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Introduction
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• Higgs discovery:  ATLAS, CMS

• Following the discovery of the Higgs by the ATLAS and CMS, its coupling properties 
to other SM particles can be precisely probed, therefore providing stringent tests of 
the SM validity
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https://www.sciencedirect.com/science/article/pii/S0370269312008581%3Fvia%253Dihub


Run1 combination
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• Run 1 combination of ATLAS and CMS [JHEP 08 (2016) 045]
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• The data are consistent with the SM within Run1 precision
• The measurements are extended in ATLAS using the Run 2 dataset up to 80 fb-1, to 

probe Higgs properties more precisely [Phys. Rev. D 101 (2020) 012002]
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https://link.springer.com/article/10.1007/JHEP08(2016)045
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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
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Global signal strength
• Global signal strength 𝝁: a common scaling of the expected Higgs boson yield, 

showing the overall sensitivity
𝜇 =

𝜎×𝐵 !

𝜎×𝐵 !
"#

• 𝜇 = 1.11$%.%'(%.%) = 1.11 ± 0.05 𝑠𝑡𝑎𝑡. $%.%*
(%.%+ 𝑒𝑥𝑝. $%.%*

(%.%+ 𝑠𝑖𝑔. 𝑡ℎ. ± 0.03(𝑏𝑘𝑔. 𝑡ℎ. )
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Production cross sections
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Single experiment observation

• Measure the Higgs 5 main production cross sections 
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Correlations are small
• Various powerful 

analyses contribute to 
different production 
modes 

• Analysis strategies 
optimized
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Production cross sections × BR
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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

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>
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STXS measurements
ATLAS
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𝜅 framework
• To measure Higgs coupling strengths directly, and to test deviations from SM

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>

• 𝜿 framework
• Coupling modifiers to productions and 

decays
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• 𝑩𝒖𝒏𝒅𝒆𝒕: no sensitive analyses: H → light 

quarks, H → BSM particles, etc.
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Generic model assuming no new particles
• 𝜅J, 𝜅K, 𝜅>(𝜅L), 𝜅M(𝜅N), 𝜅O, 𝜅P
• Assumption

• All 𝜅 ≥ 0
• Only SM particle contribute to Higgs vertices
• 𝐵.9: = 𝐵;9<=> = 0

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>
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Generic model with/without BSM contributions
• 𝜅J, 𝜅K, 𝜅>(𝜅L), 𝜅M(𝜅N), 𝜅O, 𝜿𝜸, 𝜿𝒈

• 𝜿𝒈: ggF, 𝐻 → 𝑔𝑔; 𝜿𝜸: 𝐻 → 𝛾𝛾

• All 𝜅 ≥ 0 except 𝜿𝒕 without loss of generality

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>
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Generic ratio model
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All assume positive

• 𝝀𝜸𝒁: Sensitive to new charged particles contributing to 𝑯 → 𝜸𝜸 unlike in 𝐻 → 𝑍𝑍∗

• 𝝀𝒕𝒈: Sensitive to new colored particles through ggF loop unlike in ttH events

• Ratio model is the most model-independent
• Independent of any assumptions about 𝜿𝑯
• Common systematics cancel out
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Summary
• Higgs coupling properties have been measured in ATLAS by combining Run2 data 

up to 80 fb-1 [Phys. Rev. D 101 (2020) 012002]

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>

• Global signal strength 𝜇 = 1.11$%.%'(%.%)

• 21% higher precision w.r.t Run1: 1.09$%.B%(%.BB

• Higgs production cross sections and decay BR are measured as well
• The precision is 9% - 30% with various production modes respectively

