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What is an Effective Field Theory?

A pragmatic definition:

it's a field theory that describes the IR limit of an
underlying UV sector in terms of
only the light degrees of freedom
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What is an Effective Field Theory?

A pragmatic definition:

it's a field theory that describes the IR limit of an
underlying UV sector in terms of
only the light degrees of freedom

A classical example: Fermi’s interaction for [3-decays

“True" theory: Electroweak interactions EFT: Fermi's interactions
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EFTs: basic principles

Subject: impact of physics P with scale A on observables measured at | E <« A
A can be a mass, confinement scale, etc.

» at E < A\ P states cannot be produced on-shell = internal lines only
= S-matrix contribution is analytical:
non-analyticity only happens at resonance E ~ A

> Decoupling theorem: Appelquist, Carrazzone PRD11 (1975) 2856
Green's functions with internal P are suppressed by A”

> Uncertainty principle: 1
virtual particles of mass M are localized within Ax ~ N
p

P effects at E « A are described by
local, analytic operators with 1/A" suppressions

!

Taylor expansion in (E/A) at the Lagrangian level (and also S-matrix and obs.)
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EFTs: basic principles

for E /A sufficiently small the P sector decouples

this means:

> the P sector is not resolved completely at E « A. only the dominant effects,
according to power counting

> the details of P are irrelevant for physics at E « A

» UV divergences in the P theory are subtracted from low-E physics

same principle as usual renormalization: UV modes can be subtracted out of
the physical description, that becomes independent of them.

This ensures we can factor UV and IR components:

C-UV
255 W
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LHC: plans for the future

E won't be raised much

HL-LHC
N 2
Ls1 [ evers] LS2 LS3 14TeV
13 TeV 13- 14 TeV —_  cnergy
Diodes 5lo7.5x
splice consolidation LU Installation fimit Y nomina
7Tev 8TeV button collimators ?“’Yéia@(‘m RELUD luminosity
— R2E project P7 11T dip. coll. installation
Civil Eng. P1-P5
ati\s - cms -
experiment upgl de phase 1 damage ATLAS - CMS 2038
beam pipes nom. luminosi e Rt HL upgrade
nominal i

luminosity
300 | 190 1b | EXs i 3000 -1

i 4000 (ultimate)

HL-LHC TECHNICAL EQUIPMENT:

[T consraucTIoN Saa au
statistics will increase

HL-LHC CIVIL ENGINEERING:
*alot*

WE ARE HERE

worth having
there's much room for improvement in precision — a systematic program
for indirect searches
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The power of EFTs

I'= full QFTs with their own regularization /renormalization schemes
not just anomalous couplings!

I'= calculations are done order by order in § = (E/N)
— rationale for expected size of contributions: power counting

— systematically improvable

I'= allow compute matrix elements without knowing the UV
— only input: low E fields & symmetries
— works even if the UV is non-perturbative
e.g. chiral perturbation theory: m — 7 scattering computed in 1966

I’ model independent, within low-energy assumption

I'=  systematic classification of all effects compatible with low-E assumptions

I’ a universal language for interpretation of measurements
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An EFT for BSM searches: the SMEFT

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

> at the accessible scale: SM fields + symmetries

@ 3 Taylor expansion in canonical dimensions (6 = v/A or E/N):
1 1 1 1
Lsmert = Lsm + Kﬁ‘r’ + ﬁﬁe + F& + Fﬁg +...

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

O; invariant operators that form
a complete, non redundant basis
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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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Constructing a basis

SM fields + symmetries

all the allowed invariant structures at dimension d

remove terms that give equivalent physics
(redundant at S-matrix level) via

> integration by parts

e.g. 0,(HTH)O*(HTH) = —(HTH) o (H'H)
» equations of motion (EOM)

e.g. (H'H)(@b1iDy1) ~ (H'H) (b HYR)

a basis

minimal set of independent operators (parameters)
for the most general classification of BSM effects
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

-

~

(a) EOMs move effects between different sectors
oH'oH= D,H'D*H
+ PLHyvr + (PrHyyvr)(HTH) + hec.
+ (YRyY L) (WLyYR) + hc.
+ (YLyvr)(PLyvr) + h.c.
+ H'H + (HTH)? + (HTH)?

