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Most of the data-taking done with proton-
proton 

Beam energy 6.8 TeV (now)

Introduction 1

2

Cylindrical, ~hermetic 

Layers of sub-detectors 

Reconstruction of all types of objects 
useful for physics analyses like electrons, 
muon, jets



Introduction 2
Know that the Standard Model is incomplete, but 
did not observe BSM at the collider yet. 

Are energies too high for the current experimental 
apparatus? 

Extension of the SM Lagrangian with terms allowed 
by symmetries:

 

A consistent, near model-independent framework to 
study BSM effects across different measurements and 
potentially localize realizable models.

ℒSMEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

f (8)
i

Λ4
𝒪(8)

i + ⋯
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Introduction 3
The two most comprehensive ATLAS interpretations per dimension will be shown: 

Dim-6 (CERN-EP-2026-113): global ATLAS Run-2 EFT + Electroweak Precision 
Observables combination. 

Dim-8 (CERN-EP-2026-076): Run-2 Vector Boson Scattering anomalous Quartic Gauge 
Coupling combination.
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https://cds.cern.ch/record/2959663
https://cds.cern.ch/record/2957182


Global dim-6 combination 



Inputs
Inputs from all sectors of physics analysis in ATLAS. 

Complemented by LEP+SLD for better EWPO sensitivity. 

Mix of full experimental likelihood format and Gaussian model.
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SMEFT parametrization
86 operators are considered. 

Warwaw basis. 

Amplitude entering the cross-section where i and j run over possible operators:
  

The 1st term is the SM contribution, while the 2nd is the SM-BSM interference, and the 3rd 
is the pure BSM contribution. 

Simulation done with MadGraph5_aMC@NLO using SMEFTsim 3.0 or SMEFTatNLO 
models. 

Top flavour scheme.

|ℳSMEFT |2 = |ℳSM |2 + 2∑
i

ci

Λ2
Re(ℳ*SMℳi) + ∑

i,j

cicj

Λ4 (ℳ*i ℳj) .
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1D results
As a benchmark, 
results are 
provided when 
only one Wilson 
coefficient is 
floating. 

Linear and 
quadratic 
results. 

Contributions 
decomposition 
per type of input 
and uncertainty. 
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Eigenvector basis 1
86 operators considered, but not possible to constrain them simultaneously due to flat 
directions. 

Instead, limits are provided on linear combinations of coefficients, obtained by PCA.

9



PCA is performed in subgroups of coefficients 
for better interpretability. 

Keeping the vectors with uncertainty below 10. 

Obtained 48 (linear combinations of ) operators: 
largest combination to date at the LHC. 

HH included separately.

Eigenvector basis 2
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Eigenvector basis 3
68% and 95% 
confidence 
intervals. 

Limits also 
reparameterized 
as limits of scale 
probed (  
TeV convention 
elsewhere)  

Expected 
contribution 
per group of 
inputs 
provided.

Λ = 1

11

P
ar
am

et
er

un
ce
rt
ai
nt
y

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit

68 % CL

95 % CL

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

pSM = 99%

P
ar
am

et
er

pu
ll

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32
Lin. Exp.

Lin. Obs.

