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Standard model
• The Standard Model (SM) is one of the most successful theories in particle 

physics
• It introduces the electroweak spontaneous symmetry breaking trough the 

Higgs mechanism, predicts the existence of the Higgs boson, and gives 
masses of element particles
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• Higgs potential (SSB)



Higgs production/decay
• Higgs major production modes in 𝑝𝑝 collisions at LHC
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 ZH (NNLO QCD + NLO EW)→pp 

 ttH (NLO QCD + NLO EW)→pp 

 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)→pp 

 tH (NLO QCD)→pp 



Previous coupling combination
• Following the discovery of the Higgs by the ATLAS and CMS, its coupling 

properties to other SM particles can be precisely probed in comprehensive ways, 
therefore providing stringent tests of the SM validity, which is the one of most 
important goals in the High Energy Physics

• Run2 coupling combination measurements at ATLAS with dataset up to 80 fb-1, 
Phys. Rev. D 101 (2020) 012002
• Global 𝜇 = 1.11!"."$%"."&
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0.07+
)

VBF  1.21 0.22−
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( 0.27−

0.28+
, 0.27−

0.29+
)

ZH 1.05 0.29−
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First observation 
in ATLAS

• The measurements are consistent with the SM prediction

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002


The scalar sector and the self-coupling
𝑉 Φ%Φ = −𝝁𝟐Φ%Φ+ 𝜆 Φ%Φ (
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• Higgs mechanism: a scaler potential with a vacuum expectation value ≠ 0 
originates a spontaneous breaking of the electroweak symmetry

• 𝑉 𝐻 = )
(
𝒎𝑯
𝟐𝐻( + 𝝀𝑯𝑯𝑯𝒗𝐻+ +

𝟏
𝟒
𝝀𝑯𝑯𝑯𝑯𝐻. −

/
.
𝑣.

• To probe the properties of the scaler sector and to precisely describe the Higgs 
potential shape are very important for verifying the SM and for discovering new 
physics

• While the trilinear self-coupling is unconstrained in the LHC measurements
• Measuring the Higgs self-coupling is also one of the main goals of HL-LHC and 

future colliders



Constrain self-coupling in the HH measurement
• The non-resonant HH production processes (ggF) provide a unique chance to probe 
𝜅/ = 𝜆000/𝜆00012 with direct measurements
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• Constrain the 𝜅/ by estimating the upper limits of the HH production (assuming SM H
decay) with CLs approach
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ATLAS [arXiv:1906.02025] [-5.0, 12.0] [-5.8, 12.0]
CMS [CMS-PAS-HIG-17-030] [-11.8, 18.8] [-7.1, 13.6]

https://arxiv.org/abs/1906.02025
https://cds.cern.ch/record/2628486


Outline

1. The coupling combination measurements are 
extended using the Run 2 dataset up to 139 fb-1, to 
probe Higgs properties more precisely [ATLAS-
CONF-2020-027, ATLAS-CONF-2020-053]

2. To constrain Higgs self-coupling by the NLO EW 
correction in the single-Higgs measurements and in 
the combination of the single-Higgs and di-Higgs 
measurements with Run 2 dataset up to 80 fb-1 [ATL-
PHYS-PUB-2019-009, ATLAS-CONF-2019-049]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/


Combined production modes/decays
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Decay

• 𝐻 → 𝑏)𝑏, 𝐻 → 𝑊𝑊, 𝐻 → 𝜏𝜏
• Large BR
• low mass resolution

• 𝐻 → 𝑍𝑍∗ → 4𝑙, 𝐻 → 𝛾𝛾
• Low BR
• Excellent mass 

resolution
• High precision channels

8

Analysis decay channel Target Prod. Modes L [fb�1] Ref. Used in meas.