(exact coefficients omitted)

.
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

( )

(a) EOMs move effects between different sectors

D,G*'D’G}, = (§T°q+ aT?u+dTd)

| J

llaria Brivio (ITP Heidelberg) Theory intro - Effective Field Theories 9/20



Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

s N

(b) the physical meaning of individual parameters is basis-dependent

example:
£ > —(Chy — Clg)FtZ — (Chy + C}q)bbZ — Cy (EBW + h.c.)

2 independent parameters: (C,ﬁ,q,C3Hq)

in general changing basis changes the values of the EFT parameters
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

s N

(b) the physical meaning of individual parameters is basis-dependent

example:
£ > —Cp FtZ — (Cip, + 2Ciq)bbZ — Cfy (EBW + h.c.)
2 independent parameters:

(Chg = Chig = Clig» Cli)

| in general changing basis changes the values of the EFT parameters
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

s N

(b) the physical meaning of individual parameters is basis-dependent

example:
+ 3\t + I 3 (F
£ > —(Cp, — 2Cg)ttZ — G bbZ — Cjy (tbW + h.c.)

2 independent parameters:

(Chig = Ciig + g Clig)

| in general changing basis changes the values of the EFT parameters
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

-

(b) the physical meaning of individual parameters is basis-dependent

G

G

in general changing basis changes the values of the EFT parameters

~
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires a complete basis to be defined.

s N

(b) the physical meaning of individual parameters is basis-dependent

in general changing basis changes the values of the EFT parameters
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Top-down and bottom-up

UV known:
match onto the EFT 0

set constraints
with this simplified 9
parameterization

accessible E -

llaria Brivio (ITP Heidelberg)

A

.
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| &

infer properties
of the UV sector
(unknown)

constrain the EFT in a
model independent way

|
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From UV model to EFT: Matching

(1) Integrating out a heavy state

pedestrian procedure: solve the EOM of the heavy particle in the limit p? « M?.
replace solution in &

. Broncano,Gavela,Jenkins hep-ph/0210271, 0307058, 0406019
e.g. RH seesaw neutrino Abada,Biggio, Bonnet, Gavela,Hambye 0707.4058

Trott,Elgaard-Clausen 1703.04415

Ly = iNFN — [%NMNC + Ny(AT?) + h.c.]

EOM:
~ 1 [ ~
(i —MN=yfAt+he. — Nz[ﬁ—l(ﬂ—a;+...][yHT€+h.c.]
replacing:

2 _—~ ~
Inerr = S (EA)ATE) + O(M2)
The procedure can be extended to 1-loop but becomes complex
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From UV model to EFT: Matching

(1) Integrating out a heavy state

functional methods allow general matching up to 1-loop:

Henning,Lu,Murayama 1412.1837,1604.01019
del Aguila,Kunszt,Santiago 1602.00126

Covarlant Derlvatlve ExpanSIOn (CDE) Boggia, Gomez-Ambrosio,Passarino 1603.03660
Uni | One-L Effective Acti (UOLEA) Drozd, Ellis,Quevillon, You 1512.03003

AR (=LY €ctivé Action Ellis,Quevillon,You,Zhang 1604.02445,1706.07765
Expansion by regions Fuentes-Martin,Portoles, Ruiz-Femenia 1607.02142

Zhang 1610.00710
(Kramer),Summ,Voigt 1806.05171, 1908.04798

universal structure assumed, e.g. for complex scalar ¢
L =01 (D?* + M? + U(x))® + (TB(x) + hc) +...

At tree level: . .
T T 2
MZBB+M4B( D U)B +...

LeFT O
subtleties: » non-degenerate states now mostly solved
» mixed heavy-light loops
» open derivatives
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From UV model to EFT: Matching

(2) Map effects to a chosen basis
integrating out particles leads to arbitrary Lagrangians

» d < 4 terms reabsorbed in redefinitions
> d > 4 terms mapped to a basis.
Needs an algorithm and the basis to be complete

I all coefficients and signs must be kept track of

Useful tools [see 1910.11003]:

BasisGen Criado 1901.03501

abc_eft Aebischer,Stangl in progress

DEFT Gripaios,Sutherland 1807.07546

DsixTools Celis,Fuentes-Martin,Vicente,Virto 1704.04504
wilson Aebischer, Kumar,Straub 1704.04504

MatchingTools Criado 1710.06445

MatchMaker Anastasiou,Carmona,Lazopoulos,Santiago in progress
CoDEx Das Bakshi,Chackrabortty,Patra 1808.04403
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From UV model to EFT: Matching

(2) Map effects to a chosen basis
integrating out particles leads to arbitrary Lagrangians

» d < 4 terms reabsorbed in redefinitions

> d > 4 terms mapped to a basis.
Needs an algorithm and the basis to be complete

(3) Match S-matrix elements: fix C;(UV)

> equate S-matrix elements in full theory and EFT, evaluated at a common
matching scale, order by order in perturbation theory

> loop amplitudes usually computed in dim reg + MS
>

UV divergences are canceled independently in the EFT and in the UV.

