
• Global fit to dimension-6 operators using precision 

electroweak data, W+W- at LEP, Higgs and diboson

data from LHC Runs 1 and 2

• Results in Warsaw and SILH bases

• Improvements in the constraints from Run 2

• Constraints on BSM models

– Some contribute to operators at tree level

– Stops that contribute at loop level

• With a supplement on dimension-8 operators
John Ellis

Updated Global SMEFT Fit
to Higgs, Diboson and Electroweak Data 

Chris Murphy, JE, Verónica Sanz & Tevong You, arXiv:1803.03252

JE & Shao-Feng Ge, arXiv:1802.02416



Physics Measurements @ LHC



• Do couplings scale ~ mass? With scale = v?

• Red line = SM, dashed line = best fit

It Walks and Quacks like a Higgs

Global

fit

Blue dashed line = Standard Model
JE & Tevong You



Effective Field Theories (EFTs) 
a long and glorious History

• 1930’s: “Standard Model” of QED had d=4

• Fermi’s four-fermion theory of the weak force

• Dimension-6 operators: form = S, P, V, A, T?

• Due to exchanges of massive particles?

• V-A  massive vector bosons  gauge theory

• Yukawa’s meson theory of the strong N-N force

• Due to exchanges of mesons?  pions

• Chiral dynamics of pions (dπdπ)ππ clue  QCD



Standard Model Effective Field Theory

• Higher-dimensional operators as relics of higher-

energy physics, e.g., dimension 6:

• Operators constrained by SU(2) × U(1) symmetry:

• Constrain with precision EW, Higgs data, TGCs ...

Assuming H(125) is SM-like: Model-independent search for new physics



Which Operators Contribute to which Observables?

• Precision electroweak

• Higgs

• Diboson production JE, Sanz & Tevong You, arXiv:1410.7703

In SILH basis



Previous Fit to Electroweak Precision Data

• Constraints from LEP et al. data

• Fits to individual dimension-6 operators

• Global fit to all operators together
JE, Sanz & Tevong You, arXiv:1410.7703

Leptonic

observables

+ hadronic

observables



Fit to Run 1 

H, W+W- Data

JE, Sanz & Tevong You, arXiv:1410.7703

• Associated H production 

rates & kinematics

• LHC Triple-gauge 

couplings

• Global combination

• Individual operators

Preferred framework for analyzing Run 2

Complementary!



H Production

Measurements 

in Run 1

• Open questions:

– Hbb?

• 2.6σ @ LHC

• 2.8σ @ FNAL

– Hμ?

– ttH production?

– tH production?



H Production

Measurements 

in Run 2

• Improvements in:

– Hbb

– ttH



Sensitivities to Operators

• Rate relative to SM with different operators

• Higher sensitivity at higher pT

• But lower statistics



Next-Generation Analysis
• Previously assumed 

– EW precision >> diboson >> Higgs precision

• No longer justified, theoretically unsatisfactory

• Kinematic information encoded in Simpified

Template Cross Sections (STXSs)



Simplified Template Cross Sections (STXSs)

• Tool to use 

information on 

kinematics

• Known 

dependences 

on operator 

coefficients

Hays, Sanz & Zemaityte, 

LHCHXSWG-INT-2017-01



Used in ATLAS Higgs EFT Analysis

Merged STXS stage-1 regions used

in analysis enclosed by red boxes

ATLAS-CONF-2017-047



EFT vs STXS Comparison

Chris Hays



Analysis Framework

• Leading dimension-6 operators:

• Work to linear order in operator coefficients

• Assume U(3)5 symmetry for fermion operators

• Use GF, MZ, α as input parameters

• Use STXS Stage-1 as far as possible

• First attempt, so many caveats:

– STXS framework being extended, Higher-order 

corrections, Theoretical uncertainties, …

EMSY, arXiv:1803.03252



Dimension-6 Operators in Warsaw Basis

• Involved in precision electroweak, diboson data

• Operators affecting Higgs observables



Dimension-6 Operators in SILH Basis

• Involved in precision electroweak, diboson and 

Higgs data



Precision 

Electroweak

Measurements

used in

SMEFT Fit

EMSY, arXiv:1803.03252

New MW

measurement

by ATLAS

LEP1 and SLC:

12 Z-pole,

(74 W+W- ) 

measurements



Measurements used in Global SMEFT Fit

• ATLAS + CMS Higgs data from LHC Run 1



LEP 2 W+W- Measurements used

• Data from L3

• Also other 

Collaboration

s



Run 2 Higgs

Measurements

used in

SMEFT Fit

CMS ATLAS

Include all

available

kinematical

information

+ 1 W+W-

measurement

at high pT Use STXS



ATLAS STXS Measurements

ATLAS-CONF-2017-047



LHC W+W- at large pT

• Overflow bin only

• Most sensitive to d=6

• Dependence on SILH 

operator coefficients:

