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For SMEFT searches at LHC:

SMEFT = most general theory with
- SM particle content (h part of a Higgs doublet)
- SU(B)xSU(2)xU(1) gauged global symmetry
- (possibly) any other global symmetry you wish to impose, eg, B, L

- obviously: Lorentz, locality, unitarity

Usually defined in terms of Lagrangian: L = 2 Ci@i(qbl, oo an)
]

unknown



For SMEFT searches at LHC:

SMEFT = most general theory with
- SM particle content (h part of a Higgs doublet)
- SU(B)xSU(2)xU(1) gauged global symmetry
- (possibly) any other global symmetry you wish to impose, eg, B, L

- obviously: Lorentz, locality, unitarity

these also determine most general consistent amplitudes



Lorentz + internal symmetry determine 3-pts

—> factorizable parts of 4-pt amplitudes

Lorentz + internal symmetry determine
pole-free CONTACT TERMS (CTs)

etc






And in fact: with amplitudes

SMEFT = most general theory with

- SM particle content (h part of a Higgs doublet) :

ged global symmetry consistent amplitudes

global symmetry (Lorentz + internal)

- SUEB)xSU2)xU(1) gay

- (possibly) any oth'}r global symmetry you wish to :

- obviously: Lorentz, locality, unitarity not surprising: amplitudes see only

| physical dof’s: no field redefinitions |



bootstrapping amplitudes:

* Lorentz rich beautiful & very diverse program

» global internal symmetries

* Locality starting with Bern Dixon Kosower ~90’s
» Unitarity

now widely used for EFT applications too



EFT applications partial list!

YS Weiss ’18

o count (& construct ) bases of EFT operators Ma Shu Xiao 19
Remmen Rodd 19

Aoude Machado 19

Durieux Kitahara YS Weiss ’19

Li Ren Shu Xiao Yu Zheng ’20

Durieux Machado ’20

De Angelis Accettulli-Huber '21

De Angelis 22

O selection rules:

Cheung Shen '15

* zeros in anomalous dimension matrix Bern Parra-Martinez Sawyer ‘20

* non interference of SM x EFT amplitudes
Azatov Contino Machado Riva ‘16



o Computing anomalous dimensions of EFT operators

Barratella Fernandez von Harling Pomarol ’20
Bern Parra-Martinez Sawyer 20

Jiang Ma Shu ’20

De Angelis Accettulli-Huber °21

o Matching to UV models

De Angelis Durieux 23
Dong Li Ma Shu Zhou ‘25

O Estimating truncation uncertainties

Chang Luty Ma Montagno Wulzer ‘25

See talk tomorrow

o POSITIVITY
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l formulate EFT in terms of amplitudes

OCZ direct mapping amplitudes <—> observables
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amplitude

l formulate EFT in terms of amplitudes
OCZ direct mapping amplitudes <—> observables
l EFT searches:

- deviations from SM

amplitude > LHC

- looking for novel structures:
different energy growth (most obvious)
different angular distributions

with amplitude formulation of EFT:
see the new structures explicitly



This talk: focus on STRUCTURE of massive/massless (physical) EFT amplitudes

- Lorentz structure (kinematics)



[ note: the structure of SfEFT — Z Ci@i(¢1, ceos ébn) Is likely sparse:

l

Imagine a UV model that generates the full dim-6 SMEFT with comparable Wilson coefficients,

(and the full dim-8 SMEFT with uniformly suppressed WCs): barogue and fine-tuned

Sensible UV-models are likely to give a subset of dim-6 op’s, a subset of dim-8 op’s, with some dim-8

op’s larger than some/many dim-6 operators ]



Outline

amplitude basics

amplitude construction of EFT bases
bottom-up construction: HEFT
on-shell Higgsing: low-E SMEFT

A Higgs-spurion expansion for SMEFT amplitudes



Lorentz structure ( Little Group )



Lorentz structure (& Little Group)

amplitude is function of momenta, polarizations (s = 1/2, s = 1)

n  p, u(p,) | €(p,)

LG carry
iInvariant LG charge



writing amplitudes: spinor variables:

all can be written in terms of massless 2-component spinors:

u,(p) =pl] or u_(p)=p)

i, (p)=I[p a(p)=(p

—> unified description of amplitudes of different spins

massless-massive relations (Higg mechanism) & relation to Lorentz made transparent

