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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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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + Kﬁs + ﬁﬁe + F& + ﬁﬁg +...
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The SMEFT - recent developments
22 895

B cons. Ny =1 — 2 76
1 1 1 1
LsmerT = Lsm + Kﬁs + ﬁﬁe + F& + ﬁﬁg +...
N¢ =3 — 12 2499 948 36971

> # of parameters known for all orders Lehman 1410.4103
Lehman,Martin 1510.00372
Henning,Lu,Melia,Murayama 1512.03433
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The SMEFT = recent developm Lehman 1410.4193

Weinberg PRL43(1979)1566 ‘_W Henning,Lu,Melia, Murayama 1512.03433

/ 1

1
LsmerT = Lsm + K£5 + Eﬁ + £8 +.

Leung,Love,Rao Z.Ph.C31(1986)433
Buchmiiller, Wyler Nucl.Phys.B268(1986)621
Grzadkowski et al 1008.4884

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7
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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

Henning,Lu,Murayama 1412.1837,1604.01019

del Aguila,Kunszt,Santiago 1602.00126

Drozd, Ellis,Quevillon,You 1512.03003
Ellis,Quevillon,You,Zhang 1604.02445,1706.07765
Fuentes-Martin,Portoles, Ruiz-Femenia 1607.02142
Zhang 1610.00710

llaria Brivio (ITP Heidelberg) The SMEFT - a global approach 2/19



The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method Shadmi,Weiss 1809.09644
Henning,Melia 1901.06747,1902.06754,1902.06747

Ma,Shu,Xiao 1902.06752
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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method

Lg: leading deviations from SM

> complete RGE available
Alonso,Jenkins,Manohar, Trott 1308.2627,1310.4838,1312.2014

Grojean,Jenkins,Manohar, Trott 1301.2588
Alonso,Chang,Jenkins,Manohar,Shotwell 1405.0486
Ghezzi,Gomez-Ambrosio,Passarino,Uccirati 1505.03706
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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method

Lg: leading deviations from SM

> complete RGE available
> many tree-level calculations of Higgs / EW / flavor observables
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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method

Lg: leading deviations from SM

> complete RGE available
> many tree-level calculations of Higgs / EW / flavor observables

> 1-loop results available for selected processes ~~ Ben's talk

Pruna,Signer 1408.3565

Hartmann, (Shepherd), Trott 1505.02646,1507.03568,1611.09879
Ghezzi,Gomez-Ambrosio, Passarino,Uccirati 1505.03706
Gauld,Pecjak,Scott 1512.02508, Dawson,Giardino 1801.01136
Deutschmann,Duhr,Maltoni,Vryonidou 1708.00460

Dedes, Paraskevas, Rosiek,Suxho, Trifyllis 1805.00302 . ..
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The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method

Lg: leading deviations from SM
> complete RGE available
> many tree-level calculations of Higgs / EW / flavor observables
> 1-loop results available for selected processes ~~ Ben's talk

> formulation in R gauge -
Dedes,Materkowska, Paraskevas, Rosiek,Suxho 1704.03888

Helset,Paraskevas, Trott 1803.08001

llaria Brivio (ITP Heidelberg) The SMEFT - a global approach 2/19



The SMEFT - recent developments

1 1 1 1
LsmerT = Lsm + KES + ﬁﬁe + F& + ﬁﬁg +...

> # of parameters known for all orders
> complete bases available for Ls, L¢, L7

> efficient matching techniques developed: CDE/UOLEA ~~ Benjamin's talk

> relation with the amplitude method

Lg: leading deviations from SM

> complete RGE available
> many tree-level calculations of Higgs / EW / flavor observables

> 1-loop results available for selected processes ~~ Ben's talk
> formulation in R gauge

> various tools available for numerical analysis ~~ SMEFT-Tools
[MC generation, analytic calculation, fitting, matching, RGE running. . .]
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https://indico.cern.ch/event/787665/

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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More than a parameterization

the complete SMEFT Lagrangian, truncated at a given order,
is always* a well-defined QFT and
a valid description of Nature

*

assuming nearly-decoupled BSM matching SM sym + fields and evaluating at E < A
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More than a parameterization

the complete SMEFT Lagrangian, truncated at a given order,
is always* a well-defined QFT and
a valid description of Nature

‘l » model-independent (within assumptions)

> allows systematic one-loop improvement , RG evolution ...

