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D µH)(ēp�µer)

 !

�
DµH†H

� �
H†DµH

�

(Ōj
pur)"jk(Ōk
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✦ Effectively going beyond the Standard Model 
✦ with the ATLAS experiment

✦
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✦ ‘Standard Model’ - The fundamental theory of elementary particles 
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HIGGS BOSON

spin-1/2 particles  
fermions 

Spin-1 particles 
mediating forces  

bosons 

Mathematical description emerges from underlying symmetries 
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✦ The heart of the Standard Model uncovered
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Nature of Dark Matter 
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Matter-antimatter 
asymmetry

Gravity

Vacuum stability Shape of Higgs 
 boson potential

✦ Future of the Standard Model
✦

Origin of masses of  
lighter generations

?

2024 ?
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✦ Going before the current Standard Model 
✦
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1933
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In retrospective, was quite the oversight not  
to publish this work
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✦ Going before the Standard Model 
✦
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✦ Going before the Standard Model 
✦
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✦ Going before the Standard Model 
✦
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✦ Going before the Standard Model 
✦
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✦
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✦ Going beyond the Standard Model
✦
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?

Direct search of 
new particles
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Introduce measurable parameters 

✦ Going beyond the Standard Model - direct approach
✦
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Model ℓ, γ Jets† Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
d

im
e

n
si

o
n

s
G

a
u

g
e

b
o

so
n

s
C

I
D

M
L

Q
H

e
a
vy

q
u

a
rk

s
E

xc
ite

d
fe

rm
io

n
s

O
th

e
r

ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 1711.033017.7 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 1707.041474.1 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass

Bulk RS GKK →WV → ℓνqq 1 e, µ 2 j / 1 J Yes 139 k/MPl = 1.0 2004.146362.0 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass

Leptophobic Z ′ → tt 0 e, µ ≥ 1 b, ≥ 2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 36.1 1801.069923.7 TeVW′ mass

HVT W ′ →WZ → ℓνqq model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass

HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 139 gV = 3 1906.085893.8 TeVV′ mass

HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 1712.065182.93 TeVV′ mass

HVT W ′ →WH model B 0 e, µ ≥ 1 b, ≥ 2 J 139 gV = 3 CERN-EP-2020-0733.2 TeVW′ mass

LRSM WR → tb multi-channel 36.1 1807.104733.25 TeVWR mass

LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ
CI ℓℓqq 2 e, µ − − 139 η−LL CERN-EP-2020-06635.8 TeVΛ

CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) = 1 GeV 1711.033011.55 TeVmmed

Colored scalar mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 g=1.0, m(χ) = 1 GeV 1711.033011.67 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗
Scalar reson. φ→ tχ (Dirac DM) 0-1 e, µ 1 b, 0-1 J Yes 36.1 y = 0.4, λ = 0.2, m(χ) = 10 GeV 1812.097433.4 TeVmφ

Scalar LQ 1st gen 1,2 e ≥ 2 j Yes 36.1 β = 1 1902.003771.4 TeVLQ mass

Scalar LQ 2nd gen 1,2 µ ≥ 2 j Yes 36.1 β = 1 1902.003771.56 TeVLQ mass

Scalar LQ 3rd gen 2 τ 2 b − 36.1 B(LQu
3 → bτ) = 1 1902.081031.03 TeVLQu

3
mass

Scalar LQ 3rd gen 0-1 e, µ 2 b Yes 36.1 B(LQd
3 → tτ) = 0 1902.08103970 GeVLQd

3
mass

VLQ TT → Ht/Zt/Wb + X multi-channel 36.1 SU(2) doublet 1808.023431.37 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass

VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ Y →Wb + X 1 e, µ ≥ 1 b, ≥ 1j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb + X 0 e,µ, 2 γ ≥ 1 b, ≥ 1j Yes 79.8 κB= 0.5 ATLAS-CONF-2018-0241.21 TeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 1 e, µ ≥ 2 j Yes 79.8 ATLAS-CONF-2018-020560 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production 1710.09748870 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±
L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 36.1 DY production, |q| = 5e 1812.036731.22 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: May 2020

ATLAS Preliminary∫
L dt = (3.2 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J). mW , mZ , mH, mt

Current data indicates that New Physics likely  
to be at higher energy scale ( )Λ ≫ v