• Measured merged Stage 1 STXS (new results)
• Higgs couplings are measured within 𝜿 frameworks with/without BSM (𝑩𝒊𝒏𝒗, 𝑩𝒖𝒏𝒅𝒆𝒕)

contributions to the 𝚪𝑯

• No significant deviation from the SM is observed in any models

14

Expected uncertainty
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Wκ

Zκ

tκ

bκ

τκ

gκ

γκ

µκ

γZκ

HL-LHC 
projection

S1: Same systematics at 
Run2
S2: Reduced systematics 
expected at HL-LHC

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/content/pdf/10.1007/JHEP08(2016)045.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/


Backup
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Run1 combination significances
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Combined production modes/decays
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Production

Decay

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

• 𝐻 → 𝑍𝑍∗ → 4𝑙, 𝐻 → 𝛾𝛾
• Low BR
• high S/B, excellent 

mass resolution
• Gold channels
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Production cross sections
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Other production 
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Ratios of cross sections and branching fractions
• Measurement on the ratios of cross sections and BR can

• Cancel the SM assumption of the relative fractions between Higgs production cross sections and BR
• Reduce the common systematics through the ratios

𝜎×𝐵 ./ = 𝜎XXYKK ⋅
𝜎.
𝜎XXY

⋅ (
𝐵/
𝐵KK

)
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Precisely measured
Small systematics

Parameter normalized to SM value

0 0.5 1 1.5 2 2.5 3

Total Stat. Syst. SMATLAS
-1= 13 TeV, 24.5 - 79.8 fbs

| < 2.5
H

y= 125.09 GeV, |Hm

= 93%
SM

p Total Stat. Syst.

ZZ*
ggFσ 1.13 0.13± ( 0.11−

0.12+
, 0.06± )
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)
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Correlations between STXS bins

1-

0.8-

0.6-

0.4-

0.2-

0

0.2

0.4

0.6

0.8

1

(X
,Y

)
r

0-
je

t

 <
 6

0 
G

eV
H Tp

1-
je

t, 

 <
 1

20
 G

eV
H Tp £

1-
je

t, 
60

 

 <
 2

00
 G

eV
H Tp £

1-
je

t, 
12

0 

 <
 2

00
 G

eV
H Tp

 2
-je

t, 
³

 2
00

 G
eV

³ 
H Tp

 1
-je

t, 
³

VB
F 

to
po

 +
 R

es
t

 to
po

VH  2
00

 G
eV

³ 
j Tp

 <
 2

50
 G

eV
TV p

 2
50

 G
eV

³ 
TV p

 <
 1

50
 G

eV
TV p

 <
 2

50
 G

eV
TV p £

15
0 

 2
50

 G
eV

³ 
TV p

ZZ
*

B ´) 
H

 +
 tH

tt(

ZZ
*

/B
g

g
B

ZZ
*

/B bb
B

ZZ
*

/B
W

W
*

B

ZZ
*

/B tt
B

ZZ*/BttB

ZZ*/BWW*B

ZZ*/B
bb

B
ZZ*/BggB
ZZ*B ´) H + tHtt(

 250 GeV³ 
T
Vp

 < 250 GeV
T
Vp £150 

 < 150 GeV
T
Vp

 250 GeV³ 
T
Vp

 < 250 GeV
T
Vp

 200 GeV³ j

T
p

 topoVH

VBF topo + Rest

 200 GeV³ H
T

p 1-jet, ³

 < 200 GeVH
T

p 2-jet, ³

 < 200 GeVH
T

p £1-jet, 120 

 < 120 GeVH
T

p £1-jet, 60 

 < 60 GeVH
T

p1-jet, 

0-jet

ZZ*B ´
H®gg

ZZ
*

B ´
H

®
gg

ZZ*B ´   
Hqq®qq

ZZ
*

B ´
   

H
qq

®
qq

ZZ*B ´  
nHl®qq

ZZ
*

B ´  
n

H
l

®
qq

ZZ*B ´    
Hll®gg/qq

ZZ
*

B ´
   

 
H

ll
®

gg
/q

q

 

 