H ! �� ggF,VBF,WH,ZH, tt̄H, tH 139 [10] Everywhere

H ! ZZ
⇤ ggF,VBF,WH,ZH, tt̄H(4`) 139 [11] Everywhere

tt̄H excl. H!ZZ
⇤! 4` 36.1 [16,18] Sec. 5 & 7

H ! WW
⇤ ggF,VBF

36.1
[12]

Sec. 5 & 7
tt̄H [16,18]

H ! ⌧⌧
ggF,VBF

36.1
[13]

Sec. 5 & 7
tt̄H [16,18]

H ! bb̄

VBF 24.5 – 30.6 [15] Sec. 5 & 7

WH,ZH 139 [14] Everywhere

tt̄H 36.1 [17,18] Sec. 5 & 7

H ! µµ ggF,VBF, V H, tt̄H 139 [19] Sec. 7.4

H ! inv VBF 139 [20] Sec. 7.3 & 7.5



Global signal strength
• Global signal strength 𝝁: a common scaling of the expected Higgs boson yield, 

showing the overall sensitivity
𝜇 =

𝜎×𝐵 0

𝜎×𝐵 0
12

• 𝜇 = 1.06 ± 0.07 = 1.06 ± 0.04 𝑠𝑡𝑎𝑡. ± 0.03 𝑒𝑥𝑝. !".".
%"."3 𝑠𝑖𝑔. 𝑡ℎ. ± 0.02(𝑏𝑘𝑔. 𝑡ℎ. )
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 PreliminaryATLAS
1− = 13 TeV, 24.5 - 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 = 40%
SM
p

Total
Remove Bkg. th.
Remove Sig. th.
Stat.

• 14% improvement in 
accuracy comparing to 80 fb-1

combined measurement, 31%
improvement comparing to 
Run1 result

• Consistent with the SM: 
𝑝12 = 40%

• The precision is dominantly
constrained by the
systematical uncertainties

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/content/pdf/10.1007/JHEP08(2016)045.pdf


Production cross sections
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p
            Total     Stat.    Syst.

ggF   1.00  (  0.07±  ,  0.05±  ) 0.05± 

VBF   1.15  (  0.17−

 0.18+
  ,  0.13±  ) 0.10−

 0.12+
 

WH   1.20  (  0.21−

 0.23+
  ,  0.16−

 0.17+
  ) 0.14−

 0.15+
 

ZH   0.98  (  0.21−

 0.22+
  ,  0.16±  ) 0.13−

 0.15+
 

tH+ttH   1.10  (  0.20−

 0.21+
  ,  0.15−

 0.16+
  ) 0.13−

 0.14+
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• Measure the Higgs 5 main production cross sections 

From ggF contributions in 
the VBF-enriched
categories

Overall correlations are 
small
• Various powerful 

analyses contribute to 
different production 
modes 

• Analysis strategies 
optimized
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Process Value Uncertainty [pb] SM pred.

(|yH | < 2.5) [pb] Total Stat. Syst. Exp. Sig. Th. Bkg. Th. [pb]

ggF 44.7 ± 3.1 ± 2.2 ± 2.2 + 1.8
� 1.7

+ 1.0
� 0.9

+ 0.9
� 0.7 44.7± 2.2

VBF 4.0 ± 0.6 ± 0.5 ± 0.4 + 0.3
� 0.2 ± 0.3 ± 0.1 3.51 + 0.08

� 0.07

WH 1.45 + 0.28
� 0.25

+ 0.20
� 0.19

+ 0.18
� 0.17

+ 0.13
� 0.12

+ 0.08
� 0.06

+ 0.10
� 0.09 1.204± 0.024

ZH 0.78 + 0.18
� 0.17 ± 0.13 + 0.12

� 0.10
+ 0.08
� 0.07

+ 0.07
� 0.05 ± 0.06 0.797 + 0.033

� 0.026

tt̄H + tH 0.64 ± 0.12 ± 0.09 ± 0.08 + 0.06
� 0.05

+ 0.03
� 0.02 ± 0.05 0.59 + 0.03

� 0.05

• Firstly observe WH mode in
the ATLAS: 6.3𝜎 (5.2𝜎)
• All prod modes are > 5𝜎

VBF ttH+tHWH
ZH (ggZH)



Simplified template cross section
• A new scheme in Run2, defined trough a partition of the phase space of the Higgs 

production process, independently of the Higgs decay process, aim to
• Have good sensitivity
• Avoid large theory uncertainties
• Approximately match experimental selections, to minimize model-dependent 

extrapolations

• Merged Stage 1.2
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pHT ≥ 200GeV

tt̄H

120 ≤ pHT < 200GeV

60 ≤ pHT < 120GeV
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tH

pp → H!!