✦ Why do we need an EFT ?
✦

Increasing dataset allows to perform  
a wide range of measurements

Need a model-agnostic framework that 
can look for indirect signature 

 of heavy new physics

Consistently model deviations across  
different measurements 
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✦ Do we need an effective approach ?
✦
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✦ Going beyond the Standard Model - effective approach
✦

Effective approach for 
heavy new physics
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✦ Higgs boson - the heart of the Standard Model (SM)
✦

LSM = - 1
4Fµ⌫F

µ⌫ + i †
D + yij i� j + h.c. + |Dµ�|

2 - µ2(�†�)- �(�†�)2

LSM = - 1
4Fµ⌫F

µ⌫ + i †
D + yij i� j + h.c. + |Dµ�|

2 - µ2(�†�)- �(�†�)2

Particle with unique quantum numbers (JCP = 0+), needs to be studied in detailed 

Interacts directly with all massive particles of the SM  
(and indirectly with )γ, g

15 out of 19 parameters in the SM connected to the Higgs Boson  

Yukawa Interaction

BEH Mechanism
LSM = - 1

4Fµ⌫F
µ⌫ + i †

D + yij i� j + h.c. + |Dµ�|
2 - µ2(�†�)- �(�†�)2

LSM = - 1
4Fµ⌫F

µ⌫ + i †
D + yij i� j + h.c. + |Dµ�|

2 - µ2(�†�)- �(�†�)2

Re(�)
Im(�)

V(�)

H

HH

H

f

f

H

V

V

 incredibly rich phenomenology ! →
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✦ Producing Higgs bosons
✦
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Kinematic features of the processes allows to pin-down the production 

Cross-section of different modes, varies across 3-orders of magnitude !
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✦ Large Hadron Collider (LHC) 
✦
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✦ Observing Higgs bosons
✦
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Higgs boson has a narrow width (4.07 MeV) and decays instantaneously ! (~10-22 sec)

Decays to all particles except the top quark  multiple channels to study Higgs boson→
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✦ ATLAS - A Toroidal LHC Apparatus
✦

Layered detectors surrounding interacting point :     tracker ) solenoid ) calorimeters ) muon spectrometer

Fast triggering on interesting signatures 

Precise reconstruction of :
collision vertices
photons & electrons
muons
taus
jets 
missing transverse momentum  

Identification of heavy-flavor jets

 
Transverse plane

)

P
~pT = 0
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✦ ATLAS workflow : testing physics theories with data
✦

Xd

Simulation of ‘soft physics’ 
                 process

Simulation of ATLAS detector 
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Simulation of High-energy  
physics process
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nReconstructed distribution Reconstruction of ATLAS       
detector 

Proton Distribution Function

Probability(data|theory)

LHC Data
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✦ testing physics theories with data : Likelihood function
✦

Likelihood function, L(data|theory), is used to perform statistical inference on physics parameters

likelihood function captures, 

i. Behaviour of theory model parameters on  
  observables For ex. : Higgs couplings 
 
ii. Systematic uncertainties from experimental sources 
   For ex. : Calibration of Jet energy scale 
 
iii. Theoretical uncertainties on model 
   For ex. : PDF scale and factorisation uncertainty  
 
iv. Consistent signal & background modelling across  
    different analyses 
   Avoid overlapping kinematic regions to extract information 
 

Combined likelihood function 
O(5000) parameters 
O(200,000) functions 
O(5500) pdfs

Nuisance  
Parameters

Parameters  
of interest



23

✦ Higgs inclusive measurements at ATLAS 
✦

Run-2 30x as many Higgs wrt Run-1, allows for precise measurements of cross-sections & couplings
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Strong indications for rare Higgs decays : obs. (exp) significance of 2.0𝜎 (1.7𝜎) for   
                                                                                          and 2.3𝜎 (1.1𝜎) for  

H → μ+μ−

H → Zγ

All major production modes have 5  observation and for tH 95% obs. (exp) upper limit of 15 (7) x SMσ
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✦ Higgs couplings to particles 
✦
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Experimentally motivated couplings ( ) framework designed in  
Run-1 to check compatibility of inclusive measurements w.r.t SM

κ

Higgs boson generic couplings to SM particles

For instance, ttH, H bb,→

b

b

H

g

g t

t

κt κb

�(ttH,H ! bb̄) = �(ttH)⇥ �(H ! bb̄)

�(H)
=

k
2
t
k

2
b

k
2
H

�SM(ttH)⇥ �SM(H ! bb̄)

