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Outline

e Introduction: the SM with scalar extensions,
UV-HEFT matching

* A non-linear framework.
* Primary HEFT as a precision benchmark.

e Summary and Outlook.



The Standard Model Extended by Scalar Sectors

One singular Higgs doublet in SM,

Theo.
< Minimal but not explanatory © Hierarchy problem

Pheo.
o Insufficient CP violation © No strong first-order EW phase transition

< No dark matter candidate

An enlarged scalar sector can address these issues.

SM + singlet, 2HDM, SM + a real triplet, SM + a complex triplet, ...
SUSY Type-ll SEESAW Model

Theo.
< Additional scalar fields © Non-trivial vacuum structure

< Multiple symmetry-breaking patterns © Additional CP phases

Pheo.
o Modified Higgs couplings © Dark matter
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EFT (Effective Field Theory)

JV theory is not known, use most general EFT operators to
parameterize NP. (Bottom-up approach).

JV theory is known, integrate out the heavy particles and match
to EFT. (Top-down approach).
1
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ZLsmerr = Lsm @5 + ﬁ@ T

UV-complete models

 Any EFT deviation from the SM
must have a UV origin.

e UV-EFT matching provides the
mapping between Wilson
coefficients and UV parameters.

From Jaco ter Hoeve, ICHEP 2024



Automation of SMEFT

From Alejo N. Rossia’s Silde, SMEFT-Tools,2025

UV model
) FIATCHETE L\ atching
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| \ [2112.10787]
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[2302.06660] 5 MEFiT
0s. 00 Speer Global Fitting

2012.02779) Fitmaker

& [1405.0301] [1910.14012] "IEifitl
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SMEFT

m [2012. 11343] Simulation
SMEFT@NLO (200s. 11743

Observables and Data




SMEFT is not enough

e SMEFT, linear realization o Symmetric phase ©Decoupling
1 (G* 1 m? C
H=— Z >—D H'D*H+—H'H - AHH?+-2HH)+ ...
V2 (u +h+ iGO) SMEFT = =u 2 (H H)"+—=-(H H)
* HEFT, nonlinear realization . Broken phase ©Non-decoupling

_ 70\ 1o 1 " UEW .
h, U= exXp a » Z HEFT D EDMhD h — V(h) + TF(h) I‘(DMU D U) + ...

1 h h
V(h) = —m?h*[1 + (1 + Axy)—— + -1, F(h) = 1 + 2(1 + Aa)—— + -
2 VEw VEw
[H. Sun, M.-L. Xiao, and J.-H. Yu, 2206.07722]
O(2) sym. axis R. Alonso, E. Jenkins, A. Manohar [1511.00724,1605.03602]

You are her

O(2) orb

from N. Craig, HEFT2021 '

only HEFT

O(2) fixed point

SMEFT/HEFT



UV-EFT matching

Zyy = ZLsmt+ Lpsm <¢5Ma (I)BSM) P Loprr = Lsm + Z C;0O; (ébSM)

* Diagrammatic approach (amplitude)

>A/V< {Q[UV (/IUV>} = {‘Q[SMEFT(C»} ><

© Need to know 0, in advance

* Functional method (action)

I’ UV,1LPI[¢SM] — FEFT,1PI[¢SM]

o Less intuitive

o Systematic operator generation
vAut()mati()n-friend|y Brian Henning, Xiaochuan Lu, and Hitoshi Murayama, 1412.1837
Aleksandra Drozd, John Ellis, Jérémi Quevillon and Tevong You, 1512.03003

Timothy Cohen,: Xiaochuan Lu,:and Zhengkang Zhang, 2012.07851
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Complication of UV-HEFT matching

In functional method

e The non-linear structure

Higgs and Goldstones are separated, Goldstones are
embedded in U matrix. (l- 7 Gi)
U=exp| —

VEW
e The broken phase

Many effective parameters after symmetry breaking,
e.g. multiple scalar masses, mixing angles.
= Multiple power-counting schemes.

