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Introduction
→ Summary of the latest ATLAS & CMS 3rd generation decay channel Higgs measurements

→ Talk will only address 3rd generation Higgs decays:   H→ [bb,ττ]

ggF:     σ(pp→H+Xpp→H+X ) ~ 87%

VBF:     σ(pp→H+Xpp→H+X ) ~ 7%

VH:     σ(pp→H+Xpp→H+X ) ~ 5%

→ Associated top + higgs (pp→H+XttH) production 
excluded: Source: HIG-19-005

ttH:     σ(pp→H+Xpp→H+X ) ~ 5%

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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Introduction
→ Summary of the latest ATLAS & CMS 3rd generation decay channel Higgs measurements

→ Talk will only address 3rd generation Higgs decays:   H→ [bb,ττ]

→ Direct H→ bb measurement of ggF 
     production?

→ QCD background dominant ~ 107 > signal
→ Limited by ggF ZH theoretical accuracy

→ ….

→ Hopefully a new σggF
bb entry soon…

Source: PhysRevD 101.012002

????

ttH:     σ(pp→H+Xpp→H+X ) ~ 5%

→ Associated top + higgs (pp→H+XttH) production 
excluded:

ggF:     σ(pp→H+Xpp→H+X ) ~ 87%

VBF:     σ(pp→H+Xpp→H+X ) ~ 7%

VH:     σ(pp→H+Xpp→H+X ) ~ 5%

→See X, Chen talk

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.012002
https://indico.cern.ch/event/856696/timetable/?view=standard#140-differential-theory-predic


H → bb
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H→ bb Searches in ATLAS & CMS

ggF:     σ(pp→H+Xpp→H+X ) ~ 87%

CMS Publications
Paper Luminosity Signal Process Date

HIG-19-003 137fb=1 April 2020

PhysRevLett. 120, 071802 35.9fb-1 Feb. 2018

ATLAS Publications

ATLAS-CONF-2020-007 139fb-1 April 2020

ATLAS-CONF-2020-006 139fb-1 April 2020

JHEP 05 (pp→H+X2019) 141 79.8fb-1 May 2019

New

New

New

→ Will cover new analyses only!

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.071802
https://cds.cern.ch/record/2715063
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://link.springer.com/article/10.1007/JHEP05(2019)141
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H→ bb: VH→ bb Analyses

b

l-,ν,ν

b

W/Z-Boson Candidate Reconstruction:
● 0-lepton:  Large missing transverse energy (pp→H+XMET)
● 1-lepton:  1 charged leptons:  l = [e,μ]+ MET from neutrino (υ))
● 2-lepton:  2 charged leptons:  ll=[ee,μμ] + mll ~ mZ 

l-,ν,ν

b

b

Boosted Analysis: pT
H > ~250 GeV

● 1 anti-kt R = 1.0 jet - AK10
● ≥2 matched anti-kt track jets 
● 2 leading track jets b-tagged

Resolved Analysis: pT
H > ~60 GeV

● 2 anti-kt R=0.4 jets - AK4
● Exactly 2 b-tagged AK4 jets

Increase pT
H

 ATLAS-CONF-2020-006

Binned profile likelihood fit 
L(pp→H+Xx| μVH, θ) where x is:

→ BDT    - MV analysis
→ mbb/mJ – (Di-)Jet Mass ana.

Higgs Candidate Reco.:

ATLAS-CONF-2020-006

ATLAS-CONF-2020-007

ATLAS-CONF-2020-007More info in poster by K.Al Khoury → 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
https://cds.cern.ch/record/2715063
https://indico.cern.ch/event/856696/timetable/?view=standard#293-measurement-of-the-standar
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VH→ bb Results: Resolved 

Z0 = 4.0      (pp→H+X4.1) σ      ←  Evidence for WH production

Z0 = 5.3      (pp→H+X5.1) σ      ← Observation of ZH prodution

Z0 =  6.7     (pp→H+X6.7) σ      ← Combined WH + ZH observation

        Obs.   (exp.)

Multivariate Analysis (MVA)

Di-jet Mass Analysis (DMA)

Z0 =  5.4      (4.9) σ    
        Obs.   (exp.)