Little group covariant massive spinors of Arkani-Hamed Huang Huang ‘17



massless external leg n :

momentum p, = p [(p, = nl(n

+ helicity fermion

- helicity fermion

+ helicity vector

- helicity vector

)y

nyn)

nlnj



massive external legn :  write momentum in terms of 2 massless vectors
B =2

each can be written in terms of massless spinors nl](nl



massive external legn :  write momentum in terms of 2 massless vectors

Pu=Py +Pi

fermion polarization n' = n]' or n)

vector polarization n)n)’}

3 polarizations of massive vector



massive external legn :  write momentum in terms of 2 massless vectors

Pu=Py +Pi

T n fermion polarization ny = n]' or n)l

vector polarization n)n)’}

3 polarizations of massive vector

choice of direction — choice of spin axis



massive external legn :  write momentum in terms of 2 massless vectors

Pu=Py +Pi

fermion polarization n' = n]' or n)

vector polarization n)n)’ = 1)) 1)

bolded spinors:
LG indices
are symmetrized

Arkani-Hamed Huang Huang ‘17



amplitude = function of:

Lorentz invariants: Sii = (p; + pj)2

Spinor products: (ij), [ij], or (1)), [1j]

amplitudes carries LG charge

U(1) massless / SU(2) massive

—> selection rules on allowed (spinor) structures



massless-massive amplitude relations

high-energy limit:
p=p="+p= =k+tgq

HE: k= O() ( ~ p) g = O(m*/E)

eg, only p]l=1 ~ p| survives; p]l=2 = ¢g| subleading

—> HE limit: simply unbold spinor structures

massless <—> massive amplitudes : bolding <—> unbolding



SUB)xSU2)xU(1) / SUB)x U(1) em STRUCTURE



SUB)xSU@)xU(1) / SUEB)xU(1)em

amplitude: function of external leg charges/internal indices

n in, q, SMEFT massless amplitudes: external leg is in well-defined rep of SU(2)xU(1)
Higgs = doublet

low-E massive amplitudes: only U(1)em charge
from high-E SMEFT amplitudes

(or HEFT: h=singlet)



amplitude construction of EFT bases

LE HEFT amplitudes

LE SMEFT amplitudes



amplitude construction of EFT bases

input: massive (and/or massless) particles, global symmetries

 most general 3-points (renormalizable + higher-dim): consistent with symmetries: Lorentz—LG +
internal

* higher-point contact terms: consistent with symmetries: Lorentz—LG + internal, manifestly local in
kinematic variables (pole free)



contact-terms: kinematics |
YS Weiss ‘18

Durieux Kitahara YS Weiss; Durieux Machado 19
Durieux Kitahara Machado YS Weiss '20

A# A?

local: no poles



spinor products
no Mandelstam invariants
carries polarization information
—> LG charge



polynomial in Lorentz

iInvariants S
“stripped (S:S;act o subject to kinematical constraints,
_ 2
CT stripped of all Lorentz invariants €9, S12 T S13 T 823 = Z a

derivative expansion



recall:

The EFT Is an expansion In;

fields: /A ..

derivatives: d/ A

+ Low-energy SMEFT:  (H)/A «x v/A



recall:

The EFT Is an expansion In;

fields: /A .. —> external legs

derivatives: d/ A —> p/A

+ Low-energy SMEFT:  (H)/A «x v/A



SCT: polynomial in Lorentz

Invariants Slj

depends on external legs: derivative expansion

field expansion



[]<>P(i)
I\ A?

SCT polynomial in Lorentz

invariants s;;

1. Find SCT basis

2. MUIt|p|y SCT by p0|yn0m|a| of invariants for S=O,1/2,1 relevant for SM-EFTs:
3. Make sure no redundancies re-introduced

m=0 generic SCTs & CTs Duriegx Machado 19

full list of 4-pt massive SCTs
Durieux Kitahara Machado YS Weiss 20



+ internal (non-spacetime) symmetry:.

amplitude =Z (group theory structure) (kinematic structure)

(anti)symmetrize over (fermion) boson external legs



example: higgs + 3 gluons: YS Weiss ‘18

M (h;g®" (p1) g"" (p2) 9°F (p3)) = w

hgg
C13

4
.M~ ggC C7 C11
abc S$ 5
f ( — 4 + — + — (512523 + S13S523 + S12513) + 312313523)

AS
» factorizable + EFT (most general) _ ' (512 — 513) (S12 — S23) (813 — 323)}

512513523 A? A

* full kKinematic behavior of amplitude

* by-product: counting & classifying basis of EFT operators

[also hh —>gg, Z—>ggd]



example: higgs + 3 gluons: YS Weiss ‘18

P2

* factorizable + EFT (most g bottom up construction; input: physical particles

SU(3)xU(1)
higgs = gauge singlet

» full kinematic behavior of &

gives HEFT amplitudes

* by-product: counting & Cle

[also hh —>gg, Z—>ggd]