0
0

.2
0

.4
0

.6
0

.8
1

H
V
V

E
W

2
3

H
V
V

E
W

2
2

H
V
V

E
W

2
1

H
V
V

E
W

2
0

H
V
V

E
W

1
9

H
V
V

E
W

1
8

H
V
V

E
W

1
7

H
V
V

E
W

1
6

H
V
V

E
W

1
5

H
V
V

E
W

1
4

H
V
V

E
W

1
3

H
V
V

E
W

1
2

H
V
V

E
W

1
1

H
V
V

E
W

1
0

H
V
V

E
W

0
9

H
V
V

E
W

0
8

H
V
V

E
W

0
7

H
V
V

E
W

0
6

H
V
V

E
W

0
5

H
V
V

E
W

0
4

H
V
V

E
W

0
3

H
V
V

E
W

0
2

H
V
V

E
W

0
1

c
t
o
p
0
6

c
t
o
p
0
5

c
t
o
p
0
4

c
t
o
p
0
3

c
t
o
p
0
2

c
t
o
p
0
1

c
e
H
R
e
3
3

c
e
H
R
e
2
2

c
Wc
G

c
t
G
R
e

c
t
H
R
e

c
H
G

c
b
H
R
e

c
4
f
0
8

c
4
f
0
7

c
4
f
0
6

c
4
f
0
5

c
4
f
0
4

c
4
f
0
3

c
4
f
0
2

c
4
f
0
1

c
l
j
0
2

c
l
j
0
1

e
x
p

e
c
te

d
c
o

n
tr

ib
u

ti
o

n

1
.
t
t
b
a
r
b
o
o
s
t
e
d

2
.
t
t
b
a
r
l
e
p
t
o
n
i
c

3
.
H
i
g
g
s
t
o
V
V

4
.
H
i
g
g
s
t
o
↵

5
.
L
E
P

6
.
E
W

7
.
H
M
D
Y

C
C

8
.
H
M
D
Y

t
a
u
t
a
u

o
t
h
e
r
s

0 0.2 0.4 0.6 0.8 1

ev [47]

ev [46]

ev [45]

ev [44]

ev [43]

ev [42]

ev [41]

ev [40]

ev [39]

ev [38]

ev [37]

ev [36]

ev [35]

ev [34]

ev [33]

ev [32]

ev [31]

ev [30]

ev [29]

ev [28]

ev [27]

ev [26]

ev [25]

ev [24]

ev [23]

ev [22]

ev [21]

ev [20]

ev [19]

ev [18]

ev [17]

ev [16]

ev [15]

ev [14]

ev [13]

ev [12]

ev [11]

ev [10]

ev [09]

ev [08]

ev [07]

ev [06]

ev [05]

ev [04]

ev [03]

ev [02]

ev [01]

expected contribution

t t̄ boosted t t̄ leptonic

Higgs! VV Higgs! ff
EWPO EW

High-Mass DY (CC) High-Mass DY (⌧⌧)

others

0
0.

2
0.

4
0.

6
0.

8
1

c
[2

3]
H

V
V

E
W

c
[2

2]
H

V
V

E
W

c
[2

1]
H

V
V

E
W

c
[2

0]
H

V
V

E
W

c
[1

9]
H

V
V

E
W

c
[1

8]
H

V
V

E
W

c
[1

7]
H

V
V

E
W

c
[1

6]
H

V
V

E
W

c
[1

5]
H

V
V

E
W

c
[1

4]
H

V
V

E
W

c
[1

3]
H

V
V

E
W

c
[1

2]
H

V
V

E
W

c
[1

1]
H

V
V

E
W

c
[1

0]
H

V
V

E
W

c
[0

9]
H

V
V

E
W

c
[0

8]
H

V
V

E
W

c
[0

7]
H

V
V

E
W

c
[0

6]
H

V
V

E
W

c
[0

5]
H

V
V

E
W

c
[0

4]
H

V
V

E
W

c
[0

3]
H

V
V

E
W

c
[0

2]
H

V
V

E
W

c
[0

1]
H

V
V

E
W

c
[0

6]
to

p

c
[0

5]
to

p

c
[0

4]
to

p

c
[0

3]
to

p

c
[0

2]
to

p

c
[0

1]
to

p

c
tG

c
e

H
,3

3

c
e

H
,2

2

c
Wc
G

c
tH

c
H

G

c
b

H

c
[0

9]
4f

c
[0

8]
4f

c
[0

7]
4f

c
[0

6]
4f

c
[0

5]
4f

c
[0

4]
4f

c
[0

3]
4f

c
[0

2]
4f

c
[0

1]
4f

c
[0

2]
lj

c
[0

1]
lj

ex
pe

ct
ed

co
nt

rib
ut

io
n

1
.t
t
b
a
r
b
o
o
s
t
e
d

2
.t
t
b
a
r
le
p
t
o
n
ic

3
.H

ig
g
s
t
o
V
V

4
.H

ig
g
s
t
o
↵

5
.L
E
P

6
.E

W

7
.H

M
D
Y

C
C

8
.H

M
D
Y

t
a
u
t
a
u

o
t
h
e
r
s

0
0.

