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SMEFT

Standard Model Effective Field Theory

LSMEFT “ LSM `
1

Λ
L5 `

1

Λ2
L6 `

1

Λ3
L7 `

1

Λ4
L8 ` . . .

Ld “
ÿ

i

CiO
pdq
i Ci “ Wilson coefficients

O
pdq
i “ gauge-invariant operators

SMEFT describes any nearly-decoupled (Λ " v) BSM physics
with “good” analyticity/geometry properties in the scalar sector

§ SM symmetries Ñ fully SUp3q ˆ SUp2q ˆ Up1q invariant

§ SM fields Ñ 5 ˆ 3 independent fermionic fields

qα, lα, uα, dα, eα α “ 1, 2, 3

§ no RH neutrinos: only Majorana mν through L5
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The global SMEFT program

resonance searches @ LHC suggest that NP is likely nearly decoupled

at the same time, no UV scenario is preferred in a compelling way
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The global SMEFT program

agnostic approach: let data tell us what NP looks like

SMEFT parameterizes
anomalous rates & spectral distortions

Global analysis Ñ identify Ci ‰ 0

Identify compatible simplified models

LUV Embed in UV-complete model
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The SMEFT program at the LHC (and beyond)

§ “indirect” searches to complement bump hunt

§ make the most of future luminosities Ñ LHC as a precision machine

§ agnostic approach requires combining multiple sectors

� theory studies performed for „10 years, ATLAS+CMS program starting

� longer term plan: merge with lower E measurements
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A very large parameter space

Henning,Lu,Melia,Murayama 1512.03433
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A very large flavorful parameter space

Classification within Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884

Class CP ✟✟CP Total

X 3 2 2 4

ϕ6 ` ϕ4D2 3 - 3

ϕ2X 2 4 4 8

ϕ2ψ2 27 27 54

ϕXψ2 72 72 144

ϕ2Dψ2 51 30 81

pL̄LqpL̄Lq 171 126 297

pR̄RqpR̄Rq 255 195 450

pL̄LqpR̄Rq 360 288 648

pL̄RqpR̄Lq 81 81 162

pL̄RqpL̄Rq 324 324 648

� most parameters from fermionic terms

� flavor has dramatic impact on counting

Examples:

Bµνpq̄iσ
µνdjqϕ 9 + 9

pϕ:i
ÐÑ
D µϕqpūiγ

µujq 6 + 3

pl̄iγµljqpl̄kγ
µllq 27 + 18

pēiγµejqpūkγ
µulq 45 + 36

pl̄ Ii ejqpd̄kq
I
l q 81 + 81
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space

§ not all entries are independent, some contractions forbidden

no sym. Up3q5

Bµνpq̄iσ
µνdjqϕ 9 + 9 0 -

pϕ:i
ÐÑ
D µϕqpūiγ

µujq 6 + 3 1 δij

pl̄iγµljqpl̄kγ
µllq 27 + 18 2 δijδkl , δilδkj

pēiγµejqpūkγ
µulq 45 + 36 1 δijδkl

pl̄ Ii ejqpd̄kq
I
l q 81 + 81 0 -
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space

§ not all entries are independent, some contractions forbidden
§ parameters organized according to an additional expansion

Ñ multiple NP scales (Λsym,Λ
✟✟
sym)

Example: MFV = Up3q5 broken by SM Yukawas as spurions

[up basis]
1 Y Y 2 Y 3

pūiγ
µujq Cij “ C p0qδij ` C p2qpY

:
u Yuqij ` . . . + + . . .

pd̄iγ
µdjq Cij “ C p0qδij ` C p2qpY :

d
Yd qij ` . . . + + . . .

pq̄i ϕ̃ujq Cij “ C p1qpYuqij ` C p3qpYuY
:
u Yuqij ` . . . + + . . .

pq̄iϕdjq Cij “ C p1qpYd qij ` C p3qpYdY
:
d
Yd qij ` . . . + + . . .
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space

§ not all entries are independent, some contractions forbidden
§ parameters organized according to an additional expansion

Ñ multiple NP scales (Λsym,Λ
✟✟
sym)

2. self-consistent across LSMEFT and well-defined: preserved in loops, RGE. . .
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space

§ not all entries are independent, some contractions forbidden
§ parameters organized according to an additional expansion

Ñ multiple NP scales (Λsym,Λ
✟✟
sym)

2. self-consistent across LSMEFT and well-defined: preserved in loops, RGE. . .

3. LSM has a peculiar flavor structure, so Lě6 is unlikely to be fully anarchical

Ñ approximate potentially realistic patterns

!! symmetries of SMEFT ‰ symmetries of the UV completion
can be accidental, reflecting specific UV dynamics
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Good reasons to have flavor symmetries in SMEFT

1. reduce the SMEFT parameter space

§ not all entries are independent, some contractions forbidden
§ parameters organized according to an additional expansion

Ñ multiple NP scales (Λsym,Λ
✟✟
sym)

2. self-consistent across LSMEFT and well-defined: preserved in loops, RGE. . .

