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Motivation
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Ø Previous LHCb studies of 𝑍 + 𝑐-jets yield results that could be 
explained by the proton having an intrinsic charm content 

§ Proton contains a charm quark content that is 
equivalent to the | ⟩𝑢𝑢𝑑  picture

Ø Occurs at large values of Bjorken-𝑥, i.e. when the 𝑐-quark 
carries a large fraction of the proton’s overall momentum 

Ø Existence of intrinsic charm hotly disputed
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Ref. [1]



How can we observe this?
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The intrinsic charm quark valence distribution of the proton, NNPDF Collaboration, Ref. [2]



How can we observe this?
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Ø Forward coverage of LHCb ⇒ measurements of 
highly boosted 𝑍 bosons possible

Ø Following Feynman diagrams probe the large-𝑥 
region:
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How can we observe this?
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Ø Forward coverage of LHCb ⇒ measurements of 
highly boosted 𝑍 bosons possible

Ø Following Feynman diagrams probe the large-𝑥 
region:
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Ø 𝑐-quarks hadronise to form 𝐷 mesons, which are 
reconstructed from a selection of kaons and pions

Ø 𝑍 boson reconstructed using 𝑍 → 𝜇!𝜇" channel

! " ! "
𝐷# → 𝐾"𝜋! 𝐷! → 𝐾"𝜋!𝜋! 𝐷$! → 𝐾"𝐾!𝜋!



𝒁 + 𝑫 production mechanisms
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Ø Single parton scattering (SPS): 𝑍 boson and 
𝐷 meson produced in same parton-parton 
interaction
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1Ø Double parton scattering (DPS): 𝑍 boson and 
𝐷 meson produced in separate parton-parton 
interactions
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Ø 𝑍 + 𝐷 production cross-section for DPS events:

Ø Can determine expected cross-section from DPS 
events ⇒ subtract this from measured 
cross-section to give contribution from SPS events

What do we expect to see?
An intrinsic charm component would show up 
as a larger than expected contribution from SPS 
events.



Signal yields
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What do we expect to see?
An intrinsic charm component would show up 
as increased event yields in some regions of 
kinematic variables. Ø Signal yield obtained from fit to 𝐷 meson mass peak:

§ Signal: double Gaussian

§ Background: first-order polynomial

Ø Determine signal yield as a function of the rapidity of 
the 𝑍 boson (𝑦(𝑍))

Ø Do we observe an enhancement in ⁄𝑁(𝑍 + 𝐷) 𝑁(𝑍) for 
large 𝑦(𝑍)?

𝐷# → 𝐾"𝜋!
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Summary
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Ø Studying 𝑍 + 𝐷 production at LHCb provides access to the intrinsic charm content of the proton

Ø 𝑍 + 𝐷# and 𝑍 + 𝐷! events were observed during Run 1

Ø Updated analysis with larger Run 2 dataset allows production mechanisms and kinematic properties of the 
events to be studied

Ø Further studies with Run 3 dataset necessary to determine full picture
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