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What can you expect?
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A summary of our activities in using Higgs boson measurements 
to constrain the Standard Model EFT (SMEFT)

(Our) answers to questions such as

How to extract SMEFT constraints?

How to ensure our measurements can reliably probe SMEFT effects?

How to present these results?

from the point of view of two recent results:

Higgs combination Higgs + diboson combination

H→ɣɣ
H→ZZ*→4l
VH, H→bb

H→WW*

pp→WW

See Lailin’s overview talk yesterday

[ATLAS-CONF-2020-053] [ATL-PHYS-PUB-2021-010]

https://indico.ihep.ac.cn/event/13632/session/0/contribution/35
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-2021-010/
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From event distributions to SMEFT constraints
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“Inputs for EFT interpretation”

Note: all systematic uncertainties kept for EFT result!

[ATLAS-CONF-2020-053][arXiv:2007.02873]

A typical trajectory of an ATLAS Higgs EFT result
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://arxiv.org/abs/2007.02873
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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Simplified template cross-sections (STXS)
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Inclusive signal strength Differential cross-sectionSTXS

STXS = Higgs production cross-sections in well-defined fiducial volumes

Original definition from YR4, more granular bins in use now

Compromise between exp. sensitivity and model-dependence


Isolate regions with possible BSM effects (e.g. pTV)


Staged definition: more data → more STXS bins

https://arxiv.org/abs/1610.07922


Philipp Windischhofer

The Standard Model EFT (SMEFT)
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ℒSMEFT = ℒSM ∑
i

c(5)
i

Λi
𝒪(5)

i ∑
i

c(6)
i

Λ2
i

𝒪(6)
i+ + +…

The Standard Model as an effective theory

Uniquely determined

by symmetry

Weinberg operator

(not relevant for Higgs physics)

2499 operators with ∆L=∆B=0
76 with global U(3)5 flavour symmetry 

Only partially enumerated,

odd dimensions violate  
B and / or L (not considered)

Corrections to SM interactions +  
new contact interactions

3- and 4-point interactions

= + Λ
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Cross-sections in the SMEFT
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Λ×2
c

Λ2
Re( (+ + Λ| |

2
c2

Λ4

SM / dim-6 interference dim-6 squared
“linear”: (v/Λ)2, (E/Λ)2 “quad.”: (v/Λ)4, (E/Λ)4

= σSM

σSMEFT ∼ | |
2

SM

1 +(× )+αic(6)
i βijc(6)

i c(6)
j

Multiplicative modification of SM cross-section

Observables (also decay rates) are polynomial in Wilson coefficients     c(6)
i

e.g. σSTXS
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Parametrisation of SMEFT modifications
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Observables are polynomial  
in Wilson coefficients        :c(6)

i

[σ × Br(H → f . s.)]SMEFT

[σ × Br(H → f . s.)]SM
=

σSMEFT

σSM
×

Γ(H → f . s.)SMEFT

Γ(H → f . s.)SM

Γ(H)SMEFT

Γ(H)SM

αic(6)
i βijc(6)

i c(6)
j1+ +

Af
i c(6)

i Bf
ijc

(6)
i c(6)

j1+ +

Aic(6)
i Bijc(6)

i c(6)
j

1+ +

(Expanded further in powers of Λ-2)
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Observables are polynomial  
in Wilson coefficients        :c(6)

i
αic(6)

i βijc(6)
i c(6)

j1+ +

Af
i c(6)

i Bf
ijc

(6)
i c(6)

j1+ +

Aic(6)
i Bijc(6)

i c(6)
j

1+ +

(Expanded further in powers of Λ-2)

Coefficients for linear and quadratic contributions obtained from simulation:

MadGraph + SMEFT@NLO for loop-induced processes (e.g. gg→ZH, H→gg)

MadGraph + SMEFTsim for tree-level processes (LO)

Analytic results where available
(e.g. H→ɣɣ from Phys. Rev. D 98, 095005)

H
γ

γ

Use Warsaw basis, {mW, mZ, GF} input scheme, U(3)5 flavour symmetry, Λ=1TeV

[σ × Br(H → f . s.)]SMEFT

[σ × Br(H → f . s.)]SM
=

σSMEFT

σSM
×

Γ(H → f . s.)SMEFT

Γ(H → f . s.)SM

Γ(H)SMEFT

Γ(H)SM

https://doi.org/10.1103/PhysRevD.98.095005
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Coefficients for linear and quadratic contributions obtained from simulation:
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Used to rescale the SM prediction (typically of different order)

(Expanded further in powers of Λ-2)