V(lep)H

qq′ → H!ν

H!ν, pWT ≥ 250GeV

H!ν, 150 ≤ pWT < 250GeV

H!!, pZT < 150GeV

H!!, pZT ≥ 250GeV

H!!, 150 ≤ pZT < 250GeV

H!ν, pWT < 75GeV

H!ν, 75 ≤ pWT < 150GeV

EW qq′ → Hqq′

≤ 1-jet

≥ 2 jets

mjj ≥ 350GeV

≥ 2-jet, mjj < 350GeV,VH topo

≥ 2-jet, mjj < 350GeV,VH veto

pHT < 200GeV

≥ 2-jet, mjj ≥ 350GeV, pHT ≥ 200GeV

≥ 2-jet, 350 ≤ mjj < 700GeV, pHT < 200GeV

≥ 2-jet, mjj ≥ 700GeV, pHT < 200GeV

gg → H + bb̄H

pHT < 200GeV

≥ 2 jets

= 1 jet

= 0 jets

0-jet, pHT < 10GeV

1-jet, 60 ≤ pHT < 120GeV

0-jet, 10 ≤ pHT < 200GeV

1-jet, pHT < 60GeV

1-jet, 120 ≤ pHT < 200GeV

mjj < 350GeV

≥ 2-jet, mjj ≥ 350GeV, pHT < 200GeV

≥ 2-jet, mjj < 350GeV, 120 ≤ pHT < 200GeV

≥ 2-jet, mjj < 350GeV, pHT < 120GeV

pHT ≥ 450GeV

300 ≤ pHT < 450GeV

200 ≤ pHT < 300GeV



STXS measurements
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 PreliminaryATLAS
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| < 2.5
H
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 = 95%
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ZZ*B × H→gg

ZZ*B × Hqq→qq

ZZ*B × νHl→qq

ZZ*B × Hll→gg/qq

ZZ*B × Htt

ZZ*B × tH

           Total    Stat.    Syst.