What about (low-energy) SMEFT amplitudes?

use on-shell Higgsing




construct massless amplitudes of unbroken theory & “Higgs” them to get massive LE SMEFT amplitudes

Balkin Durieux Kitahara YS Weiss ‘21

massless &/ impose full SU(3)xSU(2)xU(1)

l

derive massive

EFT: new fields A #sqesenmmm

(contact term part only)



some HEFT results



4-pt HEFT contact-terms: Liu Ma YS Waterbury ’23

[Dong Ma Shu Zhou ’22: HEFT operators]

. derived full HEFT CT basis with E?, E°, E* growth

 corresponding to d < 8 HEFT operators

* clear identification of operator dimension from dim-analysis:

factors of p]p) (external massive vector) — plp)/M

any extra powers of £ compensated by powers of A

—> read off dimension of operator  (n-pt ampl is d=4-n)



4-pt HEFT contact-terms: Liu Ma YS Waterbury 23

E/M terms in amplitudes; reflect non-locality (HEFT is sick”)

vs SMEFT where bad HE behavior must cancel

(w/ amplitudes easy to see: gauge invariance <—> perturbative unitarity)



SCT bases may or may not be exhausted in different HEFT 4pt’s:

eq:

Zhhh: one at dim-7: 512[121) + §13[131) + 514[141)

e Re R IR [ BRI (512 — 513) (512 — 514) (813 — 514)([1231] — (1231))

/Z/Zhh: SCT basis exhausted at dim-8: 131)[232) + [141)[242), 5,2[12](12)
S12[12]%; PF

1(3 —4)2)° + (1(3 — 4)2]°



Full set of HEFT E°, E* terms

HEFT; naive SMEFT dim’s

417 WW-2zZ
0000 : 12][34](12)(34), [13][24](13)(24) + (3 < 4)

+ 400 : 12]2[34](34); PF
L0+0:  {[12][34][13](24), [14][23][13](24)} + (3 > 4); (1 ¢ 2); PF
00 + + : 34]2[12](12); PF
+—00: 13][14](23)(24); PF
+0—0: {112]]14/(23)(34) + (3 <> 4),(1 <> 2)}; PF
00 + — : 13][23](14)(24) + (3 < 4)

+ 4+ 4 ([12]2[34]2, [13]2[24]? (3H4)} PF

T TR 12]2(34)*

—h—+ 14]2(23)2 + (3 < 4) PF

# of indep
structures/couplings

~ o

~ o ~» o ~» o ~» o ~» o

~ o ~ o
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A~ o~~~ o~~~ —~ —
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=z !
O,

At order E° several new vvvv SCTs become independent in the (+000), (+ + -+0),
(+1+ —0) helicity categories.

Ma Liu YS Waterbury 2301.11349
useful to classify by

“helicity category”

 helicities of unbolded SCTH do new SCTs appear at higher dim’s and where

| (leading HE amplitude)



results: mapping of all possible kinematic structures in 2 to 2 amplitudes:

completely model-independent

A* A% A?

experiment:

| scattering angle §

{+ polarization

—> decay
angles




results: mapping of all possible kinematic structures in 2 to 2 amplitudes:

completely model-independent

ﬁ=[°°]'°<°°> , L,L

i scattering |

experiment: angle

| scattering angle

{+ polarization

—> decay
angles

? construct observables to isolate |

tnovel structures not appearing in SM{



Note:

In a given amplitude: number of SCTs is finite

For a massless amplitude: number = 1

112][13][23]
A

4 hgg
fa,bc ( . m= gs Cs C7 C11 C13 )

M (75 °F (p1) g°F (p2) 9 (p3)) =

+ — + — (812523 + 13523 + S12513) + —— S12513523
512513523 A2 AP ( A"

C/
+ Jabe ﬁ (512 — 513) (S12 — S23) (S13 — 823)}




for a massive amplitude: number determined by spins of external legs

product of massive LG (SU(2)) irreps

eg, generic vector-vector-fermion-fermion: [derived for all 4-pts spins 0,1/2,1]