Is HEFT unique? [S. Dawson etal, 2311.16897]



Non-linear Representation of the Singlet Model

The real singlet model

Lzorsm O (D*H)Y(D,H) +68"S9,S —V(H,S),

M% ,Ug 2, Al 2
V(H,S) = —?HTH - 55+ Z(HTH) +

A2 ca | A3ty o
4S-I-2HHS

1 G . 1 ( 0 > U im0,
H = . ~0 —} H=U—— , = eX —_
E(VEW +h+iG”) V2 \Vew + hY P Vew

e Only suitable for the UV models with no extra VEVs,



How to Get Non-linear Representation of 2HDM
2HDM

Lonpm D (D,®,)"(DF®,) + (D,®,)" (D ®,) — Vanp,
Ao

Variom = m2,®1®; + m2,01d, — m12(<1>’f<1>2+<1>’f<1>) AQ (cp*cbl) 2(<1>1f<1>2)
4 2a(010,) (@402) + Ao (8182) (2)01) + 52 [(@]02)" + (@}1)7]

> 2,2
Vew = Vi V5

o (o (.
! %(’Ul +p14+in) ) 2 (v + po +112) )

Ny
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Non-linear Representation of 2HDM

2HDM oF b 21
N\t tim) ) 2T\ Bt ting) )

U(2) symmetry among two doublets.

)-(2 ()

Higgs ( G+ \ (g )
Basis: H, = H nl, H=|_1 40 :
- —(VEW + h' +1GY) | "2 —(hy +iA)
\\/— ), \\/5 )
( Ht
> |,y L (0 -
%1 o U\/z <VEW + b?)’ %2 _f T(IJH +iA) | s. pawson et al, 2305.07689
\

+ No mass mixing between Goldstones and other scalars, because in
the potential no U appears. E.g. (# I?/ ,) term

- U could be considered as a rotation, which does not affect S-matrix.
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How to Get Non-linear Representation of the Triplet Model

The Real Triplet Model

L > (D,H)" (D*H) 4+ (D, ST DFE) — Vg — Vo,
Vs = Y2H'H + Z,(H'H)? + Y2 (SIS + Z, (S1%)” + Z:H H (S1) + 2Y; HIS H,
Vo = YuQrHug + yaQrHdg + h.c.,

+
H = G1 . 0 sty 1 o+ 20 V2R i=1273
$(0H+h+lG) o ) \/52_ —UZ—EO

2 .2 2
UEW—UH+4U2

An extra VEV, no U(2) symmetry rotates it away.



Non-linear Representation of the Triplet Model
The Real Triplet Higgs Model (RTHM)

( \ (
G* I (og+30 2zt |
H=| 1 o |, E==%06 =— i=1,2,3
(oy+h+iG°) Ly _ 0
Ugw = UF + 402 | V2 ) \\/EZ —Up =2 7 d
EW = UH > .0.f
1 - 1 1 vs+¢? V207
» H=U— io o) Z=URUY, ®=—¢0=— s+’ V20
V2 \vath +iy 2 21V2¢= —vg—¢°

+
D ,H'D"H 3 vyes3; D, ;D 7/ Qvgyw) L om0
e % 1%
<DﬂZTD’MZ> D - V2€3jkDﬂ¢jD’u7Tk H

1. No mass mixing between Goldstones and other scalars.

2. Kinetic mixings are cancelled by special choice of y states.

U matrix is separated from heavy scalars.

Goldstone modes could also be excised in “Unitary basis”. (Cohen, Craig, Lu, and Sutherland 2021)
Similar ideas in the 2HDM .(P. Ciafalo%and D. Espriu,hep-ph/9612383; S. Dittmaier, et al, 2022)



General Scalar Extensions

i vk prl Tk 1---12...2 for positive charge
p— Z m e o o B . ) — ) —
1---12-.-2 for negative charge
S ——
,,,,, J—y—1 j+y+l1

(DB i2151455) (D, i) L1222 Neutral

..... . . L » i—y  Jty
=(D*"1*2"3%4% ) (Db iyigigis-—) + (DU DU )* inthnindt™ gy 5 i
_I_ (U*,;CT;DUg:D¢*.”in_lknin+l“.¢,“in_1jnin+l... _I_ DU*';»cn U?n¢*-.-’in—1knin+1-.,D¢...in_1jnin+l“.)

n_ In

n In m Im

¢*"'im—1kmim+1“'in—lknin+l"'¢ i 1]. i ., 1j i 1
“tm—1Imim+1"""tn—1Inln

> |G +9)UTDUY; + (G~ y)(UTDV)L| D (67 - )

+ v/V2(U'DUN [V +9)G —y+ DD =G —v)G +y+1)D¢" |

+v5/V2U'DU); [V =) +y+1)Dé™" = V(i +)G —y + 1)Dg"|

2yv
_29Y¢ ,,70
VH

P =2V Gyt Do =V G -yt D) K=

U (Goldstones) and heavy states are separate, matching become
straight and simple, further programmable.

