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The SMEFT

fundamental assumptions: § new physics nearly decoupled: Λ " pv ,E q

§ at the accessible scale: SM fields + symmetries

 a Taylor expansion in canonical dimensions pv{Λ or E{Λq:

LSMEFT “ LSM `
1

Λ
L5 `

1

Λ2
L6 `

1

Λ3
L7 `

1

Λ4
L8 ` . . .

Ln “
ř

i CiO
d“n
i Ci free parameters ( Wilson coefficients )

Oi invariant operators that form

a complete, non redundant basis
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More than a parameterization

the complete SMEFT Lagrangian, truncated at a given order,
is always* a self-consistent QFT and

a valid description of Nature

‹ assuming nearly-decoupled BSM matching SM sym + fields and evaluating at E ! Λ
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Global SMEFT analyses

ultimate goal: include all the parameters that contribute significantly
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Global SMEFT analyses

ultimate goal: include all the parameters that contribute significantly

§ individual processes necessarily have blind directions

§ combination of different processes / sectors required

How many parameters? depends on: flavor assumptions
linear / quadratic terms retained
LO/NLO QCD (SMEFT)

For reference:

total Nf “ 3 WZH pole obs.

general 2499 „ 46

MFV „ 108 „ 30

Up3q5 „ 70 „ 24

Brivio,Jiang,Trott 1709.06492

WZH pole obs. = resonance-dominated processes. Interference only.
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Example 1: Higgs and EW processes
Brivio,Hays,Smith,Trott,Žemaitytė in preparation

§ Up3q5 flavor symmetry
§ all relevant interactions included
§ tree-level, interference only

23 relevant operators

also: Ellis,Murphy,Sanz,You 1803.03252 20

P
R
E
L
I
M
I
N
A
R
Y

Z,W couplings Bhabha scattering

H processes
input quantities

TGC

Q
p1q
Hl = piH:ÐÑ

D µHqpl̄γµlq

QHe = piH:ÐÑ
D µHqpēγµeq

Q
p1q
Hq = piH:ÐÑ

D µHqpq̄γµqq

Q
p3q
Hq = piH:ÐÑ

D
i

µ
Hqpq̄σiγµqq

QHu = piH:ÐÑ
D µHqpūγµuq

QHd = piH:ÐÑ
D µHqpd̄γµdq

QHD = pDµH
:HqpH:DµHq

QHWB = pH:σiHqW i
µν
Bµν

Q
p3q
Hl = piH:ÐÑ

D
i

µ
Hqpl̄σiγµlq

Q1
ll = pl̄pγ

µlr qpl̄rγ
µlpq

Qee = pēγµeqpēγµeq
Qle = pl̄γµlqpēγµeq
Qll = pl̄pγ

µlpqpl̄rγ
µlr q

QW = εijkW
iν
µ
W jρ

ν
W kµ

ρ

QHbox = pH:Hq ˝ pH:Hq
QHG = pH:HqG a

µν
G aµν

QHB = pH:HqBµνB
µν

QHW = pH:HqW i
µν
W iµν

QuH = pH:Hqpq̄H̃uq
QdH = pH:Hqpq̄Hdq
QeH = pH:Hqpl̄Heq
QG = εabcG

aν
µ
G bρ
ν
G cµ
ρ

QuG = pq̄σµνT aH̃uqG a
µν
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Example 2: top quark processes
Brivio,Bruggisser,Maltoni,Moutafis,Plehn,
Vryonidou,Westhoff,Zhang 1910.03606

§ Up2qq ˆ Up2qu ˆ Up2qd
§ top interactions only for now
§ up to NLO QCD, quadratic SMEFT

22 relevant operators
also: Hartland,Maltoni,Nocera,Rojo,
Slade,Vryonidou,Zhang 1901.05965

34

tt̄

single t

tt̄Z , tt̄W
tZ
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: ΓH » 4 MeV Ñ
ΓH
mH