0.25-

0.50-

0.17-

0.52-

0.33

0.12

0.08

0.03

0.12

0.15

0.01-

0.03

0.32

0.22

0.00

0.18

0.18

0.27-

1

0.01-

0.05-

0.02-

0.06-

0.04

0.02

0.00

0.01

0.01

0.00

0.04

0.01-

0.02-

0.01-

0.07

0.08-

0.17-

1

0.27-

0.01-

0.13-

0.03-

0.10-

0.06

0.02

0.02

0.01-

0.03

0.02

0.07

0.05

0.04-

0.05

0.22-

0.09

1

0.17-

0.18

0.18-

0.11-

0.05-

0.13-

0.11

0.04

0.02

0.01-

0.04

0.03

0.08

0.05

0.01-

0.01

0.17-

1

0.09

0.08-

0.18

0.07-

0.03

0.05-

0.21-

0.08

0.04

0.01

0.02

0.03

0.04

0.01-

0.42-

0.26-

0.03-

1

0.17-

0.22-

0.07

0.00

0.41-

0.15-

0.09-

0.35-

0.20

0.07

0.04

0.03

0.06

0.08

0.55-

0.15-

0.31

1

0.03-

0.01

0.05

0.01-

0.22

0.26-

0.45-

0.14-

0.42-

0.29

0.10

0.05

0.05

0.10

0.12

0.30-

0.13

1

0.31

0.26-

0.01-

0.04-

0.02-

0.32

0.01-

0.05-

0.00

0.03

0.01

0.00

0.00

0.01-

0.00

0.00

0.09

1

0.13

0.15-

0.42-

0.05

0.05

0.01-

0.03

0.06-

0.05-

0.02

0.07

0.03-

0.01-

0.01-

0.02-

0.01-

0.02-

1

0.09

0.30-

0.55-

0.01-

0.08

0.07

0.04

0.01-

0.10-

0.13-

0.45-

0.24-

0.17

0.39

0.05

0.15-

0.12

1

0.02-

0.00

0.12

0.08

0.04

0.03

0.02

0.00

0.15

0.10-

0.12-

0.72-

0.18-

0.22

0.47

0.21

0.19-

1

0.12

0.01-

0.00

0.10

0.06

0.03

0.04

0.03

0.01

0.12

0.02-

0.03-

0.26

0.09-

0.01-

0.19-

0.05-

1

0.19-

0.15-

0.02-

0.01-

0.05

0.03

0.02

0.01-

0.01-

0.01

0.03

0.05-

0.06-

0.23-

0.11-

0.09

0.20-

1

0.05-

0.21

0.05

0.01-

0.00

0.05

0.04

0.01

0.02

0.02

0.00

0.08

0.10-

0.12-

0.73-

0.19-

0.23

1

0.20-

0.19-

0.47

0.39

0.01-

0.00

0.10

0.07

0.04

0.04

0.02

0.02

0.12

0.33-

0.39-

0.31-

0.45-

1

0.23

0.09

0.01-

0.22

0.17

0.03-

0.01

0.29

0.20

0.08

0.11

0.06

0.04

0.33

0.39

0.45

0.26

1

0.45-

0.19-

0.11-

0.09-

0.18-

0.24-

0.07

0.03

0.42-

0.35-

0.21-

0.13-

0.10-

0.06-

0.52-

0.14

0.17

1

0.26

0.31-

0.73-

0.23-

0.26

0.72-

0.45-

0.02

0.00

0.14-

0.09-

0.05-

0.05-

0.03-

0.02-

0.17-

0.25

1

0.17

0.45

0.39-

0.12-

0.06-

0.03-

0.12-

0.13-

0.05-

0.05-

0.45-

0.15-

0.03

0.11-

0.13-

0.05-

0.50-

1

0.25

0.14

0.39

0.33-

0.10-

0.05-

0.02-

0.10-

0.10-

0.06-

0.01-

0.26-

0.41-

0.07-

0.18-

0.01-

0.01-

0.25-

ATLAS
-1 = 13 TeV, 36.1 - 79.8 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