The two theories have independent regularization/renormalization schemes.
>

IR divergences are the same in the EFT and in the UV

— The UV - EFT relation generally becomes highly non-trivial

de Blas,Criado, Perez-Victoria,Santiago 1711.10391
Passarino 1901.04177
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HEFT = Non-linear EFT = EW chiral Lagrangian

The Higgs does not need to be in a exact SU(2) doublet

v+h (0
H= o))
h \/§ | 1 U= eiﬂ’a’/v
treated as a singlet independent adimensional

with arbitrary couplings
h h derivative expansion ~ yPT
]—'(h)=1+2az+b—2+... p X
v
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HEFT = Non-linear EFT = EW chiral Lagrangian

The Higgs does not need to be in a exact SU(2) doublet

v+h (0
H= o))
h \/§ | 1 U= eiﬂ’a’/v
treated as a singlet independent adimensional

with arbitrary couplings

2

F(h)y =1+ 23% + bh—2 +... derivative expansion ~ xPT
1%
— a very general EFT contains the linear as a particular limit

—> matches composite Higgs models
nonlinear effects in the EWSB sector
mixings of the physical Higgs with extra scalars
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HEFT: relaxing unitarization in SM

Scalar sector of the SM: what do we need?

» mwz #0 — 7 ina SU(2) fundamental. minimal field: U = '™’/

» 4+ exact unitarity at all E — (h,7?) in a SU(2) doublet

Contino, TASI lectures 1005.4269

AWIW - WHW) ~ %(1 —a%) /:>::\ H I
O/ a=b=c=0
’\ unitarity violated in VBS

at s ~ 4mv? ~ (500 GeV)?

_ c
AW W — ) ~ ’"w‘/—1—ac »—( a=b=c=1
unitarity exact.

= hin a doublet

_ S
AW W, — hh) ~ ?(b—a2)

HEFT free a, b, c — unitarity only partially from Higgs
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SMEFT vs. HEFT

The two parameterizations are physically different:

SMEFT | HEFT

h
[Correspondence: replacing ¢ — v U<0> ]
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SMEFT vs. HEFT

The two parameterizations are physically different:

SMEFT | HEFT

-
o

Qoo
oo

S~ O

h
Correspondence: replacing & — v U<O> ]

Two main categories of effects:

) correlations: <« decorrelations:
D,® ~ (v+ h)D,U +Ud,h D,U and 0,,h independent
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SMEFT vs. HEFT

The two parameterizations are physically different:

SMEFT HEFT
S A | 60
Z=:180 : 40
d=6 ===
a=° 20

h
Correspondence: replacing & — v U<0> ]

Two main categories of effects:

) correlations: <« decorrelations:
D,® ~ (v+ h)D,U +Ud,h D,U and 0,,h independent

® The chiral NLO contains effects that appear only at d = 8 or higher
in the linear expansion
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Example: SMEFT contributions to VBS

Operators giving significant contributions to VBS Gomez-Ambrosio 1809.04189
Qmp = (H'D,H)*(H'D"H) 0 @@ ® Q) = (H'i D H)(Iv*1)
Quo = (HTH)(H' o H) ® Qfiy = (H'i D, H)(dv"q)
Qw = e W, Wirewke ([ ] Q;-?q) = (H"i Du H)(go'v*q)
Qp = g,-jkv"v" wirewke @ Oy = (H'i D, H)(@v"u)
QHB (H' )BWB‘” [ Qua = (H'i Dy H)(dv"d)
= (H'H)w,, w o Qne = (H'i D, H)(&v"e)
QHWB = (HTU'H)W' B*” 000 b0 = (Ga7u90)(Ts7" q8) o
Quis = (H'oHW.'B" @@ o = (Ga7298)(G87" q0) o
Q= (I, )(/’Y”/) [ X ) 70 = (Ga720%qa)(Gs7"0%q5) @
Q) = (H'i D, H)(Io"")) OO@® 9% = (Garuoes)(@1"0"ee) @

=Vff(Twz) @ =TGC/QGC @ =hWwW () @ =mw @ = (qq9)°

20 parameters
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HEFT operators for VBS - minimal set

31 operators ( + 8 four-quarks) but many more parameters!

