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Motivation: Forward Z + c production (arXiv:2109.08084)
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Ideal probe of valence-like intrinsic charm (PRD 93, no.7, 074008 (2016))

Observe an enhancement at high y(Z), consistent with IC

b/c-jet tagging also used to search for H → cc/bb:
yb < 7ybSM and yc < 80ycSM (LHCb-CONF-2016-006)
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https://arxiv.org/abs/2109.08084
https://arxiv.org/abs/1512.06666
http://cds.cern.ch/record/2209531?ln=en


The LHCb detector (Int. J. Mod. Phys. A 30, 1530022 (2015))

Forward spectrometer:
2 < η < 5

tracking, calorimetry,
RICH, muon systems

Excellent vertex resolution
(10− 50 µm in x and y)

Track σ(p)/p ∼ 0.5− 1.0%
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Optimized for heavy flavor physics → ideal for identifying heavy flavor jets
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https://arxiv.org/abs/1412.6352


Heavy flavor jet tagging in Run 1 (JINST 10 P06013)

Z → bb̄ (Phys. Lett. B776 (2018) 430)

Jets are identified using displaced secondary vertices and two BDTs: BDTbc|udsg and BDTb|c

b (c) jets tagged with 65% (25%) efficiency with 0.3% mistag probability

Not optimizied for Run 2 + Can improve c-tagging performance with a dedicated algorithm.
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https://arxiv.org/abs/1504.07670
https://arxiv.org/abs/1708.05994


Charm jet tagging with Displaced Vertices in Run 2

mcor ≡
√
m2 + (p sin θ)2 + p sin θ
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Ntrk ≡ number of tracks in DV
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“Tag” jets with a 2, 3, or 4-track displaced vertex (DV)

Determine the composition of the tagged jets using a 2D fit to mcor and Ntrk
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Tagging charm jets in Z + c
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Efficiency is measured using a tag-and-probe method with a dijet calibration sample

Total c-jet yield determined using fully reconstructed D0 → K−π+ and
D+ → K−π+π+

Efficiency is about 24% for 20 < pT(j) < 100 GeV
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Outlook

PRD 93, no.7, 074008 (2016)
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LHCb is uniquely suited for studying charm jets

Run 3: factor of ∼ 3 increase in sensitivity to intrinsic
charm in Z + c production

V +H(→ cc) with 300 fb−1 at LHCb potentially sensitive
to yc as small as ∼ 2ySMc (see Davide’s talk)
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https://arxiv.org/abs/1512.06666
https://indico.cern.ch/event/1030068/contributions/4514244/
https://arxiv.org/abs/1808.08865


Thank You!



Tag-and-Probe
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W + (c, b) (PRD 92 (2015) 052001)

Probes s/s̄ PDFs via gs→Wc
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∼ 2σ tension in A(Wc) could point to an
asymmetry between s and s̄ PDFs

Tom Boettcher Higgs October 20, 2021 2 / 5

https://arxiv.org/abs/1505.04051


tt̄ at 13 TeV (JHEP 08 (2018) 174)
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Measured in the µ+ e+ b final state
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Syst. and stat. uncertainties are similar

Syst. uncertainties dominated by
b-tagging efficiency
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https://arxiv.org/abs/1803.05188


tt̄, W + cc̄, and W + bb̄ (Phys. Lett. B767 (2017) 110)
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First ever measurement of W + cc̄
cross-section
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https://arxiv.org/abs/1610.08142


cc̄ and bb̄ at 13 TeV (JHEP 02 (2021) 023)
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Yields determined using template fits to jet tagging BDT outputs:

t0 = BDTbc|udsg(j0) +BDTbc|udsg(j1)

t1 = BDTb|c(j0) +BDTb|c(j1)

Theoretical uncertainties dominated by scale uncertainties
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https://arxiv.org/abs/2010.09437
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