» 3 ¨ 10´5 ! 1

ñ Higgs measurements can be factored into

σpi Ñ Hq ˆ BrpH Ñ f q
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: ΓH » 4 MeV Ñ
ΓH
mH

» 3 ¨ 10´5 ! 1

ñ Higgs measurements can be factored into

σpi Ñ Hq ˆ BrpH Ñ f q

SMEFT: probe separately production and decay U

BrSMEFTpH Ñ f q “

„

ΓpH Ñ f q

ΓtotH



SM

«

1 `
δΓpH Ñ f q

ΓSMpH Ñ f q
´

δΓtotH

ΓtotH,SM

ff

§ both δΓpH Ñ f q and δΓtotH need to be determined

§ δΓtotH enters all processes Ñ strong impact on global SMEFT analyses!
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The Higgs width in the SMEFT - setup

Focus on the leading contributions:

§ LO in the EFT: up to SM - L6 interference.

ΓH “ ΓH,SM

„

1 `
δΓH
ΓH,SM



δΓH
ΓH,SM

“
ÿ

i

ai C̄i “
ÿ

i

ai

ˆ

Ci

v2

Λ2

˙

§ tree level.

SM couplingsHγγ,HZγ,Hgg included as effective vertices for H Ñ f f̄ γ { γγ { gg .

Neglected in other channels.

§ up to 4-body decays.
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δΓH
ΓH,SM

“
ÿ

i

ai C̄i “
ÿ

i

ai

ˆ

Ci

v2

Λ2

˙

§ tree level.

SM couplingsHγγ,HZγ,Hgg included as effective vertices for H Ñ f f̄ γ { γγ { gg .

Neglected in other channels.

§ up to 4-body decays.

Conventions and assumptions:

§ Warsaw basis Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884

§ Up3q5 flavor symmetry Ñ gHff „ yf also in the SMEFT

§ inclusive calculation, not differential Ñ CP odd terms do not contribute

§ 2 input schemes: tmW ,mZ ,GF u, tαem,mZ ,GF u ù backup
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The Higgs width in the SMEFT

leading channels:

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

ΓpH Ñ f̄ f q

ΓSMpH Ñ f̄ f q
» 1 ` 2δgHff

δgHff “ C̄H˝ ´
C̄HD

4
´ C̄

p3q
Hl `

C̄ 1
ll

2
´

5

2
C̄fH

Alonso,Jenkins,Manohar,Trott 1312.2014

§ renorm. of the H field

§ contrib. to µ decay Ñ GF Ñ v

§ direct OfH contribution
`

´ 3
2
C̄fH

˘

+
contrib. to mf Ñ yf

`

´C̄fH

˘

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually
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The Higgs width in the SMEFT

leading channels:

Γph Ñ ggq

ΓSMph Ñ ggq
» 1 `

16π2

g2
s I g

C̄HG , I g » 0.375

Manohar,Wise 0601212

H Ñ f̄ f

H Ñ gg

H Ñ γγ
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The Higgs width in the SMEFT

leading channels:

Γph Ñ γγq

ΓSMph Ñ γγq
» 1`

16π2

e2Iγ
Cγγ , Iγ » ´1.65

Cγγ “ s2θC̄HW ` c2θ C̄HB ´ sθcθC̄HWB

Bergström,Hulth Nucl.Phys.B259(1985)137
Manohar,Wise 0601212
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The Higgs width in the SMEFT

leading channels:

Γph Ñ γγq
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» 1`
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Ñ
Ñ

Ñ

loop-factor enhancement
in the relative correction:

tree-level SMEFT vs loop SM
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H Ñ γγ
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The Higgs width in the SMEFT

leading channels:

available as H Ñ ZZ˚, H Ñ WW ˚ ˆ BrpZ ,W q
relying on narrow width approx. for Z ,W .

good in SM but not sufficient in the SMEFT!

main reason: tree γγ,Zγ mediated diagrams

also missing:

§ CC - NC interference

§ crossed-current interference in ZZ diagrams

§ δΓV , δm
2
V corrections for off-shell boson

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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H Ñ 4f in the SMEFT