Pc = Tr(V, V) Fc

Pe = B, B Fi
Pr = By, TH(TWi)Fy

P3 = Tr(W,[V*,V¥])F3

Ps = Tr(W,, VH)o" Fs

P = (Tr(V,V.))2Fu

P13 = i Tr(TW,,,,) Tr(T[VH,VV]) Fi3
Prz = Tr(TW,,) Tr(TV#)0" Fiz

Paz = Tr(V,VH)(Tr(TV,))2 Fas

Pas = (Tr(TV,,) Tr(TV,))?Fas

S1 = B, TH(TWH)F

NE =iQuyV* Q. F

NE = iQuuuivie, Ty QL F
N2 =iQuy, TVET QL F

N§ = ilgy,UT{V* TIU Lg F.
RS = (Lo L) (Lo L) F

Pr=Tr(TV,,) Tr(TV,)Fr T = UslUt
V, = D,UUt

Pw = W2, W Fy,

Py = B Te(TVH, V) F

Pa = By, Te(TVH)0V Fy

Po = (Tr(V, V)2 Fo Tr(TVi) = 2, R
TV Vo) — ZuZ, + Wi W,

Pr2 = (Tr(TW,w))* Frz Fi—>1+h/v+...

Pra = e Tr(TV,,) Tr(V, W) Fie

P1g = Tr(T[V,,, V,]) Tr(TV#)0" Fig

Pas = Tr(V,V,) Tr(TVH) Tr(TV) Faq

Poww = 3 W27 WEP WS Fpny

Swww = %‘Wj” W‘f’/’Wp‘:“]:

Quick dictionary:

N2 =iQr7,U'V*U Qr F
NE = iQr, UMV TIU Qr F
NE = iQr,UITVATU Qr F

_ _ basis of 1604.06801
RE = (Lo T L)Ly T L) F
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HEFT operators for VBS - minimal set

31 operators ( + 8 four-quarks) but many more parameters!

Pc = Tr(V, V) Fc

Pe = B, B" Fg
Pr = By, TH(TWi)Fy

P3 = Tr(W,[V*,V¥])F3

Ps = Tr(W,, VH)o" Fs

Pu = (Tr(V,.V.))2Fu Fs.1

P13 = i Tr(TW,,,,) Tr(T[VH,V”]) Fi3
Prz = Tr(TW,,) Tr(TVH#)0" Fiz
Paz = Tr(V, VH)(Tr(TV,))?Fas F
Pas = (Tr(TV,,) Tr(TV,))?Fas

S = B, Tr(TWw)F

NE =iQuyV* Q. F

NE = iQuuuivie, Ty QL F
N2 = iQuv, TVFT Q. F

N§ = ilgy,UT{V* TIU Lg F.
Rf = (Lo L)Ly L) F

llaria Brivio (ITP Heidelberg)
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Pr = Tr(TV,) Ti(TV,.) Fr T = Us3ut

V. = D,UUf
Pw = W2, W Fy w» = D,UU

Py = By, TH(T[VH, VY] Fa
Py = By, Tr(TVH)V F,y
Po = (Tr(V,VH))2Fq F
Pro = (TH(TW,,))2Fia
Pra = P Te(TV,,) Tr(V, Wyr ) Fra
Pi1s = Tr(T[VM,V,,])Tr(TV“)&”]—'lB A
Pag = Tr(V,V,) Tr(TVH) Tr(TVY) Fag ’Fs .
Powww = S W2¥ WE Wk Fow

>
Swww = %‘W;” W,f’/’WpC“]:

Quick dictionary:
Tr(TVy) — Zu
Tr(VuVo) — 2.7, + Wiw,
Fi—=1+h/v+...