 < 10 GeVH

T
p0-jet, )0.09−

0.10+ ,  0.18−

0.19+   (0.20−

0.22+  0.82  

 < 200 GeVH

T
p ≤0-jet, 10 )0.07−

0.08+ ,  0.12−

0.13+   (0.14−

0.15+  1.12  

 < 60 GeVH

T
p1-jet, )0.13± ,  0.27−

0.28+   (0.30−

0.31+  0.61  

 < 120 GeVH

T
p ≤1-jet, 60 )0.10−

0.13+ ,  0.27−

0.28+   (0.29−

0.31+  1.31  

 < 200 GeVH

T
p ≤1-jet, 120 )0.09−

0.15+ ,  0.40−

0.42+   (0.41−

0.45+  0.72  

 < 120 GeVH

T
p < 350 GeV, jjm 2-jet, ≥ )0.16± ,  0.42±   (0.45±  0.30  

 < 200 GeVH

T
p ≤ < 350 GeV, 120 jjm 2-jet, ≥ )0.19−

0.21+ ,  0.39−

0.41+   (0.44−

0.46+  0.67  

 < 200 GeVH

T
p 350 GeV, ≥ jjm 2-jet, ≥ )0.32−

0.39+ ,  0.69−

0.73+   (0.76−

0.83+  1.61  

 < 300 GeVH

T
p ≤200 )0.12−

0.15+ ,  0.33−

0.37+   (0.36−

0.40+  1.19  

 < 450 GeVH

T
p ≤300 )0.16−

0.20+ ,  0.46−

0.52+   (0.49−

0.56+  0.39  

 450 GeV≥ H

T
p )0.40−

0.55+ ,  1.05−

1.33+   (1.12−
1.44+  1.76  

 1-jet≤ )0.29± ,  0.84−

0.95+   (0.89−

0.99+  1.00  

 vetoVH < 350 GeV, jjm 2-jet, ≥ )0.47−

0.62+ ,  1.45−

1.54+   (1.52−

1.66+  2.29  

 topoVH < 350 GeV, jjm 2-jet, ≥ )0.21−

0.24+ ,  0.69−

0.79+   (0.73−

0.83+  0.65  

 < 200 GeVH

T
p < 700 GeV, jjm ≤ 2-jet, 350 ≥ )0.21−

0.26+ ,  0.52−

0.59+   (0.56−

0.64+  0.81  

 < 200 GeVH

T
p 700 GeV, ≥ jjm 2-jet, ≥ )0.14−

0.19+ ,  0.26−

0.29+   (0.29−

0.34+  1.16  

 200 GeV≥ H

T
p 350 GeV, ≥ jjm 2-jet, ≥ )0.14−

0.18+ ,  0.34−

0.41+   (0.37−

0.44+  1.20  

 < 75 GeVV

T
p )0.13−

0.22+ ,  1.02−

1.16+   (1.02−

1.18+  2.46  

 < 150 GeVV

T
p ≤75 )0.12−

0.20+ ,  0.81−

0.99+   (0.82−

1.01+  1.70  

 < 250 GeVV

T
p ≤150 )0.32−

0.42+ ,  0.65−

0.83+   (0.72−

0.93+  1.46  

 250 GeV≥ V

T
p )0.21−

0.34+ ,  0.52−

0.71+   (0.56−

0.79+  1.28  

 < 150 GeVV

T
p )0.59−

0.50+ ,  0.57−

0.54+   (0.82−

0.74+  0.19  

 < 250 GeVV

T
p ≤150 )0.21−

0.32+ ,  0.52−

0.70+   (0.56−

0.77+  1.30  

 250 GeV≥ V

T
p )0.23−

0.41+ ,  0.59−

0.81+   (0.63−

0.91+  1.41  

 < 60 GeVH

T
p )0.08−

0.13+ ,  0.64−

0.76+   (0.64−

0.77+  0.72  

 < 120 GeVH

T
p ≤60 )0.05−

0.08+ ,  0.43−

0.51+   (0.43−

0.51+  0.66  

 < 200 GeVH

T
p ≤120 )0.10−

0.14+ ,  0.50−

0.59+   (0.51−

0.60+  1.00  

 200 GeV≥ H

T
p )0.06−

0.10+ ,  0.45−

0.52+   (0.45−

0.53+  0.86  

)0.63−

0.71+ ,  2.44−

3.23+   (2.52−

3.31+  1.71  

0 0.5 1 1.5 2

           Total    Stat.     Syst.

ZZ*/BγγB )0.06−

0.07+ ,  0.11−

0.12+   (0.12−

0.14+  1.07  

ZZ*/B
bb

B )0.12−

0.30+ ,  0.25−

0.48+   (0.28−

0.57+  0.77  

From 𝑯 → 𝜸𝜸,
𝑯 → 𝒁𝒁∗
contributions

From 𝑯 → 𝒃𝒃
contributions

From 𝑯 → 𝜸𝜸
contributions

• Increased datasets and 
optimized analysis 
strategies result in 
estimating the STXS in the 
finest kinematic regions 
so far

• Especially feasible to 
measure 𝒕𝒕𝑯 and 𝒕𝑯
separately



𝜅 framework
• To measure Higgs coupling strengths directly, and to test deviations from SM
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• 𝜿 framework
• Coupling modifiers to productions

and decays

• 𝜎4×𝐵5 =
𝝈𝒊 𝜿 ×𝜞𝒇(𝜿)

𝜞𝑯
, 𝜅4( =

<$
<$
%&, 𝜅5( =

='
='
%&

• 𝜅0( 𝜅, 𝐵4>? , 𝐵@>ABC =
∑( E'

%&F(
)

()!E$*+!E,*-./)
• 𝑩𝒊𝒏𝒗: ~0.1% from 𝐻 → 𝑍𝑍∗ → 4𝜈
• 𝑩𝒖𝒏𝒅𝒆𝒕: non-sensitive analyses: H →

light quarks, H → BSM particles, etc.

V

f

f

V

g
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𝜅"# 𝜅$#
ggF, 𝑯 → 𝑽𝑽
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Generic model assuming no new particles
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Parameter Result

Z 1.02± 0.06

W 1.05± 0.06

b 0.98 + 0.14
� 0.13

t 0.96 ± 0.08

⌧ 1.06 + 0.15
� 0.14

µ 1.12 + 0.26
� 0.32 2.1𝜎 (1.7𝜎 )

