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IJMP A30 (2015) 1530022

https://doi.org/10.1142/S0217751X15300227


High pT physics at LHCb
“From a heavy flavor physics experiment to a general purpose detector”
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Forward acceptance (2<η<5) access
low and high Bjorken-x values:

Test proton structure in regions 
complementary to other detectors

IJMP A30 (2015) 1530022

Phys. Rev. D 93, 074008 (2016)

https://doi.org/10.1142/S0217751X15300227
https://doi.org/10.1103/PhysRevD.93.074008


Electroweak and QCD measurements
● Forward Z boson production: JHEP 07 (2022) 026

○ Precision tests in NNLO pQCD similar to experimental results,
○ High (up to ~0.8) and low (~ 5 x 10-5) Bjorken-x regions have limited information,
○ LHCb can provide complementary information here, especially for u/d PDFs at high x.

● Measurement of Z angular coefficients: Phys. Rev. Lett. 129 (2022) 091801
○ Measure the angular coefficients of the final state muons in Drell-Yan production,
○ Access the polarization of the intermediate gauge boson to study underlying QCD.

● Charged hadron distributions in Z-tagged jets: arXiv:2208.11691
○ First measurement of jet fragmentation functions (JFFs) for identified charged hadrons 

produced in association with a Z boson in the forward region.
● Z production in association with charm: Phys. Rev. Lett. 128 (2022) 082001

○ Proton wave function may contain an intrinsic charm (IC) component,
○ Presence of IC would alter the rate and kinematics of c-hadrons (x-sections, astrophysics),
○ IC can be measured in Z+c events in the forward region.
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https://doi.org/10.1007/JHEP07(2022)026
https://doi.org/10.1103/PhysRevLett.129.091801
https://arxiv.org/abs/2208.11691
https://doi.org/10.1103/PhysRevLett.128.082001


Measure production Z cross-section at LHCb → sensitive to PDFs in low/high x.
Integrated and differential (function of yZ, pT

Z, 𝜙*η) cross-sections are measured:

Forward Z boson production
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JHEP 07 (2022) 026

Fiducial region (LHCb acceptance)

μ 2 < η < 4.5 pT > 20 GeV

μμ 60 < m < 120 GeV

Difference in the azimuthal angle 
between the two muons

Total background ~ 1.5%

https://doi.org/10.1007/JHEP07(2022)026


Systematics dominated by efficiency corrections (track 
reconstruction, PID and trigger) and luminosity determination.

Forward Z boson production
JHEP 07 (2022) 026

Differential (measured at Born level in QED)

Integrated
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Most precise measurement in the forward region up to date!

(294 pb-1)

https://doi.org/10.1007/JHEP07(2022)026


Measurement of Z angular coefficients
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Phys. Rev. Lett. 129 (2022) 091801

LO

LO (AFB)

NLO NLO (polar and azimuthal μ angle)

NNLO (very small contributions)

1) Measure A0-3 and ΔA4 as a function of pT
Z and yZ for 75 < m(μμ) < 105 GeV,

2) Test the Lam-Tung relation (A0 = A2) → violation already previously observed,
3) Probe the TMD Boer-Mulders PDF in low (50-75 GeV) and high (105-120 GeV) 
m(μμ).

Direct probe of the polarization of the intermediate gauge boson to test QCD
Measure the polarization fractions of final state leptons in pp → γ*/Z → μμ + X

Phys.Rev.D84:012007,2011

https://doi.org/10.1103/PhysRevLett.129.091801
https://doi.org/10.1103/PhysRevD.84.012007


Measurement of Z angular coefficients
Small high pT (>50 GeV) data sample 
allows to fix A5-7 to zero.

Similar dataset to the Z x-section 
measurement but with much lower 
background contamination (0.2%). 
Analysis statistically dominated.

Agreement with most of the 
predictions (exc. Pythia8).

Lam-Tung violation present as well, in 
agreement with ATLAS and CMS. 
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Phys. Rev. Lett. 129 (2022) 091801

https://link.springer.com/article/10.1140/epjc/s10052-012-2001-6
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.021802
https://doi.org/10.1103/PhysRevLett.129.091801


Measurement of Z angular coefficients

Multiple mass regions studied 
(dominated by γ* and 
interference with Z), sensitive to 
the evolution of TMD Boer- 
Mulders PDF with the hard scale.
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Phys. Rev. Lett. 129 (2022) 091801

Significant deviations in the lowest pT region from all 
predictions. Non-perturbative spin-momentum 
correlations not included in any of the predictions.

https://doi.org/10.1103/PhysRevLett.129.091801


Charged hadron distributions in Z-tagged jets

Z+j production in LHCb dominated by qg → 
Zq, providing sensitivity to quark TMD FFs.

JFFs measured in Z-tagged j as a function of 
z and jT

11

First measurement of jet fragmentation functions (JFFs) for identified charged 
hadrons produced in association with a Z boson in the forward region.

arXiv:2208.11691, submitted to PRD

https://arxiv.org/abs/2208.11691


Charged hadron distributions in Z-tagged jets
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PID efficiency (h±) determined in intervals of pT, η and track multiplicity.
Impurity of the h± sample (mis-identified K, p and π) less than 5%.

arXiv:2208.11691, submitted to PRD

https://arxiv.org/abs/2208.11691


Charged hadron distributions in Z-tagged jets
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Predictions generated with Pythia 8.186 + CT09MCS PDF:

arXiv:2208.11691, submitted to PRD

Data can be used to tune MC generators for production of identified h± 

https://arxiv.org/abs/2208.11691


Z boson production in association with charm

Probe IC by studying Z+c events in the forward pp region.
IC would produce an enhancement in the Rj

c ratio for large y(Z) values, in NLO:
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Phys. Rev. Lett. 128 (2022) 082001

Phys. Rev. D 93, 074008 (2016)

→ Z + any type of jet

→ Z + c-jet

Definition of the fiducial region

https://doi.org/10.1103/PhysRevLett.128.082001
https://doi.org/10.1103/PhysRevD.93.074008


Z boson production in association with charm
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Phys. Rev. Lett. 128 (2022) 082001

Jet flavours separated with 
Displaced Vertex (DV) tagger 
(function of number of tracks and 
corrected mass).

Corrected mass → minimum 
mass the long-lived hadron can 
have consistent with the flight 
direction.

Systematic uncertainty dominated 
by limited knowledge of 
c-tagging efficiency.

68 694 Zj events

https://doi.org/10.1103/PhysRevLett.128.082001


Z boson production in association with charm
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Phys. Rev. Lett. 128 (2022) 082001

Sizable enhancement is 
observed in the 
forward-most y(Z) bin.

Ratio of observed to 
no-IC-expected values is 
1.85 ± 0.25.

Evidence of IC with 3σ 
using LHCb data from 
NNPDF collaboration

Nature 608, 483–487 (2022)
(see Tommaso Giani’s talk on Thu)

https://doi.org/10.1103/PhysRevLett.128.082001
https://www.nature.com/articles/s41586-022-04998-2


Summary

LHCb has an extensive EW and QCD physics program, which can help to study 
complementary Bjorken-x regions to other central experiments, tune MC 
generators, and constrain PDFs.

EW measurements with the full Run 2 datasets and complementary final states in 
preparation.

Searches for exotic signatures not covered in this talk → analyses still not 
complete but almost ready, stay tuned for Summer conferences!
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_QEE.html


Thanks for your attention 18
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From Menglin Xu’s talk at Moriond EW 2023

https://indico.in2p3.fr/event/29681/contributions/122544/attachments/76641/111217/04-MXu-v1.pdf
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