S/B Weighted combination of 
mbb distributions from 0+1+2L 

channels

→ Good agreement between MVA & DMA

ATLAS-CONF-2020-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
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VH→ bb Results: Boosted

        Obs.   (exp.) significance
Z0 = 2.1      (2.7) σ  

→ Simultaneous fit of VZ & VH signal strengths (pp→H+X [μVZ,μVH]):

 
        Obs.   (exp.) significance
Z0 =  5.4     (5.7) σ  

ATLAS-CONF-2020-007

https://cds.cern.ch/record/2715063
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VH→ bb STXS

 

→ VHbb resolved: Stage 1.2 STXS scheme merged down to 5 bins

ATLAS-CONF-2020-006

VH

g g /qq→ZH q q→WH

V (→ leptons)H=

pV
T 
[GeV]

0

75

150

250

∞
0-jet 1-jet ≥ 2-jet 0-jet 1-jet ≥ 2-jet

→ VHbb Resolved: Increased precision of 5 POI σW/ZH results:
80fb-1:      50%-125% uncertainty on σW/ZH

 139fb-1:    30%-85%  uncertainty on σW/ZH

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
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→ VHbb resolved: Stage 1.2 STXS scheme merged down to 5 bins

VH→ bb STXS ATLAS-CONF-2020-006

ATLAS-CONF-2020-007

VH

g g /qq→ZH q q→WH

V (→ leptons)H=

pV
T 
[GeV]

0

75

150

250

∞
0-jet 1-jet ≥ 2-jet 0-jet 1-jet ≥ 2-jet

400

→ VHbb Resolved: Increased precision of 5 POI σW/ZH results:
80fb-1:      50%-125% uncertainty on σW/ZH

 139fb-1:    30%-85%  uncertainty on σW/ZH

→ VHbb boosted: Stage 1.2 STXS scheme merged down to 4 bins
- Measurement of pV

T(pp→H+Xtruth) > 400 GeV

→ VHbb resolved + boosted not orthogonal!
→ See talk by Nikita Belyaev for more STXS/EFT results

→ Or backup for questions!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
https://indico.cern.ch/event/856696/timetable/?view=standard#150-interpretation-of-atlas-an
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H→ bb: Inclusive ggF high pT
H

→ Signal:   pp → H(pp→H+X→bb) + X,    via ggF

b

b

Higgs Candidate Reco.:    pT
H~pT

AK8 > 450GeV
● Anti-kt R = 0.8 jet  - AK8 jet 
● Soft-drop algorithm →  mSD 

Add. Jet (X) Candidate Reco.:
● Anti-kt R = 0.4 jet  - AK4 jet

HIG-19-003

Double b-jet Identification:
● Double-b tagging algorithm using a new 

‘deep neural network’ 

● AK8 jet must contain two b-tags 
- 60% eff. for signal
- 1% misidentification rate for QCD

● ‘Passing’ / ’Failing’ double b-tag 
=

‘Signal’   / ’Control’ region
→ Used to constrain QCD background

Analysis fit discriminant!

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
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→ Maximum likelihood fits of μggF
H:

- pT AK8 binning:            [μ450
H, μ

550
H, μ

600
H, μ

675
H, μ

800
H]

- Combined:                     [μcomb.
H]

Inclusive ggF high pT
H: Analysis Strategy HIG-19-003

 μcomb.
VH  = 3.68 +1.58 

-1.46 

Zobs (exp)
μ=0 =  2.54(0.71) σ

→ Likelihood based unfolding to particle level comparing:
- LHC XS WG σH→bb:     LHCHXSWG-2019-002
- HF-MINLO σH→bb:   MC generator configurations

→ σ300-1200.
H→bb upward deviation of 1.91σ

→ σ650-1200.
H→bb upward deviation of 2.65σ

→ Excess exceeding μVH  = 1 
      by 1.85σ 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://cds.cern.ch/record/2669113


H → ττ
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ATLAS Publications
Paper Luminosity Signal Date