Durieux Kitahara Machado YS Weiss 2008.09652

spins  nscT ns  hel. cat. spinor structures Nperm Mmin{dop }

voff 46 — 38 36 (00++) (12) x {[12][34], [13][24]}
(00+-) (14)(231][23], (24)(132][13]
(0—++) (12)[34](241] — (12)[34]({241]/m1 — (142]/m2)
(0+++) (132] x {[12][34], [13][24]}
(0++-) (14)[12][23]

(+++-) (12]%[314)

(++++) [12] x {[12][34], [13][24]}

(—+++) (1231)[23][24] — ¢

(++——) (12]2%(34)

(+——-+) (14][132)(23) — [14][132)(23) — [24][231)(13)

also Chang Chen Liu Luty '22

0 ~J © J 00 O J J O Ot

Chang et al ’23


https://arxiv.org/abs/2008.09652

results: mapping of all possible kinematic structures in 2 to 2 amplitudes:

completely model-independent

[]<> Ry {
Y P(F’F)

—SsCcF— @ —

scattering .
scattering
angle angle
and J

decay angles

Theory: different SCTs typically from integrating out different UV fields
(with derivative expansion given by polynomial in invariants)

reasonable UV models are likely sparse in SCT space at given dim



SMEFT amplitude bases
@ low-energy

1. derive amplitudes of massless SU(3)xSU2)xU(1) theory

as above

2. (on-shell) Higgs to get massive amplitudes




on-shell Higgsing

Balkin Durieux Kitahara YS Weiss 21

main focus here: contact-term part: Liu Ma Waterbury YS ’23
starting with contact-terms of massless SMEFT Golberg Liu YS 24

how do we get the massive LE contact terms?



Construct massless SMEFT amplitudes (unbroken theory)

with some # of extra Higgs legs

take soft Higgs limit H(g;) ¢, — 0



massless legs —> massive legs

n-pt amplitude (n+1)-pt amplitude
with external with external Higgses n, (n+1):
vector n

n-pt amplitude
with external
massive vector n




n-pt amplitude (n+1)-pt amplitude
with external with external Higgses n, (n+1):
vector n

n-pt amplitude
with external
massive vector n

gauge 3-pt amplitude
(universal)



1 1 k
2 2 , n-pt amplitude
f koo T . T . with external
k] | k] “\ massive vector n
n — 1 n — 1 q — 0 n—1

. = - , = - L= = = . = - ) =
A —Teas g m - PTIREY V. SO PR - e BT T B PTTN VX, SR P S D O O B N BT 8 B - PTOR Y X R~ N o P ®

massless spinor structure gets bolded k]k|] — p]p] ;

|

By - . . : PR s i, e o - P . B <.~ -~ o i - - - . S PN o iT - - o . . Shas
s A4 = A 12l v Ty 7. ® A Te - - 2 2 CEge e B - B A o e - b - s X1 SIS &7 - R A - _ e 'y _$
= 54 $1 - - . = = A 4 = - . — - 2 2 = ' ¥ —



+ corrections to Wilson coefficients:




VV pair production from dim=8 SMEFT: V=W, Z, v, g

Goldberg Liu YS 2407.07945

all low-energy (massive & massless) 4-pt CTs generated by dim-8 SMEFT

VV - VV ff = VV .. (massless fermions)

- dim-8 is leading effect (dim-6 SMEFT merely corrects SM-3pts; easy to see from amplitudes)
» sensitivity to anomalous Higgs self couplings

» up/down quark SU(2) relations broken:

eg: uuWtrW=, ddW*W nhave different Wilson coefficients  first happens at dim-8



VV pair production from dim=8 SMEFT: V=W, Z, y, g

Goldberg Liu YS 2407.07945
+ differences between HEFT and dim-8 SMEFT:

 number of independent couplings: eg, for 4W: 21 in HEFT, 13 in SMEFT

 some structures are not generated in the dim-8 SMEFT due to SU(2)xU(1)
only one VVVV: WWIW-Ww~:  [12](12)[34]

more “missing” entries in ffVV:

FEFWHW ™ and fef'WZ

Structure/Amplitude | UDUW*TW~ | DDWTW— UDW~Z DUW*Z
Vovte |womas |
TN AN A N
T N N R
fefZ(v/g) and fCf'W*(v/g)
Structure UUZ(v/g) | DDZ(~/g) | UDW~(v/g) | DUW™(v/g)

wgRguo-2y | v | v | -
34]2[2(3 — 4)1) Y R

Table 2. Missing kinematic structures in the dimension-8 SMEFT f¢fW*W ™ and f¢f'W*Z

amplitudes. A v/ means a structure is generated at dimension-8 for the given amplitude, while —
means it is not.




recall:

