
Largese 2025 EFT Lectures I

CarXiv : 1903 . 03622)
-TimCohen) explained "Physics is EFT"

One of my main goals is to present a more

mundane version of this statement

"Renormalization is EFT" Brent
Quick review of things RR said :

· EFTs emerge when there is "large separation

of scales" : AIR Aur .
EFTs are "universal"

· EFT is dimensional analysis + Taylor expansions

=> Latagorization "relevant", "Marginal", "irrelevant"

· RR presented "Wilsonian EFT" ; I want

to introduce
you

to "Continuum EFT"

· Visualization of EFT
& relies on

dimresmential
AuFullMor, M way

/l

↓ RG power counting
"

xvm/-2)
Ar(A=2)

- m



EFT involves a dual perturbation theory : L
1) loop (5) expansion

2) E/M expansion

Clearly distinguished at free
,

but

This becomes much more subtle at loop level,

-

EFTS and the SM :

- Exme : Enler-Heisenberg for photons

- EXAQD : Chiral L for light mesons

- ECMW : Fermi theory for quarks and leptons (c)
- EEnew physics * SMEFT (c) Anp r)

HEFT (c) -rp-u)
EFTs w/ Kinematic restrictions ("mode based")
- HQET : MoAQD PXmQ

prme
- URQCD : Ma AQD PEMa En Emuz

PrE

-CET : PRE I P"Colliner,is
Plan : I

. Heavy Particle Decoupling
#

·
EFT Geometry



1

. Heavy Particle Decoupling ↳
"EFT sums IR logs

/ (But RG is about UVlogs ? )
#x:log
- Scaleless integrals vanish in dim

eg (d = 4 - 2)

Notation : (d)= 2= 44cVEu
E =(d)att

Fur + log) + -
FIR

FIrier + log +)+
Env = EIR=>=En) = 0 when

Mav =

MIR -This is theeic
- In general, Scaleless integrals vanish in dim

reg. .
This will be

Critical for the success of the continuum EFT formalism .

(Note we did something truely perverse here :

we had to analytically continue EIR--Er

since Fin Converges for d = 4 + zen :
Weird ... (

Summary : Dim reg maps IR logs to UV

logs - > Can use R6 to resum them !



But RR insisted that there is a hierarchy ↳
paradox ?!?

pologies!

Let us discover the hierarchy problem

using continuum EFT

This requires understanding the notion of

"matching" which requires us to keep track

of finite parts of loop integrals .

· Let's start with a tree-level example.

The UV theory has scalar field &

wI mass m, w/ massA
,

and Lint

"Matching" is simply equating

·
E

(* Modern approach relies on "functional

methods" : integrate out heavy physics in

path integral directly)



Let's be a bit more systematic I
Ex: Lin+= 94+

T

Focus on 4-point :

i =
1 3

⑪ = i+"
2- 14

S
note Stttu = 4m

X => connection to

=> -= d+th)+ ...

fieldreda

=>-(1-3-
What are we doing ? Shrinking heavy line topoint:

-
!
I-

Y
=> local ! etc.



↳
Lowercountsato generates an # of terms

Can we organize
them ?

Assume: Fundamental params
* UV hypothesis !!

* role of

grMpM +xwO(l) 2) symmetry

=> LeftMy"pm
/ only even

powers
due to

Symmetries

eg at 01/m) : 06 , 2294 , 24p2
Truncating to 0(1/2) => computing amplitudes

to accuracy EY2o

=> Power counting determines accuracy of calculation

-

Note : Assuming we are working with mass

eigenstates , integrating out particle

at tree-level only impacts couplings
in EFT. To see hierarchy problem,
need to match at loop level .



-TechnicalAsside on RG Jeff=p
Renormalization Group Equations n = Un (m

anomalous
dimensionIf U = const = Cd = Sidloga y

=> [() = ((m) exp(lol)
When Unm #O -/ utm => operator mixing
Derive equation for Unm :

In part Theory E = 1 + O(20
,

c)

Bare Lagrangian must be [independent Kallan-Symanzin Eg)
0=

Ex : &"+p
O

Tree level 0=
=>-E

Tree level change in dimension of operator w/d * 4

Similarly, I Classical-2d



At one-loop : Zy = Ep ((
,
(j) ↳

↑

i
=> 0 =

ogz (zy((y, (j)
*(i)

-)
Then truncate Ep : 1 and use leading sols ->

=(()-+2
=> Un =m (EC-2) andU

-Practically, one can differentiate fixed order result to get U
,

and then

plug back in to resum

- Solving this equation "resums logs"
- Now we have two simeltaneous expansions :

-Count (GlogX)" differently then a

↑
T Be careful

NLL N"LO about double counting
.