5/5/2020 Combined Higgs boson measurements <kran@cern.ch>

• VHlep VS 𝐵@@/𝐵AA, WHlep VS Zhlep
• Only VHbb is sensitive

• gg2H 0j VS 𝐵BB/𝐵AA, gg2H 0j VS 𝐵CC/𝐵AA, 𝐵BB/𝐵AA VS ⁄𝐵CC 𝐵AA
• 𝑯 → 𝜸𝜸, 𝑯 → 𝑾𝑾, 𝑯 → 𝒁𝒁 are the most sensitive

• 𝑝D! ≥ 200 GeV VS 𝐵EE/𝐵AA
• 𝑯 → 𝝉𝝉 is sensitive in high pTH

• gg2H, ≥1j, 𝑝D! ≥ 200 GeV VS qq2Hqq, 𝑝D
F ≥ 200 GeV

• cross-contamination in experimental selections
20



Fermions and gauge boson couplings
• Universal coupling-strength
• 𝜿𝑽 = 𝜅M = 𝜅N
• 𝜿𝑭 = 𝜅P = 𝜅Q = 𝜅R = 𝜅S
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• Assumption
• 𝐵.9: = 𝐵;9<=> = 0
• 𝜿𝑽 ≥ 𝟎, 𝜿𝑭 ≥ 𝟎 (negative relative 

sign is already excluded[JHEP 08 
(2016) 045])

• 𝜅U = 1.05 ± 0.04
• 𝜅V = 1.05 ± 0.09

• Correlation: 𝜅U VS 𝜅V: 44%
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Prob BSM contributions in loops and decays
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• Assumption 1
• 𝐵*+, = 𝐵-+./0 = 0

• 𝜅1 = 1.00 ± 0.06, 𝜅2 = 1.0334.4674.48
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• 𝜿𝜸 VS 𝜿𝒈
• To probe new particles contributions through loops

or new final states
• 𝜿𝜸 ≥ 𝟎, 𝜿𝒈 ≥ 𝟎 (No sensitivity to measure relative 

sign)
• Other 𝜿 are fixed to the SM

𝜅!0𝜅"0

Correlation: -44%
Constraint from ggF, 𝐻 → 𝛾𝛾
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2HDM
• SM Higgs sector is extended by an additional doublet of the complex field
• Neutral CP even: 𝒉 (lighter, SM-like), 𝐻 (heavier); Neutral CP odd: A; Charged: 𝐻±

• Vacuum expectation: 𝑣KL + 𝑣LL = 𝑣L ≈ 246 𝐺𝑒𝑉 L; 𝐭𝐚𝐧𝜷 ≡ 𝒗𝟐
𝒗𝟏

• Mixing angle 𝜶 of ℎ and 𝐻
• 𝜅NOO = sin(𝛽 − 𝛼), 𝜿𝑯𝑽𝑽 = 𝐜𝐨𝐬(𝜷 − 𝜶)
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hMSSM
• Realization of a type II 2HDM

• 𝜅Z =
N- [1,]^_ ` (]^_ `N, [1,]^_ `

B(]^_) `
, 𝐭𝐚𝐧𝜷 ≡ 𝒗𝟐

𝒗𝟏

• 𝜅; = 𝑠; 𝑚a, tan 𝛽
B(]^_) `
]^_ `

, 𝜅< = 𝑠< 𝑚a, tan 𝛽 1 + tan6 𝛽
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Higgs self-coupling
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• In Run2, Higgs couplings to other SM particles are measured with an 
increasing precision

• The properties of Higgs boson self-coupling are still unconstrained

• Constrain 𝜿𝝀 =
𝝀𝑯𝑯𝑯
𝝀𝑯𝑯𝑯
𝑺𝑴 by single/double-Higgs and combination
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double Higgs
single Higgs
H+HH

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]

[ATLAS-CONF-2019-049]

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

