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The SMEFT

fundamental assumptions: > new physics nearly decoupled: A > (v, E)

> at the accessible scale: SM fields + symmetries

@ 3 Taylor expansion in canonical dimensions (v/A or E/N):
1 1 1 1
LsverT = Lsm + Kﬁs + ﬁﬁe + ﬁ& + Fﬁg +...

L,=Y,GCO=" C; free parameters ( Wilson coefficients )

O; 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 <« A

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 2/19



More than a parameterization

the complete SMEFT Lagrangian, truncated at a given order,
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a valid description of Nature

» model-independent (within assumptions)

‘5; > allows systematic one-loop improvement , RG evolution ...

» avoids inconsistencies / basis dependence

> a universal language for data interpretation

@ > allows long-term, extensible analysis plan
AR
» common framework for LHC and lower E experiments
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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

VH/VBF

t+H/Zly

Ken Mimasu®
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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

flavor assumptions
linear / quadratic terms retained
LO/NLO QCD (SMEFT)

How many parameters? depends on:

For reference:
| total Nf =3  WZH pole obs.

general 2499 ~ 46
MFV ~ 108 ~ 30
U@3)® ~ 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

> U(3)5 ﬂavor symmetry Brivio,Hays,Smith, Trott,Zemaityté in preparation

» all relevant interactions included relevant operators

R _ 0
tree IeVeI, Interference Only also: Ellis,Murphy,Sanz,You 1803.03252 20

Z,W couplings Bhabha scattering
o) = (/HTD H)(Ty /) Qee = (E7"€)(E7"e)
Qe = (iHT'D ,H)(Ey"e) Qie = (Iy*1)(&y"e)
affy (iHTﬁuH)(éV"q) Q= (lpy"lp) (Iy"lr)
Qg = (H'D ,H)(3o'"r"q) Qtibox = (HTH) o (HTH) z
QHu = (iH'D uH) (v u) Qne = (H'H)GZ, G =
Qna = (iHT'D ,H)(dy"d) O = (HfH)B,WBW =
Quw = (HTH)W,, Wirv E
Qup = (D, H'H)(H'D* H) Qun = (HTH)(qHu) a
Opwe = (H‘rgiH)Wi BHv Qan = (HTH)(gHd)

QeH - (HTH)(IHG)
QG - EachsyGlf’pG;H
Que = (ao.uu TaI:IU)G:V

QH/ = (’HT D, H)(/U 1)
Q) = (lp7”/ )(Ir’Y“/ )
input quantities

Ow = e Wir Wip Whe H processes
TGC pee
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Example 2: top quark processes

Brivio, Bruggisser, Maltoni,Moutafis, Plehn,

> U(2) % U(2) X U(2)d Vryonidou,Westhoff,Zhang 1910.03606
q u
» top interactions only for now @relevant operators
> up to NLO QCD, quadratic SMEFT also: Hartland,Maltoni,Nocera,Rojo,

Slade,Vryonidou,Zhang 1901.05965

tZ
ttZ, tt W
Qi = (QA™ t)B,,,
single t Que = (iHID wH)(Fy#t)
- Qpw = (QHo" a*b) Wk,
tt Qi = (QHa™ TA1)GL, Quw = (i D, H) (Eyb)
b = (QuQ)ay'u) Q= (@ TAQ)(@y" T u) Qlo = (!'H*‘BLH)(@U"V“Q)
= (QuQNdrd) Qg = (@, TAQ)(dWAd) Qhg = (H1'D ,H)(G1Q)
ol = i@ e O — (T TAY Quw = (QAo ok )W,
Qy = (t_fy“t)(gfyud) Q= (E_7 TAt)(dy" TAd) 3,8 A~ ok TAOY( Gk ok TA
QL = (07,Q)@r"a) Q% = (@ TAQ@ T || s = (Quo*TAQ)(@r 0T q)
Q, = ((nt)(gr'e) Q% = (B J*‘ )(@" Tq) st = (Quuo* TAQ)(y"0* TAq)
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: My~4MeV — —=>~3.10%«1

