏,𝑏 production
• Require two forward b-jets with pT > 20 GeV, 2.2< η<4.2, 45 < 𝑚II < 165 GeV 

Phys. Lett. B776 (2018) 430

Measure:
𝜎KK→L→MM = 332 ± 46 ± 59 pb

Predict with aMC@NLO:
𝜎KK→L→MM = 272RSTUV ± 5 pb

Good agreement between theory 
and data.

https://www.sciencedirect.com/science/article/pii/S0370269317309589?via%3Dihub
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Impact of LHCb measurements

Key constraints on 
intrinsic charm.

J. Rojo, Proceedings of DIS XXV, https://arxiv.org/abs/1705.04468
and NNPDF Collab, EPJC 77: 663 (2017) 

PDF uncertainties 
halved at high-x.

+ more!

https://arxiv.org/abs/1705.04468
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5199-5
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Precision EW variables
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Measuring the Weak Mixing Angle at the LHC
• Presence of vector and axial-vector couplings of Z boson 

(related to weak mixing angle) introduce parton level 
forward-backward asymmetry.

d𝜎
d cos 𝜃∗ ∝

3
8𝐴 1 + cosT 𝜃∗ + 𝑩𝐜𝐨𝐬𝜽∗

• Parton level Afb diluted at proton level because of 180°

ambiguity in direction of z-axis (which aligns with quark 
in collision). At rapidity = 0, Afb = 0.
• However, when the Z is forward, it is produced by a 

high-x parton and low-x parton colliding. PDFs dictate 
that the high-x parton tends to be the quark – providing 
a well-defined axis and reduced dilution.

𝐴`a =
𝑁(cos 𝜃∗ > 0) − 𝑁( cos 𝜃∗ < 0)
𝑁(cos 𝜃∗ > 0) + 𝑁( cos 𝜃∗ < 0)

(z-axis defined by direction of initial state quark)
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Weak Mixing Angle – Why LHCb?
Collisions where Z boson follows quark direction

• Reduced dilution at larger 
rapidities improves statistical 
sensitivity of Afb to weak mixing 
angle.

• Impact of how well we know 
dilution (PDFs) also reduced if 
correction for dilution is small     
⟹ significantly reduces PDF 
uncertainty when extracting weak 
mixing angle from Afb in high 
rapidity events.

LHCb-PUB-2018-013

https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf
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Weak Mixing Angle – Current Measurements

JHEP 11 (2015) 190 (and other measurements) 

• LHCb result currently 
statistically limited.

• Other LHC experiments have 
large PDF uncertainties.

• However, forward acceptance 
leads to smaller theoretical 
uncertainties, so 
measurement at LHCb has 
significant potential with more 
data – which we will record 
following detector upgrades.

https://link.springer.com/article/10.1007/JHEP11(2015)190
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Prospects for the Weak Mixing Angle at LHCb
• Statistical uncertainty at LHCb negligible 

following upgrades.

• PDF uncertainty at LHCb from current 
knowledge is small: ~20×10Ri

[cf CMS ~57×10Ri].
• With Upgrade II dataset PDF unc at LHCb 

can be reduced below ~10×10Ri using 
PDF reweighting method     

[cf CMS@ 3000/fb, with 
reweighting ~10×10Ri].

LHCb-PUB-2018-013, and P. Azzi et al., arXiv:1902.04070
With method following A. Bodek et al, EPJC76:115 (2016)

Note: ATLAS expected performance similar to CMS;  
CMS quoted as similar study performed to LHCb.

https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf
https://arxiv.org/abs/1902.04070
https://link.springer.com/article/10.1140/epjc/s10052-016-3958-3


William Barter (Imperial College London) Slide 17EW Physics @ LHCb EPS-HEP Meeting: 12/7/19

Prospects for the W boson mass at LHCb

JHEP 01 (2016) 155, and G. Bozzi, L. Citelli, M. Vesterinen, A. Vicini, EPJC (2015) 75: 601
and S. Farry, O. Lupton, M. Pili, M. Vesterinen, EPJC (2019) 79: 497  

• Fit of the muon pT spectrum will allow 𝑚j measurement 
with statistical uncertainty O(10MeV), and PDF uncertainty  
O(10MeV) - enabling a high precision measurement.

• PDF uncertainty anti-correlated with ATLAS/CMS – LHCb will 
have major impact in LHC-wide combination.

• 𝑊 → 𝜇𝜈 production already (reasonably) 
well understood in LHCb data.
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https://link.springer.com/article/10.1007/JHEP01(2016)155
https://link.springer.com/article/10.1140/epjc/s10052-015-3810-1
https://link.springer.com/article/10.1140/epjc/s10052-019-6997-8
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Summary
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Summary
• LHCb has a rich programme studying forward EW bosons.
• Measurements of cross-sections at LHCb are among the most precise at the LHC, 

and provide a unique environment to test QCD – probing PDFs and the hard 
interaction.
• The forward region provides unique opportunities to study precision EW 

variables. 
• Theoretical uncertainties associated with measurement of the weak mixing angle 

are small at LHCb, and a future measurement should rival LEP+SLD precision -
comparable precision in HL-LHC to ATLAS/CMS over same time-frame.
• Measurements of the W boson mass at LHCb have main theory uncertainty (PDF) 

anti-correlated with measurements at ATLAS/CMS (reaching similar precision to 
ATLAS/CMS), and will play a key role in any LHC-wide combination.
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Backup slides
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JHEP 09 (2016) 136

https://link.springer.com/article/10.1007/JHEP09(2016)136
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JHEP 09 (2016) 136

https://link.springer.com/article/10.1007/JHEP09(2016)136
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Phys. Lett. B776 (2018) 430

https://www.sciencedirect.com/science/article/pii/S0370269317309589?via%3Dihub
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Phys. Lett. B776 (2018) 430

https://www.sciencedirect.com/science/article/pii/S0370269317309589?via%3Dihub
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Phys. Lett. B776 (2018) 430

https://www.sciencedirect.com/science/article/pii/S0370269317309589?via%3Dihub
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JHEP 11 (2015) 190

https://link.springer.com/article/10.1007/JHEP11(2015)190
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JHEP 11 (2015) 190

https://link.springer.com/article/10.1007/JHEP11(2015)190
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LHCb-PUB-2018-013

https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf
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LHCb-PUB-2018-013

https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf
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LHCb-PUB-2018-013

https://cds.cern.ch/record/2647836/files/LHCb-PUB-2018-013.pdf
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https://cds.cern.ch/record/2294888
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JHEP 01 (2016) 155

https://link.springer.com/article/10.1007/JHEP01(2016)155


William Barter (Imperial College London) Slide 33EW Physics @ LHCb EPS-HEP Meeting: 12/7/19

JHEP 01 (2016) 155

https://link.springer.com/article/10.1007/JHEP01(2016)155
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S. Farry, O. Lupton, M. Pili, M. Vesterinen, EPJC (2019) 79: 497 

https://link.springer.com/article/10.1140/epjc/s10052-019-6997-8
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S. Farry, O. Lupton, M. Pili, M. Vesterinen, EPJC (2019) 79: 497 

https://link.springer.com/article/10.1140/epjc/s10052-019-6997-8
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S. Farry, O. Lupton, M. Pili, M. Vesterinen, EPJC (2019) 79: 497 

https://link.springer.com/article/10.1140/epjc/s10052-019-6997-8