-

Summing logs (no longer careful ol"r" andi)
Ex : 2) - # CG4 is defined at some high scahn

Want to predict pp -99 at h.

2
~ m2 (threshold)



Tree : ( * = - i(y(Mn)
↳

Pl
=> zu=It i

Landon pole:

·=> theory breaks down

A = - ((m)() -32((M. )(logm+
= - (m))-H) log)

*[1-(M) (log)] +...

=

- -(Mn)(1 - ((MH)(log + + ...3
=> Reproduces non-improved result

.



#avyPartideDecopliop
Process ps a Lo

& threshold

Assume m2 M2

First compute NLO process to uncover apparent non-decoupling

+3
=> tFr" =

y
+ cy" (loglog

Any choice of he results in a large log
.

BGEs do not solve the problem :

= =
(no mass scales
Must match onto an EFT at scaleMy
Need IR of EFT to be same as Full they
=> Build EFT

using & w/ mass m2

M7 "Intermediate Matching scale"

i



ZEFT -Y #

Amatan = CAFa-AFi]-CAEFt-tEt] mention on-shell
wof. factors

↓

itrah ==(++)

- ( ++ c) EFT

At tree level ((mm) = y(mm)
One-loop : (y(mm) = n(Mm) - 32((Mm)) log...

This is BC for RGE Within EFT

=E Heavy particle decouple e

No large logs !

Expanding RGE improved couplings reproduces originalA

itpanded-i(MH) +[log + ky)(log +]
+Blog



#HierarchyProblem
is ⑭

-

Zeny7-imp-M494 -92

Zer+ 7-mph-Y

Matching : Amatan = [Afa-AF]-[EFt-tErt
at high scale ~M

Full :_ I~(d)=m + 1 + 1 + 0

EFTI = YeLy
Use 99tg to match at tree-level - iCy = -in

=> - immte = -im +m + 1 -( +] = 0

So I-loop matching gives no contribution. Note same prescription
on both sides of matching

Then in EFT at
M

-
- - - -Y MH-M = Proportional to m2 = no tuning problem !



Now what about the Henry loop? 43

-( + 10 + 1 +0()]
No loop in EFT

=> - immen = Jim (log + 1) - (imz)
·

Take natural M = = Match M

Physical "guadratic divergence"

- Fine tuning at matching scale

- Complain : ____
Not physical ! No thing problem in SM alone

.

But if another physical scale
,

will make quad div physical

Always happens in calculable models of Higgs mass. Need new symmetry !

Read TASI lectures for context

Calso see RR lectures)



theory-lightintegral & the Method of Regions 14
One extremly useful diagnostic for

correctness of matching calculations is to

see that matching corrections (capturing
physics & Aur) are analytic in the limit Art

This example will show how EFT can separate

scales for physical logs log/
and resum them.

Ex :I
Process 99-00 & threshold

Power counting X = M/

Symmetries : Lorentz
, E / pe-gtt-E

e
m IRG

Will use Cy running from



Compute 9G-0G in Full Theory wan IR finite as meo I=> can't have log m

P:
= (m,) + P,

+ Pa = Pat Py
↓

alowe (need mlogm)

t

t-channel =Stepu-Channel

= Zar(sae)) m+-lognt]
=-g()log()) note m invariance

=+logg
dere

Inseb(l
=loglo

Schannel

Fees)(de), tP may TAY

-o+ +(g + 2) + 0(4)]
Another set of diagrams : LPI
=(2r=-)
&



1
=Al7gje=

↑
resum

↑
by running "large log" (technically nevergets

EFT : Separate Scales large due to X2 supress

Match at tree level : Cy = 0

:(5) ---() + 06)=
=> ( = - 10p2

Need
power supressed contribution to quartic

==+ 10+ 1 +09]
= viz-1)7-
-Catch) = Full-EFT

=[log
-(ilog

=- (310gBlos) no logm !