*

assuming nearly-decoupled BSM matching SM sym + fields and evaluating at E <« A
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More than a parameterization

the complete SMEFT Lagrangian, truncated at a given order,
is always* a well-defined QFT and
a valid description of Nature

v

model-independent (within assumptions)

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

@ > a general, systematic probe of new physics
AR

> a universal language for data interpretation

* assuming nearly-decoupled BSM matching SM sym + fields and evaluating at E < A
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A global approach

all operators contributing to measured processes are retained a priori.
only selection criterion: physical impact.

global =
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A global approach

all operators contributing to measured processes are retained a priori.
only selection criterion: physical impact.

global =

> goal: rather than putting constraints on specific anomalous interactions,

measure the parameters of the SMEFT as a well-defined, self-consistent theory
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A global approach

all operators contributing to measured processes are retained a priori.
only selection criterion: physical impact.

global =

> goal: rather than putting constraints on specific anomalous interactions,

measure the parameters of the SMEFT as a well-defined, self-consistent theory

> other selection criteria (e.g. correspondence with anomalous couplings /
classification in sectors) are basis dependent
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A global approach

all operators contributing to measured processes are retained a priori.
only selection criterion: physical impact.

global =

> goal: rather than putting constraints on specific anomalous interactions,

measure the parameters of the SMEFT as a well-defined, self-consistent theory

> other selection criteria (e.g. correspondence with anomalous couplings /
classification in sectors) are basis dependent

W3, D*H'o° D" H 2 Quw, Qune QSJ, 5 + Higgs ops.
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A global approach

all operators contributing to measured processes are retained a priori.
only selection criterion: physical impact.

global =

> goal: rather than putting constraints on specific anomalous interactions,

measure the parameters of the SMEFT as a well-defined, self-consistent theory

> other selection criteria (e.g. correspondence with anomalous couplings /
classification in sectors) are basis dependent

D.G* D’G:, 5% (§Tq+aT u+dTd)>
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The need for a global analysis

@ st
4

.
s.:a. z el
wd o, s b,

i a,
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“AL, 81 ulpp8 P

S P B. Gripaios, HEFT2018
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The SMEFTsim package

. *. Brivio,Jiang, Trott 1709.06492
an UFO & FeynRUIes model with*: feynrules.irmp.ucl.ac.be /wiki/SMEFT

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

including all complex phases and CP terms
set up for unitary gauge, fermion mass basis

2. automatic field redefinitions to have canonical kinetic terms
v~ backup

3. automatic parameter shifts due to the choice of an input parameters set

Main scope:
4
A4

estimate LO SMEFT effects: uncertainty is O (v ) — theo. accuracy = 1%

NLO not supported.
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http://feynrules.irmp.ucl.ac.be/wiki/SMEFT

The SMEFTsim package

6 different implementations available Brivio, Jiang, Trott 1709.06492
general . A A
fl 5 @ . Bem, Mz, Gr
avor U(3)° symmetric X input
structures schemes

. mw, Mz, Gr
linear MFV e

et
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, yunjiangenbi.ku.dk, michael.trott@cern.ch

Pre-exported UFO files (include restriction cards) NBIA and Discovery Center, Niels Boh Institute, University of Gopenhagen
SetA SetB
a scheme myw scheme a scheme my 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
hS’II\FI:I\E,FI' SMEFTsim_A_MFV_alphaScheme_UFO.tar.gz &, | SMEFTsim_A_MFV_MwScheme_UFO.tar.gz ;| SMEFT_alpha_ MFV_UFO.zip #8MEFT_mW_MFV_UFO.zip o,

5
gﬁén SMEFTsim_A_U35_alphaScheme_UFO.tar.gz &, | SMEFTsim_A_U35_MwScheme UFO.tar.gz &, | SMEFT _alpha_FLU_UFO.zip +SMEFT_mW_FLU_UFO.zip &
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How many relevant parameters?
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How many relevant parameters?

Depends on choices of low energy symmetries. e.g. flavor
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How many relevant parameters?

