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Introduction

• Highlight full Run 2 Higgs measurements to test the SM 
• Total, fiducial, differential, simplified template cross sections 

(STXS) → Coupling modifiers, EFT coefficients, BSM tests
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STXS stage 1.2 binning
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• Higgs boson production 
cross sections in exclusive 
kinematic bins 

• Bins are split from main 
production cross sections in 
|yH| < 2.5 (stage 0, stage 1), 
and merged based on 
sensitivity
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VBF now uses pT(H) instead 
of pT(j1), to harmonise with 
ggF, m(jj) bins for the BSM

VH high pT(V) bins for the 
BSM, njet bins not yet split

ggH high pT bins for BSM

Also ggH low pT bins for couplings

Also started to 
split pT(H) in ttH 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGFiducialAndSTXS
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGFiducialAndSTXS
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Figure 9: Combined diphoton invariant mass distributions for categories targeting the same production processes.
The data (black dots) is weighted by ln(1 + (/⌫) where ( and ⌫ are respectively the expected signal and background
yields in the smallest <WW window containing 90% of the signal events. In this calculation, only Higgs boson events
from the targeted production processes are considered as signal events. Higgs boson events from other processes as
well as the continuum background events are considered as background. The fitted signal plus background PDFs
from the relevant categories are also weighted and summed, and represented by a solid line. The blue dotted line
represents the weighted sum of the fitted continuum background PDFs, while the dashed line combines the weighted
contributions of continuum background and other Higgs boson events.
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Figure 9: Combined diphoton invariant mass distributions for categories targeting the same production processes.
The data (black dots) is weighted by ln(1 + (/⌫) where ( and ⌫ are respectively the expected signal and background
yields in the smallest <WW window containing 90% of the signal events. In this calculation, only Higgs boson events
from the targeted production processes are considered as signal events. Higgs boson events from other processes as
well as the continuum background events are considered as background. The fitted signal plus background PDFs
from the relevant categories are also weighted and summed, and represented by a solid line. The blue dotted line
represents the weighted sum of the fitted continuum background PDFs, while the dashed line combines the weighted
contributions of continuum background and other Higgs boson events.
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Hγγ [CONF-2020-026]

• Sensitivity in all production 
modes: ggF, VBF, VH, ttH 

• Diphoton primary vertex 
using tracking and position 
extrapolation in NN (76% 
efficiency for ggF) 

• 39% efficiency after overall 
selection for |yH| < 2.5 

• Background: γγ (80%) γj 
(20%), jj (few% in high µ) 

• Improved categorisation 
using BDT classes to 
separate STXS signals, and 
BDT categories to separate 
signal from continuum 
background in each class

S = ggF +bbH S = VBF

S = WH S = ZH

S = H + top S = Inclusive

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/


• Inclusive (σBγγ)obs = 127 ± 
10 fb, (σBγγ)exp = 116 ± 5 fb 

• VBF, WH, ttH+tH: 7.5 
(6.1)σ, 5.6 (2.8)σ, 4.7 (5.0)σ 

• 14% correlation between ggF 
and VBF (30% improvement) 
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Hγγ [CONF-2020-026]

1.7σ expected

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/


ttHγγ CP

• Describe the top Yukawa by:  

• ttH: 5.2 (4.4) σ, tH: < 12 (12) SM, pure CP-odd coupling is excluded at 
3.9 (2.5) σ, CP mixing angle |α| > 43° is excluded at 95% CL
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12 Had and 8 Lep regions using 
bkg rejection BDT and CP BDT

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/


HZZ

• Select Higgs boson candidates in m(4l) = 115–130 GeV 
• Matrix-element-based pairing for > 4l events, FSR correction 
• Categorise events and fit NN outputs for the separation 
• Inclusive (σBzz)obs = 1.34 ± 0.11 (stat.) ± 0.04 (exp.) ± 0.03 (theo.) 

pb = 1.34 ± 0.12 pb, (σBzz)exp = 1.33 ± 0.08 pb 
• Dominant systematics: lepton efficiency, luminosity, parton shower
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STXS are used 
to constrain the 
EFT coefficients