• 𝜅O, 𝜅P, 𝜅C(𝜅Q), 𝜅R(𝜅S), 𝜅T, 𝜅U
• Assumption

• All 𝜅 ≥ 0
• Only SM particle contribute to Higgs vertices
• 𝐵4>? = 𝐵@>ABC = 0

• 𝜅P, 𝜅O, 𝜅R, 𝜅C precisions are largely 
improved (19%~25%) wrt 80 fb-1

combined measurement

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002


SMEFT interpretations
• Model independent approach: EFT

• It’s systematically improvable with higher-order perturbative calculations
• SMEFT parameterize large energy scale (Λ ≫ 𝑣, Λ = 1 TeV used) BSM effects at low 

energies
• STXS measurements are helpful to constrain coefficients associated to SMEFT 

operators, thus put constraints on new physics at fixed scale 𝚲
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HL-LHC projections
• Many open questions like hierarchy problem and the nature of dark matter are 

possible to be addressed by precise measurements of Higgs boson properties, 
which is a high priority at HL-LHC

• HL-LHC projection study with combined Run2 dataset up to 80 fb-1 [ATL-PHYS-
PUB-2018-054]

• 𝜇 = 1.000!"."+V%"."+$(1.000!"."(.%"."(3), S1: Same systematics at Run2; S2: Reduced 
systematics expected at HL-LHC

2021/8/28 Combined Higgs boson measurements and constraints on the Higgs self-coupling at ATLAS 16

Expected uncertainty
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 PreliminaryATLAS
Projection from Run 2 data

-1 = 14 TeV, 3000 fbs
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)ττWW,→H,Ht(tσ

 ZZ)→H,Ht(tσ
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Expected uncertainty
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 PreliminaryATLAS
Projection from Run 2 data

-1 = 14 TeV, 3000 fbs

Wκ

Zκ

tκ

bκ

τκ

gκ

γκ

µκ

γZκ

BSMB

Largely improved 
precisions!

Allow to observe
𝐻 → 𝜇𝜇, 𝐻 → 𝑍𝛾

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/


Constraints on the Higgs
self-coupling

Combine single-Higgs and double-Higgs together to maximize 
the sensitivity to constrain 𝜅W
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Indirect measurement in the single-H
• Single Higgs processes do not depend on 𝜆000 at LO, while its contributions need to 

be taken into account for the complete NLO EWK corrections
• 𝜆000 contributes via Higgs self energy loop corrections and additional diagrams
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• An indirect constraint on 𝜆000 can be extracted by comparing the single-Higgs 
measured results and the SM predictions corrected for the 𝜆000 -dependent NLO 
EW effects
• Signal strength: 𝜇45 𝜅/ = 𝜇4 𝜅/ ×𝜇5 𝜅/ ≡ <$ F0

<%&,$
× EW' F0

EW%&,'

VBF VH ttH

[arXiv: 1607.04251]
[arXiv: 1709.08649]

https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649


Theoretical model: production mode
𝜇" 𝜅#, 𝜅" =

𝜎$%&

𝜎%&
= 𝑍'$%& 𝜅# 𝜅"( +

𝜅# − 1 𝐶)"

𝐾*+"

𝑍'$%& 𝜅# = )
), -%

&,) ./'
, 𝛿𝑍' = −1.536×10,0

• 𝐾*+" = 1()*
+,,.

1)*
+,,.:  Complete NLO EW correction for the production

• 𝐶)":  process and kinematics-dependent linear coefficient that provides the sensitivity of the 
measurement to 𝜅#

• 𝜅"( =
1)*,.
/+,

1)*,.
+, : Modifiers to other Higgs boson couplings in the 𝜅-framework

• Only 𝜅2 (all fermions) and 𝜅3 (all weak vector bosons)
are considered
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[arXiv: 1607.04251]
[arXiv: 1709.08649]

λκ
20− 15− 10− 5− 0 5 10 15 20

SM σ
) /

 
λκ(σ
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0.2

0.4

0.6

0.8
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1.2

1.4

ggF
SMσ / ggFσ

VBF
SMσ / VBFσ

WH
SMσ / WHσ

ZH
SMσ / ZHσ

ttH
SMσ / ttHσ

[ATL-PHYS-PUB-2019-009]

inclusive

Inclusive production modes

https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/


Theoretical model: decay rate
• Higgs boson decay rates 

𝜇5 𝜅/, 𝜅5 =
𝐵𝑅5E12

𝐵𝑅512
=

𝜅5( + 𝜅/ − 1 𝐶)
5

∑X𝐵𝑅X12 𝜅X( + 𝜅/ − 1 𝐶)
X

• 𝐶)
5:  linear coefficient provides the sensitivity to 𝜅/
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γγ
SM / BRγγBR