Depends on choices of low energy symmetries. e.g. flavor

observables

Focusing on interference Agsy Af (assume subdominant quadratic terms)

Selection due to SM kinematics / symmetries in the presence of:

> resonances in SM
1* operators generally suppressed

> FCNGs op. wrt. “pole operators” by

» dipole op. (interf. ~ my)

r n
’ < BVTB) ~1/300 (zZW) ><
1/10° (h)
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How many relevant parameters?

Depends on choices of low energy symmetries. e.g. flavor

observables
SMEFT accuracy

g [ Chw, Chg, Chws
5 5
8. w* 5 w ! 5 !
o 5 ' 5 + Cw, Cup, Cew,
- W heee- heee- £ bk / Ces, Cuw, Cug, Caw,
- y s ! P ” ) Cag, Cer, Curty Can

Hartmann, Trott 1505.02646,1507.03568
Ghezzi,Gomez-Ambrosio,Passarino,Uccirati 1505.03706
Dedes, Paraskevas, Rosiek, Suxho, Trifyllis 1805.00302

+ dimension 8 + ...

EFT
order
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How many relevant parameters?

Depends on choices of low energy symmetries. e.g. flavor

observables
SMEFT accuracy

resonant-dominated (pole)
observables @LO

| total N =3  WZH pole obs.

general 2499 ~ 46
MFV ~ 108 ~ 30
U@3)® ~ 70 ~ 24

Brivio,Jiang, Trott 1709.06492
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How many relevant parameters?

Depends on choices of low energy symmetries. e.g. flavor

observables
SMEFT accuracy

resonant-dominated (pole) __ off-shell regions of
observables @LO parameter space (tails)
NLO*

*NLO QCD corrections can be significant!
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EW + Higgs - mostly pole obs. — 23 parameters

Z,W couplings
Qi) = (iHTD uH)(Iy1)
Qne = (IH''D .H) (87" e)
Ol = (iH'D ,H) (@ q)
Qi) = (iHT'D,H)(go'y"q)
Quu = (iH''D ,H) (" u)
Qg = (iHT D, H)(dvy"d)
Qnp = (D HTH)(HTD*H)
Quws = (H'a'H)W,, B
QB = (iHT'D , H)(To'v"1)

Q= (/ ’Y“/)(/_r’Y”/p)
input quantities

— o WY WP Wkt
QW - 5ukWy, Wz/ Wp

TGC

llaria Brivio (ITP Heidelberg)

The SMEFT - a global approach

Brivio,Hays,Smith,Trott,zemaityté in preparation

Bhabha scattering
Qee = (87"'€)(E7"€)
Qre = (Iy*1)(ey"e)
n = (I lp) (b y*Ir)

Oubox = (HTH) o (HTH)
Que = (HTH)G" GaHv
QHB (HTH) /,LVBMV
OQnw = (HTH) W”“’
Qi = (HTH)(gHu)
Qan = (H'H)(§Hd)
Qe = (H'H)(IHe)

Q¢ = 8achaVGb”Gc“
Que = (qa‘“’ T"Hu) G/'jl,

H processes
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Application: global fits

large number of global SMEFT fits in the literature,

examples:

EW

Higgs + EW

top sector

with different observable and operator sets.

Berthier, Trott 1508.05060
Berthier,Bjgrn, Trott 1606.06693
Brivio, Trott 1701.06424

Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia ,
Plehn,Rauch 1604.03105 Anke's talk

Ellis, Murphy,Sanz, You 1803.03252
da SiIva,AIves,Rosa,Eboli,GonzaIez-Garcia 1812.01009
Biekotter,Corbett,Plehn 1812.07587

Brivio,Hays,Smith, Trott, Zemaityté in preparation

Hartland,Maltoni,Nocera,Rojo,Slade,Vryonidou,Zhang

o
1901.05965 ~~ Sebastian's talk

Brivio, Bruggisser, Maltoni,Moutafis, Plehn, Vryonidou,

A !
Westhoff,Zerwas,Zhang in preparation Rhea’s talk
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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

Analytic calculation of the inclusive Iy : Brivio, Corbett, Trott 1006.06949

» LO in the EFT: up to A2,

> tree level.
SM couplings Hvyv, HZ~, Hgg included for H — ffy / v / gg.