3. LSM has a peculiar flavor structure, so Lě6 is unlikely to be fully anarchical

Ñ approximate potentially realistic patterns

!! symmetries of SMEFT ‰ symmetries of the UV completion
can be accidental, reflecting specific UV dynamics

4. can be used to reflect the experimental sensitivity

Ñ a way to resum/combine contributions undistinguishable in the measurement
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Candidate symmetries for SMEFT at the LHC

IB,(Jiang,Trott) 1709.06492, 2012.11343, Bordone,Catá,Feldmann 1910.02641
Faroughy et al 2005.05366, Greljo et al 2203.09561
LPCC note 1802.07237, LHC EFT WG discussions [link]

Quark sector

§ Up3q3 “ Up3qq ˆ Up3qu ˆ Up3qd (MFV) Chivukula,Georgi 1987, Hall,Randall 1990
D’Ambrosio et al 0207036

Ñ SMEFT effects do not alter SM flavor pattern. mostly capture “flavor blind” NP

Ñ max suppression of non-SM flavor structure: constraints consistent with lower Λ

gen. Λ2{|C23
uW

| Á p2.2TeVq2 from t Ñ Zc ATLAS-CONF-2021-049

MFV Λ2{|CuW | Á |pY :
u q23| ¨ p2.2TeVq2 » p0.4TeVq2 (down b.)

Ñ correlates top with u, c physics, bottom with d, s.

currently means: • ttγ, ttZ , tbW non-dipole operators most bounded by EWPO
• constraints on hdd, hss corrections can be inferred from h Ñ bb

• tension between B anomalies and pp Ñ µµ Greljo,Marzocca
1704.09015

. . .
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Candidate symmetries for SMEFT at the LHC

IB,(Jiang,Trott) 1709.06492, 2012.11343, Bordone,Catá,Feldmann 1910.02641
Faroughy et al 2005.05366, Greljo et al 2203.09561
LPCC note 1802.07237, LHC EFT WG discussions [link]

Quark sector

§ Up3q3 “ Up3qq ˆ Up3qu ˆ Up3qd (MFV) Chivukula,Georgi 1987, Hall,Randall 1990
D’Ambrosio et al 0207036

§ Up2q3 “ Up2qq ˆ Up2qu ˆ Up2qd
Barbieri et al 1105.2296, 1203.4218
Blankenburg et al 1204.0688

Ñ 3rd gen. left out: t, b independent of light flavors
Ñ spurions are not fully determined in terms of masses and CKM
Ñ chirality-flip (Yukawas, dipoles) t, b interactions unsuppressed by spurions
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Candidate symmetries for SMEFT at the LHC

IB,(Jiang,Trott) 1709.06492, 2012.11343, Bordone,Catá,Feldmann 1910.02641
Faroughy et al 2005.05366, Greljo et al 2203.09561
LPCC note 1802.07237, LHC EFT WG discussions [link]

Quark sector

§ Up3q3 “ Up3qq ˆ Up3qu ˆ Up3qd (MFV) Chivukula,Georgi 1987, Hall,Randall 1990
D’Ambrosio et al 0207036

§ Up2q3 “ Up2qq ˆ Up2qu ˆ Up2qd
Barbieri et al 1105.2296, 1203.4218
Blankenburg et al 1204.0688

§ Up2q3 ˆ Up1qb “ Up2qq ˆ Up2qu ˆ Up2qd ˆ Up1qb

Up1qb restores spurion suppression („ yb) in chirality-flip bottom couplings
Ñ lowers Λ bound from h Ñ bb constraints
Ñ gives a rationale to neglect certain operators, e.g. b-dipoles ObB ,ObW ,ObG
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Candidate symmetries for SMEFT at the LHC

IB,(Jiang,Trott) 1709.06492, 2012.11343, Bordone,Catá,Feldmann 1910.02641
Faroughy et al 2005.05366, Greljo et al 2203.09561
LPCC note 1802.07237, LHC EFT WG discussions [link]

Quark sector

§ Up3q3 “ Up3qq ˆ Up3qu ˆ Up3qd (MFV) Chivukula,Georgi 1987, Hall,Randall 1990
D’Ambrosio et al 0207036

§ Up2q3 “ Up2qq ˆ Up2qu ˆ Up2qd
Barbieri et al 1105.2296, 1203.4218
Blankenburg et al 1204.0688