ZZ*
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WW*
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SM / BRττBR

bb
SM / BRbbBR

[arXiv: 1607.04251]
[arXiv: 1709.08649]

[ATL-PHYS-PUB-2019-009]

https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/


Theory model and interpretation in the double-Higgs
• The double-Higgs production
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• The amplitude of the HH production can be parameterized as a function of ttH 
coupling 𝜅C = 𝑔CC0/𝑔CC012 and HHH coupling 𝜅/ = 𝑔000/𝑔00012

𝐴 𝜅C , 𝜅/ = 𝜅C(𝐵 + 𝜅C𝜅/𝑇

• Omitting the integral on the final phase space and on the PDFs for simplicity
• 𝜎 𝑝𝑝 → 𝐻𝐻 ~𝜅C. 𝐵 ( + F0

F/
𝐵∗𝑇 + 𝑇𝐵∗ + F0

F/

(
𝑇 (

• 𝜅C. appears in the normalization, the signal acceptance depends only from 𝜅//𝜅C

• When estimating 𝜎 𝑝𝑝 → 𝐻𝐻 , global normalization factors (𝜅C.) don’t play a role
• ⇒ HH-only measurement can’t measure 𝜅/ and 𝜅C at the same time, 𝜅C is fixed 

to the SM in HH analysis alone

B T



Data and input measurement
• Constrain Higgs self-coupling in the combination using datasets up to 80 fb-1
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• Within each of the single-Higgs and the double-Higgs analyses all the categories are 
orthogonal by definition

• The single-Higgs and double-Higgs categories are not all orthogonal
• The overlap has been studied, the 𝑡𝑡𝐻(𝛾𝛾) categories have been removed as 

they show large overlap with the 𝐻𝐻 → 𝑏𝑏𝛾𝛾 categories
• Also the impact on the combined limits of removing 𝑡𝑡𝐻(𝛾𝛾) categories is 

smaller w.r.t removing 𝐻𝐻 → 𝑏𝑏𝛾𝛾 categories



𝜅!-only results
• A likelihood fit is performed to constrain 𝜅# in the combination of single-Higgs and double-Higgs
• All other Higgs boson couplings are fixed to the SM (𝜅4 = 𝜅5 = 𝜅6 = 𝜅+ = 𝜅/ = 1)

2021/8/28 Combined Higgs boson measurements and constraints on the Higgs self-coupling at ATLAS 23

λκ
20− 15− 10− 5− 0 5 10 15 20

Λ
-2

 ln
 

0

1

2

3

4

5

6

7

8

68% CL

95% CL

 PreliminaryATLAS
-1 = 13 TeV, 27.5 - 79.8 fbs

 = 1bκ = tκ = lκ = Zκ = Wκ

double Higgs
single Higgs
H+HH

lk
20- 15- 10- 5- 0 5 10 15 20

L
-2

 ln
 

0

1

2

3

4

5

6

7

8

68% CL

95% CL

 PreliminaryATLAS
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• 𝜅# = 4.6,0.890.( = 4.6,0.:9(.; 𝑠𝑡𝑎𝑡. ,).(
9).( 𝑒𝑥𝑝. ,<.:

9<.= 𝑠𝑖𝑔. 𝑡ℎ. ,).<
9<.>(𝑏𝑘𝑔. 𝑡ℎ. ) (obs.)

• 𝜅# = 1.0,0.89=.0 = 1.0,0.<9>.( 𝑠𝑡𝑎𝑡. ,).=
90.< 𝑒𝑥𝑝. ,).(

9).8 𝑠𝑖𝑔. 𝑡ℎ. ,).)
9).=(𝑏𝑘𝑔. 𝑡ℎ. ) (exp.)

