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The LHCbdetector
ÅLHCbis the only dedicated 

detector (at LHC) fully 

instrumented in forward 

region

ÅUnique kinematic coverage

н ғ ʹ ғ р

ÅA high precision device, 

down to very low-pT, 

excellent particle ID, 

precise vertex and track 

reconstruction.
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Z boson as probe to nuclear/nucleon 
structures at LHCb

ÅZ boson production at LHCballows to probe the 
non-perturbative initial-state effects in kinematic 
window 

ÅBjorken-x in ρπ ὼ ρπ and ρπ ὼ ρ, 

Åwith ὗ άͯ ρͯπ'Å6.

ÅEW Z boson with leptonic decay: once created, do 
not participate in hadronic interactions, preserves 
the initial-state information. 

ÅTwo recent results:

ÅZ + cjetsproduction (PRL 128 (2022) 08200): probe intrinsic 
(valence-like) charm contents in protons

ÅZ in pPbcollisions(arXiv:2205.10213 [hep-ex]): Probe cold 
nuclear matter effects in initial states

Hengne Li, 15 June 2022 SQM 2022, 13 ς17 June 2022 Busan, Republic of Korea 3

Phys. Rev. D 93 (2016) 074008 Eur. Phys. J. C (2017) 77 :163

Intrinsic charm

Z boson, 
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Probe intrinsic charm

ÅIntrinsic-charm vs. extrinsic-charm.

Åὤ+ c-jets production:

ÅValence-like intrinsic charm contents in proton 
PDFs can enhance c-jet production especially 
at high Bjorken-x
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Leading-order Feynman diagrams for ὫὧO ὤὧ

Extrinsic-charm:
Perturbative 

short time scale

Intrinsic-charm:
Non-perturbative 
valence-quark-like 

long time scale

Phys. Rev. D 93 (2016) 074008



Probe intrinsic charm
ÅFirst study of ὤ+ c-jets in the forward 

region, with optimized c-tagging.

ÅMeasure ratio: 

„ὤ ὧÊÅÔÓȾ„ὤ ÁÌÌÊÅÔÓ

ÅPercent-level intrinsic-charm contribution 

would significantly enhance the ratio at 

high ώ(ὤ). 

ÅModels allowing intrinsic-charm are 

largely unconstrained at high ώ(ὤ).

ÅJet-related systematic uncertainties can 

largely cancel in the ratio.
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Z + c-jets

ÅLHCb Run2 (2015 ς2018) pp collisions at 13 TeV, 
about φÆÂ, using ὤᴼ‘‘ events:

Ὑ
ὔὤ ὧÊÅÔÓ

ὔ: ÁÌÌÊÅÔÓ‭ὧ ÔÁÇ

ÅC-jet is tagged using method based on displaced-
vertex (DV, or secondary vertex)
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Fiducial region/event selection

Systematic uncertainties

PRL 128 (2022) 08200

ÅLeading systematic uncertainty due to c-tagging calibration

ÅOther systematic uncertainties almost cancelled in the ratio. 

LHCb-DP-2021-006



Z + c-jets

ÅClear enhancement in highest ◐bin.

ÅInconsistent with No-Intrinsic-Charm theory at >Ɑ.

ÅMore consistent with intrinsic-charm-allowed 
predictions, such as the BHPS model based on light 
front QCD.

ÅHigh rapidity results should strongly constrain the 
large-●charm PDF.

ÅCurrent results are statistically limited, Run3 dataset 
will allow for finer binning.
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Probe nuclear modification with Z boson

ÅZ bosons are unmodified by the hot and dense 
medium created in heavy ion collisions,

ÅTheir leptonic decays pass through the medium 
without being affected by the strong interaction.

ÅάŎƻƴǎŜǊǾŜŘέ ǘƘŜ ƛƴƛǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜ ŎƻƭƭƛǎƛƻƴǎΦ

ÅIdeal probe of cold nuclear matter effects at 
Bjorken-x in ρπ ὼ ρπ and ρπ ὼ ρ, 
with ὗ ρͯπ'Å6.

ÅA calibration channel for probing the nuclear 
modification using other processes such as heavy 
quark production.
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Z boson, 
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Forward
backward
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