Phys. Lett. B 805 (pp→H+X2020) 
135426 36.1fb-1 Feb. 2020

PhysRevD. 99 072001 36.1fb=1 April 2019

CMS Publications

PRD 100 (pp→H+X2019) 112002 Run 2: 35.9-80.2fb-1

Run 1: 5.1+19.7fb-1 Dec. 2019

HIG-18-032 77.4fb-1 March 2019

H→ ττ

New

++

+

→ Only one new paper for H→ ττ

→ ATLAS now published a CP invariance test of BSM using H→ ττ  - counterpart to CMS 2019 publication

Counterparts

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072001
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
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Test of CP Invariance in VBF H→ ττ

 

τ

τ

Jet Reco.:
● Anti-kt R = 0.4 jet  - AK4 jet

Higgs Candidate Reco.:
● τlepτlep SF:   Same flavour leptons 
● τlepτlep DF:  Different flavour leptons 
● τlepτhad:        Semi-leptonic τ decays
● τhadτhad:       Hadronic τ decays

Physics Interpretation:
→ Effective lagrangian (pp→H+XLeff) composed of:

● Standard Model:               LSM 
● CP-odd mass dim. Six:     L6

CP

→     parameterises strength of  CP-violation:~d

Fit Discriminant:
→ Utilise matrix element calculated from HAWK [Link] 

→ Optimal Observable:

‘Missing Mass Calculator’ 
→ mMMC

ττ (pp→H+XarXiv:1012.4686)

Phys. Lett. B 805 
(pp→H+X2020) 135426

https://arxiv.org/abs/0707.0381
https://arxiv.org/abs/1012.4686
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
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Test of CP Invariance in VBF H→ ττ: Results

→ Binned maximum likelihood L(pp→H+Xx,μ|θ) as a function of each      hypothesis    

→ Unconstrained signal normalisation ‘μ’ - shape only analysis 

→ Summary of mean <Optimal Obs.> for each channel and combined result:

→ Expected results:  Asimov dataset from Np set to observed CR fit only values 
      Pre-fit Expected:  Asimov dataset from Np set to SM expectation  asimov fit. 

→ Conditional [μ=1,    = 0] and  [μ=0.73,    = 0] asimov fits demonstrate loss of 
observed sensitivity due to lower than expected event yields

→ 68%(pp→H+X95%) CL interval on     set for observed and expected:

Obs. 68% CL:  
Exp. 68% CL:
Obs. 95% CL: 
Exp. 95% CL:

~
d

~
d

~
d

~
d

~d∈[−0.090,0 .035 ]
~
d∈[−0.035,0 .033 ]
~
d∈[N /A ]
~
d∈[−0.21,0 .15 ]

Asymmetry in CL due to 
asymmetric Opt. Obs.
→ See previous slide

Phys. Lett. B 805 
(pp→H+X2020) 135426

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
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Constraints on anomalous HVV couplings: H→ ττ

→ Anomalous HVV couplings in VBF/ggF/VH production 
using:

- H→ ττ 35.9fb-1 analysis (pp→H+Xsee PLB 779 (pp→H+X2018) 283 )   
- H→4l Run 1+2 analyses (pp→H+Xsee PhysRevD. 99 112003)

→Amplitude for spin-0 Higgs with two spin-1 gauge 
bosons VV:

→ HVV anomalous couplings measured using effective 
cross-section ratios fai, and relative phase Φ:

f ai=
ai
2
σi

∑ ai
2
σi

ϕai=arg [
ai
a1

]

- Λ1: BSM scale 
- aVV

3  CP-odd interaction
- aVV

2 CP-even interaction

HIG-18-032
PRD 100 (pp→H+X2019) 112002

→ Measurement of H→ ττ sensitive to VBF+ggF+VH 
production modes updated with 77.4fb-1

→ Update 1: Multiclass NN used to separate 9-classes
- [ggF,VBF] signal + 7 bkg

→ Update 2: Included a STXS result for ggF and VBF 
production modes:

HIG-18-032

+ 2017 data

PRD 100 (pp→H+X2019) 112002

https://www.sciencedirect.com/science/article/pii/S0370269318301035?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.112003
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
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Conclusions

Paper Analysis Date

Phys. Lett. B 805 (pp→H+X2020) 135426 H → ττ Tests of CP Invariance 36.1 fb-1 Feb. 2020