2
0.

4
0.

6
0.

8
1

H
V
V

E
W

2
3

H
V
V

E
W

2
2

H
V
V

E
W

2
1

H
V
V

E
W

2
0

H
V
V

E
W

1
9

H
V
V

E
W

1
8

H
V
V

E
W

1
7

H
V
V

E
W

1
6

H
V
V

E
W

1
5

H
V
V

E
W

1
4

H
V
V

E
W

1
3

H
V
V

E
W

1
2

H
V
V

E
W

1
1

H
V
V

E
W

1
0

H
V
V

E
W

0
9

H
V
V

E
W

0
8

H
V
V

E
W

0
7

H
V
V

E
W

0
6

H
V
V

E
W

0
5

H
V
V

E
W

0
4

H
V
V

E
W

0
3

H
V
V

E
W

0
2

H
V
V

E
W

0
1

c
t
o
p
0
6

c
t
o
p
0
5

c
t
o
p
0
4

c
t
o
p
0
3

c
t
o
p
0
2

c
t
o
p
0
1

c
e
H
R
e
3
3

c
e
H
R
e
2
2

c
Wc
G

c
t
G
R
e

c
t
H
R
e

c
H
G

c
b
H
R
e

c
4
f
0
8

c
4
f
0
7

c
4
f
0
6

c
4
f
0
5

c
4
f
0
4

c
4
f
0
3

c
4
f
0
2

c
4
f
0
1

c
lj

0
2

c
lj

0
1

ex
pe

ct
ed

co
nt

rib
ut

io
n

1
.t
t
b
a
r
b
o
o
s
t
e
d

2
.t
t
b
a
r
le
p
t
o
n
ic

3
.H

ig
g
s
t
o
V
V

4
.H

ig
g
s
t
o
↵

5
.L
E
P

6
.E

W

7
.H

M
D
Y

C
C

8
.H

M
D
Y

t
a
u
t
a
u

o
t
h
e
r
s

P
ar
am

et
er

un
ce
rt
ai
nt
y

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit

68 % CL

95 % CL

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

pSM = 99%

P
ar
am

et
er

pu
ll

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32
Lin. Exp.

Lin. Obs.

00.20.40.60.81

ev[47]

ev[46]

ev[45]

ev[44]

ev[43]

ev[42]

ev[41]

ev[40]

ev[39]

ev[38]

ev[37]

ev[36]

ev[35]

ev[34]

ev[33]

ev[32]

ev[31]

ev[30]

ev[29]

ev[28]

ev[27]

ev[26]

ev[25]

ev[24]

ev[23]

ev[22]

ev[21]

ev[20]

ev[19]

ev[18]

ev[17]

ev[16]

ev[15]

ev[14]

ev[13]

ev[12]

ev[11]

ev[10]

ev[09]

ev[08]

ev[07]

ev[06]

ev[05]

ev[04]

ev[03]

ev[02]

ev[01]

expectedcontribution

tt̄boostedtt̄leptonic

Higgs!VVHiggs!ff
EWPOEW

High-MassDY(CC)High-MassDY(⌧⌧)

others

00.20.40.60.81

ev[47]

ev[46]

ev[45]

ev[44]

ev[43]

ev[42]

ev[41]

ev[40]

ev[39]

ev[38]

ev[37]

ev[36]

ev[35]

ev[34]

ev[33]

ev[32]

ev[31]

ev[30]

ev[29]

ev[28]

ev[27]

ev[26]

ev[25]

ev[24]

ev[23]

ev[22]

ev[21]

ev[20]

ev[19]

ev[18]

ev[17]

ev[16]

ev[15]

ev[14]