- Note now log absorbed by matching (separate scales 17
- Note non-trivial reshuffling of tree and loop effects.

- Next we run to the low scale.

G
Need to solve this consistent of power counting . Can't have to insertions

of
6

Write Cy = C+ Col superscripts tracking O in X.

(+)=
Zenth ordered E running

of Cy from yesterday

The C term is higher order.

=>

=>)=
I-loop at low scale

=> iA=-i lo



Put it all together 48
it log +2
=lomatching

- RGE

-GlogFinite terms &M They agree
!

= i log2
-

Reduces multi-scale
problem to series of single scale probea

-

· Integrating out a heavy particle leads

to naive expectations from dimensional

analysis : all scales are set by An

· To see physics of EFT requires matching
=> modifies coeffs of local ops => EFT is renormilization

· EFT separates scales and resums potentially

large logs by converting IR divergences

into UV divergences



- Method of Regions: heavy-light integral 49
I = St(e1)

Assume various scalings for I using 1

keep ones that contribute to order of interest.

&All, 1
,

1
, 1) e Its gene

lsA(x,
X

,
X
,
x) =Itmy

Evaluate them

In(e) en =( + 1+)

In=12(e)( + 1+

Is =123(d)
-Tent -(5 +1+ 1)

=lighti+ 1)+-)
Identifyregions w/ DOF ! Soft region => g soft mode



#HeavyQuarl Effective Theory
EgV = (1

,
8) 20

2ad = Q(iD - m) Q

Let pr-mutan or K/mcal
Define

Ur(x) = eimvox Q() Glabels)
Hr(x) = eimvox IQ(

() Q(x) = e
im vor (hu(x) + Hu(x)]

=> 2 = [r(ivoD)hr - Fr (iv . D + 2m) Hu

↑ Fr iDIhr + EriPeHu

~ DF = DM - un /r . D) Yhr = hu

&)Hr = - Ar

Int out Hr =
Hw=D + m

"Phr

=> 23 T (iv . D + iPtzmP) ha

=> Zert> t (ivoD + :D_ /za-prliv : D) +...) 1)



Bottom up : k - X ↳
Symmetry (Reparametrization Invariance)

kn-km + She ne-ul
c) r . Sh =
=> p - p

Mixes orders in 1/m and restricts independent
Wilson coeffs

.

Decouplingaouplings Kohl +Helted

=> Eding-da(gintia) (g+p) + m = ia)
Poles only on one side -> deform contour

to get Zero

# off-diag-Sd (rigmia)(n+p) +>m - in
Either contourE contribution



FunctionalMatching (tree-level) &
(For 1-loop , see e .g. 2011 . 02484)

Integrate out field using equations of motion

"Semiclassical expansion" ;
evaluate action on a

solution to EOM

Sa(q) =S[,] + O(n) /S=
+m+++

Assume gug'-mOWA and X-Y-OC)

Solve itteratively :=
=>=zu

o()
=> To

go
to 0(1/3) subt into FOM

=>
Sub into Lave Left (p)-Imp-y-Y
-(2)(292)+ 0(/m)



FeldRedefinition Invariance of S-Matrix ↳
We can extract S-matrix elements from connected

correlation functions using the LSZ reduction

formula
,

which schematically takes the form

An (STden] Diy,

--- Pinyn [0(X1) ... P(yn)con1z
-o

where Dily
,

are the inverse propagators from x,ty,

We compute the correlation functions from

the path integral :

z[57 = Cog exp (i ,S'(y] + i(d +
= p(x)5(x)

Writing E[J] = expiE(J) we have

(9(x,) ... G(xn))connected
= (i) SWS)

Now
,

lets do a field redef :

p(x) = F(q'()
the new Lagrangian is

2(q) = 2 (F(q,)) = 2 (pt)



The path integral becomes 24
relabeled integration variable

-

z'(5) = (0p'eiS((y)+ +q)(5peiS(2%3) + +g)

We can compare this with the original path int

after making the field redef :

z(5] = (Op//,)e
: S(2'(q) + 5F(q)

The Jacobian 11 = 1 in dim reg (scaleless int)

Relabeling G'- G ,
we have

z[T] = (DgeiS(2'() + 5F(q)

The only difference between E and I' is the

coupling to the source : JF(p) us
. JC

Clearly the connected correlators will not be

the same. However
,

all the S-matrix depends

on are the poles in the correlation functions.