The EFT Is an expansion In;

fields: /A ..

derivatives: d/ A

+ Low-energy SMEFT:  (H)/A «x v/A e



The Spurion Massive EFT (SMEFT)

Julian Northey, YS, Yotam

Soreq, Daiki Ueda 2604 .xxxx



Higgs-spurion analysis of SMEFT amplitudes

Spurion analysis:

Symmetries are useful organizing principles even when broken: observables can be written in terms of
symmetry breaking parameter (spurion) —> structure dictated by symmetry

SMEFT: defined by

SU(B)xSU(2)xU(1) symmetry

(H)

+ symmetry-breaking spurion S 7
A

X

v
A\



A spurion analysis of SMEFT amplitudes:

unbroken SMEFT CTs

broken SMEFT CTs
(via spurion analysis)

massive amplitudes:
1st step: fermion-fermion-vector:
W, Z couplings to fermions



w(p;) . Hi(py) k

w(py) j° H(p,) 1

external legs: SU(2) doublets: 6 SU(2) irreps

(CFF!HH )ijk! - CFFllﬁﬁj#k! + CFF!Z(" a)ij(" a)k! T CI%F!3(" a)ij#k!

+ e SN O+ Resf O+ e () (O




w(p;) . Hi(py) k

w(py) J H(p,) 1
external legs: SU(2) doublets: 6 SU(2) irreps

(CrFiHH )ijk! = CFF!1#.j#k! + Crri2 (° a)ij(" M |

e S (O + e BT+ e () (O

H'c"H
(H o >E/1a

Each coefficient: from some combination of Higgs VEVs: eq, A2 e



w(p;) \ s H'(py k

w(py) j° H(p,) 1

external legs: SU(2) doublets: 6 SU(2) irreps

(CeE'HH )ijk! = Crp! 1#j#i<! + Cera (M 9), (" N + Brig (" a)ij#k! |
+ G, S %), J( Ve t CReist ( Ve + g (" i (" i -




6 6
CFFl—C|(:|):1, CFFZ—C|(:|):2,

(8) a (8) a (8) a

C|:|:'3 Cera'hy Gra = Crralfs CRps = Grpis! i

Each coefficient here sums all singlet combinations

origin of spurion expansion: w(p,) i

additional soft Higgs legs

w(py) j 7

H(p,) [



Find low-E massive amplitudes:

w(p;) \ H(p;y) = G(ps)

wpy j 7
H(py) — h(py)

match longitudinal polarization

w(p;) \

Wa Z(p3)

w(py) j 7



w(p;) \ H'(p;) = G(py)

w(p) 1 ; G(ps)

w(p,) j° w(py) J ‘ h(py)

. H(py) — h(py)

match longitudinal polarization

w(p;) \

Wa Z(p3)

w(py) j 7

| "1 | |
(Cér)i' = ' & E(I il ! FQr"! "er
!! 1]
) @ V°
2

2
T8 57 GF2T G




Full SU(2) textures of couplings (up vs down, lepton vs neutrino)
saturated at dim-8 SMEFT

These results reproduce GeoSMEFT results for 3pts

easy to generalize to higher pt amplitudes Helset Martin Trott 20

+ similarly derive physical W, Z masses, mixing



to conclude:
amplitude formulations of EFTs;:
o model-independent parametrization of possible new effects
o directly in terms of physical observables: energy, scattering angles, decay angles

o formulations of SMEFT, HEFT @ low-E, simple counting of dimensions

0 amenable to Higgs-spurion analysis —> sum v/ALambda expansion

Thank you!



Thank you!



gauge symmetry is an output rather than an input
consistent interactions of spin-1 particles
in particular: Lie groups standard QFT textbook example (Schwartz) Seirireses CaclEms HE
from
1. 3-points —> group structure consts

2. factorization of 4-pts on 3-pts —> Jacobi identity



also for non-zero mass: Durieux Kitahara YS Weiss ’19
Liu Yin ‘22

what are the most general interactions of spin-1 particles?

cree ((12)[23](31)+[12](23)[31] + perm)/M2 + O(mass-splittings)

Lorentz completely antisymmetric
+C%c (12)(23)(31)/A* + C2P¢ [12][23][31]/A”

—> (4abc  completely antisymmetric
Lie group structure constants

not surprising: gauge symmetry broken by mass terms — restored at high-E

reintroduce via: Wﬂ > : 6MU U1 UWMU_1
g

(field redefinition; gauge symmetry = redundancy of description)



HEFT CT bases inventory

(more results on operators via on-shell)

