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Motivation

Theory: fermions acquire mass through interaction with Higgs field 
→ Do all particles get their mass through Brout-Englert-Higgs mechanism? 

Direct search for Higgs coupling to 2nd generation of quarks: H→cc

[ATLAS-CONF-2021-021] 
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Charm tagging and analysis strategy

Is the jet initiated by a c-hadron? 

Machine learning algorithm based on 
mass and lifetime of heavy hadrons  
for identification of c-jets 

Strategy: c-tagging + b-tag veto
c-tagging+b-veto 

efficiency
b-tagging 
efficiency

c-jets 27% 11%
b-jets 8% 70%

light-jets 1.6% 0.2%

Charm tagging:
Analysis strategy:

Categorisation: 
1 and 2 c-tag  
Orthogonality with VH(bb)
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Higgs boson mass
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Fitted signal strength of VH(cc), VZ(cc) and VW(cq) from profile likelihood fit 
•μVH(cc)  = -9 + 15 - 15 
•μVZ(cc)  = 1.16 + 0.50 - 0.46  → validation of the 2 c-tag category 
•μVW(cq) = 0.83 + 0.25 - 0.23 → validation of the 1 c-tag category 
→ Result in agreement with the Standard Model prediction
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Result and interpretation

VH(→cc):  <26 x SM@95 CL 
VZ(→cc):    2.6σ 
VW(→cq):  3.8σ

Kc interpretation:

|Kc| < 8.5 @95% CL

Best limit on VH(cc)   
Most stringent direct constraint on Kc 
Measurement of W→cq and Z→cc using c-tagging
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)cVH(c
µ95% C.L. limit on 
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Expected
Observed

ATLAS Preliminary
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c c→VH, H 

0 lepton
 SM×Exp.= 40 
 SM×Obs.= 35 

1 lepton
 SM×Exp.= 60 
 SM×Obs.= 50 

2 lepton
 SM×Exp.= 51 
 SM×Obs.= 49 

Combination
 SM×Exp.= 31 
 SM×Obs.= 26 

Result:



Back up
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Tagging c-jets is challenging 
•Lifetime and mass of c-hadrons in between b-hadron and light hadrons measured in detector 
•Use Machine Learning to distinguish signal = c-jets from background = b-jets and light-jets

Charm tagging

c-hadron

c-quark

c-jet

b-hadron

b-quark

b-jet

light-hadron

light-quark (uds)

light-jet

Displaced  
secondary 

vertex
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Charm tagging calibrations
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VHcc categorisation: 
• 2 c-tag + b-veto 
• 1 c-tag + b-veto 

VHbb categorisation: 
• 2 b-tag 

Orthogonality with VHbb: 
•Always < 2 b-tagged jets

Analysis strategy: how do I reconstruct my Higgs?

Categorisation of events with 2 jets
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VHcc categorisation: 
• 2 c-tag + b-veto 
• 1 c-tag + b-veto 
• Additional b-veto on 3+jets 

VHbb categorisation: 
• 2 b-tag 

Orthogonality with VHbb: 
•Always < 2 b-tagged jets 

Analysis strategy: how do I reconstruct my Higgs?

Categorisation of events with 3 jets
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2018: ATLAS
arXiv:1802.04329

2019: CMS
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t

ex
p

ob
s

7900

6400

150

110

37

70

2016: LHCb
LHCb-CONF-2016-006

2021: ATLAS Time
1

10

100

1000

10000
7900

xSM@95% CL

6400

110 70

150

3737

70
31

Sensitivity timeline of VHcc

26

37

70



M. Stamenkovic, LHCP Poster session, 10.06.21 12

Kc interpretations

Kc interpretation: quantify possible deviations from the SM  
•Parametrise signal strength as a function of coupling enhancement Kc 
•Assume Ki = 1 for other fermions and bosons 
•Only sensitive to Kc if μ < 35 due to Higgs width in parametrisation 
•Direct constraint:  |Kc| < 8.5 @ 95% CL (<12.4 @ 95%CL expected) 

•Only sensitive to Kc through combination of 0-, 1 and 2-lepton
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Breakdown of uncertainties

Breakdown of uncertainties 
•Similar statistical and 
systematic uncertainties  

•Dominant systematic 
uncertainties: 
•Background modelling: 
V+jets and ttbar 

•Simulation statistics 
•Truth flavour tagging 
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Background composition plots: postfit 0-lepton
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Background composition plots: postfit 1-lepton
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Background composition plots: postfit 2-lepton
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Results: signal strength
VH(cc) POI VZ(cc) and VW(cq) POI
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Postfit distributions: 0-lepton
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Postfit distributions: 1-lepton
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Postfit distributions: 2-lepton

2 jets 3+ jets 2 jets
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