= Higgs measurements can be factored into

o(i— H) x Br(H — f)
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An important observable: the Higgs width

a crucial observable for the Higgs sector

.
SM: fy~4MeV — " ~3.10%«1
my

= Higgs measurements can be factored into

o(i— H)x Br(H — f)
SMEFT: probe separately production and decay (4=

MNH—f)

Br(H — f) = Fiot
H
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An important observable: the Higgs width

a crucial observable for the Higgs sector

.
SM: Fy~4MeV — - ~3.105%«1
my

= Higgs measurements can be factored into

o(i— H) x Br(H — f)

SMEFT: probe separately production and decay 4=

H—f oFr(H—f oreet
Brmerr(H — f) = [(7)] ll ( ) oy
SM

Mt Fsm(H —f)  Titsy

> both 6M(H — f) and 6" need to be determined
» L9 enters all processes — 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 - L; interference.

_ (SrH 6rH . =3 V2
M =THsm [1 + rH,SM:| = Z ai G = Zi:a, (C, Az

H,sm -
> tree level.

SM couplings Hy~, HZ~, Hgg included as effective vertices for H — ff~ /vy /] g8.
Neglected in other channels.

> up to 4-body decays.
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The Higgs width in the SMEFT - setup

Focus on the leading contributions:

» LO in the EFT: up to SM - L; interference.

_ (SrH (SrH . =3 V2
M =THsm [1 + rH,SM:| = Z ai G = Za, (C, A2

> tree level.

SM couplings Hy~, HZ~, Hgg included as effective vertices for H — ff~ /vy /] g8.
Neglected in other channels.

> up to 4-body decays.

Conventions and assumptions:

» Warsaw basis Grzadkowski,Iskrzynski, Misiak, Rosiek 1008.4884

» U(3)5 flavor symmetry — gy ~ yr also in the SMEFT
> inclusive calculation, not differential — CP odd terms do not contribute

» 2 input schemes: {my, mz, Ge}, {aem, mz, G} > backup
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The Higgs width in the SMEFT

leading channels:
H— ff
H—gg
H =~y
H— ffy
H — 4f

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 8/19



The Higgs width in the SMEFT

leading channels:

H— ff

H— gg TH=FF) 1.0
Fon(H — Ff) - 08K

H — vy

H — ffy 6ngf—CHD_@—C,E,?)+&—gC

H — 4f

Alonso,Jenkins,Manohar, Trott 1312.2014
» renorm. of the H field
> contrib. to p decay — GF — v

direct Ogy contribution (—% CfH)
+ -
contrib. to mgf — yr (—CfH)

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
H— gg
r(h— gg) 167° ~
~1 18 ~ 0.
H—)fzfy FSM(h = gg) + 20 Che, 0.375
H — ff/-y Manohar,Wise 0601212
H — 4f

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
H—gg — g
;\(Ah 77) ~ 1+ 127‘;{ (ﬁw, " ~ —1.65
H — vy MM(h — vv) e?l
H— ff’y Cry = 53 EHW ar Cg EHB — SpCo EHWB
H — 4f Bergstrém,Hulth Nucl.Phys.B259(1985)137

Manohar,Wise 0601212

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
—> H-gg rh—vy) ) ~
rSM(h - P YY) |7 ~ —1.65
—> H-—- gy (h— )
H— ffy Gy = 53Crw + ¢ Crig — soco Crwe
H — 4f Bergstrém,Hulth Nucl.Phys.B259(1985)137

Manohar,Wise 0601212

loop-factor enhancement
in the relative correction:

tree-level SMEFT vs loop SM

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff available as H — ZZ* H — WW* x Br(Z, W)
relying on narrow width approx. for Z, W.

H—gg

H— ~y good in SM but not sufficient in the SMEFT!