[σ × Br(H → f . s.)]SMEFT

[σ × Br(H → f . s.)]SM
=

σSMEFT

σSM
×

Γ(H → f . s.)SMEFT

Γ(H → f . s.)SM

Γ(H)SMEFT

Γ(H)SM

https://doi.org/10.1103/PhysRevD.98.095005
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Higgs combination
[ATLAS-CONF-2020-053]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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STXS measurement
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Simultaneous measurement of STXS 
bins for H→ɣɣ, H→ZZ*→4l and VH, H→bb 

(all with 139fb-1)
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SMEFT modifications to σ x Br
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Rel. modification of σ x Br

Higher impact for processes at higher scales (~ pTV)

(uses linear terms only)
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of cross-sections

Λ=1TeV

Rel. modification of σ x Br (uses linear terms only)
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All operators at a glance
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Rel. modification of σ x Br

Modifications

to gEW
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Higgs-(fermion)-gauge
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Acceptance modifications can be important!

Rel. modification of σ x Br visible event yield
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Acceptance modifications in H→ZZ*→4l
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Analysis signal acceptance drops!

[arXiv:2004.03447]Λ=1TeV

https://arxiv.org/abs/2004.03447
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Acceptance modifications in H→ZZ*→4l
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Analysis signal acceptance drops!
Parametrisation of σ x Br

SMEFT-modifications to analysis acceptance significant!
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Acceptance modification totally 
changes trend!

[arXiv:2004.03447][arXiv:2004.03447]Λ=1TeV Λ=1TeV

https://arxiv.org/abs/2004.03447
https://arxiv.org/abs/2004.03447
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operators 

degenerate!

No simultaneous 
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Principal components
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Group together operators with similar effects (on the available data) …

Warsaw basis operators

O
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r c
om

bi
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ns

(with manageable correlations)

… drop combinations that cannot be well constrained (on the available data) …
… and keep the rest 

Can “simultaneously” constrain 10 operator combinations

“Principal component analysis”

Higgs-Gauge

Higgs-Gauge-Quark
Higgs-Gauge-Lepton

gEW

Higgs-Gluon, Higgs-Top
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Principal components
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One-dimensional limits
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Parameter Value

1d-limits on Wilson coefficients

from simultaneous fit to


10 operator combinations

Limits on Wilson coefficients 

range from            to        .𝒪(0.1) 𝒪(5)

scales  
probed

Λ
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= 3 TeV

Λ
ci

= 0.45 TeV
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Impact of parametrisation
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Compare 1d-limits for linear and linear + quadratic parametrisations
(all other Wilson coefficients profiled)

Limits generally in good agreement …

… but significant differences for few operator combinations

… indicative of sensitivity to Λ-4 effects (“theory uncertainty”)
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Λ

Higgs + diboson combination
[ATL-PHYS-PUB-2021-010]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
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Higgs + diboson combination
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Combined measurement of H→WW*→e𝛎µ𝛎 (ggH and VBF) 
and pp→WW→e𝛎µ𝛎, based on existing analyses (36 fb-1)

Inputs to SMEFT interpretation:

pp→WW: differential cross-section dσ
dplead. lep.

T

H→WW*: inclusive ggH and VBF signal strengths

Challenging combination: 

… paving the way for future global fits

Orthogonal signal (region) definition (meµ ≷ 55 GeV) 
(CRs originally overlapping; made orthogonal)

Acceptance modifications 
O(10%) for     .𝒪HW

w.r.t. pT of leading lepton

WW as background of H→WW*
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All operators at a glance
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pp→WW differential cross-section H→WW*

Higgs-fermion-gauge 
interactions

Λ=1TeV, linear parametrisation
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One-dimensional limits
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1d-limits on Wilson coefficients 
of individual Warsaw-basis operators

(principal components listed in backup)

Exploit complementarity of different 
measurements

SMEFT is a global scheme!

pp→WW H→WW*

𝒪(3)
Hl ∼ (H†DH )(L̄L)
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W

l
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H
c(3)

Hl
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Only linear parametrisation considered
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Summary and outlook
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Modifications to analysis acceptance included where relevant 
“An analysis is not a black box!”

EFT interpretations of Higgs measurements at ATLAS advancing rapidly!

Stay tuned for more results!

