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Why Vector boson + heavy flavour (HF) quarks?

| Probes the HF content of the proton PDF |

| Constrains the V+HF backgrounds |
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Search for a high-mass dimuon resonance produced in association with b quark
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http://arxiv.org/abs/2307.08708
http://dx.doi.org/10.1103/PhysRevLett.121.121801
https://arxiv.org/pdf/2109.02653.pdf

Heavy flavour tagging at CMS

Identification of heavy-flavour jets
JINST 13 (2018) P0O5011

A new calibration method for c jets
JINST 17 (2022) P03014

https://cms.cern/news/performance-jet-flavour-

algorithms-ml-calibrate-ml-data
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http://dx.doi.org/10.1088/1748-0221/13/05/P05011
http://dx.doi.org/10.1088/1748-0221/17/03/P03014
https://cms.cern/news/performance-jet-flavour-algorithms-ml-calibrate-ml-data

Iden‘l'ifica'rion Of hZGVY-flOVOLlr‘ jefs JINST 13 (2018) PO5011
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tracks charged

« Tagging based on Deep Neural Networks and Combined Secondary
Vertex tagger (DeepCSV) |

« Exploiting combined heavy flavour quark kinematic properties:

jet

v’ Secondary vertex
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Identificaﬁon Of hCClVY-flOVOUf‘ jets JINST 17 (2022) P03014

displaced
tracks
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« Charm jet tagging based b-tagging discrimination in between b and jet
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http://dx.doi.org/10.1088/1748-0221/17/03/P03014

Recent results from CMS experiment in pp
collisions at /s = 13 TeV

W + ¢ quark (2308.02285, Submitted to EPJC)
Z + c jets (JHEP 04 (2021) 109)
Z + b jets (PRD 105 (2022) 092014)
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2308.02285,
W bOSOﬂ + char'm Submitted to EPJC

5,d W /W

Strange quark content of the proton O o/

+ s/s asymmetry

d+g— W+ cis Cabibbo supressed g 000000 c/c

Charm tagging: | iy iy iy Sy

A muon inside the jet (SL channel) Analysis rely on the correlation between
A displaced secondary vertex inside the jet (SV
channel) c-jet charge and lepton charge from the

W boson leptonic decay: background

Charm charge:

Muon charge (SL channel) rejection using SS-OS subtraction
Sum of charged of tracks originating from the [l

secondary vertex (SV channel)
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http://arxiv.org/abs/2308.02285

W boson + charm 2308.02285,

Submitted to EPJC
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2308.02285
+ 2308.02285,
W boson Char‘m Submitted to EPJC
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2308.02285,
wW bOSOI’I + char'm Submitted to EPJC

Results

W+c production cross section and o(W*+c)/o(W-+c) cross section ratio with full Run 2 data
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2308.02285,
Submitted to EPJC

W boson + charm

Results

Fiducial and differential unfolded cross section as a function of the pseudorapidity (n) and

transverse momentum (pT) of the lepton from the W decay
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2308.02285,
W bOSOI"I + char'm Submitted to EPJC

Results

Highest precision cross section ratio: RZ = g(W* + ¢)/a(W ™ + ¢) as a function of the
pseudorapidity (n) and transverse momentum (pT) of the lepton from the W decay
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Events /0.2 GeV
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Z boson + charm

 Charm quark content of the proton

Measurement of total and differential

distributions of Z+c using 2016 data
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JHEP 04 (2021) 109

g 29099900 > C

i Strateqy:

| Charm contribution obtained fitting

I
; 'templates of Z+c, Z+b and Z+light-jet
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http://dx.doi.org/10.1007/JHEP04(2021)109

y4 bOSOﬂ + Char‘m JHEP 04 (2021) 109
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y4 bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

 4FS vs 5FS: gxp_erimental test of the @ WL ——— AN
beaty dynamics in the proton v v ﬂ\
)

« Test of pQCD with HF: gluon splitting, _
quark mass effects, NLO effects > @ q —

https://cms.cern/news/z-and-b — e e e e S e e e e e e e e e e e e e e = -
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http://dx.doi.org/10.1007/JHEP04(2021)109
https://cms.cern/news/z-and-b

Z bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

Results (21 b-] et) Theory: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO

Testing pQCD with leading b-jet transverse momentum
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good description of data by MG5_aMC(LO)
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Z bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

- Theor: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO
Results (21 b-jet) StaP P
Testing pQCD with dR between Z boson and b-jet (sensitive to NLO corrections)
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But do not completely describe the shapes of some kinematic observables
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Z bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

Results (22 b-] et) Theory: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO

Testing pQCD with leading b-jet transverse momentum
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good description of data by all generators
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PRD 105 (2022) 092014

Z boson + b-quark(s)

Th €0I'VY: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO

Results (22 b-jet)

bb and Zbb invariant masses important in searches for resonances and new patrticles
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Z bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

Results (22 b-] et) Theory: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO

bb and Zbb invariant masses important in searches for resonances and new patrticles
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Z bOSOﬂ + b-quar'k(S) PRD 105 (2022) 092014

Results (22 b-] et) Theory: Madgraph LO, NLO w/NNPDF30/31 + CP5tune and Sherpa NLO
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A—1: emission of additional group radiation
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 Recent 13 TeV CMS measurements of W+c, Z+b, and Z+c have
been presented: many interesting results improving our
understanding of pQCD

 Results of differential cross-sections have enabled the extraction of
Information related to PDFs, NNLO precision, and strange guark sea

* In general, there Is good agreement with NLO predictions. However,
there Is a minor tension observed in the case of Z+c, where the
predictions overestimate the data by ~20%

Thank You for your attention!
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good description of data by MG5_aMC(LO)
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