�SM(H)

�(ttH,H ! bb̄) = �(ttH)⇥ �(H ! bb̄)

�(H)
=

k
2
t
k

2
b

k
2
H

�SM(ttH)⇥ �SM(H ! bb̄)

�SM(H)

Framework is designed for rates, not sensitive to kinematic distributions

Is a LO - order framework and not a QFT that extends the SM
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✦ Detailed kinematic picture of the Higgs boson
✦
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Increased dataset and modern analysis 
techniques give access detailed  
kinematic information 
 
Combining measurements from 
different analysis allows to  
study Higgs production across 
4 orders of magnitude in cross-section 

Detailed kinematic information 
requires a consistent theoretical  
framework to study deviations from 
the Standard Model   
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✦ The Standard Model as an Effective Field Theory 
✦

Weinberg operator  
violates Baryon & Lepton no.  

 ~ Majorana  mass scaleΛ ν

2499 SMEFT  
operators  
at dimension 6 
with ΔL, ΔB = 0

Wilson Coefficients 
parameters of interest

LSMEFT = LSM +
X

i

c
(5)
i

⇤
O
(5)
i +

X

i

c
(6)
i

⇤2 O
(6)
i +O

⇣ 1
⇤d>2

⌘

/ 1
⇤0

Λ

much larger than  
energy scales probed at 

LHC 

Operators built from SM fields,  all possible local interactions respecting symmetries: 
Poincare, and gauge symmetry, SU(3)C x SU(2)L x U(1)Y -  Standard Model Effective Field Theory (SMEFT) 

Wilson coefficients (ci) new measurable parameters, capture deformations from large class of dedicated 
physics models 

Additional flavour symmetry in SMEFT dictated by experimental considerations,  allow to scale down 
the complexity of operators !  



l : LH-lepton doublet, e : RH-lepton singlet, q : LH-quark doublet, 
u : RH-up-type quark singlet, d : RH-down-type quark singlet

Only certain kinds of operators are  
allowed from symmetry considerations 
and dimensionality 
 
 
 
 
Can be broadly classed into 7 types,
i. Boson self-coupling
ii. Higgs kinetic term
iii. Higgs-gauge 
iv. Higgs-fermions
v. Dipole
vi. EW current 
vii. Four-fermion
 

10.1007/JH
EP 04 (2021) 073 - Brivio

✦ New terms in the Lagrangian at d=6

27

O
(8)
Qu

c

c̄

t

t̄

⇤

2.3 Effective field theory approach 23

more fundamental theory at a higher energy scale and needs to be studied within640

an effective field framework to identify the effects of heavy new physics. A bottom-641

up EFT can be constructed for the Standard Model to examine effects of physics at642

a more unknown fundamental energy scale.643

2.3.1 The Standard Model Effective Field Theory644

The SM Lagrangian can be extended by considering a general Lagrangian con-645

sisting of Standard Model terms and a series of higher-order terms suppressed646

order-by-order by the scale of new physics. The energy scale of new physics ⇤647

should be much higher than the Higgs vacuum expectation value v. The extended648

Lagrangian can be written as649

L =
1

⇤0
LSM +

1

⇤1
L

(d=5) +
1

⇤2
L

(d=6) . . . , (2.43)

where the first term does not contain any information of ⇤. The additional terms
are suppressed by the energy scale of new physics, thus for energy scales far away
from ⇤, the contribution of these additional terms are suppressed. The terms are
ordered by their energy dimension d, and are suppressed by a factor ⇤4-d. All
terms are constructed only using the SM fields, derivatives, and Pauli matrices.
The energy dimension of the SM fields and the derivative operator in four space-
time dimensions are given by,

[H] = 1, [ ] =
3

2
, [X] = 2, [D] = 1, (2.44)

where H denotes the Higgs doublet,  is the fermion field, X denotes the field650

tensor and D denotes the derivative. All possible terms allowed from known ex-651

perimentally verified symmetries corresponding to the Poincaré symmetry and the652

gauge symmetry SU(3)C ⇥ SU(2)L ⇥ U(1)Y are considered. Each term in Equa-653

tion 2.43 is characterized by a set of Wilson operators {O
(d)
i

} which are scaled by654

couplings {ci}, known as the Wilson coefficients, and can be written as655

L
(d) =

X

i

c
(d)
i

O
(d)
i

. (2.45)