H— 'Ef’Y main reason: tree 7, Zvy mediated diagrams

H — 4f

also missing:
> CC - NC interference
> crossed-current interference in ZZ diagrams

» 6Ty, 6m?, corrections for off-shell boson

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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H — 4f in the SMEFT

@ corrections to SM diagrams

—imzol 7z + (2mz = irz)§mz

o« g (SM-like) 0g1,08r

2 _ 2 ir
L ZuvP-d—pPvqy (ZMVZ’W/')) p ms + 1l zmz

!

hard to extract from
MC simulation!
full treatment requires
analytic calculation
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H — 4f in the SMEFT

@ corrections to SM diagrams

A A Z

Z Z Z

—imzol 7z + (2mz = irz)§mz

o« g (SM-like) 0g1,08r

2 _ 2 ir
L ZuvP-d—pPvqy (ZMVZ’W/')) p ms + 1l zmz

@ genuine SMEFT diagrams
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H — 4f in the SMEFT - complexity

h—ete ete™
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H — 4f in the SMEFT - complexity

h—idudd
SM
z wt
h h
_____ + cooo
V4 w=
interfering with
z Z(7) v
h h h h
----- + - + - + - +
z 12) g z
w+ w-—
h h
cooo + cooo
w-
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H — 4f - analytic calculation

fully analytical treatment. automated with general decomposition:

A : AT
’ Vs
Ve k Vi
I
AAT ~ grviv, grvev, DT

n

ij, Vi ij, V- ki, V. ki, Vi .
T(n) = ’C(n) (gll_Jle’gtl,R3’gL,R ngL,R4) ‘F\(/';)\/2V3V4 (Pa, ma) , a= {1717 kv l}

for m, = 0 there are only 8 independent Fv,v,v,v,. For each {V} 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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oss-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 x 2 input schemes

Standard Model Effective Field Theory -- The SMEFTsim package
feynrules.irmp.ucl.ac.be/wiki/SMEFT

Authors

laria Brivio, Yun Jiang and Michael Trott

ilaria.briviognbi.ku.dk, yunjiang@nbi.ku.dk, michael.trott@cern.ch
Pre-exported UFO files (include restriction cards) NBIA and Discovery Center, Nieis Boh Institute, University of Copenhagen
SetA SetB
a scheme mw scheme a scheme mw scheme

Flavor
general | SMEFTsim_A_general_alphaScheme_UFO.tar.gz #SMEFTsim_A_general_MwScheme_UFO.tar.gz #SMEFT_alpha_UFO.zip SMEFT_mW_UFO.zip &
SMEFT
MFEV SMEFTsim A MEV alphaScheme > 4| SMEFTsim A MFV MwScheme L araz 4| S ha MEV 2ip NSMEFT mW MFV .
SMEFT | SMEFTsim_A_MFV_alphaScheme UFO.targz & SMEFTsim_A_MFV_MwScheme UFO.tar.gz | SMEFT alpha MFV_UFO.zip #SMEFT_mW_MFV_UFO.zip &

S
gﬁél__r SMEFTsim_A_U35_alphaScheme_UFO.tar.gz 4, | SMEFTsim_A_U35_MwScheme UFO.tar.gz &, | SMEFT alpha_FLU_UFO.zip +SMEFT_mW_FLU_UFO.zip &

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

€.g 5rh—>e+ 7 ue/rh—>e+ W Dpve,SM

extracting dependence on Wilson coefficients:
> estimate full [(h — W*p~1,) in SM limit
> estimate pure interference contribution with one C; turned on (x5 values)

— linear interpolation x; + y; C; — extract y;

> estimate full [(h — W™~ 1,) with one C; turned on (x5 values)
— quadratic interpolation x; + y; G; + z; C,-2 — extract y;

000001 T CHW int. C‘HW fU”
0.000020
5.x10°8
0.000015
0.00000
0.000010
_5.x106 5.x107
~0.00001 0.000000 1
20 10 0 10 20 -20 -15 -10 -5 0 5 10 15
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Cross-check: MadGraph with SMEFTsim

€.g. 5rh—>e+ 7N ue/rh—>e+ WDy ve,SM

normalization:

= 2
¢ =c (%)
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
cH13 -1.99753 -3.69688 -3.69483
cll1 1.99815 2.00286 2.0001
analytic calculation Yi/rh_,e+,,eu—,;u,5M Yi/Thset Ve ™ By,SM
Bt Ceis Tt TS5 GG from pure interference from ||n§ar|zed
full width

oIy omitted here: requires hacking propagator corrections in MC
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Cross-check: MadGraph with SMEFTsim