HIG-19-003 Highly boosted H→bb at √s= 13 TeV with 
CMS detector - 137 fb-1

April 2020

ATLAS-CONF-2020-007 Boosted VH → bb √s=13 TeV with the ATLAS 
detector – 139.1 fb-1

April 2020

ATLAS-CONF-2020-006 VH → bb at √s=13 TeV 13TeV with the ATLAS 
detector – 139.1 fb-1

April 2020

Ne
w

Ne
w

Ne
w

Ne
w

ggF:     σ(pp→H+Xpp→H+X ) ~ 87%

VBF:     σ(pp→H+Xpp→H+X ) ~ 7%

VH:     σ(pp→H+Xpp→H+X ) ~ 5%

→ Constraints on CP invariance via 
EFT lagrangian extensions

→ Observation of VH→ bb

→ Observation of ZH → bb 

→ Strong evidence of WH→bb

→ Proof of concept for boosted VH→bb topology

→Intriguing excess beyond SM ggF 
H→bb production

→ High pH
T excess most dominant

→ Keep a close eye in the future! 

Not via 
combination!

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://cds.cern.ch/record/2715063
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
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Backup
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H→ bb: VH→ bb Analysis Strategies ATLAS-CONF-2020-006

→ Multi-Variate Analysis (MVA) → (Di-)Jet Mass Analysis (DMA)

ATLAS-CONF-2020-007

Background Estimation
→ Common backgrounds in both resolved & boosted:

- W+Jets
- Wt
- VV
- Z+Jets 
- tt
- QCD 

Resolved+Boosted: Purely Monte Carlo (pp→H+XMC) estimated 

Resolved: Mix of MC/Data-driven estimates/errors
Boosted:   Purely MC estimated

Resolved+Boosted: Data-driven estimates/errors

Fit Strategy
→ Binned profile likelihood fit L(pp→H+Xx| μVH, θ) where x is:

x = BDT: Resolved only x = mbb/J: Resolved + Boosted

g

g
g

g

→ Resolved: 42 fit regions

→ Boosted:  14 fit regions

→ 3 signal results quoted:
→ [μ

VH
, μ

WH
, μ

ZH
]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
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H→ bb: VH→ bb Analysis Strategies ATLAS-CONF-2020-006

→ Binned profile likelihood fit L(pp→H+Xx,μVH |θ) using a BDTVH fit 
discriminant in signal regions (pp→H+XSR)

→ Analysis fit regions defined by
      [pV

T, ΔR(b,b)] plane:

- [0, 1, 2]-lepton channels
- [2, 3(pp→H+X+)] jets 
- [75,150,250+] pV

T bins 
- [CRLow, SR, CRhigh] 

80-90% of signal 
events

Multi-Variate Analysis (MVA): Resolved only (Di-)Jet Mass Analysis (DMA): Resolved + Boosted 
→ Binned profile likelihood fit L(pp→H+Xx,μVH |θ) of mbb/mJ (pp→H+XRes./Boosted):

Boosted: mJ

→ Analysis fit regions by:
[0, 1, 2]-lepton channels
[0, 1+] b-tag add. track jets 
[250,400+] pV

T bins 
[0, 1+] add. AK4 jets    

14 fit regions

ATLAS-CONF-2020-007

→ VZ(pp→H+Xbb) L(pp→H+Xx,μ|θ) fit using μVZ instead fitting BDTVZ or mJ

VZ(→bb) Analysis (VZ): Resolved + Boosted 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
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VH→ bb Resolved Event Categorisation
Analysis Event Categorisation:

● ΔR(pp→H+Xb,b) and pV
T define analysis fit regions

Analysis fit regions:
[0, 1, 2]-lepton channels
[2, 3(pp→H+X+)] jets 
[75,150,250+] pV

T bins 
[CRLow, SR, CRhigh] 

= 42 fit regions

80-90% of signal 
events

→ Slice pV
T axis it 2(pp→H+X3) pV

T bins:
[(pp→H+X75,)150,250+]

→ For 0/1-(pp→H+X2-) lepton channels
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VH→ bb Resolved Event Categorisation – Fit Regions

→ BDTscore used as fit discriminant in SR’s

→ CRLow/High used only to constrain normalisation – single bin 

→ Across pV
T regions CR single bins provide differential 

      shape information
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VH→ bb Resolved Di-jet Mass Analysis
→ Identical fit regions as MVA following new 2D 
      [pV

T, ΔR(b,b)] plane definitions:

→ Binned profile likelihood fit L(pp→H+Xx,μ|θ) with total of 
     42 fit regions
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VH→ bb Results: Resolved 

Di-jet Mass Analysis (DMA)

Z0 =  5.4      (4.9) σ    
        Obs.   (exp.)