① corrections to SM diagrams

9 gµν (SM-like)
9 gµνp¨q´pνqµ (ZµνZ

µνh)
δgL, δgR

´imZδΓZ ` p2mZ ´ iΓZ qδmZ

p2 ´ m2
Z ` iΓZmZ

Ò
hard to extract from

MC simulation!
full treatment requires
analytic calculation
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H Ñ 4f in the SMEFT

① corrections to SM diagrams

9 gµν (SM-like)
9 gµνp¨q´pνqµ (ZµνZ

µνh)
δgL, δgR

´imZδΓZ ` p2mZ ´ iΓZ qδmZ

p2 ´ m2
Z ` iΓZmZ

② genuine SMEFT diagrams

h

γ

γ
h

γ(Z)

Z(γ)
h

Z

h
W−
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H Ñ 4f in the SMEFT - complexity

h Ñ e`e´e`e´

SM

h

Z

Z

+
h

Z

Z

interfering with

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z

+

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z
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H Ñ 4f in the SMEFT - complexity

h Ñ ū u d̄ d

SM

h

Z

Z

+
h

W−

W+

interfering with

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z

+

h

W−

W+

+
h

W−
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H Ñ 4f - analytic calculation

fully analytical treatment. automated with general decomposition:

AA: „ gHV1V2 gHV3V4

ÿ

n

T pnq

T pnq “ Kpnq
´

g
ij,V1

L,R , g
ij,V3

L,R , g
kl,V2

L,R , g
kl,V4

L,R

¯

F
pnq
V1V2V3V4

ppa,maq , a “ ti , j , k , lu

for ma ” 0 there are only 8 independent FV1V2V3V4 . For each tV u set:

§ numerical integration of phase space: Vegas in Mathematica T. Hahn 0404043

§ cross-check: RAMBO + 2 independent parameterizations of phase space
Kleiss,Stirling,Ellis
Comput.Phys.Commun.40(1986)359
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Cross-check: MadGraph with SMEFTsim

an UFO & FeynRules model with˚: Brivio,Jiang,Trott 1709.06492

1. the complete B-conserving Warsaw basis for 3 generations ,

including all complex phases and✟✟CP terms

2. automatic field redefinitions to have canonical kinetic terms and parameter
shifts due to the choice of an input parameters set

3. 6 implementations: 3 flavor assumptions ˆ 2 input schemes

feynrules.irmp.ucl.ac.be/wiki/SMEFT

˚ LO, unitary gauge implementation
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Cross-check: MadGraph with SMEFTsim

e.g δΓhÑe`µ´ν̄µνe
{ΓhÑe`µ´ν̄µνe ,SM

extracting dependence on Wilson coefficients:

§ estimate full Γph Ñ W`µ´ν̄µq in SM limit

§ estimate pure interference contribution with one Ci turned on (ˆ5 values)

Ñ linear interpolation xi ` yi Ci Ñ extract yi

§ estimate full Γph Ñ W`µ´ν̄µq with one Ci turned on (ˆ5 values)

Ñ quadratic interpolation xi ` yi Ci ` zi C
2
i Ñ extract yi

CHW int. CHW full
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Cross-check: MadGraph with SMEFTsim

e.g. δΓhÑe`µ´ ν̄µνe
{ΓhÑe`µ´ν̄µνe ,SM

theory MG interf MG full xs

cHW -1.48788 -1.48776 -1.48849
cHbox 2. 1.99887 1.9991
cHD -0.5 -0.499949 -0.501474
cHl3 -1.99753 -3.69688 -3.69483
cll1 1.99815 2.00286 2.0001

δΓW omitted here: requires hacking propagator corrections in MC

normalization:

C̄i “ Ci

´

v2

Λ2

¯

yi{ΓhÑe`νeµ´ ν̄µ,SM

from pure interference

yi{ΓhÑe`νeµ´ ν̄µ,SM

from linearized
full width

analytic calculation

Brivio,Corbett,Trott 1906.06949
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D
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two SMEFTsim columns
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D
validated with theoryD
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H Ñ 4f analytic - results

Example: H Ñ e`e´µ`µ´ mf ” 0, mW scheme

δΓpH Ñ e`e´µ`µ´q

ΓSMpH Ñ e`e´µ`µ´q
“

ÿ

i

ai C̄i “
ÿ

i

ai

ˆ

Ci
v2

Λ2

˙

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

Z -0.78 -0.22 0.30 2 0.17 4.38 -1.62 -3.52 3.