This is what the factors of D extract.

All that is required to determine the

propagator is the interpolating field

formula : <p/p(x) 10) F0 .



As long as we ensure that this condition[
holds for 4 and F

,
then we have

a good interpolating field in both cases.

Setting the wave function renormalization

1to
,

we know <plp(x)(0) = eip +0

So we must restrict ourselves to field

redets of the form 9 = F(q)) = y+ f(q)
O

Then <plF(g') 10) = (p1p110)+YO
= eip . x

+ 0

For this class of field redefs
,

the S-matrix

is unchanged . Specifically, f(p') is a local

analytic expansion in fields and derivatives.

Finally ,
note that field redefinitions can

mix terms at different order in power

counting.

Ex : Let 2=9)
2

· Define F(g) = g+
Show that one still gets a free theory
for'g' - G'g' scattering at tree-level

. (Do this)



-SimplifyingJeff ↳
Two stiadigies

(1) integration by parts
(2) field redefinitions

Ex : Classify all possible terms of the form Eg

Using Gup = rg
:

eng rewrite operator

so each derivative acts on single field.

=> Most general operator is linear combo of

q" BG and pr225pGul

Then pr-2p29 =t+Eng
- -it "" DG +t

=> Only single independent operator for each n.

Ex : Field redefinitions Jaha "using the equations
of motion")

Let 9-p + f(p) and expand in powers of f(q):

z = z(ap)2 - V + z(29)- V - f(g)(by +Vi + 0(f))
z

EOM



Ex : Let's simplify our previous example 27
9 + G + 13

=> Jeff -> Jeff +(D + m+

Taking C => d)m
& efft z09)-[mpp2-p(1-gg)

E

+-Sog]l
We have eliminated the 204 term !

=> All indirect effects from y can be

modeled by modified 94 and" terms

up to O(E412)

This justifies using The Classical EOMs

to rewrite the 1 into a more convenient form.



↳s

-MEFT,
HEFT

,
and EFT Geometry

For simplicity,
we can assume custodial symmetry

=> Su(z) x ull) + Su(z)
, +Sulzir = 0(4)

Custodial sym is only approximate in SM

Explicitly broken by gauging U(I) <SUR2)

and due to fermion mass splittings

EFEscalar sector
.

Let o be fundamental of 0(4) :

= w- underose

10 is 4x4 orthogonal matrix)

Identify H=i
2

SMEFT
= A(HR) 12 HR + = B(1H1n)[2(IH12)] - F((HR) + 0(24)

w/ A
,

B
,

Y are real analytic at origin (H) = 0.

Geometrically , O; are Cartesian coordinates.



#EFT ↳
Goldstones of 0(4)/0(3) - transform

non- linearly
Singlet scalar field h

n = #
, /v

Define i = n2 =mz/vI nz = #3/ C
44 : Fina

Under 014) hth and -> On

↑ (i) E ,
S is 4-component unit vector w/ n - n = 1 ,

The constrained vector in transforms linearly.

The rotations in the 12
,

13
,

and 23 planes

act linearly on (n
,

12 , 43) and leave my

invariant. However
,

if one does
of a 14

rotation (infinitesimal)

Sn = Ony ,
Sn

y
= 0

, Say = 0
, Sny = -Ony

Then the transformation of the unconstrained
-

# fields is ST
,

= OU-FF
,

Stay = 0

=> non-linear
.



&
HEFT = [EChi]" (h) + [[rF(hT"(ric Lo

- v(h) + o(24)
w/ E

,
F

,
U are real analytic about

the physical vacuum h = 0.

Geometrically ,
HEFT is like polar coordinates.

* Ultimately ,
HEFT is description used to

d physical calculations
,

since need to

work in physical vacuum.



Remember EFT requires truncation of3
power counting expansion .

Compare(H) up to dim 6 and UCh) up
to 6 fields

& (H) = -u 2 (HR + X(H)4 + 121H)
V(h) = my + (43 + (44 + 2-45 + 446

Clearly HEFT has larger parameter space

then SMEFT
. HEFT

⑪
If we parametrize BSM searches w/

SMEFT
,

are we potentially missing anything ?

Motivates understanding the relationship
between HEFT and SMEFT

.

