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HIGGS PHYSICS

▸ Many good measurements at LHC 

▸ No evidence of BSM physics 

▸ Λ ~ TeV
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EFFECTIVE FIELD THEORY

▸ Most useful when UV and IR scales are well-separated 

▸ EFT is a full-fledged QFT provided one works to finite 
order in Λ 

▸ No reference to or input from UV physics needed 

▸ Advantages over ad-hoc BSM parameterization
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STANDARD MODEL EFFECTIVE FIELD THEORY

▸ Given SM particle content, write down all terms allowed by 
SM symmetries… 

▸ …including higher-dimensional operators

�4



NEXT-GENERATION ANALYSIS

▸ Previously assumed: 

▸ EWPD >> diboson >> Higgs 

▸ No longer justified, theoretically unsatisfactory 

▸ Kinematic information encoded in Simplified Template Cross Sections 
(STXS)

ATLAS-CONF-2017-047
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SIMPLIFIED TEMPLATE CROSS SECTIONS

ATLAS-CONF-2017-047

Merged STXS Stage-1 
regions enclosed by red 

boxes
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ANALYSIS FRAMEWORK

▸ Focus on leading dimension-6 operators 

▸ Work to linear order in Wilson coefficients 

▸ Impose U(3)5 symmetry, broken by SM Yukawas 

▸ Use 𝜶EM, GF, MZ, as input parameters
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20 COEFFICIENTS CONSIDERED

DIMENSION-6 OPERATORS IN WARSAW BASIS

results of EMSY 1803.03252 expressed in both SILH and Warsaw bases 
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PRECISION ELECTROWEAK MEASUREMENTS USED IN SMEFT FIT

▸ 12 Z-pole 
measurements 

▸ 74 LEP 2 W+W- 
measurements 

▸ New MW measurement 
from ATLAS 

▸ Probes 11 SMEFT 
directions

�9



PROBE 10 SMEFT DIRECTIONS

ATLAS+CMS HIGGS DATA FROM RUN 1
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RUN 2 HIGGS MEASUREMENTS USED IN SMEFT FIT

▸ Include all 
available 
kinematical 
information 

▸ Include 1 W+W- 
measurement at 
high pT 

▸ Probe 13 SMEFT 
directions

ATLASCMS
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CONSTRAINTS ON OBLIQUE PARAMETERS

pre-LHC

Higgs

combined
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GLOBAL FIT RESULTS

20 coefficients

13 coefficients

*assumes SMEFT is UV-completed by a renormalizable, weakly-coupled theory
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FIT TO EACH OPERATOR INDIVIDUALLY

95% CL interval
LHC competing w/ LEP
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Note: 
different 
scaling factors



FIT TO ALL OPERATORS SIMULTANEOUSLY

95% CL interval
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Note: 
different 
scaling factors



CORRELATION MATRIX
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CORRELATIONS GENERALLY REDUCED

CORRELATION MATRIX

Brivio, Trott 1701.06424
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SIMPLE EXTENSIONS OF THE SM

de Blas, Criado, Perez-Victoria, Santiago 1711.10391
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NUMERICAL CONSTRAINTS ON EXTENSIONS

2HDM
improve 𝜒2 & 𝜒2/nd

only improve 𝜒2

improve neither
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CONSTRAINTS ON SM EXTENSIONS
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NON-RENORMALIZABLE MODELS

▸ If UV model has both super-renormalizable and non-
renormalizable interactions 

▸ Low energy EFT can have higher-dimensional operators w/ 
arbitrary coefficients

see e.g. Jenkins, Manohar, Trott 1305.0017
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NON-RENORMALIZABLE MODELS

▸ Subset of models: explanations of muon g-2
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NON-RENORMALIZABLE MODELS

▸ Heavy scalar singlet
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SUMMARY
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SUMMARY

▸ SMEFT: model-independent way to search for heavy, new 
physics 

▸ This work is the first combined global analysis within the 
SMEFT of electroweak, diboson, and Higgs data 

▸ Higgs measurements currently compete w/ EWPD
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EFT DETAILS

▸ tth production probes many coefficients not otherwise 
constrained by our dataset 

▸ Include only CuG as it has the largest contribution 

▸ Alternatively… 

▸ one could regularize the fit as in 1710.02008 

▸ add in top-quark measurements
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SILH BASIS

20 COEFFICIENTS CONSIDERED �27



GLOBAL FITS IN THE SILH BASIS

95% CL interval

previous work 
by JE, VS, TY

1803.03252

ONE COEFFICIENT AT A TIME �28



GLOBAL FITS IN THE SILH BASIS

95% CL interval

previous work 
by JE, VS, TY

1803.03252

ALL COEFFICIENTS SIMULTANEOUSLY �29



PROJECTIONS FOR HL- AND HE-LHC

▸ Study ongoing looking at LHC 13/14 TeV vs. 27 TeV 

▸ https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
HLHELHCWorkshop 

▸ “It’s difficult to make predictions, especially about the 
future” - Yogi Berra

�30
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PROJECTION STRATEGY

▸ For each LHC Run-2 measurement used in the fit of 
1803.03252 

▸ Set central value to SM prediction 

▸ Scale all uncertainties for the ith measurement by…         

▸ HL-LHC: 

▸ HE-LHC:  

▸ Leave correlations unchanged

s
Li

3/ab
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most measurements currently have Li ~ 36/fb
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PROJECTION: ONE COEFFICIENT AT A TIME
Preliminary

different powers of 10
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PROJECTION: ALL COEFFICIENTS SIMULTANEOUSLY
Preliminary

different powers of 10
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