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Higgs coupling to charm quarks 

Goal: Use the ATLAS Full Run 2 dataset (13 TeV) to achieve best 
limit on VH(cc) process to date

• Second ATLAS Hàcc search, extending the previous iteration by 
including the Full Run 2 dataset, and all three lepton channels
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• Probe of Higgs coupling to 2nd generation of quarks 
• One of the largest contributions to Higgs width that 

we have no evidence for
• Small charm Yukawa coupling à susceptible to 

significant modifications in various new physics 
scenarios

http://cdsweb.cern.ch/record/2771724
https://arxiv.org/pdf/1802.04329.pdf


Analysis strategy
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1 c-tag 2 c-tag
75 < pTV< 150 GeV (*) 2 jet 3(+) jet 2 jet 3(+) jet

pTV > 150 GeV 2 jet 3(+) jet 2 jet 3(+) jet

à pTV – transverse momentum of the vector boson
(*) only in 2 lepton channel   

• Search in VH production
• Categorisation into channels by the decay of the 

vector boson
• Event categorisation in each channel:

• Cut-based analysis: mcc of two leading pT jets 
as a discriminant

• Simultaneous binned likelihood fit to the signal 
strength of VH(cc), VZ(cc) and VW(cq)



Flavour tagging

• Goal: Identification of c-jets and orthogonality to the 
VH(bb) analysis

• c-tagging + b-veto working point (WP): 

• dedicated c-tagger for the VH(cc) analysis 

• b-veto using the b-tagging strategy of the VH(bb) analysis

• Dedicated optimisation and calibration of WP:

• c-jets (27%), b-jets (8.3%), light-jets (1.7%)

• Define signal regions to require 1 or 2 c-tags
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Signal regions
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Discriminant: mcc of the two leading pT jets
Signal:  VH(cc), VZ(cc), VW(cq)
Major backgrounds: W+jets, Z+jets, Top à Constrained in dedicated control regions
Subdominant backgrounds: VH(bb),  VV background

1 lepton 2 lepton



Mass distributions
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1 c-tag 2 c-tag 1+2 c-tag

• mcc distributions with backgrounds subtracted à good data/simulation agreement 
• Diboson cross-checks measurements: 

• VW(cq) significance of 3.8σ (4.6σ expected)
• VZ(cc) significance of 2.6σ (2.2σ expected)

à First measurements of  VZ(cc) and VW(cq) using c-tagging! 



Signal strengths and limits 
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Best fit signal strength for VH(cc) 95% CL limits on μVH(cc)

• Best fit signal strength μVH(cc) = -9 ± 15 à compatibility with SM: 83.9%

• Statistical and systematic uncertainties of similar size 

• Leading systematics:  V+jets/top modelling and flavour tagging 

• Observed VH(cc) limit of 26 x SM (31 x SM expected) à best limit on VH(cc) yet! 



• Possible to reparametrise signals strength in terms of κi
coupling modifiers 

• Considering modifications to decay only 

• Signal strength parameterised as: 

(other coupling modifiers set to 1)

• Only sensitive to κc in this parametrisation if limit on 
μ<35, assuming SM Higgs width 

κc interpretation
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Signal strength parameterisation as a 
function of κc



κc interpretation
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95% CL limit
Expected [-12.3, 12.4]

Observed [-8.5, 8.5]

• Expected limit on κc  at 95% CL in combined fit |κc| < 12.4

• Observed best fit κc = 0 

• First direct limit on κc @ 95%CL with |κc| < 8.5

Likelihood scan of κc



Summary of Hàcc limits
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https://arxiv.org/pdf/1802.04329.pdf
https://arxiv.org/pdf/1912.01662.pdf
http://cdsweb.cern.ch/record/2771724
https://cds.cern.ch/record/2209531?ln=de


Conclusions
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• Observed limit of 26 x SM on 
VH(cc) (for 31 x SM expected) 

à current best limit on VH(cc) 

• First direct limit on κc @ 95%CL 
with |κc| < 8.5

• Presented Full Run 2 VH, Hàcc search 

• Compared to previous ZH(cc) 36 /fb analysis: including Full Run 2 dataset, all three lepton channels and 
background modelling improvements, simultaneous 3 POI fit 

• Diboson cross-checks:
• VW(cq): 3.8 σ obs (4.6 σ exp)

• VZ(cc): 2.6 σ obs (2.2 σ exp)



Maria Mironova

Thank you!
Any questions?



MC samples
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Event selection / 
modelling 
uncertainities
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Breakdown of uncertainties
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Signal regions
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Discriminant: mcc of the two 
leading pT jets

Signal: 
VH(cc), VZ(cc), VW(cq)

Major backgrounds: 
W+jets, Z+jets, Top
à Constrained in dedicated 

control regions

Subdominant backgrounds: 
VH(bb),  VV background



V+jets background 
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• V+jets (split as W and Z+jets) split into flavours:
• V+hf: V+cc, V+bb
• V+mf: V+bc, V+bl, V+cl

• V+l

• All V+jets normalisations floating in fit 

• V+hf and V+mf floating normalisations determined 
with the help of a high ΔRcc control region 

• One ΔRccCR for each corresponding SR: 
• Low pTV: 2.3 < ΔRcc< 2.5

• Medium pTV: 1.6 < ΔRcc< 2.5

• High pTV: 1.2 < ΔRcc< 2.5

• V+l floating normalisations determined in 0 c-tag 
CR and 1 and 2 lepton 

High ΔRcc control region



Top background  

• Top background: ttbar and single top 
• Define top control region in 0 and 1 

lepton channel by inverting b-veto on the 3rd
jet 

• Combine ttbar and Wt into floating 
normalisations split by flavour: 
• Top(bq): ttbar+Wt with dijet flavour bc, bl, bτ
à non-resonant
• Top(lq): ttbar+Wt with dijet flavour cl, l 
à resonant 
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TopCR in 0 and 1 lepton

• Top CR in 2 lepton à minor background, single-bin CR, with 
normalisation only