Note : preference is to work -I SMEFT

since that is already hard enough
Also much more natural from model building

perspective.



Assume no obstruction to mapping between 2
SMEFT and HEFT :

H=it( and= (ro + h) n

How to determine vo? - Revisit

(Note v Sets gange
boson masses

,
etcc)

Let's write some 0(4) symmetric objects

setting U = ro for simplicity :

IHR = 250g = [(v + h)

16HR = =(6) = = (h) + z(v + h((2)2

(61H) = (5 · 25)2 = (v + h) (4)2
The using this

,
we can write (Exercise)

2
HEFt = [E(n))(2h) += SrF(h))" (2) - UCh) +...

=H
- Y(IHR) + ...

(Notice non-analiticity . )



~FeldRedefinitions and EFT ↳3
An EFT Lagrangian is a local expansion

in terms of fields and derivatives.

We can only make field redefinitions of the

~

form 9
i = piF](p) where F is a

real analytic function of the fields

If has a convergent Taylor expansion
about g = 0

. ) and F(0) = 8%.

This implies that we are working with

a real analytic manifold .

However
, polar coordinates obscure the

analyticity of the origin as we now explain :

Consider a Id manifold R?
. Define polar

coordinates that map all points except the

origin to (r
,

0) w/ line element

ds2 = dr =
+ r

= d02.

Now consider two Cartesian-like Charts

21 -) (X
, , y,

) and G2 / (x2
, /2)



Away from the origin ,
we have invertable 24

and analytic relations X
,

= rcosO, y,
= rcosO.

and Xy = ( + r2) cost
, Yz

= (r + r2) cost

S we can relate them to each other :

x = x, (1++)
12

=

y , (1+)
These are not real analytic at the origin.

This non-analyticity manifests when computing
The components of the metric :

dsz = dr + rid = dx
,

2
+ dy,

*
This is in exact analogy with what can go wrong

when mapping from HEFT - SMEFT

Want to distinguish this "unphysical" non-analyticity
from "physical" ones . A tool to do this

is to look for physical singularities on

The manifold using curvature invariants.



For example, take ds2 = dr + T(r) do ↳
then we can compute the Ricci scalar

R(r)=
For the flat space case

,
T = r2

,
and we have

R = 0 => no physical singularities
If we had e . g. T= r => D(r) = Yrz = B(0) -> w

,

so this case has a physical obstruction

-theorigin to our EFT
,

take the following example

Claim (Exercise)

&= (1+(GH++ ) z ((((/2)2

but sending hth= h + ih2
- Y

=> Ih
,

= Ih,
12 - Th

Field redefs ofh can completely obscure

the analytic properties in terms of He



#ElectroweahSymmetryRestoration ↳6

How do we identify the point on the

field space manifold where EW Symmetry
is restored ? AIM showed that this

corresponds to identifying an "OC4) invariant

fixed point" on the manifold. This is

a pointTo where 0 = Zero where

O is an 0(4) transformation . Clearly

if a linear rep
exists st

. & -0%
Then E = zero is such a fixed point.

To show the converse is true
,

assume

that a set of coordinates exist

that transform under O(4) that contains

an OC4) invariant fixed point. Then

the Coleman
,

Wess
,

Zumino"Linearization

Lerma" tells us that a set of coordinates

exist in the neighborhood of the fixed

point that transform linearly under 0(4).



↳7

So now we know that the existence of an

O(4) invariant point on the manifold implies
that we can write the coordinates in

a linear representation (a necissary
condition to have SMEFT)· How

do we identify such a point from

& HEFT = DUR + EU2FIP/2) + 0(4) sym terms

Note thatIn is only invariant under

O (3) transformations .

So we are looking
for a pointhy such that F(hx) = 0.

Then we can identify Ux = - v.

This allows us to find a possible
SMEFT point within the HEFT framework

.



FieldSPGeometrinates (fields) p
:

↳s

Under a coordinate Change (aha a field

redefinition without derivatives)

& = pi(g) then Gup transforms as

G = (t) Gupt due to the chain le a

Check this le .

g
. for polynomial field redefs)

Similarly ,
a tensor transforms according

to its index structure. E
. g.

Fi _ (i)(e and Fi =(
Infinitesmal line element in field space is

d = Gij(9) dpidgi
We call bij(9) The field space metric

The metric has the following properties :

· Transforms as a 2-tensor

· Symmetric : Gij = Eji
· Non-singular : No row or column can be

The Zero Vector.