§ Up2q3 ˆ Up1qb “ Up2qq ˆ Up2qu ˆ Up2qd ˆ Up1qb

§ Up2q2 ˆ Up3q “ Up2qq ˆ Up2qu ˆ Up3qd

Ñ symmetry of LSM in 5-flavor scheme (mb “ 0)
Ñ more complex spurion structure
Ñ op. structure: like Up2q3 for up-quarks, like Up3q3 for down-quarks
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Candidate symmetries for SMEFT at the LHC

Lepton sector

§ Up3q2 “ Up3ql ˆ Up3qe (MFV)

§ Up2q2 “ Up2ql ˆ Up2qe

Ñ allows LFUV only in τ vs pe, µq

§ Up2q2 ˆ Up1q “ Up2ql ˆ Up2qe ˆ Up1qτ

Ñ reintroduces chirality-flip suppression for τ currents

§ Up1q3 “ pUp1ql`eq3

Ñ allows full LFUV but still forbids FCNC
Ñ exact. no spurions needed!
Ñ chirality-flip interactions un-suppressed

� LHC sensitivity „ Up2q3q,u,d ˆ pUp1ql`eq3

� less restrictive options required only to compare to other measurements
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Automation

§ SMEFTflavor : construction of full set of invariants in Warsaw basis,

imposing arbitrary flavor symmetries with spurions Greljo,Palavric,Thomsen 2203.09561
github.com/aethomsen/SMEFTflavor

§ UFO models for Monte Carlo simulations already implement:

Up3q5 SMEFTsim U35, MFV

Up2q3q,u,d ˆ Up3q2l,e SMEFTsim topU3l

Up2q3q,u,d ˆ Up1q3l`e SMEFTsim top, dim6top

Up2q2q,u ˆ Up3qd ˆ Up1q3l`e SMEFT@NLO

SMEFTsim: IB,(Jiang,Trott) 1709.06492, 2012.11343 �

SMEFT@NLO: Degrande,Durieux,Maltoni,Mimasu,Vryonidou,Zhamg 2008.11743 �

dim6top: Durieux,Zhang 1802.07237 �

Ñ allow to simulate directly in terms of parameters in symmetric L6
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Number of independent parameters

adapted from Greljo,Palavric,Thomsen 2203.09561

� not all of them enter observables of interest!

typical counts for current H + EW + top fits: between 25 and 50

largely depends on:
• processes included
• tree / loop
• linear / quadratic

state-of-the-art fitting tools can handle 30 – 35 simultaneously
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Example global fit results

Ellis,Madigan,Mimasu,Sanz,You 2012.02779
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Flavor sensitivity from EWPO

Falkowski,Straub 1911.07866
also: Efrati,Falkowski,Soreq 1503.07872

§ EWPO + Higgs signal strengths + diboson (no top) Ñ 31 parameters

§ no FCNC, but each flavor treated independently

§ linear parameterization
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Combining top constraints with B physics
Bruggisser,Schäfer,vanDyk,Westhoff 2101.07273
also: Aoude,Hurth,Renner,Shepherd 2003.05432
Bißman,Grunwald,Hiller,Kröninger 2012.10456

C
p3q
φq “ a

p3q
φq 1 ` b

p3q
φq pYuY

:
u q in up basis O

p3q
φq “ pφ:i

ÐÑ
D

I

µφqpq̄γµτ I qq

top

top + pBs Ñ µ
`
µ

´q

top + pBs Ñ µ
`
µ

´q + pB Ñ Xsγq
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Summary

§ SMEFT allows an ambitious program of “agnostic” NP searches

§ Flavor symmetries play a major role in

• the classification of (ir)relevant SMEFT parameters
• the interpretation of constraints in terms of NP

§ candidate flavor symmetries for LHC program:

Up2q3q,u,d ˆ pUp1ql`eq3 and larger Ø exp. sensitivity

§ EWPO can already help distinguish flavors in current fits.
main block: too many parameters

§ Interplay with B physics interesting! only a few studies yet

§ Future: incorporating more and more flavor observables
Ñ “global SMEFT likelihood”
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Backup slides



L6: the Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884
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L6: the Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884
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More symmetry cases

Greljo,Palavric,Thomsen 2203.09561
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Counting with spurions

Faroughy,Isidori,Wilsch,Yamamoto 2005.05366
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Counting with spurions

Faroughy,Isidori,Wilsch,Yamamoto 2005.05366

Ye “ yτ

ˆ

∆e xτVl

0 1

˙

Yu “ yt

ˆ

∆u xtVq

0 1

˙

Yd “ yb

ˆ

∆d xbVq

0 1

˙
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Counting with spurions

Faroughy,Isidori,Wilsch,Yamamoto 2005.05366

Ye “

ˆ

∆e xτVl

0 κτXτ

˙

Yu “ yt

ˆ

∆u xtVq

0 1

˙

Yd “

ˆ

∆d xbVq

0 κbXb

˙
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