95% CL Obs. Exp.
H [ATL-PHYS-PUB-2019-009] [-3.2, 11.9] [-6.2, 14.4]
HH [arXiv:1906.02025] [-5.0, 12.0] [-5.8, 12.0]
H+HH [ATLAS-CONF-2019-049] [-2.3, 10.3] [-5.1, 11.2]

• The combination can better constrain 𝜅/ by 17%-26%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
https://arxiv.org/abs/1906.02025
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/


Higgs production/decay contributions
• Contributions from the different production and decay modes
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 ZZ*→H 
γγ →H 
b b→H 

 WW*→H 
ττ →H 

bbb b→HH 
-τ+τb b→HH 

γγb b→HH 

• HH production is the most sensitive channel among all Higgs production processes, 
followed by SH, ggF

• 𝐻𝐻 → 𝑏𝑏𝛾𝛾, 𝐻𝐻 → 𝑏𝑏𝜏𝜏 give dominant contributions in constraining 𝜅/, followed by 
𝐻 → 𝛾𝛾

[ATLAS-CONF-2019-049]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/


Generic model
• To give the most generic measurement, a likelihood fit is performed to constrain 

simultaneously 𝜅/, 𝜅O, 𝜅P, 𝜅C, 𝜅R and 𝜅Y
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[ATLAS-CONF-2019-049]

• Only the single-Higgs and double-Higgs combination could give enough sensitivity 
to exploit the generic model

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/


Latest 𝜅! results/HL-LHC projections
HL-LHC projection by combining 𝑏𝑏𝑏𝑏, 
𝑏𝑏𝜏𝜏, 𝑏𝑏𝛾𝛾 with Run2 datasets up to 36 
fb-1 [ATL-PHYS-PUB-2018-053]
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Simulation and Projections from Run 2 data

Systematics uncertainties included

Scenario 1� CI 2� CI
Statistical uncertainties only 0.4  �  1.7 �0.10  �  2.7 [ 5.5  �  6.9
Systematic uncertainties 0.25  �  1.9 �0.4  �  7.3

𝑯𝑯 → 𝒃𝒃𝜸𝜸 analysis @ 139 fb-1 

[ATLAS-CONF-2021-016]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/


Summary
• Higgs coupling properties have been measured in ATLAS by combining Run2 data up to 139 fb-1

[ATLAS-CONF-2020-027, ATLAS-CONF-2020-053]

• Global signal strength 𝜇 = 1.06 ± 0.07
• 31% higher precision w.r.t Run1: 1.09!".$"%".$$

• Higgs production cross sections and decay BR are measured as well
• Firstly observe WH mode in the ATLAS, all 5 prod modes are > 5𝜎

• Finest measurements of STXS stage 1.2 regions are performed

• Higgs couplings are directly measured within 𝜿 frameworks

• 2HDM, MSSM and EFT interpretations are performed, no derivations from the SM predictions are 
observed

• New round of coupling combination is ongoing by including full Run2 HWW, Htautau, Hbb channels 
(aiming to be public this year)

• Precise measurements of Higgs boson properties at HL-LHC are helpful to address open questions 
about the universe
• The accuracies of Higgs production and decay mode measurements are largely improved, possible to 

observe Higgs rare decays (ie 𝐻 → 𝜇𝜇, 𝐻 → 𝑍𝛾)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://link.springer.com/content/pdf/10.1007/JHEP08(2016)045.pdf


Summary
• The HH searches (up to 36.1 fb-1) provide a unique chance to probe the 

Higgs self-coupling 𝜅* = 𝜆+++/𝜆,- with direct measurements, the observed 
95% CL is [-5.0, 12.0]

• The single-Higgs analysis (up to 80 fb-1) shows an alternative and 
complementary approach to constrain the Higgs self-coupling, providing 
similar sensitivity: [-3.2, 11.9] at 95% CL

• Furthermore, 𝜅* is constrained by combining single-Higgs analyses and 
double-Higgs analyses, which improves the constraining power on 𝜅* by 
17%-26%: [-2.3, 10.3] at 95% CL

• The latest and the most stringent constraint on 𝜅* is performed in the 𝑯𝑯 →
𝒃𝒃𝜸𝜸 analysis with full Run2 data at ATLAS: [-1.5, 6.7] at 95% CL

• The combination of full Run2 HH analyses (non-resonant 𝑏𝑏𝜏𝜏, 𝑏𝑏𝛾𝛾) is 
ongoing, expecting better constraints on 𝜅* and other coupling parameters
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Backup
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Production cross sections × BR