Write a generic I derivative Scalar field 29

Lagrangian in the form

2 = Gij(q) Ungarpi
Kim

Gij is symmetric-

Gij is non-singular since there must be a

non-zero Kinetic term for each scalar field,

bij transforms as a 2-tensor ?

Under a transformation - g(q)

Then Zuin =ij(q)
(5)

So it transforms as a tensor-

and Yuin = Zuin1p+
-

6 - 6



What about derivatives of scalar functions (e.gr)(0

v(g) + v(q)

EternalY not tensor

W

=
=> Need to covariantize

Introduce Christoffel symbols
Ni = Gil (bj Gar + hube;

- Webin)
Then covariant derivative V, acts on

V as

TiV =V
, DitjV=-



Geometric in HEFT
,

write

4

&
HEFT= (2) + &[WF(h)](gi + ) (ni)(i)

w/n = (n
,, nz , nz,in?)

Then we identify the components of the metric :

Ihn =
2

Initi = O ghn = Yeh

&it
= F2(Sij- I gij = (Sij-j)

Turn the GR cranh ... (Show this)

=> Ricci scalar curvature

R = 6 (n + ( + ) w/ are sectional curvatures

Ring-guagin,
In , Rimini

;

= (giegu-gijgue) K
+

=--] , (=/1-E]
82 = (2)2V + 3)v



Geometrizing Amplitudeis 42

Ta
,
...mid...Br =:T, ...

Ta
,
...nip...But, ...

m

E
.g . Ta

,
...mi

= Ta
,
...mis..p...m

↓

replace <: with &

Taylor expand metric and potential about vacuum

2= .. (p)(9)...

-, V,
... Un Q4 ... per

Note Va = Jagm bar denotes evaluated)( at vacuum

Feynman rules

-p=
2

, ↳2 omit

· ↳

:iP



High energy Goldstone/Higgs Scattering ↳3

ππ-hh

+
=> M = - Sin + O(g"

,

+ /s) Companyare
ITETIT

M
=> M = Sig + o(gt, +/s)

Manifestly invariant under field redefs !

A useful trick to compute amplitudes is

to do a field redefinition to normal

coordinates at the vacuum .
This implies

that the metric is flat at this point
on the Manifold

, so- 2
. Additionally,

the derivative of the metric vanishes

=> 3-pt vertex with derivative couplings
vanishes.



44

-CriteriaforSMEFa criterion for SMEFT

that is robust against field redefinition

ambiguities ? Clearly we should try to

frame the question in terms of field

space geometry.
We already have one necissary condition,

which is there must exist an OC4) fixed

point on the field space
manifold ha

Here we want to understand if a

SMEFT expansion exists at that point

Canalytic expression in "Cartesian coordinates")
The logic of the argument is as follows :

1) Write the most general SMEFT Cup

to 2-derivative order)

2)Canonically normalize the h Kinetic

term . This fixes the choice of field

basis
.



3) Rephrase the basis specific criteria (5
in terms of curvature invariants

,
so

that the criteria can be applied

#In anybassent
when we map

from SMEFT

to HEFT :

& SMEFT
= AlGHR + [B(21H12)" - To

=(A + (v + h)-B) (6h)" + z(v + h)A(2n)- V

=> I= - WF = (r +h)

where A
,

B,Y are real analytic functions of

IHR = (r + h) 2
,

A(0) = 0 and U1(r4) = 0

This Lagrangian has the following properties
1) F(ux = -r) = 0

,
V(h = 0) = 0

2) [(he)
,

F(ha)
,

Uche) are real analytic
functions of h

3) Expanding about h = he
,
#V are

even and F is odd in (h-hx) = (v + h)
Also

, A(0) = 1 => #(h+) = vF
+

(h) = 1 .



Note that condition (3) is not field 16
redefinition invariant. So this set of

criterion are necissary but not sufficient

to guarantee that SMEFT exists.

2) We want to fully fix the HEFT basis.

A natural choice is to canonically normalize

The Kinetic term .
Let

v
, + h

,
= Q(u + h) =f E(t) = dh

,
= Edh

Claim that this fully fixes the freedom

to redefine the fields hon
,

see

"Is SMEFT Enough" Sec 4 .
1

.

