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m How LHCb measurements are used in PDF fits and other LHCb measurements with
sensitivity to high-z PDFs

m Studying PDFs with heavy flavor jets

m Searching for intrinsic charm at LHCb
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The LHCb detector (
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https://arxiv.org/abs/1412.6352

LHCDb kinema
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This talk will focus on the high-z, high- Q? regime
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LHCDb data in PDF fits



LHCb measurements in PDF fits: W and 7
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Recent PDF fits using LHCb data
» CT18 (PRD 103, 014013 (2021))
s NNPDF3.1 (EPJC 77, 663 (2017)) q v
m MSHT20 (arXiv:2012.04684)
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https://arxiv.org/abs/1912.10053
https://arxiv.org/abs/1706.00428
https://arxiv.org/abs/2012.04684

LHCb measurements in PDF fits: W and Z production

Z — pp and W — pv at 8 TeV, JHEP 01 (2016) 155
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m Z — ppat 7 TeV (JHEP 08 (2015) 039) =
m Z — ecat 7 TeV (JHEP 02 (2013) 106) =
m 7 — ee at 8 TeV (JHEP 05 (2015) 109)
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W — v at 7 TeV (JHEP 12 (2014) 079)
W — ev at 8 TeV (JHEP 10 (2016) 030)
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https://arxiv.org/abs/1511.08039
https://arxiv.org/abs/1505.07024
https://arxiv.org/abs/1212.4620
https://arxiv.org/abs/1503.00963
https://arxiv.org/abs/1408.4354
https://arxiv.org/abs/1608.01484

LHCb’s impact

EPJC 77, 663 (2017)
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Current LHCD data provides powerful constraints on the quark PDFs at high-z



https://arxiv.org/abs/1706.00428

Additional measurements:

More Z production

Z — 71 at 8 TeV

(JHEP 1809 (2018) 159)

Z — pp/ee at 13 TeV
(JHEP 09 (2016) 136)
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https://arxiv.org/abs/1607.06495
https://arxiv.org/abs/1806.05008

Additional measurements: W + j and Z + j (
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m Asymmetries and ratios minimize scale uncertainties — greater PDF sensitivity
m Sensitive to quark PDFs above z ~ 0.5 (see e.g. PRD 93, 014008 (2016))
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https://arxiv.org/abs/1605.00951
https://arxiv.org/abs/1505.01399

Studying PDFs with Heavy Flavor Jets at
LHCDb



Heavy flavor jet tagging at LHCb (

Z — bb (Phys. Lett. B776 (2018) 430)
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m Jets are using displaced secondary vertices and two BDTs: BD Ty |45y and BD Ty,
m b (c) jets tagged with 65% (25%) efficiency with 0.3% mistag probability
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https://arxiv.org/abs/1504.07670
https://arxiv.org/abs/1708.05994
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https://arxiv.org/abs/1505.04051

tt at 13 TeV (
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a Measured in the y+ e + b final state m Syst. and stat. uncertainties are similar

a Probes the gluon PDF at high-z m Syst. uncertainties dominated by

b-tagging efficiency
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https://arxiv.org/abs/1803.05188

Searching for Intrinsic Charm at LHCDb



Intrinsic charm in the proton

arXiv:1810.00264 EPJC 77, 663 (2017)
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Most PDF fits assume charm is generated perturbatively for Q* > m?
Intrinsic charm (IC) implies (z);c = fol ze(z, Q* = m?)dz > 0

See e.g. AHEP 2015 (2015) 231547 for a review

NNPDF3.1 fits ¢ PDF independently: (z); = (0.4 4+0.4)%
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https://arxiv.org/abs/1810.00264
https://arxiv.org/abs/1706.00428
https://arxiv.org/abs/1504.06287

Fixed target charm production (
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System for Measuring Overlap with Gas (SMOG)

Fixed target D° production probes the charm PDF at low-Q? and high-z

No evidence for significant 1C

Low-Q? fixed target charm production data is difficult to interpret and usually
omitted from PDF fits
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https://arxiv.org/abs/1810.07907

Probing IC with Z + ¢

g c g

m An ideal probe of IC should be sensitive to the ¢ PDF at high-z AND high- Q?
m Z + c production at LHCb probes the ¢ PDF in the valence region at Q? ~ m%
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Outlook (

Run 2 projection Run 3 projection
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m Run 2 measurement in progress m Sensitive to valence-like (z);~ ~ 0.3% by
m Sensitive to valence-like IC down to the end of Run 3
about (z);o ~ 1% m Sensitive to IC favored by NNPDF3.1
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https://arxiv.org/abs/1512.06666

Conclusions

m LHCDb data provides significant constraints on the quark PDFs at high-z in
state-of-the-art PDF fits

m Measurements using heavy flavor tagged jets provide additional information

m W+ ¢(b) probes the s(b) PDF
m tt probes the ¢ PDF

m LHCb has performed IC studies in fixed target mode, and studies of Z + ¢ production
at 13 TeV are in progress.

m Expect to rule out or observe valence-like IC at the level of (z);o ~ 1% in Run 2 and
0.3% in Run 3

Thank You!
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LHCb Trigger
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https://arxiv.org/abs/1710.02867

Beam Energy
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https://arxiv.org/abs/1410.0149

and W + bb (
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First ever measurement of W + ce
cross-section



https://arxiv.org/abs/1610.08142

and bb at 13 TeV (
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m Yields determined using template fits to jet tagging BDT outputs:
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