Starting from existing measurements of STXS  
or differential cross-sections

Moving towards larger-scale combinations (ATLAS global EFT fit)

with the full dataset 

“SMEFT is a global scheme!”
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Backup

v
The letter lambda was used by the Spartan army 

as a symbol of Lacedaemon (900s–192 BC).

https://en.wikipedia.org/wiki/Sparta

https://en.wikipedia.org/wiki/Lambda
https://en.wikipedia.org/wiki/Sparta
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Λ

Higgs combination
[ATLAS-CONF-2020-053]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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Observables in the SMEFT
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Observables are polynomial in Wilson coefficients     ci

Multiplicative modification of SM cross-section
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Merging of STXS bins
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Operator definitions
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Linear vs. linear+quadratic parametrisation
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Extraction of principal components
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2) Find eigenbases in physics-motivated subspaces of operators:

Parameter Definition Eigenvalue Fit
Para-
meter

c(3)
Hq

c(3)
Hq

1900 3

c[
i
]

H
W

,H
B
,H

W
B
,H

D
D
,u

W
,u

B

1 �0.27cHW � 0.84cHB + 0.47cHWB � 0.02cuW � 0.05cuB 245000 3

2 �0.96cHW + 0.19cHB � 0.20cHWB + 0.02cuB 33 3

3 �0.08cHW +0.50cHB +0.86cHWB +0.07cHDD +0.03cuW +
0.06cuB

4 3

4 0.03cHWB � 0.85cHDD + 0.32cuW + 0.43cuB 0.017

5 �0.01cHW +0.07cHB+0.05cHWB�0.44cHDD�0.86cuW �
0.23cuB

0.0077

6 �0.01cHW +0.06cHB+0.04cHWB�0.29cHDD+0.39cuW �
0.87cuB

0.0025

c[
i
]

H
G
,u

G
,u

H
,t
o
p

1 +0.999cHG + 0.038cuG 176000 3

2 �0.03cHG+0.73cuG�0.03c(1)
qq
�0.23c

qq
�0.05c(3)

qq
�0.54c(31)

qq
�

0.02c
uu

�0.24c(1)
uu

�0.04c(8)
ud

�0.01c(1)
qu

�0.15c(8)
qu

�0.04c(8)
qd
�

0.18cG + 0.06cuH

20 3

3 �0.03cHG+0.67cuG+0.04c(1)
qq
+0.25c

qq
+0.05c(3)

qq
+0.55c(31)

qq
+

0.02c
uu

+0.26c(1)
uu

+0.03c(8)
ud

+0.01c(1)
qu

+0.16c(8)
qu

+0.03c(8)
qd

+
0.29cG + 0.1cuH

1.3 3

4 +0.11cuG + 0.01c
qq

� 0.018c(3)
qq

+ 0.029c(31)
qq

+ 0.012c(1)
uu

�
0.993cuH

0.14

5 +0.02c
qq

� 1.0c(3)
qq

+0.06c(31)
qq

+0.03c(1)
uu

+0.02c(8)
qu

+0.02cuH 0.02

6 +0.07cuG�0.02c(1)
qq
+0.07c

qq
+0.03c(3)

qq
+0.32c(31)

qq
+0.06c(1)

uu
+

0.04c(8)
ud

+ 0.08c(8)
qu

+ 0.04c(8)
qd

� 0.94cG + 0.02cuH

0.0092

c[1]
Hl

(1)
,He

+0.78c(1)
Hl

� 0.62cHe 2.6 3

c[2]
Hl

(1)
,He

+0.62c(1)
Hl

+ 0.78cHe 0.056

c[1]
Hu,Hd,Hq(1)

�0.87cHu + 0.26cHd + 0.42c(1)
Hq

59 3

c[2]
Hu,Hd,Hq(1)

+0.41cHu � 0.09cHd + 0.91c(1)
Hq

0.10

c[3]
Hu,Hd,Hq(1)

�0.28cHu � 0.96cHd + 0.03c(1)
Hq

0.0018

c[1]
Hl

(3)
,ll

0 0.87c(3)
Hl

� 0.50c0
ll

27 3

c[2]
Hl

(3)
,ll

0 0.50c(3)
Hl

+ 0.87c0
ll

0.33

Low sensitivity,

not included
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2) Find eigenbases in physics-motivated subspaces of operators:

Parameter Definition Eigenvalue Fit
Para-
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3 �0.08cHW +0.50cHB +0.86cHWB +0.07cHDD +0.03cuW +
0.06cuB

4 3

4 0.03cHWB � 0.85cHDD + 0.32cuW + 0.43cuB 0.017

5 �0.01cHW +0.07cHB+0.05cHWB�0.44cHDD�0.86cuW �
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2 �0.96cHW + 0.19cHB � 0.20cHWB + 0.02cuB 33 3