These Wilson coefficients can be measured in experimental data to test the pres-656

ence of higher dimensional operators. Operators with non-zero values of Wilson657

coefficients are signs of new physics.658

In the SMEFT, similar to the Standard Model, the Higgs field H is considered659

as a doublet of SU(2)L, and the observed Higgs field is obtained from EWSB as660

described earlier in Section 2.1.7. Alternatively, the Higgs Effective Field Theory661

[ January 2, 2024 at 8:11 – classicthesis Version X.X.X ]

https://link.springer.com/article/10.1007/JHEP04(2021)073


✦ New operators → New couplings

New operators introduce modifications 
to existing couplings 

Can also introduces new types of interactions 
that are not allowed in the Standard Model  
  
Typically, the operators containing the Higgs field  
end up affect both the Higgs sector and the  
Electroweak sectors  strong interplay between  
different measurements 

→

28
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✦ From Lagrangian to Observables
✦

x || 2|| 2 ( (+2
c

⇤2 Re +
c2

⇤4 Recross-section / |M|2 =

+
c

⇤2M =

Linear terms Quadratic termsSM contribution

Missing (d=8) x SM  
interference at 

�SMEFT = �SM

⇣
1 +

P
jAici +

P
ij bijcicj

⌘

Continuous signal modelling in the likelihood function : L(data|~µ,~✓) ! L(data|~µ(~c),~✓)

⇤-4

Weights from the matrix elements

d=6

(cross-sections, decay widths)
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• Increasing impact with pT(H)
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✦ An example : Higgs-gluon & Higgs-top in SMEFT
✦
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✦ SMEFT linear terms vs linear + quad. terms
✦
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✦ Impact of Experimental Acceptance
✦

SMEFT parameterisation can be affected by analysis selections involved in Higgs boson reconstruction
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Two options : 
i. Re-design analysis to capture low-mZ2 spectrum to enhance sensitivity to 
ii. Account for SMEFT impact on parameterisation by mimicking analysis selections  pragmatic approach

OHB

→



✦

✦ What can we constrain ? 
✦

UV models usually map to a selection  
of  Wilson coefficients  

 Need to measure as many parameters  
    as possible simultaneously
→

However, Wilson coefficients are couplings  
of a general Lagrangian,  not designed  
as a experimental framework 

 Many parameters have similar impact,  
    not enough information to disentangle 
    all relevant operators   

→

Experimental sensitivity can be use as  
a guide to define and constraint SMEFT 
parameter space 

 Parameters have to be defined priori 
    measurement  
→

33



✦

✦ How can we constrain ? 
✦
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34

Use Fisher information in SMEFT space to define eigen-directions within of operator group 
using principal component analysis (PCA) 



✦

✦ How can we constrain ? 
✦

UV models usually map to a selection  
of  Wilson coefficients  

 Need to measure as many parameters  
    as possible simultaneously
→

However, Wilson coefficients are couplings  
of a general Lagrangian,  not designed  
as a experimental framework 

 Many parameters have similar impact,  
    not enough information to disentangle 
    all relevant operators   

→

Experimental sensitivity can be use as  
a guide to define and constraint SMEFT 
parameter space 

 Parameters have to be defined priori 
    measurement  
→

Use experimental sensitivity to identify 
directions within group of operators 

Operators groups identified by 
similarity of physics impact !

35

Based on these observations, a new fit basis c0 is defined that achieves both fit stability and fit-parameter
interpretability. This basis c0 is expressed in terms of single Warsaw basis coefficients 2 9 whenever possible,
and in terms of linear combinations (denoted by 4) of coefficients when necessary:
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Only subgroup eigenvectors with an expected uncertainty  10 are retained as model parameters. The
remaining coefficients, to which the data are not really sensitive, are fixed to zero in the analysis. The
subgroup eigenvector directions relative to the Warsaw basis are shown in Figure 8. The names of
the eigenvectors are chosen to reflect the production or decay process that dominates the experimental
sensitivity of the parameter group, as shown in Figure 5, although single parameters within some of the
groups sometimes have a dominant sensitivity to another process.

No separate optimisation of the parameter basis c0 is performed for the SMEFT model including quadratic
terms of Eq. (13) as the non-linear effects of this model are expected to vanish for small 2 9 , and thus to
asymptotically yield the same rotation matrix as Eq. (15).