1-1.4c3W-4.3cHW-

1.5cW

• Quadratic terms 

small

EMSY, arXiv:1803.03252



Constraints

on Oblique 

Parameters

Warsaw basis

SILH basis

EMSY, arXiv:1803.03252

Higgs

measurements

Z, W, WW

measurements

Combined

Complementary, comparable importance



Fit to all operators simultaneously

Results of Global Fit in Warsaw Basis
EMSY, arXiv:1803.03252

NB: Different

scale factors



Fit to each operator individually

Results of Global Fit in Warsaw Basis
EMSY, arXiv:1803.03252

NB: Different

scale factors



Results of Global Fit in SILH Basis
EMSY, arXiv:1803.03252

Fit to all operators simultaneously

NB: Different

scale factors



Results of Global Fit in SILH Basis
EMSY, arXiv:1803.03252

Fit to each operator individually

NB: Different

scale factors



Warsaw basis SILH basis

Numerical 

results from 

SMEFT Fit

EMSY, arXiv:1803.03252



Impacts of Measurements in Warsaw Basis
EMSY, arXiv:1803.03252



Improvements

with Run 2 Data

EMSY, arXiv:1803.03252

Warsaw basis

Fit to each operator individually

Fit to all operators simultaneously



Correlations in Global SMEFT Fit

Warsaw basis SILH basis

EMSY, arXiv:1803.03252



Simple Extensions of the Standard Model

de Blas, Criado, Perez-Victoria & Santiago, arXiv:1711.10391



Numerical Constraints on Extensions
EMSY, arXiv:1803.03252



Constraints 

on SM 

Extensions

EMSY, arXiv:1803.03252



SMEFT Constraints on Light Stops

tan β = 1 tan β = 20 

EMSY, arXiv:1803.03252

Compatible

Mh = 125 GeV

Old

limits
Drozd, JE, Quevillon, 

You, arXiv:1504.02409 



Direct Constraints on Light Stops

Depend on mLSP

not on tan β 

Comparison

with SMEFT

depends on

mixing Xt



Summary
20

13Warsaw basis



Light-by-Light Scattering in QED

• Electron (charged particle) loops induce 

light-by-light scattering: γγγγ

• First calculations:

Supplement on dimension-8 operators



Born-Infeld Theory

• Original Born-Infeld modification 

of QED:

• Based on “unitarian” idea of 

maximum electromagnetic field, 

cf, velocity of light

• Limit on Coulomb potential



Born-Infeld & String Theory

• Original Born-Infeld modification of QED:

• Derived from string theory:

in D dimensions:

4 dimensions:

• Limiting gauge field  brane velocity = light

• Mass scale M = √β 

 1/distance between branes, ≥ TeV?

Born & Infeld 1934

Fradkin & Tseytlin 1985

Bachas, hep-th/9511043 



Light-by-Light Scattering

ATLAS Collaboration, arXiv:1702.01625,

Nature Physics, doi:10.1038/nphys4208

A window on 

dimension-8

operators



First Measurement of Light-by-Light Scattering

• Peripheral heavy-ion collisions at the LHC: γγγγ

• Expected in ordinary QED from fermion loops

• ATLAS measurement agrees with QED

• Can be used to constrain nonlinearities in Born-Infeld

Heisenberg & Euler 1936

JE, Mavromatos & You: arXiv:1703.08450



Light-by-Light Scattering: QED vs Born-Infeld

• Characteristic angular distributions

• Born-Infeld more isotropic, larger γγ masses

JE, Mavromatos & You, arXiv:1703.08450

γ angle



Light-by-Light Scattering: QED vs Born-Infeld

• Characteristic mass distributions

• Born-Infeldlarger γγ masses

• Conservative constraint: use total # of ATLAS events

• Plausible approach: cut mγγ > 25 GeV (no events)

JE, Mavromatos & You, arXiv:1703.08450

Heisenberg & Euler 1936 Born & Infeld 1934

Invariant γγ mass



Constraint on Born-Infeld Scale

• ATLAS constraint on σ(γγγγ) constrains M = √β

• All events with mγγ ≤ M: limit M ≈ 100, 210 GeV

• Assume σ = 1/mγγ
2 at higher masses: M ≈ 190,330 GeV

• Entering range of low-scale brane models

JE, Mavromatos & You, arXiv:1703.08450

All ATLAS events mγγ > 25 GeV



Production 

of

Isolated γγ

at LHC

• Data agree 

with SM

• Can be used to 

constrain 

dimension-8 

ggγγ operators

ATLAS Collaboration, arXiv:1702.01625



Effects of Dimension-8 ggγγ Operators

Dimension-8 operators

Born-

Infeld

Cross sections

JE & Ge, arXiv:1802.02416



Constraints from Collider Data

• ATLAS: 95% CL lower limits in TeV range

• Prospective sensitivities of future colliders in 

multi-TeV range

• Unique window on dimension-8 physics

JE & Ge, arXiv:1802.02416



Summary

• EFTs are good to look for new physics in a 

model-independent way 

• Proven track record (weak and strong forces)

• SMEFT good way to analyze LHC & other 

data in a global way (EW + H + diboson)

• LHC Run 2 data significant step forward

• No hint yet of any deviation from SM 

• Much more data to come 