A 1.04 -1.08 -0.68

E -2.23 -2.23 1.80

G -0.38 0.06 0.15 1.14 0.15 -0.39 -1.34 -0.20 0.15 -0.83

tot 0.26 -1.30 -0.76 2. 0.23 2.30 -2.71 -1.58 -0.39 -1.34 -0.20 0.15 2.17

Z corrections to SM diagram

A γ diagrams

E contact diagrams (HZee)

G δΓtot
Z

{ΓZ ,SM on + off-shell Z
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Impact of previously neglected contributions

(1) photon-mediated diagrams

Op1 ´ 250q% effect

with γ without γ

C̄HW C̄HB C̄HWB C̄HW C̄HB C̄HWB

h Ñ e`e´µ`µ´ 0.26 -1.30 ´0.38 ´0.77 -0.22 0.30

h Ñ ūuc̄c 1.45 -2.63 -0.29 -0.77 -0.22 1.33

h Ñ e`e´d̄d 0.50 -1.55 ´0.37 ´0.77 -0.22 0.47

h Ñ e`e´e`e´ 0.02 -2.28 0.27 -0.76 -0.21 0.44

h Ñ ūuūu 1.39 -2.72 -0.14 -0.76 -0.21 1.19

h Ñ e`e´ν̄eνe ´1.49 0.01 ´0.06 ´1.48 ´0.007 ´0.07
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Impact of previously neglected contributions

(2) Z ´ W interference terms

Op1 ´ 200q% effect

δΓpH Ñ e`e´ν̄eνeq{ΓSM omitting γ and δΓZ , δΓW contrib.

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

ZZ -0.04 -0.01 -0.003 0.09 -0.008 0.004 -0.19 -0.04 0 0 0 0 0.14

WW -1.49 0 0 2.0 -0.50 0 -3.77 0 0 0 0 0 3.00

WZ 0.04 0.004 -0.06 -0.10 -0.04 -0.01 0.21 0 0 0 0 0 -0.14

full -1.49 -0.007 -0.07 2. -0.55 -0.008 -3.74 -0.04 0 0 0 0 3.

NW -1.46 -0.01 -0.003 2. -0.49 0.004 -3.77 -0.04 0. 0. 0. 0. 3.

full ZZ ` WW ` WZ

NW ZZ ` WW
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Impact of previously neglected contributions

(3) NC crossed - interference terms

Opfew ´ 40q% effect

h

Z

Z
h

Z

Z

δΓpH Ñ e`e´e`e´q{ΓSM incl. only ZZ and HZee diagrams

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

full -0.75 -0.22 0.43 2. 0.28 2.09 -3.91 -1.64 0 0 0 0 3.

NW -0.78 -0.221 0.30 2. 0.17 2.15 -3.85 -1.73 0. 0. 0. 0. 3.

full |Aijkl |2 ` |Ailkj |2 ` 2ReAijklA
:
ilkj

NW |Aijkl |2 ` |Ailkj |2
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Impact of previously neglected contributions

(4) δΓ
V

, δm
V

from off-shell boson

Opfewq% effect

narrow width approx.:
δΓpH Ñ VV ˚ Ñ 4f q

ΓSMpH Ñ VV ˚ Ñ 4f q
“ p´1q

δΓV
ΓV ,SM

` . . .