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28


Hγγ and HZZ combination

• Total cross section:  pb, compared to SM of 55.6 ± 2.5 pb 
• Hγγ, HZZ and the combination in agreement with the SM

55.4+4.3
−4.2
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[CONF-2019-032]

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

 [p
b/

G
eV

]
T,

H
pd/

σd

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

Combined data
γγ→H

4l→ZZ*→H
 = 1.1, + XHKNNLOPS 

0 10 20 30 45 60 80 120 200 350 1000
 [GeV]

T,H
p

0.6
0.8

1
1.2
1.4T,

H
p

D
at

a/
Th

eo
ry

7 8 9 10 11 12 13
[TeV] s

0

20

40

60

80

100[p
b

]
 

H
→

p
p

σ

ATLAS  Preliminary  = 125.09 GeVHm   H→ppσ

QCD scale uncertainty
)sα PDF+⊕(scale Total uncertainty 

γγ→H l4→*ZZ→H
Combined data
Systematic uncertainty

-1 = 7 TeV,  4.5 fbs
-1 = 8 TeV,  20.3 fbs
-1 = 13 TeV, 139 fbs

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-032/


• 0/1/2+ jet categories for ggF (mT), 2+ jets category for VBF (DNN) 
• σ(ggF)B(WW) = 12.4 ± 1.5 pb, expected 10.4 ± 0.6 pb 
• σ(VBF)B(WW) = 0.79  pb, expected 0.81 ± 0.02 pb+0.19

−0.16
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HWW→eνµν [CONF-2021-014]
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VHbb

• ZH→vvbb (0-lepton), WH→lvbb (1-lepton), ZH→llbb (2-lepton) 
• New SR using pTV vs dRBB, pTV split at 250 GeV 
• Improvements: 2-lepton Kinematic Fit using soft track information, 

new BDT using new variables, W+jets and ttbar MC uncertainties 
using BDT ratio, 2-lepton top estimation using emu CR data, etc.
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• WH, ZH 2 POI fit (left) and the STXS 5 POI fit (right) 
• Maximize  
• WH 4.0 (4.1) σ, ZH 5.3 (5.1) σ, VH combined signal strength with 

18% level precision, WH and ZH STXS with 30–85% precision

L(μ, θ) = Πi∈binsP(ni |μsi(θ) + bi(θ)) Πj∈θG(θj)
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• Parameterise σ×BR by  [SMEFT] 

•  changes the cross-sections of the qqVH at high pT → constrained 
to a few% level,  changes the Hbb decay but weaker constraint

LSMEFT = LSM + Σic(D)
i O(D)
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c(3)
Hq

cdH

2− 0 2 4 6 8
Parameter value

 0.05]×  [dHc

 0.5]×  [HWBc

 2.0]×  [HWc

 5.0]×  [Huc

 10.0]×  [(3)
Hqc

ATLAS
 = 1 TeVΛ, b b→VH, H 

-1 = 13 TeV, 139 fbs
68% CL 95% CL

Linear (obs.) Linear + quadratic (obs.)

Best-fit (obs.)

[-13, 3.3]

[-0.46, 1.3]

[-0.17, 0.21]

[-0.081, 0.22]

[-0.017, 0.029]

 [29, 43]∪[-10, 3.8] 

[-0.44, 1.1]

[-0.24, 0.18]

[-0.19, 0.10]

[-0.018, 0.026]

Linear
68% CL

Linear + quadratic
68% CL

0.3− 0.25− 0.2− 0.15− 0.1− 0.05− 0 0.05
(3)
Hqc

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5)
m

ax
- l

og
(L

 / 
L

68% CL

95% CL

Linear (exp.)
Linear (obs.)
Linear + quadratic (exp.)
Linear + quadratic (obs.)