S/B Weighted combination of 
mbb distributions from 0+1+2L 

channels

→ Good agreement between MVA & DMA

ATLAS-CONF-2020-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
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VH→ bb Resolved:  Systematics
→ Statistical  and systematics approximately the same!
→ Modelling/signal MC uncertainties and b-tagging dominant!

Stat. ~ Syst uncert.
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VH→ bb:  Systematics (pp→H+XZH)
→ Special statement: For ZH NLO corrections for gg → ZH production that are missing dominant the 
measurement precision
→ Limits the H→bb sensitivity to ggF! 
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d σ

dO1

O1

Ra
tio

d σ

dOi

s(x)

Ra
tio 1.0

pu(s( x)∣θ1)

pu(s (x)∣θ0)
≈
px ( x∣θ1)

px (x∣θ0)

b)

MC 2:  θ1

MC 1:  θ0

d σ

dO2

O2

Ra
tio

a)

d σ

dO3

O3

Ra
tio

s(x)

O
1

O2

O
3

x = {O1, O2, O3}

c)

VHbb Resolved:  Mutlivariate Parameterisation of MC Systematics
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VHbb Resolved:  Mutlivariate Parameterisation of MC Systematics

 

Input Space:

Fit Discriminant Space:

d σ

dOi

s(x)

Ra
tio

1.0

pu(s( x)∣θ1)

pu(s (x)∣θ0)
≈
px ( x∣θ1)

px (x∣θ0)

Re-weight using MVA calibrated 
density ratio estimator and pass to 

analysis BDT
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VHbb Resolved:  STXS Bin Signal Division

 

→ Expected signal yields per:
- Reconstruction category (pp→H+Xy-axis)
- Truth category (pp→H+Xx-axis)

→ Fraction of expected signal yields per:
- Reconstruction category (pp→H+Xy-axis)
- Truth category (pp→H+Xx-axis)

      Normalised according to the total fiducial 
      phase space yield.
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VHbb Resolved:  STXS Bin Correlations

 

→ Observed correlations between reduced 
stage 1.2 STXS scheme for 5-POI scheme

- Statistical & Systematics included

→ Expansion of STXS scheme to include an 
exclusive 150 GeV < pT

V(pp→H+Xtruth) < 250 GeV bin 
reduces cross-correlation
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VHbb Resolved:  EFT

 

→ Effective lagrangian approach using the Warsaw basis:

→ Only dimension D=6 operators are considered:
→ D=5 violate lepton/baryon number
→ D=7+ suppressed by further powers of 1/Λ beyond Λ4

→ Linear (pp→H+Xinterference) and quadratic (pp→H+XD=6)2 parameterised 
in each STXS bin:

Apply 
constrained 
on Wilson 

co-efficients
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VHbb Resolved:  Analysis Sensitivty over the years!
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VH→ bb Boosted Event Categorisation – Fit Regions
→ Low(pp→H+XHigh) purity SR’s defined by additional AK4 jets:

→ tt CR’s defined by additional AK2 VR track jets

→ mJ used as fit discriminant in CR/SR’s - showing sum of 
lepton channel SRs:
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VHbb Boosted:  STXS Bin Signal Division

 

→ Signal acceptance x eff. per:
- Reconstruction category (pp→H+Xy-axis)
- Truth category (pp→H+Xx-axis)

→ Signal purity:
- Reconstruction category (pp→H+Xy-axis)
- Truth category (pp→H+Xx-axis)

      Normalised according to the total fiducial 
      phase space yield.
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VHbb Boosted:  STXS Bin Correlations

 

→ Observed correlations between reduced 
stage 1.2 STXS scheme for 4-POI scheme

- Statistical & Systematics included
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VHbb Boosted:  EFT