» Warsaw basis with U(3)® flavor symmetry
» EW input scheme: {mz, my, G¢}

> full calculation for h — 4f : narrow width approximation for W, Z avoided
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The Higgs width in the SMEFT

Analytic calculation of the inclusive Iy : Brivio, Corbett, Trott 1006.06949

» LO in the EFT: up to A2,

> tree level.
SM couplings Hvyv, HZ~, Hgg included for H — ffy / v / gg.

» Warsaw basis with U(3)® flavor symmetry

» EW input scheme: {mz, my, G¢}

> full calculation for h — 4f : narrow width approximation for W, Z avoided
Why analytic?

> control over different contributions

> easier to linearize in 0y, dmy

> more stable than MC for the massless fermions case with v diagrams

> calculation can be automated once and for all
— much faster than running MC every time

llaria Brivio (ITP Heidelberg) The SMEFT - a global approach 13/19



H — 4f in the SMEFT

@ corrections to SM diagrams

—imzol 7z + (2mz = I'rz)émz

o« g (SM-like) 0gL,08r

2—m2 +iTym
% guP G — Pudy pr—mz it zmz

i

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

@ corrections to SM diagrams

—imzol 7z + (2mz = I'rz)émz

o« g (SM-like) 0gL,08r

2—m2+ilzm
% GuvP 4 — Pulyu pr—mz~ il zmz

@ genuine SMEFT diagrams

llaria Brivio (ITP Heidelberg) The SMEFT - a global approach 14/19



H — 4f in the SMEFT - complexity

h—ete ete™

_____ _|_ —_————

Z Z(v) Y Z
h h h h
+ - + +
Z ¥(2) gl
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H — 4f in the SMEFT - complexity

SM
zZ
h
""" +
zZ
interfering with
zZ
h
""" +
zZ
‘/V+
h
- +
e

llaria Brivio (ITP Heidelberg)

h— dudd
W+
.
w-
Z(7) v
h h h
----- + + +
(2) U Z
w- @
h h
_———— + _____
G
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H — 4f - results

Example: H — ete putu=  mj,mj,m,m =0

ST(H—-etep ™) = v2
Fem(H — ete ptp=) Z D= Za, C’ﬁ

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

= m >» N

-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. 023 230 -271 -158 -039 -1.34 -0.20 0.15 217

corrections to SM diagram

~ diagrams

contact diagrams (HZee)
driot Tz sm on + off-shell Z

-om > N
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ST(H—-etep ™) = v2
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~ diagrams
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Impact of photon diagrams

@ main contribution missed in the narrow width approx.

turns out to be a O(1 — 250)% effect!

with ~ without

Chw Cus Crws Chw Chs Chws
h—ete putu~ 026 -1.30 -0.38| —0.77 -0.22 0.30
h — ducc 145 -2.63 -0.29 -0.77 -0.22 1.33
h— ete dd 0.50 -155 037 | —0.77 -0.22 0.47
h—eteete 0.02 -2.28 0.27 | -0.76 -0.21 0.44
h — duiu 1.39 -272 -0.14 -0.76 -0.21 1.19
h— ete Deve —1.49 0.01 —0.06 | —1.48 —0.007 —0.07
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The total Higgs width in the SMEFT

putting together all the main contributions™ we obtain

o o §rtot
rLt =5 r‘f_,’tSM [1 + rto:” ‘|

H,SM

Moty = 4.100 MeV

= —1.50 Cyg — 1.21 Cpw + 1.21 Crywe + 50.6 Cpg
+1.83Cyo — 0.43 Cp + 1.17 C
—7.85Y.ReCyy — 48.5Y, ReCypy — 12.3Y, ReCopy
+0.002 &) +0.06 €3 +0.001 Cry — 0.0007 Crig
—0.0009 &) —2.32 €Y — 0.0006 Crre,

*gg + v+ bb+Cc+ 7T +4f + ffy
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Summary & take-home

» The SMEFT is a well-defined, general framework for BSM searches
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> most general BSM characterization (assuming SM sym + fields)
> universal parameterization for data interpretation
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Summary & take-home

v

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

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

> most general BSM characterization (assuming SM sym + fields)
> universal parameterization for data interpretation

» SMEFTsim is a powerful tool specifically designed for this purpose @LO

» the Higgs inclusive width has been computed at LO in the SMEFT,
including relevant, previously neglected contributions
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Backup slides