ATLAS

 = 1 TeVΛ, b b→VH, H 

-1 = 13 TeV, 139 fbs

1/Λ4  level effect from D = 6 quadratic terms  

Similar level expected for D = 8 linear terms

VHbb [HIGG-2018-51] [HIGG-2018-52]

https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/1709.06492
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
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Combination

• Global µ = 1.06 ± 0.07  
• First observation of WH: 6.3 (5.2) σ 
• tH: < 8.4 (8.2) SM
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Combination

• All coupling strength scale factors are compatible with the SM 
• Invisible and undetected branches are limited to < 0.09 and < 0.19 
• Results are also used to constrain the EFT and 2HDM
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Summary
• Highlighted full Run 2 Higgs measurements to test the SM 
• Total, fiducial, differential, simplified template cross sections 

(STXS) → Coupling modifiers, EFT coefficients, BSM tests  
• Main production modes are observed with > 5σ  
• Top and bottom Yukawa couplings are also established 
• No significant deviation from the SM so far 
• New results, more channels, combination and interpretation are 

actively developed
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Hγγ [CONF-2020-026]
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[HIGG-2018-28]

2− 0 2 4 6
Parameter Value

uH
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HG
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HWBc

HBc

HWc

ATLAS

 4l→ ZZ* →H 
-1 = 13 TeV, 139 fbs

SMEFT

Best-fit 95% CL

-6,18 [-18,30]-2 10⋅ 5 ⋅

-0.001 [-0.008,0.007]2 10⋅

0.1 [-1.1,1.0]

-0.03 [-0.62,0.59]

0.5 [-3.4,2.1]

Best-fit 95% CL

-6,18 [-18,30]

-0.001 [-0.008,0.007]

0.1 [-1.1,1.0]

-0.03 [-0.62,0.59]

0.5 [-3.4,2.1]

Expected: Stat+Sys

Observed: Stat+Sys

Observed: Stat-Only[   ]
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qq2Hqq-VH-Like

qq2Hqq-BSM

qq/gg2HLep

ttH

ATLAS

4l→ZZ*→H
-1 = 13 TeV, 139 fbs

Data  = 0.004HGc

 = -7.5uHc  = 0.85HWc

 = 0.4HBc  = 1.0HWBc

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28


VHbb

19

Source of uncertainty
�µ

V H WH ZH

Total 0.177 0.260 0.240
Statistical 0.115 0.182 0.171
Systematic 0.134 0.186 0.168

Statistical uncertainties

Data statistical 0.108 0.171 0.157
tt̄ eµ control region 0.014 0.003 0.026
Floating normalisations 0.034 0.061 0.045

Experimental uncertainties

Jets 0.043 0.050 0.057
E

miss
T 0.015 0.045 0.013

Leptons 0.004 0.015 0.005

b-tagging
b-jets 0.045 0.025 0.064
c-jets 0.035 0.068 0.010
light-flavour jets 0.009 0.004 0.014

Pile-up 0.003 0.002 0.007
Luminosity 0.016 0.016 0.016

Theoretical and modelling uncertainties

Signal 0.072 0.060 0.107

Z + jets 0.032 0.013 0.059
W + jets 0.040 0.079 0.009
tt 0.021 0.046 0.029
Single top quark 0.019 0.048 0.015
Diboson 0.033 0.033 0.039
Multi-jet 0.005 0.017 0.005

MC statistical 0.031 0.055 0.038 4− 3− 2− 1− 0 1 2 3 4

b b→Branching-ratio H

c-jet tagging efficiency 1

b-jet energy scale

Z+HF normalization (3-jet)

Z+HF CR(High)-SR extrapolation

VV JET flav. comp. uncert.

ggZH
yΔQCD Scale 

ggZH
75ΔQCD Scale 

 shapebbDiboson m

c-jet tagging efficiency 0

ggZH
1ΔQCD Scale 

qqVH
75ΔQCD Scale 

qqVH
1ΔQCD Scale 

 Generator
BDT

W+jets R

b-jet tagging efficiency 0

0.05− 0 0.05 0.1
µΔ

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

θΔ)/0θ - θPull: (
Normalisation

µ Postfit Impact on σ+1
µ Postfit Impact on σ-1

ATLAS  = 13 TeVs
-1139 fb

=125 GeVHm

[HIGG-2018-51] [HIGG-2018-52]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
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[CONF-2021-021]
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