€.g. 5rh—>e+ 7N ue/rh—>e+ WDy ve,SM

normalization: J
= 2 two SMEFTsim columns
¢ =c (%)
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Cross-check: MadGraph with SMEFTsim

€.g. 5rh—>e+ 7N ue/rh—>e+ WDy ve,SM

normalization:
G = C (ﬁ) J two SMEFTsim columns
! a2 validated with theory

are consistent
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cll1 1.99815 2.00286 2.0001

analytic calculation Yi/rh_,e+,,eu—,;u,5M Yi/Thset Ve ™ By,SM
Bt Ceis Tt TS5 GG from pure interference from linearized
full width

oIy omitted here: requires hacking propagator corrections in MC
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H — 4f analytic - results

Example: H — eTe utu~ mg =0, my scheme

ST(H—-etep py™) = v2
Fsm(H — ete ptpu~) _Z D= Za, C’ﬁ

i i

Cow Cus  Cuws Cho  Crp C_',(.,}) C,S?) Chie 6,(4:) 6;.,? Chu  Cha (o

-0.78 -0.22 0.30 2 0.17 438 -1.62 -3.52 3.
1.04 -1.08 -0.68
-2.23  -223 1.80

a m >» N

-0.38 0.06 0.15 1.14 0.15 -0.39 -1.34 -020 0.15 -0.83

tot | 0.26 -1.30 -0.76 2. 023 230 -271 -158 -039 -1.34 -0.20 0.15 217

corrections to SM diagram
~ diagrams

contact diagrams (HZee)

o m > N

STt /I 7 sm on + off-shell Z
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Impact of previously neglected contributions

(1) photon-mediated diagrams

O(1 — 250)% effect

with ~ without v

Chw Che Chws | Chw Chs Chws
h—ete putu~ 026 -1.30 -0.38 | —0.77 -0.22 0.30
h — ducc 145 -263 -0.29 | -0.77 -0.22 1.33
h— ete~dd 050 -155 037 | —0.77 -0.22 0.47
h—eteete” 0.02 -2.28 0.27 | -0.76 -0.21 0.44
h — Guidu 139 -2.72 -0.14 | -0.76 -0.21 1.19
h— eTe Do —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

O(1 — 200)% effect

OT(H — eTe Deve)/Tsm omitting v and 6Tz, 6Ty contrib.

Crw Chs Cuws  Cho Crp G ,E,}) 9 ,S?) Che E,E,? 9 ,S? Crv  Cha (o
ZZ | -0.04 -0.01 -0.003 0.09 -0.008 0.004 -0.19 -0.04 0 0 0 0 0.14
Www | -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 zZZ + WW + WZ
NW | Z2Z + WW
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Impact of previously neglected contributions

(3) NC crossed - interference terms

O(few — 40)% effect

h

OT(H— ete ete™)/Tsm incl. only ZZ and HZee diagrams

Chw Chg Ciwe  Cho  Chp C:,(ﬁ) C:,(ﬁ) Chie C,E,z) C_',(i,) Cw Cwa G
full -0.75 -0.22 0.43 2. 028 209 -391 -1.64 0 0 0 0 3
NW | -0.78 -0.221 0.30 2. 0.17 215 -3.85 -1.73 0. 0. 0. 0. 3.
fu” |-Aljkl|2 + |-AIII<J|2 + 2ReAuklA,/kJ
[Ajwr? + | A
16/19

llaria Brivio (ITP Heidelberg)

The Higgs width in the SMEFT



Impact of previously neglected contributions

(4) 0Ty, dmy from off-shell boson

O(few)% effect

i . ol (H — VW* — 4f) - = Y
narrow width approx.: Fom(H = VV* S 4f) — ey
full calculation:

h—ete utp —0.820 Olz/T7z sm

h—ete ete™ —0.748 5rz/rz’5M

h— e+l/eﬁu,u_ —0.915 (5rw/rw)5M

h— etveiv.e™ —0.914 6FW/FW,5M — 0.038 5rz/rz,s/\//

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 16/19



H — 4f summary

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

> also generated all channels with MG5_aMC@NLO using SMEFTsim
— where MC well-behaved: agreement to 1% or better v

