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Overview
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First priority: measure and calculate mw in
the SM to <5 MeV
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Second priority: study implications for physics
beyond the SM
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Discuss here two cases: T meen
an eftective field theory (EFT) and the phenomenological MSSM (pMSSM)
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EFT: general framework for describing perturbative physics at a high scale

PMSSM: well-motivated class of models with TeV-scale particles



SM eftective field theory

Parametrize high-scale physics in powers of inverse scale of effective operators
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One operator violating lepton . .
. /6 operators conserving baryon number (one generation)
number conservation .
2499 operators for three generations
4 operators violating baryon number conservation

Equations of motion reduce number of dimension-6 operators from 76 to 59
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Dimension-6 SM

T

Operators fall into categories: (1) Four-fermion operators: 21

(2) Gluon self-interaction operators: 3
(3) Higgs and electroweak operators: 35

(SILH basis)
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Obligue corrections and EFT

Historical parametrization of new physics in electroweak propagators: S, T, U

S, T related to dimension-6 operators; U related to dimension-8 operator
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’henomenological MSSM

Supersymmetry the best motivated model for TeV-scale physics
Must search systematically and exhaustively

Phenomenological MSSM defines free parameters broadly consistent with existing constraints
A number of dedicated studies probe the available parameter space

ATLAS combined Run 1 direct searches with
Higgs measurements to exclude models
defined by scanning 19 parameters up to

mass scales of 4 TeV

Parameter Minimum value Maximum value
Ap —0.0005 0.0017
A(g—2), —17.7 x 10710 43.8 x 10710
BR(b — s7) 2.69 x 1074 3.87 x 1074
BR(Bs — ptu™) 1.6 x 1079 4.2 x 1079
BR(Bt — 771;) 66 x 1070 161 x 1076
Qgoh? — 0.1208
Dinvisible(susy) (£) — 2MeV
Masses of charged sparticles 100 GeV —
m(X7) 103 GeV —
m(iin 9, d12, ¢1.2, 51,2) 200 GeV -
m(h) 124 GeV 128 GeV

Parameter Min value Max value Note

myp (=myg,) 90 GeV 4TeV  Left-handed slepton (first two gens.) mass

me, (= me,) 90 GeV 4TeV  Right-handed slepton (first two gens.) mass

my., 90 GeV 4TeV  Left-handed stau doublet mass

My 90 GeV 4TeV  Right-handed stau mass

mg, (=mg,) 200 GeV 4TeV  Left-handed squark (first two gens.) mass

Ma, (= May) 200 GeV 4TeV  Right-handed up-type squark (first two gens.) mass

mg (=mg,) 200 GeV 4TeV  Right-handed down-type squark (first two gens.) mass

ma, 100 GeV 4TeV  Left-handed squark (third gen.) mass

Mg 100 GeV 4TeV  Right-handed top squark mass

mg, 100 GeV 4TeV  Right-handed bottom squark mass

| M | 0GeV 4TeV  Bino mass parameter

| M| 70 GeV 4TeV ~ Wino mass parameter

m 80 GeV 4TeV  Bilinear Higgs mass parameter

M3 200 GeV 4TeV  Gluino mass parameter

| Asl 0GeV 8 TeV  Trilinear top coupling

| Ap| 0GeV 4TeV  Trilinear bottom coupling

|A-| 0GeV 4TeV  Trilinear 7 lepton coupling

Ma 100 GeV 4TeV  Pseudoscalar Higgs boson mass

tan 3 1 60 Ratio of the Higgs vacuum expectation values
6 JHEP 10 (2015) 134




mw and pMSSM scan

|deally incorporate mw measurement into pMSSM constraints
Existing scan uses an mw window of 80340 - 80428 MeV
ATLAS measurement would lower upper bound to 80408 MeV at 95% CL

Can use existing scan to find relative reduction of parameter space, but
not total reduction of parameter space, from the W mass constraint

Dominant contribution to mw is from stop and sbottom quarks:
arXiv:hep-ph/0412214
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mw and pMSSM scan

Initial study: calculated mw using model parameters and FeynHiggs 2.11.2
Includes QCD corrections to the sbottom mass that affect it by up to 100 GeV
Corrections are not in FeynHiggs 2.3.2 or micrOMEGASs

micrOMEGASs used to constrain the model points in the ATLAS scan

In probing fractional reduction of parameter space need to use micrOMEGASs for consistency
After discovering SUSY we will need corrections when mapping measurements to parameters
Will be a source of parameter uncertainty
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summary

W mass measurement significantly constrains

new physics

Effects that contribute differently to mw and m;z

E.g. squarks with non-universal masses

Investigating impact of mw measurements on
EFT and pMSSM

|deally produce new propaganda plots in
these frameworks
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