→ Effective lagrangian approach use the Warsaw basis:

→ Only dimension D=6 operators are considered:
→ D=5 violate lepton/baryon number
→ D=7+ suppressed by further powers of 1/Λ beyond Λ4

→ Linear (pp→H+Xinterference) and quadratic (pp→H+XD=6)2 parameterised 
in each STXS bin:

Apply 
constrained 
on Wilson 

co-efficients
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→ VHbb resolved: Stage 1.2 STXS scheme merged down to 5/4 bins

VH→ bb STXS ATLAS-CONF-2020-006

ATLAS-CONF-2020-007

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
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H→ bb: Inclusive ggF high pH
T  

 

Ultra high pH
T environment!
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Inclusive ggF high pT
H: Analysis Strategy HIG-19-003

→ Parameterically fit QCD yield within (pp→H+XmSD,i, pT,j) bins:

→ W/Z+jets & tt estimated from Monte Carlo 
(pp→H+XMC)

→ W+Jets/Z+Jets/tt control regions used to 
constrain normalisations/uncertainties

m
SD

pH
T

Double b-tag
“Pass”  =  SR

“Fail” =  CR

Project cube onto x-axis

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
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→ Topological handle on QCD vs signal using:
● Ratio of 3-point/2-point energy correlation co-efficients:

● Use transformed N1,DDT
2 = N1

2 – X(pp→H+X26%) to discriminate QCD/ 
signal (pp→H+Xsee here):  

N1,DDT
2  < 0 for 26% QCD accep. across [ρ,pT] -plane

Inclusive ggF high pT
H: Analysis Strategy

→ QCD ~ 107 times greater than signal:

HIG-19-003

Source: arXiv:1609.07483

2-prong

3-prong

gg
F:

   
  p

p→
H

+X
 

Q
C

D
:  

  p
p→

bb
+X

 

→ QCD Bkg Estimation:
● Parameterically fit QCD yield within (pp→H+XmSD,i, pT,j) bins:

● Account for:
- ‘double b-tag’ mass dependence 
- ‘Residual’ data/MC tagger performance

https://arxiv.org/abs/1603.00027
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://arxiv.org/pdf/1609.07483.pdf
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H→ bb: Inclusive ggF high pH
T  - N

DDT,1
2

 

→ Ratio of 3-point/2-point energy correlation co-efficient:

→ N1
2 is transformed linearly to remove mSD sculpting via subtracting the N1

2 value at 
which 26% of the simulated QCD events are found:

N1,DDT
2 = N1

2 – X(26%)

→ X(26%) determined as function of (pp→H+Xρ,pT):

Apply: 
N1,DDT

2 = N1
2 – X(pp→H+X26%) < 0 N1

2

N1,DDT
2 
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H→ bb: Inclusive ggF high pH
T  - ε

QCD
  from QCD MC

 

ρ=2 ln (mSD / pT )

Source: arXiv:1307.0007

→ Dimensionless quantity that is approx. invariant as a function of 
jet pT:

→ ρ ~ -2 corresponds to AK8 instability from finite cone effects
→ ρ ~ -6 correspnds to the non-perturbative regime of the soft-drop 
alg.

→ Double b-tagger is designed to be jet mass independent – loss function contains penalty term for differences 
in jet mass distribution between pass/fail regions.

→ Some residual difference exists therefore 2D Bernstein polynominal fitted, εQCD(pp→H+Xρ, pT), that characterises 
QCD simulated pass-fail ratio of events.

https://arxiv.org/pdf/1307.0007.pdf
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H→ bb: Inclusive ggF high pH
T  

 

→ Double b-tagger performance differs in MC and data. 