The impacts of the variations of the coefficients of the rotated basis c0 on the STXS regions and Higgs
boson branching ratios are shown in Figure 9, with the same parameter grouping as shown in Figure 5. The
figure clearly demonstrates that the basis c0 represents impact variations across regions that are much less
correlated than those represented by the Warsaw basis c. The magnitude of the parameter variations shown
in Figure 9 are set to the expected uncertainty for each parameter in the linear SMEFT model, thus giving a
realistic indication of the magnitude of variations that can be constrained from the data. For completeness,
the impact of the quadratic terms for the same values of the parameter basis is overlaid, indicating the
relative magnitude of the quadratic terms at the expected sensitivity level of the linear model. The impact
of these expected sensitivities for the measured SMEFT parameters is discussed in Section 3.2.3.
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✦ Updated Higgs SMEFT interpretation 
✦

Detailed look into SMEFT constraints from Higgs sector  
including analyses rare decay modes ( , )  
 

Parameterisation based on top scheme 
 dedicated treatment of leptons  

 
 
19 parameters in total based on a sensitivity study with  
 expected unc. <10 
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With current data, can constraint 19 
parameters

First SMEFT sensitivity source analysis on
Run-2 Higgs combination:

- 𝐻→𝜇𝜇 is best-constrained operator,
- despite low statistics
- - 𝐻→𝑊𝑊* contributes only in minor ways, 
• despite being one of the best-measured 
• channels

High-stats regions in channels may not be 
the most powerful for SMEFT constraints

Operators probed energy scale of 
300 GeV - 10 TeV

✦ SMEFT constraints from the Higgs sector
✦
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✦ Uncertainty breakdown of SMEFT parameters
✦
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✦ Impact of Quadratic terms
✦

- Fit with quadratic terms allow to qualitatively  
  describe missing d=8 x SM interference terms  
 
 
- Constraints generally tighter, most notably for  
 
 
- Quadratic terms introduce multiple minima 
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✦ Matching SMEFT constraints to 2HDM
✦

Matching relations from 
 10.1103/Phys. Rev. D 102, 055012 Dawson et al

SMEFT matching valid in alignment limit 0,  
observed Higgs boson aligns with light-Higgs of 2HDM

cos(β − α)→

2-Higgs doublet model: additional Higgs doublet  
five Higgs boson - charged ( ), CP-even ( ), &  
pseudo-scalar ( ) 

H± h, H
A

mixing of observed Higgs boson with other Higgs bosons tested 
 : ratio of vev of two doublets    

 
tan(β)
HSM = h sin(β − α) + H cos(β − α)

SMEFT matching performed using d=6 linear terms only 
- missing constraint from HVV coupling which enter at d=8 
- No petal-like structure caused by absence of quadratic terms 

SMEFT  2HDM→   2HDMκ →

Type-I

Lepton 
Specific

Coupling dependence in backup 39



✦ Going global with SMEFT 
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Parameter value

SMEFT allows to consistently model deformations from the SM  
in different physics sectors 
 
ATLAS global SMEFT fit combines, 
i. Combined measurements of Higgs boson production & decay 
ii. Electroweak production of diboson and single-boson  
   WW, ZZ, WZ, Z+jets 
iii. Electroweak precision observables from LEP & SLC

    Challenging combination !  
    i. background in  is signal in  production  
    ii. WW production kinematic phase space partially overlaps with  
        background control region.  
 
    

H → ZZ ZZ

H → WW

First global SMEFT fit within ATLAS - 28 parameters
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✦ The future for SMEFT

Including more measurements will open up more parameters! 

Global fits active area of development, including ATLAS top data, CMS data, LEP II constraints  
 Joint effort within the experimental & theory community under the recently  

    formed LHC EFT Working Group  

 

Many foundational topics still being developed: uncertainties due to truncation,  

contribution of d=8 operators, compatibility of experimental fits with theorists,…… 

 

    

→ Higgs

EWTop

Designing analysis optimised for SMEFT ? 
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SMEFT results are currently performed post-hoc analysis targeting measurements,  
no flexibility to improve SMEFT constraints 

Mining SMEFT parameter space for dedicated New Physics model ? 

 A new physics model is expected to affect only a subset of operators, information within the SMEFT can be 
used in identifying potential New Physics models

Designing analysis with considering the constraints coming in from other sectors (EWPO, for instance)

https://lpcc.web.cern.ch/lhc-eft-wg


✦ A bientôt !
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