H. Song, XW, 2412.00355(JHEP 06 (2025) 021)
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On Power Counting schemes in the
Broken Phase

Is HEFT unique? [S. Dawson et al, 2311.16897]

Establishing the Primary HEFT as a Precision Benchmark for
UV-HEFT Matching. [zizhou Ge, Huayang Song, XW, 2602.14418]
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Power counting in SMEFT

Take triplet model as an example

| =, , 1 ,
<*=—X'(-D,D" - Y; ~-ZHHWT + V7,2 -HGH-—-Z,% - %)
2 4
EoM of 2:

(-D,D" - Y} - ZZHH)E, = - ;HGH+ Z,(T .- T )X,

— 1 | -
T,=- Y;H'GH + Z,(X. T)E,
—D,D¥ — Y3 — Z;H*H —D,D¥ — Y3 — Z;H+H

Expansion with 1/Y22 Power Counting

Z SMEFT = ﬁYgH oH -H'cH + (H oH) %(—DﬂD” - Z,H H)%H oH + .-
2 2 2

T. Corbett, A. Helset, A. Martin, M. Trott, [2102.02819]
J. Ellis, K. Mimasu, F. Zamperdri, [2304.06663]
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Parameter Sets of RHTM
RHTM

L > (D,H) (D*H) + (D, S DFE) — Vs — Vo,
Vs = Y2H'H + Z,(H'H)? + Y2 (£'S) + 2, (£'%)" + Z:H'H (£'%) + 2V H'SH,
Vo = %.QrHug + yaQrHdgr + h.c.,

+ .
H=U X , U=exp (zmcfz) — Q—Qﬁi XO = (),
3 (v + O+ ix”) v U
1 +¢0 ¢ —i
2=USU', ®=¢ii/2=3 - ¢ ¢ z¢20 Z,2,,25,Y,Y5 Y3}
P1 +igy —vs — ¢

. . "y n . 2 2 2
Minimum condition: y2_ _, . _ Z?g’z +Yavs, YZ=—Zywk— Z‘”’;’H + };’:;f 2,2y, 23, Y35, vy, vy }

1 27,v? vy (Zsvs — Y- hY
Lmass - 5 (ho ¢0) o H( ‘i ) Yv;) + (U?I + 4’0%)2 2 2 ¢ ¢—
vy (Zavs — Ys) 2205 + 2—"‘151 " vevy

Mass eigenstates: /, (e =) (1 tan(zy) — (s = Y5 s, = sin(y)
K By Oy ¢/ Zyvg, — Zyvig + &51,

2 2 o | Y3ug 2 2 Yavg, ’ 2 2
mh’K = Zl’UH + ZQUZ + 405 + Zl’UH — Z2UZ — 4 + ’UH(Z3’UE — )/3) .

Yz _ o Vs
2Ux - UEW2vg' {m}p mK? m¢ia S}/? VH, VZ}

17
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Power Countings

2 2 2
2 2 = Vs /V Viw = Vi +4v
P = {m¢:tam}(amhva\VaS'ya£}a 5 2 H EW H =

pHEFT: mj. ~mi ~ O(t™"), my ~vpw ~ 5, ~ & ~ O(t°),
dHEFT: mj. ~mj ~O@t™"), mp~vgw ~O(t), s,~&~O(t).
PZQ — {mé:ta m%{a Mhp, VEW, Z27 €}

Zy-HEFT: mZ. ~my ~O(t™), my ~vgw ~ Zy~ &~ O(t°).

PS = {Zla Z2a Z3a Y3) VH, g}
EHEFT: Zy~Zy~ Z3~Ys~og ~ 0%, €~ O(th).