H

W,Z

W,Z
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Total Stat. Syst. SM PreliminaryATLAS
-1 = 13 TeV, 24.5 - 139 fbs

| < 2.5
H

y = 125.09 GeV, |Hm
 = 87%
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WWggF   1.08  (  0.18−
 0.19+  ,  0.11±  ) 0.15± 
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• Prob Higgs property in each production and Higgs decay: 𝝈×𝑩 𝒊𝒇

ggF+bbH

ttH+tHVH

VBF

𝑯 → 𝑾𝑾/𝒁𝒁

𝑯 → 𝒃𝒃/𝝉𝝉

𝑯 → 𝜸𝜸
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Generic model with/without BSM contributions
• 𝜅O, 𝜅P, 𝜅C(𝜅Q), 𝜅R(𝜅S), 𝜅T, 𝜿𝜸, 𝜿𝒈, (𝑩𝒊𝒏𝒗, 𝑩𝒖𝒏𝒅𝒆𝒕)
• All 𝜅 ≥ 0 except 𝜿𝒕 without loss of generality
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Parameter (a) Bi. = Bu. = 0 (b) Bi. free, Bu. � 0, W,Z  1

Z 1.02± 0.06 > 0.88 at 95% CL

W 1.06± 0.07 > 0.89 at 95% CL

b 0.98 + 0.14
� 0.13 0.92 ± 0.10

t 1.00± 0.12 0.97 ± 0.12

⌧ 1.05 + 0.15
� 0.14 1.02 + 0.13

� 0.14

� 1.06 + 0.08
� 0.07 1.04 + 0.06

� 0.07

g 0.96 + 0.09
� 0.08 0.93 + 0.08

� 0.07

Bi. - < 0.09 at 95% CL

Bu. - < 0.19 at 95% CL

Assumption

Assume 
𝑩𝒊 = 𝑩𝒖 = 𝟎

𝒕𝑯 𝒈𝒈𝒁𝑯

Significance for excluding the negative 𝜿𝒕 : 
2.9𝜎 (2.7𝜎), mostly due to the 𝒕𝑯 (𝜅4, 𝜅+)
and 𝒈𝒈 → 𝒁𝑯 (𝜅4, 𝜅/) contributions 



2HDM interpretations
• Promising extension: SM ⟹ 2HDM with an additional doublet of the complex field
• Neutral CP even: 𝒉 (lighter, SM-like), 𝐻 (heavier); Neutral CP odd: A; Charged: 𝐻±

• Vacuum expectation: 𝑣)( + 𝑣(( = 𝑣( ≈ 246 𝐺𝑒𝑉 (; 𝐭𝐚𝐧𝜷 ≡ 𝒗𝟐
𝒗𝟏

• Mixing angle 𝜶 of ℎ and 𝐻
• 𝜅J33 = sin(𝛽 − 𝛼), 𝜿𝑯𝑽𝑽 = 𝐜𝐨𝐬(𝜷 − 𝜶)
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Data are consistent with 
the alignment limit at 
𝐜𝐨𝐬 𝜷 − 𝜶 = 𝟎 (SM)



MSSM interpretations
• Model dependent approach: MSSM

• 6 scenarios: 𝑀f
)(3, 𝑀f

)(3( l𝜒), 𝑀f
)(3(�̃�), 𝑀f

)(3(alignment), 𝑀f,hij
)(3 , 𝑀f,hij

)(3 ( l𝜒) [Eur. 
Phys. J. C 79 (2019) 617, Eur. Phys. J. C 79 (2019) 279]
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Generally
excludes low 𝒎𝑨
regime

Results are 
complementary
to limits from 
direct searches 
of additional 
Higgs bosons

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-7114-8
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6770-z


Theoretical model and parameterization
• Parametrization of single Higgs is used consistently in double-Higgs analyses for 

single-Higgs backgrounds and Higgs decay branching ratios
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[ATLAS-CONF-2019-049]

Inclusive production modes

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/


𝜅! − 𝜅" measurement
• By fitting together double-Higgs and single-Higgs, 𝜅/ and 𝜅C can be constrained at 

the same time
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• The double-Higgs analysis alone doesn’t have sensitivity to constrain 𝜅/ and 𝜅C
simultaneously

[ATLAS-CONF-2019-049]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/