full calculation:

h Ñ e`e´µ`µ´ ´0.820 δΓZ{ΓZ ,SM

h Ñ e`e´e`e´ ´0.748 δΓZ{ΓZ ,SM

h Ñ e`νe ν̄µµ
´ ´0.915 δΓW {ΓW ,SM

h Ñ e`νe ν̄ee
´ ´0.914 δΓW {ΓW ,SM ´ 0.038 δΓZ {ΓZ ,SM
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H Ñ 4f summary

§ we did a fully analytic calculation, with numerical integration of phase space

§ also generated all channels with MG5 aMC@NLO using SMEFTsim

Ñ where MC well-behaved: agreement to 1% or betterD

§ analytic treatment has a few advantages:

§ allows to separate contributions
§ easier to linearize in δΓV , δmV

§ more stable for the massless fermions case with γ diagrams
§ cancellations are reproduced exactly
§ calculation can be automated in a dedicated package

ù a new reweighting tool coming soon

§ some previously neglected contributions turn out to be relevant:

γ diagrams and Z ´ W interference
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The total Higgs width in the SMEFT

putting together all the main contributions˚ we obtain

ΓtotH “ ΓtotH,SM

«

1 `
δΓtotH

ΓtotH,SM

ff

ΓtotH,SM “ 4.100 MeV

δΓtotH

ΓtotH,SM

“ ´ 1.50 C̃HB ´ 1.21 C̃HW ` 1.21 C̃HWB ` 50.6 C̃HG

` 1.83 C̃H˝ ´ 0.43 C̃HD ` 1.17 C̃ 1
ll

´ 7.85Yc ℜC̃uH ´ 48.5Yb ℜC̃dH ´ 12.3Yτ ℜC̃eH

` 0.002 C̃
p1q
Hq ` 0.06 C̃

p3q
Hq ` 0.001 C̃Hu ´ 0.0007 C̃Hd

´ 0.0009 C̃
p1q
Hl ´ 2.32 C̃

p3q
Hl ´ 0.0006 C̃He,

in the tmW ,mZ ,GF u scheme.

˚gg ` γγ ` b̄b ` c̄c ` τ`τ´ ` 4f ` f̄ f γ
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Recap & take-home

§ The SMEFT is a well-defined, general framework for BSM searches

§ It is worth using its full power with a truly global analysis:

not just SM stress-test but a means to understand the global picture
through precision measurements

§ Expect 20-30 parameters for the basic scenario in a Higgs/EW/top analysis

§ improved calculation of H Ñ 4f Ñ δΓtotH

without relying on the narrow width approx. for Z ,W
Ñ crucial for fits of the Higgs sector

§ an automated package for lhe reweighting to appear soon!

§ possible refinements:
full massive fermions treatment
phase space integration with cuts Ñ acceptance corrections
. . .
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Backup slides



Top fit results

Brivio,Bruggisser,Maltoni,Moutafis,Plehn,
Vryonidou,Westhoff,Zhang 1910.03606
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The Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884
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The Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884
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Shifts from input parameters

when testing a theory:

set of input
measurements

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SM:

Γpµ Ñ eννq Ñ ĜF pḡ1, ḡ2, v̄q
m̂Z pḡ1, ḡ2, v̄q
Coulomb potentialÑ ˆαempḡ1, ḡ2q
m̂hpλ̄, v̄q
m̂f pȳf , v̄q
...
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Shifts from input parameters

when testing a theory:

set of input
measurements

infer numerical
values to theory

parameters

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SM:

invert the input obs.

definitions to get:

v̄ = v̂pĜF q

λ̄ = λ̂pm̂h, ĜF q

ȳf = ŷf pm̂f , ĜF q

ḡ1= ĝ1p ˆαem, ĜF , m̂Z q

ḡ2= ĝ2p ˆαem, ĜF , m̂Z q
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Shifts from input parameters

when testing a theory:

set of input
measurements

infer numerical
values to theory

parameters

numerical
prediction of

other
observables

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SM:

analytic calculations

Monte Carlo generation

. . .