> analytic treatment has a few advantages:

> allows to separate contributions
> easier to linearize in 0y, dmy

> more stable for the massless fermions case with v diagrams
> cancellations are reproduced exactly
> calculation can be automated in a dedicated package
v> a new reweighting tool coming soon

> some previously neglected contributions turn out to be relevant:
~v diagrams and Z — W interference
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The total Higgs width in the SMEFT

putting together all the main contributions™ we obtain

o o §rtot
Mot = g% [1 + ot 1
H,S5M

Moty = 4.100 MeV

=—150Cug — 1.21 Cyw + 1.21 Cywi + 50.6 Ce

+1.83Cyo — 0.43 Cp + 1.17 G
—7.85Y. RCyyy — 48.5Y, RCupy — 12.3Y,; RCopy

+0.002 Cfy) +0.06 €y +0.001 Cpyy — 0.0007 Cpg
—0.0009 &) —2.32 €Y — 0.0006 Crre,

in the {mw, mz, Gr} scheme.

*gg +yy +bb+Cc+ 7T +4f + ffy
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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 — 4f — 4Ii$t

without relying on the narrow width approx. for Z, W
— 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 — acceptance corrections
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Backup slides



Top fit results

Brivio, Bruggisser, Maltoni,Moutafis,Plehn,
Vryonidou, Westhoff,Zhang 1910.03606

Run II, ATLAS+CMS, 68% and 95% C.L.

4 | Global Fit 0.5
| Top pair Fit

[ Single Top Fit

2 0.7
— 1l -
i fi-i BOO R 1
> 0 >
2 L o LI A 15 B
= 07 =
S =

—4 0.5

6 @itter

0.4
.0 O Op O, O O OO Op OO, O O, O\ O O O O O C O
Tt v gy e e s a6 s © % Ty e %%
7 7780
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The Warsaw basis

Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884

X3 ©% and ¢*D? Ut
Qc | FABCGAGEGSH | Q, (¢fe)® Qep | (#10)(lperp)
Qs f ABC@,‘?VG.),B” Gf“ Qen () m (L") Quy (¢'0) (GpurP)
Qw | K W,{"WJIPW;{“ Qup ((p*D“ga)* ((pTD,Ap) Qap (#'0) (@pdr)

_ LIKT7 vy Jptis K
Qw |¢€ Wﬂ wy Wp

X2 <P2 ,¢,2 X (P ,wZ 902 D

Qo | eleGAae* | Qu | Goe)roW. | QD | (¢'iD,e)(lHt)

Quz ol GA,GAm Qe | (0" er)pBu, @ (wfiB,f @) (L1,
Quw | oWLWH | Quo | (@o"T4u)5GL | Que | (¢'iDu0) (e er)

Qw | HeWLW™ | Quw | @o*u)r3WL, | @R | (p'iD.e)@r*e)

to B BH 7.0"u. )3 B (3) f‘BI P

Q<pB Y'Y Dy QuB (ng Ur)‘P uv »q (<,0 2 ‘P)(QPT Y QT)
~ P

Q5 ' By, B Quac | (Go*Td,)p Gf}u Qeu | ("D, ) (@ ur)

Exd —
Qews | ¢'IToWLB™ | Quaw | (Go*d )T oW, | Qea | (¢'iD,¢)(dpr*d;)
Qs | PTeWLB* | Qip | (30"d:)pBu | Qeua | (P Dup)(Upy*dy)
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The Warsaw basis

Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884

(LL)(LL) (RR)(RR) (LL)(RR)

Qu (Tpvule) (y™1s) Qee (pTuer) (Es™er) Qe (Tyyuls) (57" er)

@ | @) @r'e) | Qu | Emu)@rru) | Qu | Gyl (@)

9 | @ne) @ 'e) | Qu (dpyudy) (dsy*dr) Qu (b yule) (dsydy)
QP | Gu)@7e) | Qu | (@me)@rtu) | Qe | (@ue)(Ente)
QY | G )@ ') | Qe | @Ewe)dard) | QR | (@) @y ue)