ev[13]

ev[12]

ev[11]

ev[10]

ev[09]

ev[08]

ev[07]

ev[06]

ev[05]

ev[04]

ev[03]

ev[02]

ev[01]

expectedcontribution

tt̄boostedtt̄leptonic

Higgs!VVHiggs!ff
EWPOEW

High-MassDY(CC)High-MassDY(⌧⌧)

others

P
ar
am

et
er

un
ce
rt
ai
nt
y

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit

68 % CL

95 % CL

�4

�3

�2

�1

0

1

2

3

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

pSM = 99%

P
ar
am

et
er

pu
ll

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32
Lin. Exp.

Lin. Obs.

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit
68 % CL
95 % CL

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32Lin. obs.
Lin. Obs. (with di-Higgs)

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit
68 % CL
95 % CL

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32Lin. obs.
Lin. Obs. (with di-Higgs)

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit
68 % CL
95 % CL

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32Lin. obs.
Lin. Obs. (with di-Higgs)

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit
68 % CL
95 % CL

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32Lin. obs.
Lin. Obs. (with di-Higgs)

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit
68 % CL
95 % CL

�4

�2

0

2

4

c
H

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32Lin. obs.
Lin. Obs. (with di-Higgs)

P
ar
am

et
er

un
ce
rt
ai
nt
y
(�
)

P
ro
be
d
S
ca
le

(⇤
/p

�
)
[T
eV

]

�4

�2

0

2

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

P
ar
am

et
er

pu
ll

Best Fit

68 % CL

95 % CL

�4

�2

0

2

4

c [1]lq

c [2]lq

c [1]4
f

c [2]4
f

c [3]4
f

c [4]4
f

c [5]4
f

c [6]4
f

c [7]4
f

c [8]4
f

c
b
H

c
H
G

c
tH

c
tG

c
G

c
W

c
e
H,22

c
e
H,33

c [1]to
p

c [2]to
p

c [3]to
p

c [4]to
p

c [5]to
p

c [6]to
p

c [1]H
V
V ,V

ff

c [2]H
V
V ,V

ff

c [3]H
V
V ,V

ff

c [4]H
V
V ,V

ff

c [5]H
V
V ,V

ff

c [6]H
V
V ,V

ff

c [7]H
V
V ,V

ff

c [8]H
V
V ,V

ff

c [9]H
V
V ,V

ff

c [10]H
V
V ,V

ff

c [11]H
V
V ,V

ff

c [12]H
V
V ,V

ff

c [13]H
V
V ,V

ff

c [14]H
V
V ,V

ff

c [15]H
V
V ,V

ff

c [16]H
V
V ,V

ff

c [17]H
V
V ,V

ff

c [18]H
V
V ,V

ff

c [19]H
V
V ,V

ff

c [20]H
V
V ,V

ff

c [21]H
V
V ,V

ff

c [22]H
V
V ,V

ff

c [23]H
V
V ,V

ff

ATLAS SMEFT ⇤ = 1 TeV
p

s =13 TeV, 36-140 fb�1

10�3

10�2

10�1

100

101

31.6

10

3.2

1

0.32
Lin. Obs.

Lin. + Quad. Obs.

Li
n.



Assuming that BSM will appear at a mass scale well above the 
electroweak scale, the parameters of a given complete model 
can be mapped onto SMEFT Wilson coefficients. Two 
models considered: 

Two-Higgs-Doublet Models (2HDM) - particularly 
sensitive to Higgs boson data but profits from the 
inclusion of HH and other sectors. 

Models with an additional neutral gauge boson (𝑍′) can 
be matched to both four-fermion and Higgs-sector 
operators.

12

Matching to concrete models
2HDM

𝑍′



VBS dim-8 combination 



Inputs
Vector boson scattering processes are particularly sensitive to dim-8 operators. 

Different input analyses, production, and decay modes allow to profit from their 
complementarity and to obtain coherent all-around bounds. 

14



Operators considered
Éboli model (MadGraph5_aMC@NLO is used for simulation), CP-even. 