Py, = {21, 22, 23,Y1,Y2,Y3}.

Yo-HEFT: Zy~Zo~Z3~Y1 ~Ys~O(Y), Yi~O@E™).

18



Power Countings

) — 2 .2 2
P - {mﬁi) mﬁ(a mp, Vgw, S"/a E}a 5 VZ/VH Bw T Y T 4VE
Non-decoupling

pHEFT: mi. ~mj ~ O@t™"), my ~vpw ~ s, ~ &~ O(tY),

dHEFT: mi. ~m3 ~O@t™"), my~vgw~O(°), s,~E&~O(t").

Decoupling

oSN GN

PZQ — {méia m%{a mp, VEW, Z27 g}

Zy-HEFT: mZ. ~my ~O(t™"), my ~vgw ~ Zy ~ &~ O(t°).

— {Zla Z2, Z3, )/.73, VH, §}

EHEFT: Zi~Zo~Zz~Ys~vg ~O(t°), &€~ 0('). Decoupling

H. Song, XW, 2503.00707(JHEP 06 (2025) 249)

Py, = {21, 22, 23,Y1,Y2,Y3}.

Yo-HEFT: Zi~Zy~ Zz3~Yi~Ys~ O(°), Yy ~0@t™). SMEFT-like

19



pHEFT D dHEFT D &-HEFT

oy € D (s, + 6 €]  Wmdsi(ate, + 5,
nerr(t) = 8(4€% + 1) 26482 + 1)om
h/l
T e {miisz [(452 + )ym2 (6(2§2 —1)ct + 72 + 186c3s, — décys, — 1)

+mi (9(1 - 4€3)ch + 3(862 — 3)c2 — 36¢chs, + 126c,s, — 452)] }+om),
(22)
cymis (3cys, + 4€ — 6€s2) s
(e + m¥, } to )}

L e (t®) = % (V,.03) (VFa3) {5%2, — 2h€vys, + h’s, [si -+
+ i (A% {—(452 + 1)v¥ — 2hvg(c, — 4€s,) + hg [0737(4§2c?f +52)
m2.s,(3(86% — 1)cys? — 16€%c, + 2£(9s2 — 8)s,) 5
4e+ m, J+om}

+&(—5sy +252 — 1) +

1 1 1 R*m2(s3 —&cd)
+5DuhD"h + gmivf,(c7 —&s,)? — 5h"’mfz + #

h'm, 1 2 22
T 2ae (e 1R ml {4m¢*s"’ (3cysy +4€ — 6¢57)

(462 + 1) 52 (386cks, + 2567 + 19(€* — 1)st + (16 — 41€%)s? ) — 3¢?]
— 20(4€" + Nmimie s [6c,5,(7 - 957) — & ((6¢* - 3)s2 — 4€2) | } + O(?)

~ Yu 0 1
+Q.U Q x—{—v — he
L 0 g R NG H y

h2s? [(452 + l)cymi(ﬁcﬂ, + 87) - md2>i (36787 + 45 _ 6632)]
e 26(4€2 + 1)ugym?% =+ O(R®) ¢ +he,

(23)

Non-decoupling
effects are all kept.

3500F T T . —
! UV model \[s=300 GeV, 6,=n/4
[ =0.01, myp-=450 GeV, mg=520 GeV
3000 pHEFT O(t™) ¢ me K ]
_ pHEFT O(t°)
25001, pHEFT O(t") ]
L W dHEFT O(t")
2000} ,° .
----- dHEFT O(t?)
L, eeee dHEFT O(t%)
1500 1
1000} :
500: ‘,)9: 4
31, ”/
."""\-s-. ----- e
z 9 ]
& 1 1 " L " " " " 1 1
= -0.10 -0.05 0.00 0.05 0.10
=
i
T
=)
5 T T T T L B S B B R R T T T T T T T T T T T
2400} s, ] /"\\ .
\ 3550 . 1
“\ 4 *‘ ,
\ Lo 1 18000+ 1
22001 1 d N .
\ s N .
. ’ )
N / A i
2000} 1 3545} Y H
g R 11 16000f
" ‘l‘ .':
Y "
1800 Y [
N Y "
Y l"
35.40+ vy {7 14000
1600 R I
') I H
. “ 'l 4
) il
-‘ “ 'I 4
1400 VNS
35.35} RN 12000
1200 L
" L N L s L . s 100004 L L L N d
~0.100 -0.099 -0.098 -0.097 —0.096 -0.095 -0.010 -0.005  0.000 0.095 0096 0.097 0.098 0.099 0.100