3 �0.08cHW +0.50cHB +0.86cHWB +0.07cHDD +0.03cuW +
0.06cuB

4 3

4 0.03cHWB � 0.85cHDD + 0.32cuW + 0.43cuB 0.017

5 �0.01cHW +0.07cHB+0.05cHWB�0.44cHDD�0.86cuW �
0.23cuB

0.0077

6 �0.01cHW +0.06cHB+0.04cHWB�0.29cHDD+0.39cuW �
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2) Find eigenbases in physics-motivated subspaces of operators:

Parameter Definition Eigenvalue Fit
Para-
meter

c(3)
Hq

c(3)
Hq
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W
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D
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W
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B

1 �0.27cHW � 0.84cHB + 0.47cHWB � 0.02cuW � 0.05cuB 245000 3

2 �0.96cHW + 0.19cHB � 0.20cHWB + 0.02cuB 33 3

3 �0.08cHW +0.50cHB +0.86cHWB +0.07cHDD +0.03cuW +
0.06cuB

4 3

4 0.03cHWB � 0.85cHDD + 0.32cuW + 0.43cuB 0.017

5 �0.01cHW +0.07cHB+0.05cHWB�0.44cHDD�0.86cuW �
0.23cuB

0.0077

6 �0.01cHW +0.06cHB+0.04cHWB�0.29cHDD+0.39cuW �
0.87cuB

0.0025

c[
i
]

H
G
,u

G
,u

H
,t
o
p

1 +0.999cHG + 0.038cuG 176000 3

2 �0.03cHG+0.73cuG�0.03c(1)
qq
�0.23c

qq
�0.05c(3)

qq
�0.54c(31)

qq
�

0.02c
uu

�0.24c(1)
uu

�0.04c(8)
ud

�0.01c(1)
qu

�0.15c(8)
qu

�0.04c(8)
qd
�

0.18cG + 0.06cuH

20 3

3 �0.03cHG+0.67cuG+0.04c(1)
qq
+0.25c

qq
+0.05c(3)

qq
+0.55c(31)

qq
+

0.02c
uu

+0.26c(1)
uu

+0.03c(8)
ud

+0.01c(1)
qu

+0.16c(8)
qu

+0.03c(8)
qd

+
0.29cG + 0.1cuH

1.3 3

4 +0.11cuG + 0.01c
qq

� 0.018c(3)
qq

+ 0.029c(31)
qq

+ 0.012c(1)
uu

�
0.993cuH

0.14

5 +0.02c
qq

� 1.0c(3)
qq

+0.06c(31)
qq

+0.03c(1)
uu

+0.02c(8)
qu

+0.02cuH 0.02

6 +0.07cuG�0.02c(1)
qq
+0.07c

qq
+0.03c(3)

qq
+0.32c(31)

qq
+0.06c(1)

uu
+

0.04c(8)
ud

+ 0.08c(8)
qu

+ 0.04c(8)
qd

� 0.94cG + 0.02cuH

0.0092

c[1]
Hl

(1)
,He

+0.78c(1)
Hl

� 0.62cHe 2.6 3

c[2]
Hl

(1)
,He

+0.62c(1)
Hl

+ 0.78cHe 0.056

c[1]
Hu,Hd,Hq(1)

�0.87cHu + 0.26cHd + 0.42c(1)
Hq

59 3

c[2]
Hu,Hd,Hq(1)

+0.41cHu � 0.09cHd + 0.91c(1)
Hq

0.10

c[3]
Hu,Hd,Hq(1)

�0.28cHu � 0.96cHd + 0.03c(1)
Hq

0.0018

c[1]
Hl

(3)
,ll

0 0.87c(3)
Hl

� 0.50c0
ll

27 3

c[2]
Hl

(3)
,ll

0 0.50c(3)
Hl

+ 0.87c0
ll

0.33

Parameter Definition Eigenvalue Fit
Para-
meter

c(3)
Hq

c(3)
Hq

1900 3

c[
i
]