→ Fit simulation to data to extract residual differences – Bernstein polynomial as a function of (pp→H+Xρ,pT):
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H→ ττ: 

 
H→ ττ
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ATLAS Publications
Paper Luminosity Date Signal

Phys. Lett. B 805 (pp→H+X2020) 
135426

36.1fb-1 Feb. 2020 +

Source: Phys Rev. D. 99.072001 (2019)

→ Uses same dataset as H→ ττ observation paper: 

Analysis sensitive 
to both ggF and 
VBF production 

modes

Test of CP Invariance in VBF H→ ττ

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072001
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Test of CP Invariance in VBF H→ ττ

Physics Interpretation:
→ Effective lagrangian (pp→H+XLeff) composed of:

● Standard Model:              LSM 
● CP-odd mass dim. Six:     L6

CP

→ CP-violation of VBF production parameterised by:

→ Under arbitrary choice that           , one can 
parameterise the strength of CP-violation via:

Phys. Lett. B 805 
(pp→H+X2020) 135426

~
d=

~
dB

~
d=

~
dB

→ The choice          , whilst arbitrary is motivated as it 
yields κW = κZ as and VBF HWW vs HZZ not separable:

→ This is the same assumption used in the H→WW and 
H→ZZ combination.

→ VBF sensitive to CP violation due to momentum 
dependence of CP-violating terms:

→ H→VV limited by mH = (pp→H+Xp1 + p2)
2, but VBFproduction is 

not. 

H→VV tensor structure

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
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VBF H→ ττ: Analysis Strategy
Fit Model:
→ Total of 11 fit regions:

→ Example of Data/MC for τlepτlep SF

τlepτlep SF τlepτlep DF τlepτhad τhadτhad

BDTHigh
Score Opt. Obs. Opt. Obs. Opt. Obs. Opt. Obs.

BDTlow
Score mMMC

ττ mMMC
ττ mMMC

ττ mMMC
ττ

Z→ ll CR Yield

Top CR Yield Yield

BDTLow score BDTHigh score

Phys. Lett. B 805 
(pp→H+X2020) 135426

→ Cut on BDT:

BDTHigh = Signal pure
BDTLow = Bkg enriched

→ Boosted Decision Tree (pp→H+XBDT) to define enriched 
      VBF signal against SM bkg’s: 

● H Properties:   [mMMC
ττ, …]

● ττ System:        [ΔR(pp→H+Xττ), …]
● VBF Topo.:       [mjj, …]

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
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Test of CP Invariance in VBF H→ ττ:  Fit discriminants

 

Phys. Lett. B 805 
(pp→H+X2020) 135426

BDT
Low

BDT
High

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub


28/05/20 Stephen Jiggins 50

Test of CP Invariance in VBF H→ ττ:  Fit discriminants

 

Phys. Lett. B 805 
(pp→H+X2020) 135426

Top CR (SF) Top CR (DF) Z->ll CR

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub


28/05/20 Stephen Jiggins 51

H→ ττ using 77.4fb-1
HIG-18-032

→ 77.4fb-1 measurement of H→ ττ sensitive to 
VBF+ggF+VH production modes

→ Utilises [eμ, eτh, μτh, τhτh] leptonic channels:
- eμ:         Z→ττ + tt dominant bkg
- e(μ)τh:   Z→ττ + W+Jets bkg
- τhτh:       QCD bkg

→ Softmax conditional probabilities of events from 
multiclass NN used to separate 9-classes (pp→H+X[ggF,VBF] 
signal + 7 bkg): 

→ Simultaneous binned liklihood fit:
- 21 bkg categories 
- 4 lepton channels
- 3 signal models

→ Showing inclusive σH→ττ fit results 

90% bkg estimated from data-
driven methods

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
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Constraints HVV EFT couplings: H→ ττ

→ CMS: parameterisation of anomalous HVV couplings 
via:

→ HVV anomalous couplings measured using effective 
cross-section ratios fai, and relative phase Φ:

f ai=
ai
2
σi

∑ ai
2
σi

ϕai=arg [
ai
a1

]

- Λ1: BSM scale 
- aVV

3  CP-odd interaction
- aVV

2 CP-even interaction

→ ATLAS: parameterisation of CP odd terms according 
to:

Where: 

→ Assume that             as indistinguishable with dataset

  

~
d=

~
d B

+

→ Transform between the two parameterisations:

~d=cos (ϕ3)√
f 3σ1

(1−f 3)σ3
f 3=

r3
2

1+r3
2 r3

2
=
~
d2 .

σ3
σ1

and Where:                       ,

→ Comparison of transformed limits performed internally, 
regretably can not be shown here today

sgn(
~
d)=cos (ϕ3)

PRD 100 (pp→H+X2019) 112002

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
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