Shifts from input parameters

SM case.
Parameters in the canonically normalized Lagrangian : v, 81, 8, S5

The values can be inferred from the measurements e.g. of {aem, mz, Gr} :

o1
— 8182 V26
em g_lg n g_zz sind? — 1 _ i 4T em
mz = @ 2 \/EGfmZZ
2¢p . VAT Oem
1 81=——F—
Gr = ——= cosé
V202 VAT e
=——F
sinf

in the SM at tree-level kK = &
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Shifts from input parameters

SMEFT case.
Parameters in the canonically normalized Lagrangian : v, 81, 8, S5

The values can be inferred from the measurements e.g. of {aem, mz, Gr} :

21
B8 |, 2 23/8 V26
Qem = —> T =) +v =] + 2 1 Aoy,
£ T & tr&l sn?=s|1-,1- —=
oY 2 2G,
mz = 82Y 4 5mz(C) - VBGy;
2¢5 . VAT O0em
1 81 = ——F—
Gr = —_+5Gf(C,-) cosf
V272 . VAT oem
2T sinf

in the SM at tree-level kK = &

in the SMEFT & = R + 0k(()
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Shifts from input parameters

To have numerical predictions it is necessary to replace & — & + 0k(C;)
for all the parameters in the Lagrangian.

{atem, mz, Gr} scheme

(5!71% = I7‘I2Z\72 (CHTD + 2CéSéCHWB)
\72
0Gr = 72 ((C,E?/))u + (C,(.,sl))zz = (C//)1221)
2 c3
5g1 =0 \/§5Gf+5m2/m2 +2iCHWBV2
2(1-2s%) e s
(_-02 V2 2/ 2 53 2
0gp = —— - 20Gr + 0 2-2 %
& 20— 2502) ¢+ dm5/m7 + = CHWBV

§s2 = 2c§s§(5g1 —0g2) + ¢555(1 — 253)CHWB\72

N CHD 3cy
S0ty = (2CHD 2 2lam)
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Shifts from input parameters

To have numerical predictions it is necessary to replace & — & + 0k(C;)
for all the parameters in the Lagrangian.

{mw, mz, G¢} scheme

2 _ -9 CHD
6mz—mzv ( > +260596HWB)

v
0Gr = 72 ((C/E/))u + (CI(-II))22 - (C//)1221)
1 16
Sg1 = —> <\/—5Gf + 5 mz)
2 17

582 — ——=6G

8 = \/5 f

3s; = 255 (3g1 — bg2) + ¢sp(L — 25} crwe ¥

2 _ 202 _ S _ 3

ity = G (2 Ha 2lam)
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 g input ems ey
X 2
structures U(3)* symmetric schemes o & B
] my, mz, Gr
linear MFV
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 g input ems ey
X 2
structures U(3)* symmetric schemes o & B
] my, mz, Gr
linear MFV

completely general flavor indices:

2499 parameters including all complex phases
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 " input ems ey
X 2
structures U(3)* symmetric schemes A LA
. my, mz, Gr
linear MFV

assume an exact flavor symmetry
U3)® = U(3)g x UB)y x U(3)g x UB); x U(3)e
under which: ¢ — Uyt for ¥ = {u,d, q,/, e}
» The Yukawas are the only spurions breaking the symmetry:
Yoo UYuUl Yoo UgYaUl Yo UeYiU

» flavor indices contractions are fixed by the symmetry — less parameters

Oy = (HTi 5; H)(G,v*us) drs

Examples: N
QeB = B[l.l/(/rHO.l“jeS) (Yl)rs
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
5 mz f
flavor 5 g input Qem, Mz,
X 2
structures U(3)* symmetric schemes o & B
- mw, Mz, Gr
linear MFV

assume U(3)% symmetry + CKM only source of CP°

» all Wilson coefficients € R
» CP odd bosonic operators are absent (oc Jcp ~ 107°)
» includes the first order in flavor violation expansion. E.g.:

Quy = (H'7 Dy, H)(Bus) [1+ (YuY))]

rs

Qff) = (i Dy H)(@as) [1+ (YLYW) + (Y} Y0)]

o a1+ Y]V + Vo Y YaVii | o
+ Ay 1+ Vi Y3 VaVoru + Y] YVa| do
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