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Phenomenology of V+HF at the LHC

Heavy flavours tagging performances in ATLAS & CMS

Selected results at \/E = 13 TeV in ATLAS & CMS

/+b-jets (ATLAS & CMS)

W+c-jets (CMS), W+c-hadrons (ATLAS)

/+C (CMS)

Summary, conclusions and perspectives
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10~ LHC Is the most
efficient V+|et
1072| Factory of the

Precision tests of the SM: differential xsecs, EW couplings, phase space world!

Production Cross Section
S

Modeling: critical test for Higgs physics with b-jets (H->bb, ttH...) I

4. - -
Searches: new resonances in VH(bb), blb/cc resonances, susy, 2HDM ... 107 e

Precision QCD: constrain PDFs, quark sea, NNLO precision, HF proton dynamics (intrinsic charm, nFS)
3



/
/

Phenomenology of V+HEF physics -

/

how it looks like (in CMS) ;7

W’A pp — Z+b — pp+bb



Heavy flavour tagging at CMS
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Heavy flavour tagging at CMS

, CMS Simulation 2017 (13 TeV)
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Heavy flavour tagging at ATLAS

from low-level - track-based algorithms based on different b/c-quark
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Hc:avy ﬂavour taggmg at ATLAS

Background rejection

Light-flavour jet ratio
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Associated Z boson and beauty at 13 TeV with CMS

pohysics

4FS vs 5Fs: experimental test of the
beauty dynamics in the proton

critical test of pQCD with HF: gluon
splitting, quark mass effects, NLO effects

crucial for modeling of H->bb
observables, VH, Z’ searches

Deep r

reachir

eural network-based b-tagging
g /0% efficiency mistag rate c-

quark and light ~10% and ~1%

~ backgrounds
top quarks -> data driven
ight, charm jets -> control regions
multiboson + others -> MC
strategy

Unfolded differential spectra for Z (ll) + (>0), (>1) b-jets
and ratios

usual Z(ll)+jets kinematic cuts + b-tagging

=Xploring the Zbb phenomenology over a vast set of
observables

Predictions at LO and NLO, 4F and 5F by
MadGraph5_aMC@NLO and Sherpa

Phys. Rev. D 105 (2022) 092014
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Associated Z boson and beauty at 13 TeV with CMS

testing pQCD: leading b-jet pr differential spectra
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Associated Z boson and beauty at 13 TeV with CMS

New physics searches for resonances structures Iin invariant mass
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Associated Z boson and beauty at 13 TeV with CMS

QCD tests with asymmetries and soft radiations
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Associated Z boson and beauty at 13 TeV with ATLAS

JHEP 07 (2020) 044
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Associated Z boson and beauty at 1 3 TeV with ATLAS
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Associated Z boson and beauty at 13 TeV with ATLAS

resummation and soft QCD
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Associated Z boson and beauty at 13 TeV with ATLAS

INclusive cross section and flavour schemes
JHEP 07 (2020) 044
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Associated Wboson and charm-jets at 13 TeV with CMS

CMS-PAS-SMP-21-005
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insight on the strange content of the proton: strange PDF and s/§ asymmetry

d+ g - W+ cis Cabibbo suppressed
s(x) + s(x)

u(x) + d(x)

® Fiducial and differential unfolded cross section as a function of the
nseudorapidity NZ and transverse momentum (pZt ) of the lepton from

the W decay compared to NNLO a displaced secondary vertex inside the
jet (SV channel)

test strangeness suppression R[s(x)] =
Charm tagging:

a muon inside the jet (SL channel) +

® |n W+cC events, the electric charge of the W is opposite to the charge | |
of the ¢ quark (OS) - where charge is identified with the p inside the 4 exclusive Cate.gorles (SV/SL)
jet) -> background rejection using same SS-OS subtraction combined
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Associated Wboson and charm-jets at 13 TeV with CMS -
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Associated Wboson and charm-jets at 13 TeV with CMS

0.8
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Associated Wboson and charm-jets at 13 TeV with CMS
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Associated Wboson and charm-hadronsat 13 TeV with ATLAS

Phys. Rev. D 108 (2023) 032012
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Associated Wboson and charm-hadrons at 13 TeV with ATLAS

Phys. Rev. D 108 (2023) 032012

°DF comparison: very nice agreement
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sensitive to the strange sea
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Assoclated Wboson and charm-hadrons at 13 TeV with ATLAS

Phys. Rev. D 108 (2023) 032012

sensitive to strange/antistrange asymmetry
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Associated Wboson and charm-hadrons at 13 TeV with ATLAS
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Associated Z boson and charm at 13 TeV with CMS

Phenomenology of Z+C events
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Associated Z boson and charm at 13 TeV with CMS

Differential cross sections
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Associated Z boson and charm at 13 TeV with CMS

Differential cross sections
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Conclusions

N Recent 13
have been

CMS

ATLAS

EXPERIMENT

=,

3 \ !
= 3 ; !
e )

TeV ATLAS&CMS measurements of W+c, W+D, Z+b, Z+c unfolded spectra

th. predict

ONsS

presented: many interesting results improving our knowledge of pQCD and

® Results of differential cross sections allows to extract information on PDFs, NNLO

precision,

strange quark sea

® General very good agreement over NLO predictions. Some minor tension on Z+cC
where predictions overestimate data by ~20% (CMS) in Z+b spectra (ATLAS) and
W+D (ATLAS)

..what’s next?

® V+HF phase space extensively tested over many interesting observables. Missing the

inclusion of new FS strategy and solve the comparison between 4
direction with TMD possible

- and 5F also new

® Much more to come... W+bb, V+b/c ratio, photon+b/c, Higgs+b/c, new predictions,

flavour sc

hemes, TMDs and much more!
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Ratos ol Z+b/Z+c, Z+b/Z+) and Z+c/Z+
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Ratos of Z+b/Z+c, Z+b/Z+) and Z+c/Z+
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Ratos ol Z+b/Z+c, Z+b/Z+) and Z+c/Z+
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. MadGraph5_aMC@NLO (ME) + PYTHIAS / HERWIG (PS)

- Sherpa (ME + PS) up to NLO

33

Status of theoretical calculations

NNPDF PDFs

- LO: up to 4 partons, KT-MLM matching available at LO and
* NLO

- NLO: up to 2 partons, FxFx merging

. Powheg (ME) + PYTHIAS (PS) up to NLO MMTH PDF set at

NLO
several (CP5)

- Geneva 1.0-RC2 (ME) + PYTHIA8 (PS): PYTHIAS tunes

- NNLO DY production + NNLL higher order resummation

- Only for Z+jets processes . HF treatment

* MCFM (ME) - 4FS, b mass and 4 PDFs
- Z/\W+1 jet NNLO calculations - 5FS b mass=0 and 5 PDFs
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Heavy flavor tagging at collider

¢ several taggers CERN-CMS-DP-2017-005
Jet Probability: likelihood that jets is coming CMS-PAS-BTV-15-001
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Associated Z boson and beauty at 13 TeV with CMS

/b Kinematics and angles

very good
agreement over the
full AR range within
the uncertainties
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Associated Wboson and charm-hadrons at 13 TeV with ATLAS
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