e.g. at LO

m̄W “ m̄Z cos θ̄
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Shifts from input parameters

when testing a theory:

set of input
measurements

infer numerical
values to theory

parameters

numerical
prediction of

other
observables

compare to
measurement

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SM:

m̂W
?
“ m̄W
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Shifts from input parameters

when testing a theory:

set of input
measurements

infer numerical
values to theory

parameters

numerical
prediction of

other
observables

compare to
measurement

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SMEFT:

Γpµ Ñ eννq Ñ ĜF pḡ1, ḡ2, v̄ ,Ciq
m̂Z pḡ1, ḡ2, v̄ ,Ciq
Coulomb potentialÑ ˆαempḡ1, ḡ2,Ciq
m̂hpλ̄, v̄ ,Ciq
m̂f pȳf , v̄ ,Ciq
...
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Shifts from input parameters

when testing a theory:

set of input
measurements

infer numerical
values to theory

parameters

numerical
prediction of

other
observables

compare to
measurement

X̄ = parameter in canonical L. X̂ = parameter inferred from SM relations.

SMEFT:

invert the relations linearizing the Ci dependence

v̄ = v̂pĜF q ` δv

λ̄ = λ̂pm̂h, ĜF q ` δλ

ȳf = ŷf pm̂f , ĜF q ` δyf

ḡ1= ĝ1p ˆαem, ĜF , m̂Z q ` δg1

ḡ2= ĝ2p ˆαem, ĜF , m̂Z q ` δg2

in a numeric code: convenient to replace

X̄ Ñ X̂ ` δX everywhere in L
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Input schemes for the EW sector

tαem,m
Z

,G
f

u scheme

v̄2 “ 1?
2GF

` ∆GF

GF

s̄θ
2 “ 1

2

«

1 ´
d

1 ´ 4πα?
2GFm

2
Z

ff «

1 ` c2θ

2
?
2
∆GF ` c2θ

4

∆m2
Z

m2
Z

` 3s4θ

8

v2

Λ2
CHWB

ff

ē2 “ 4πα `0

ḡ1 “ e

cθ

«

1 ` s2
θ

2c2θ

˜

?
2∆Gf ` ∆m2

Z

m2
Z

` 2
c3
θ

sθ

v̂2

Λ2
CHWB

¸ff

ḡw “ e

sθ

«

1 ´ c2
θ

2c2θ

˜

?
2∆Gf ` ∆m2

Z

m2
Z

` 2
s3
θ

cθ

v̂2

Λ2
CHWB

¸ff

m̄2
W “ m2

Z c
2
θ `

»

–1 ´
?
2s2

θ

c2θ
∆GF ` ´ c2

θ

c2θ

∆m2
Z

m2
Z

´ s2
θ
t2θ

v̂2

Λ2
CHWB

fi

fl

with

∆m2
Z “ m2

Z

v2

Λ2

„

CHD

2
` s2θCHWB



∆GF “ v2

Λ2

“

pC3
Hl q11 ` pC3

Hl q22 ´ pCll q1221
‰
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Input schemes for the EW sector

tm
W

,m
Z

,G
f

u scheme

v̄2 “ 1?
2GF

` ∆GF

GF

s̄θ
2 “

˜

1 ´ m2
W

m2
Z

¸ «

1 ´ c2θ
∆m2

Z

m2
Z

` s4θ

4

v2

Λ2
CHWB

ff

ē2 “ 4
?
2GFmW

˜

1 ´ m2
W

m2
Z

¸

»

–1 ´∆GF?
2

´ c2
θ

2s2
θ

∆m2
Z

m2
Z

´ s2θ

2

v2

Λ2
CHWB

fi

fl

ḡ1 “ e

cθ

«

1 ´ ∆GF?
2

´ 1

2s2
θ

∆m2
Z

m2
Z

ff

ḡw “ e

sθ

„

1 ´ ∆GF?
2



m̄2
W “ m2

W `0

with

∆m2
Z “ m2

Z

v2

Λ2

„

CHD

2
` s2θCHWB



∆GF “ v2

Λ2

“

pC3
Hl q11 ` pC3

Hl q22 ´ pCll q1221
‰
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