Subset of the total dimension-8 operators specifically producing aQGCs. 

Operators are grouped into three families depending on field content: scalar, tensor, and mixed. 

Some operators modify SM couplings, some add new ones. 

S0 and S2 are merged for ATLAS historical reasons.

15

OS0 = [(DμΦ)†DνΦ] × [(DμΦ)†DνΦ],

OS1 = [(DμΦ)†DμΦ] × [(DνΦ)†DνΦ] .

OT0 = Tr [ŴμνŴμν] × Tr [ŴαβŴαβ],

OT1 = Tr [ŴανŴμβ] × Tr [ŴμβŴαν],

OT2 = Tr [ŴαμŴμβ] × Tr [ŴβνŴνα],

OT5 = Tr [ŴμνŴμν] × BαβBαβ,

OT6 = Tr [ŴανŴμβ] × BμβBαν,

OT7 = Tr [ŴαμŴμβ] × BβνBνα,

OT8 = BμνBμνBαβBαβ,

OT9 = BαμBμβBβνBνα .

OM0 = Tr [ŴμνŴμν] [(DβΦ)†DβΦ]
OM1 = Tr [ŴμνŴνβ] [(DβΦ)†DμΦ]
OM2 = [BμνBμν] [(DβΦ)†DβΦ]
OM3 = [BμνBνβ] [(DβΦ)†DμΦ]
OM4 = [(DμΦ)†ŴβνDμΦ] Bβν

OM5 = [(DμΦ)†ŴβνDνΦ] Bβμ + h . c .

OM7 = [(DμΦ)†ŴβνŴβμDνΦ]



Theoretical bounds
Unitarity: 

To avoid violation, forced to remove aQGC after some energy. The scheme agreed by 
LHC analyses is the clipping technique. 

EFT contributions are set to 0 depending on the clipping value chosen  and limit 
compared to PhysRevD.101.113003. 

Positivity: 

Assume BSM obeys unitarity, locality, and causality. 

Cross-sections on the helicity-amplitude must be positive-definite at all scales. 

Bounds taken from JHEP12(2019)032.

mVV ≤ C

16

cS,0 + cS,1 + cS,2 > 0,
cS,0 + cS,2 > 0,

cS,0 > 0,
2cM,1 − cM,7 > 0,

cM,3 > 0,

2cT,0 + 2cT,1 + cT,2 > 0,
4cT,6 + cT,7 > 0,

cT,7 > 0,
2cT,8 + cT,9 > 0,

cT,9 > 0.



1D results 1
68% and 95% limits are provided at different clipping points. 

Relative contribution per input changes with clipping. 

17
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1D results 2
Unitarized limits are the ones where the unitarity bound and measured bound intersect. 
Provided for all operators. 

Measured bound is meaningful below the threshold.
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2D results
2D fits are performed for 17 
pairs of operators (only those 
that have non-zero cross 
terms considered). 

Degradation of 2D limits 
compared to limits on 
individual operators when 
cross terms are important. 

Positivity bounds can 
exclude more than half of the 
probed parameter space.
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17D results
Unlike in dim-6 case, 
simultaneous constraint over 
all the operators is possible 
without PCA. 

Weaker limits compared to 
1D and 2D, but no 
oversimplification. 

The correlation matrix 
structure resembles cross-
term impacts.
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Conclusion 



Two ATLAS comprehensive EFT interpretations are public! Dim-6 and dim-8. 

Dim-6: 

Wide range of different inputs: H, HH, EWPO, DY, Top, EW. 

1D limits for 86 operators provided. 

47 (linear combinations of ) operators are simultaneously constrained. 

Matching to 2HDM and 𝑍′ is performed. 

Dim-8: 

First ATLAS combination of the sort covering 8 complementary analyses. 

Éboli basis. 

Currently most stringent constraints (up to 96% tighter than the previously published): 1D, 2D, 17D. 

Unitarity and positivity bounds incorporated.
22



The End