2 for argument-

The HEFT Lagrangian in this basis is

2
Her= (2h) 2

+ I (rF(h)2(65) - V(h) +...

3) To geometrize these basis dependent
Statements

,
we use the map

F(24) (hx) = 0 WheN

3=S
F(ht) = 0

v'F(ha) = 1 ↑MJm
,

... Dr Dan Flux Knew

((24+ 1)(h + ) = 0 WheN D,

... Dr Dan Un Fue



See Appendix B of "Is SMEFT Enough ?
"

for27

derivation ,

This motivates the approximate "Leading Order

Criteria" for the existence of SMEFT :

a) F(h) has a zero at some he

b) E
,

F
,

andI have convergent Taylor

expansions about ha

2) The scalar curvature R is finite at x



Whenis HEFT Required? 1s
Let's explore what can cause the criteria

RIne (d to fail .

Ex : Integrate out Scalar singlet at tree-level

The UV model is

Zuv : 16H + 1 (25)
2

- V

w/ V= -

MY (HR + X
+ (H)" + +(m + (2(11) ,

S + + 1
,3

,
94

Integrate out using
its EOMs

The Effective 2 is then (Check this

&
Eff

= /GHR-Cm2H) (21H12)2

+METHR - X
+

/H1" + i
,

(m2 + 12(H(2)2

NoteThis is not an EFT since it contains

all orders in H
. EFT requires truncation.

Next
, express this in terms of hand n to find

E(1)=)
/

WF = rth

V = -(v+ 4)2 + +x(v + h)" - y(2m2+ ((u + 4) -



From here we can derive 49
R=EnE)+hi (1-2) +WaF - Yo

F = 0

= 3(222((w+ 1)2( -2x2) - 16m2xis
↑G(r + h)2( - 2xy) - 4m2x,s)2

Let's check all the criteria :

Clearly F(hx-w) = 0
,

and there are no obstructions

to Taylor expanding any terms about he

Then we can evaluate R(h)=
is finite .

So we can expand Jeff in I to find

&
smEFT

= 12HR +MIHR-XHl +y(mi + 12/HR)
-

-(2) + din 8

What about the UV theory with m2 = 0 ?

h = rWe have Runeo-s(r++
-> *

So the Criteria fails and HEFT is

required ! See "Is SMEFT Enough ?
"

for more

examples (loop level , fermions
,

... )
.



PhysicalInterpretationof HEFT to

We have learned that there are essentially
two ways HEFT can fail :

1) The field space manifold does not contain

an 0(4) invariant fixed point .

This

has the physical interpretation that there

is an additional source of EW symmetry

breaking that does not
go

to zero when

the Higgs ver vanishes.

2) The fixed point exists but the curvature

(or its covariant derivatives) diverges at the

fixed point .
This has the interpretation

that we have integrated out a particle
that gets all of its mass from the Higgs-

Therefore
,

there is a BSM massless state

at the O(4) fixed point and SMEFT

does not have all the necissary dofs.



The lesson is an intuitive one : SMEFT fails
if the BSM physics is "non-decoupling".
then it is not possible to match onto SMEFT,

and one must match onto HEFT.

In fact
, we showed that these arguments

can be used to show that HEFT violates

perturbative unitarity at a scale OCTV)

when the EFT is modeling a BSM State

that gets all (or most) of its mass from U.

(See "Unitarity violation and the Geo of HEFT")

FracticleCriterion for HEFT

One should match onto HEFT when integrating
out a state whose mass is near or below

the weak scale.

The point is that while SMEFT may
exist,

the expansion might converge so Slowley
that it is not practically useful .

See Sec 8 of "Is SMEFT Enough ?

"



↳
tooshould

we organize indirect searches

for BSM physics ?

· If we want to use EFT
, we

have to

decide if we want to assume that the

new physics is of the "decoupling" type
or not, ie

,
Should we use SMEFT ?

Then it is natural to ask if there are

any "non-decoupling" UV completions tat

are consistent with the data
.

We studied

this (w/Ian Banta) and named these

types of new particles"loryos .

" Some
param space is

still viable !

· We can also try to organize searches

in a more bottom
up approach · This

is the idea of "primaries".

· My personal view is that the only thing

that matters is to not miss the signs
of new physics!
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