H
W

,H
B
,H

W
B
,H

D
D
,u

W
,u

B

1 �0.27cHW � 0.84cHB + 0.47cHWB � 0.02cuW � 0.05cuB 245000 3

2 �0.96cHW + 0.19cHB � 0.20cHWB + 0.02cuB 33 3

3 �0.08cHW +0.50cHB +0.86cHWB +0.07cHDD +0.03cuW +
0.06cuB

4 3

4 0.03cHWB � 0.85cHDD + 0.32cuW + 0.43cuB 0.017

5 �0.01cHW +0.07cHB+0.05cHWB�0.44cHDD�0.86cuW �
0.23cuB

0.0077

6 �0.01cHW +0.06cHB+0.04cHWB�0.29cHDD+0.39cuW �
0.87cuB

0.0025
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]
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p
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�0.05c(3)

qq
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�

0.18cG + 0.06cuH

20 3

3 �0.03cHG+0.67cuG+0.04c(1)
qq
+0.25c

qq
+0.05c(3)

qq
+0.55c(31)

qq
+

0.02c
uu

+0.26c(1)
uu

+0.03c(8)
ud

+0.01c(1)
qu

+0.16c(8)
qu

+0.03c(8)
qd

+
0.29cG + 0.1cuH

1.3 3

4 +0.11cuG + 0.01c
qq

� 0.018c(3)
qq

+ 0.029c(31)
qq

+ 0.012c(1)
uu

�
0.993cuH

0.14

5 +0.02c
qq

� 1.0c(3)
qq

+0.06c(31)
qq

+0.03c(1)
uu

+0.02c(8)
qu

+0.02cuH 0.02

6 +0.07cuG�0.02c(1)
qq
+0.07c

qq
+0.03c(3)

qq
+0.32c(31)

qq
+0.06c(1)

uu
+

0.04c(8)
ud

+ 0.08c(8)
qu

+ 0.04c(8)
qd

� 0.94cG + 0.02cuH

0.0092

c[1]
Hl

(1)
,He

+0.78c(1)
Hl

� 0.62cHe 2.6 3

c[2]
Hl

(1)
,He

+0.62c(1)
Hl

+ 0.78cHe 0.056

c[1]
Hu,Hd,Hq(1)

�0.87cHu + 0.26cHd + 0.42c(1)
Hq

59 3

c[2]
Hu,Hd,Hq(1)

+0.41cHu � 0.09cHd + 0.91c(1)
Hq

0.10

c[3]
Hu,Hd,Hq(1)

�0.28cHu � 0.96cHd + 0.03c(1)
Hq

0.0018

c[1]
Hl

(3)
,ll

0 0.87c(3)
Hl

� 0.50c0
ll

27 3

c[2]
Hl

(3)
,ll

0 0.50c(3)
Hl

+ 0.87c0
ll

0.33



Philipp Windischhofer

Correlations from simultaneous fit to 10 operator combinations
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Likelihood scans
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Importance of acceptance modifications
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Combined constraints:

~0.96 cHW + …

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

Higgs + diboson combination
[ATL-PHYS-PUB-2021-010]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
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Correlations of input measurements
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Selected operators
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Full set of one-dimensional limits
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Structure of principal components
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Chosen principal components

!50

1

1 0.04

0.69

0.72

0.72

�0.69

�0.03

�0.9

0.01

�0.08

0.97

0.02

�0.02

�0.11

�0.01

0.04

0.94

�0.33

0.08

0.32

�0.01

0.02

0.03

�0.16

0.05

0.11

�0.15

0.1

�0.32

�0.9

�0.17

0.21

0.07

0.21

0.02

0.01

�0.01

�0.03

ATLAS Preliminary p
s =13 TeV, 36.1 fb�1

�1
�0.8
�0.6
�0.4
�0.2
0
0.2
0.4
0.6
0.8
1

c H
G

c u
G

c u
H

cW

c H
l
(3)

c ll
( 1)

c H
u

c H
q
( 1)

c H
q
( 3)

c H
d c lu

c lq
( 3)

c lq
( 1) c ld

c
[4]
lu,lq(3),lq(1),ld ,Hd ,Hu,Hq(1),Hq(3)

c
[3]
lu,lq(3),lq(1),ld ,Hd ,Hu,Hq(1),Hq(3)

c
[2]
lu,lq(3),lq(1),ld ,Hd ,Hu,Hq(1),Hq(3)

c
[1]
lu,lq(3),lq(1),ld ,Hd ,Hu,Hq(1),Hq(3)

c
[2]
Hl

(3),ll (1)

c
[1]
Hl

(3),ll (1)

cW

c
[1]
HG,uG,uH

gEW

(Only linear parametrisation considered.)

kept separate, only affects  
W self-coupling

ggH

high-pT WW



Philipp Windischhofer

Impact of principal components
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1d-limits on principal components
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Principal components
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Eight operator combinations constrained simultaneously
Grouped according to physics impact

Only linear parametrisation considered
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Principal components
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Eight operator combinations constrained simultaneously
Grouped according to physics impact
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ggH

gEW, overall normalisation

W self-coupling

high-pT WW

Only linear parametrisation considered