QW | @) drtde) | QR | @ uTa:) @y *TAue)
QY | @ Thu ) dr*T4dy) | Q% | (@ uer)(dav*dy)
QY | @WTAe)(dnTAdy)

(LR)(RL) and (LR)(LR) B-violating

Qtedg (Ber)(dodd) Qug *Be;, [(d2)TCuf] [(q19)TClE]
Q| @uen@d) | Qun eP1e [(429)7Cqf] [(ud)"Cer]
Qt(li)qd (BT ur)ein(TETAdy) || Qaag e*Pejkemn [(a27)TCP*] [(g7m™)T O]
Qo | @edean(@w) | Qunn £ [(d2)TCuf] [(u7)TCel]

QD | Bower)em(@ o u)
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Shifts from input parameters

when testing a theory:

set of input
measurements

SM:

My — evv) — éF(éﬁ,gz, v)

Mz (g1, 82, V)

Coulomb potential— aém (&1, 82)
An(X, 7)

rﬁf(yfv ‘7)

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

infer numerical
=> values to theory
parameters

set of input
measurements

SM:

invert the input obs.
definitions to get:
vV = \7(@/:)
X = A, GF)
r= Jr (e, Gr)
&g1= &1(adm, C:;F, mz)
&= &2 (aém, GF, Mz)

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
infer numerical

set of input values to theory prediction of
measurements other
parameters
observables
SM:

analytic calculations
Monte Carlo generation

eg atLO
my = mzcos6

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
¢ of inout infer numerical dicti ¢ compare to

set of inpu rediction o

PUl o values to theory =—> P —_— P
measurements other measurement
parameters
observables
SM:

I~

3
N
3
<

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
t of input infer numerical dicti f compare to
set of inpu rediction o
PUl 5 values to theory =—> P P
measurements other measurement

parameters
observables

SMEFT:

M(u — evv) — Gr(&1, &, 7,Ci)
fﬁZ(é’l, &, v, CI)

Coulomb potential— aim (&1, &, Ci)
rﬁh(;\, v,Ci)

Iﬁf(?f, v, Ci)

X = parameter in canonical L. X = parameter inferred from SM relations.

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 23/19



Shifts from input parameters

when testing a theory:

numerical

fi infer numerical dicti ¢ compare to
set of input values to theory prediction o p
measurements other measurement
parameters
observables
SMEFT:
invert the relations linearizing the C; dependence
vV = \7(@;:) + v
X = (i, Gr) + 6A

yr= P (i, GF) + dyr
&= Bi(cem, Gr, Mz) + g1
&= Br(cem, GF, Mz) + 0g

in a numeric code: convenient to replace
X — X+ 60X everywhere in L

X = parameter in canonical L. X = parameter inferred from SM relations.
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Input schemes for the EW sector

{&tem, mz, Gf} scheme

" 1 AGF

ve = +
V2Gg Gr

1 Aoy c o9 Am>
_5 26 26 z
S °==-|1—,|1—- — |14+ —=AGF + — +
2 [ \/ \/icpmﬁ] L 2V/2 ) m?

& = 4ra +0
2 2 3 52
e s] Am cy v
B=— |14+ = V286G + —% + 22 5 Cuws
Co 2C29 mZ Sg A2
2 2 3 02
e C Am sy v
8w = — 1—- 2 \/EAG{—‘,— 2Z+2—9—CHWB
So 2c9 m5 cp N2
\/2s2 2 Am? 02
Yy =m%cs + |1 — OAGE+ ——2 Qz—sgtzg—z
Co9 (e,Y:] mZ N

2 _ 2
Am% = m5

v2 [ C
[ﬂ + 59 CHWB] A

A2 | 2
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Input schemes for the EW sector

{my, mz, G¢} scheme

1 AGF

=2 =25F

YT V2Gg Gr

m? Am? Sa9 V2
w 2 z 40
—— ] [1—¢ + ——=C
( 5 o =3 7 Az CHws

B0 V2 29 m
=2
B Sp V2

v

2
Vv
Amg = m%p AGE =75 [(CE11 + (CPp)22 — (Ci)rzzn |

C
[% + 529 CHWB]
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