)

correspond to d > 8
N2 =iQr7,U'V*U Qr F in the SMEFT
NE = iQr, UMV TIU Qr F
NE = iQr,UITVATU Qr F

_ _ basis of 1604.06801
RE = Loy T L)' T L) F
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The SMEFT - phenomenology

(A) Predictions for a generic observable:

Osmerr = Osm

/

the most accurate to be computed:

available tree level / NLO QCD
(NLO SMEFT)
|
[ }

Analytic Monte Carlo

dedicated models [more at this link]
SMEFTsim Brivio,Jiang, Trott 1709.06492
dim6top Durieux,Zhang 1802.07237
SMEFT@NLO Degrande, Durieux,Maltoni,
Mimasu, Vryonidou,Zhang

[1 | Aoint . Aoquad]
Osm Osm

(B) Extract experimental constraints on [ideally measure!] the Wilson coefficients

(C) Compare to UV models matched onto SMEFT /
Infer properties of new physics from deviation pattern
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http://feynrules.irmp.ucl.ac.be/wiki/EffectiveModels
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

Global SMEFT analyses

ultimate goal: measure as many SMEFT parameters as possible
fitting predictions that include all relevant terms

» individual processes necessarily have blind directions
» combination of different processes / sectors required

Ken Mimasu ®
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Recap & take-home

» EFTs main idea: physics at two very separated scales decouple

— a heavy sector P is not completely resolved at E « A:
its signatures can be organized in a series in (E/A)

» EFTs (the SMEFT in particular) are ideal tools for systematic
Indirect searches of BSM physics @LHC

» HEFT is another EFT candidate for BSM extension. More general than the
SMEFT, covers scenarios with non-linearities and scalar mixings

» EFTs are related to specific UV models via a matching procedure.
The correspondence is often non-trivial.

» To use the full EFT power global analysis of LHC data are required: not

just SM stress-test but a means to understand the global picture through
precision measurements
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Backup slides



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.
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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.

22/20

llaria Brivio (ITP Heidelberg) Theory intro - Effective Field Theories



Input schemes for the EW sector

{&tem, mz, Gf} scheme

" 1 AGF

= +
Y V2Gg Gr

1 4 Am?
5'92:— 1-— ]__L 1+C2_9AGF+C2_9 2Z+
2 V2GEmZ || 2v2 4 m3

& = 4ra +0
2 2 3 52
s Am c; v
Bi=— |1+ (V206 + =52 4228 T Chue
o 2c9 ms sg N2
2 2 3 02
c Am sy v
g'w=i 1—- 2 \/EAG{—‘,— 2Z+2—9—CHWB
Sp 2C29 m7 Co A2
V252 2 Am? 02
) 2 2 0 0 z 2
my, = mzcy + |1 — AGE + —— — Sptg—
L 2t Co9 (e,Y:] m% 0 /\2

2 _ .2
Am% = m5

v2 [ C
[ﬂ + 520 CHWB] A

A2 | 2
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Chws

— — Chws

3549 V2
8 A2

2
v
AGF = 5 [(Ciu + (Chy22 — (Ci)rozn ]
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Input schemes for the EW sector

{my, mz, G¢} scheme

1 AGE

=2 =25F

YT V2Gg Gr

m? Am? Sa9 V2
w 2 4 40
_Iwly . +22 ¢
( 5 v 2 7 A2 CHwB

B2
- e[ AGF]
w Sp \/5

v

2
Vv
A’"22 = m%ﬁ AGF = A2 [(CEI/)H + (Ci’;/)zz - (C,,)1221]

C
[% + s CHWB]
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SMEFT @ LHC: how many parameters?

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

llaria Brivio (ITP Heidelberg) Theory intro - Effective Field Theories 24/20



SMEFT @ LHC: how many parameters?

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

observables, including/excluding quadratic terms

Focusing on interference Asy A¢ only
Selection due to SM kinematics / symmetries in the presence of:

> resonances in SM

» FCNCs op. 1* operators generally suppressed
) ] wrt. “pole operators” by

» dipole op. (interf. ~ my)

. <rB'2"B)n ~1/300  (ZW)
v 1/10° (h)

| 2

If quadratic terms |Ag|* are included, more operators contribute
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SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor
observables, including/excluding quadratic terms

EFT calculation accuracy

E ho=--- Chw, Cug, CHwas
S 5
a
¢_? v @ Ve 5 ! ’ f 5 + Cw, Cup, Cew,
- WE heees heess L S I Ces, Cuw. Cug, Caw,
i . a1 ’ p ” ) Cag, Cery Cun, 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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SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor
observables, including/excluding quadratic terms

EFT calculation accuracy

For reference:

| total Nr =3 unsuppressed interf.*

general 2499 ~ 46
MFV ~ 108 ~ 30
U(3)° ~ 70 ~ 24

Brivio,Jiang, Trott 1709.06492

* parameters entering H/Z /W resonance-dominated processes, interference only.
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