¥ all HEFT 3-points (+matching to SMEFT) Durieux Kitahara YS Weiss O19

¥ [all generic 3-points for spins up to 3]

¥ all generic 4-pt SCTs for spins 0, 1/2, 1 ] Durieux Kitahara Machado YS WeissO20

¥ HEFT 4-points: hggg, Zggg, ! Vh, WWhh Shadmi et al O18Durieux et al O19Balkin et al 021
+ some full amplitudes (factorizable + contact terms): ! Wh, ! Zh, WWhh

¥ 5V (4W+Z etc) De Angelis 021

¥ Higgs, top 4pts in terms of momenta+polarizations Chang et al 022023

¥ all HEFT 4pts up to d=8 4— Liu Ma YS Waterbury 023



1. generating mass: external leg

. light-ikek —> p=k+q; (k+ q)> = m?
* nonzero spin: massless polarization —> massive polarization

(n+1)-pt amplitude

n-ptamplitude o ternal Higgses n, (n+1):

with external

vector n (k + Q)z =m* — 0




(n+1)-pt amplitude

n-pt amplitude with external Higgses n, (n+1):

with external

vector n (k T q)2 — m2 =~ 0

n-pt amplitude
with external
massive vector n




n-pt amplitude
with external
massive vector n

soft Higgs leg supplies
second lightlike
momentum to form
massive momentum

p=k+g




n-pt amplitude
with external
massive vector n

soft Higgs leg supplies
second lightlike

e momentum to form
symmetrization over LG indices: exchanging k, g in Higgs legs massive momentum

Pp=k+gq



1 1 k
2 2 , n-pt amplitude
f koo T . T . with external
k] | k] “\ massive vector n
n — 1 n — 1 q — 0 n—1

. = - , = - L= = = . = - ) =
A —Teas g m - PTIREY V. SO PR - e BT T B PTTN VX, SR P S D O O B N BT 8 B - PTOR Y X R~ N o P ®

massless spinor structure gets bolded k]k|] — p]p] ;

|

By - . . : PR s i, e o - P . B <.~ -~ o i - - - . S PN o iT - - o . . Shas
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M (W W hh) C®0yn "12412], CEE, - (12)2 (12) =[12] or (12)
M (ZZhh C29,, "12#12], C%  (12)?
I\/I((gghh)) zen LA 2 Soz, (12 bold: massive particle

M (!! hh)

(’s: Wilson coefficients

most suppressed by A?

f;gho 113] 23# ;f;g 13#23] , C22 (13)(23) (amplitude dim-less)
CifTn (13)(23)
Cgagn (13)(23)

“(12)(34), Cyyy ™" "12#34], Cyyyy’ *"13#24], Cyry” * "14423]
T 9(13)(24), Cn Y [12]"344, CLL T [13]"244 CL T [14]"23#

Ma Liu YS Waterbury 2301.11349



Massive amplitudes| ... E" contact terms
M (Wwhh) Cowen"12412], Cigmn (12)°

nAg N1 N1 —~

N A R 00 , \ 2

Cirwy [13]'23%, Cld, "13#23] , Cigy (13)(23)
M (f ¢fZh) Ct 2 [13]"23#, C..o "13#23] , Ci51 (13)(23)

Ciitn (13)(23)
CE* (13)(23)

M (f °ff °f) Ciirr . (12)(34), Cyyy ™ "12#34], Cyyy ""13#24], Cyyri” "14#23]
S [12]"344 CL Y [13]"244# C T [14]"23#

Ma Liu YS Waterbury 2301.11349




[12]* or (12)* — HEFT: 1/A> SMEFT: 1/A?

Co0 st — HEFT: 1/M*> SMEFT: 1/A2

SMEFT: this term required to cancel EA2/MA2 of low-E factorizable amplitude:

C¥whh = Cwwrn * Cwwnn
| |
not an independent Wilson coeff; 32 A2 independent Wilson coeff;

determined by 3-pts (bottom-up) from dim-6 SMEFT



[12]* or (12)* — HEFT: 1/A> SMEFT: 1/A?

Co0 st — HEFT: 1/M*> SMEFT: 1/A2

SMEFT: this term required to cancel EA2/MA2 of low-E factorizable amplitude:

HEFT: N/A

Civwhn = C\(/)\?\’/t/arfh T C\c/)\?\’ﬂh W’MWIM h2
N 1 . =
IN principle : 72 E but no real distinction between M ~ v ~ A

HEFT: indep CT with indep Wilson coefficient