Sy

The pHEFT is most accurate.
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PHEFT vs. Z,-HEFT

2 2
P = {md,a:, M, My VEW, S+, €}

pHEFT: m2. ~m% ~ O(t™),
PZ2 — {mii’ m%{, mp, VEW, é) g}

Zy-HEFT: mZ. ~mj ~ O(t™),

B \/2§2Z2véw — (462 + )mg +m3,
Sy, == :

(46> + 1)(mj, — mi)

Expansion criteria:

2 2
my, < M.

282 Zovgy | < [ (467 + 1) mi — me

21

my, ~ vpw ~ 8, ~ & ~ O(t"),

My, ~ Vpw ~ Zg ~ & ~ O(to)-

— UV model
pHEFT O(t™")
pHEFT O(f%)
pHEFT O(t")

W ----- Z,-HEFT O(t%)
&

3\ ---- Z-HEFT O(t")
W --ee- Z,-HEFT O(®)

V=300 GeV, fy=n/4

£=0.01, my-=499 GeV, mg=500 GeV

do/dé|i; ™ (pb)
N




Why pHEFT keep maximal UV’s information?

L > (D,H)" (D*H) + (D, 2t DFE) — Vs — Vp,
Vs = Y2H'H + Z,(H'H)? + Y2 (£'%) + Z, (%) + Z:H'H (2'%) + 2V H'SH,

Vo = yuQrHug + ysQrLHdg + h.c.,

1 27,02 vy (Zsvy — Y- h , . Y
Loinass = — (ho ¢()) ( 1YH 11( 3US s)) ( + (Uf] 4 4vé)z 3 : e
2 2Un VY

v (Zsvs — Ys)  2Z5v5 + % ¢
s Masses are eigenvalues.
YS 2 5 m¢i
vy + 4vs,
1
7 = oo (3 + i)
Vh

20gv
2 2 HVY 2
Z3 = !sw7 (m3 —m;) 71 42

The linear relation between the UV Lagrangian’s couplings and
heavy masses, expansion of 1/M 2 cause no extra truncations
except for the propagator structure.

22



2HDM

Votipm = YlHIHl + YQH%LHz -+ (}/,E}HIHQ + h.c.)

+ T HUH) + 22 (HIH)? + 25 (HHy) (H}H) + Zo(H] Hy) (H{H))

2 2
25 (HIH,)? + Z(H]Hy) (HIHy) + 2, (HLH,) (H] Hy) + h
T 2(12)+6(11)(12)+ 7(22)(12)+-C-,
Z1 2 Z6 2
Y1=_71)7 Y3=—7’U
7, — SB=a™ht Ga™is
Z 2,01%% (€4t (315 — 863+ 3) (m, — my) + 25 (£ — 1)° (m3y — Ya) quear relations also
— (£ — 463+ b9) + 55-aCa-a (t5 — Tth + 72 — 1) (md — )] exist. Therefore a
Zy= 2 (m2. — ) primary HEFT of
, By (md —m) + i+ m, — 2 2HDM exists.
Z5= C% a(mi_m%[)_m,%l'i_m%]
7. — C8—aSB—a (mizz_m%{

Zr = g |36kt (25— 1) (m —my) + 1 (5 — 1) (m} — 2my +2))

23



Y,-HEFT vs. SMEFT

Py, = {Z1,22,23,Y1,Ys,Y3}.
Yo-HEFT: Zi~ Zo~ Zs~ Y~ Ys m O(0), Y2~ O@Y).

P = {m?., mj, my, vgw, ., €},

pHEFT: mj. ~ mjy ~ O(t™), mp~vEgw~ s, ~ &~ O(tY),

UV—pHEFT — Y,-HEFT (mimic SMEFT’s power counting)
UV—-SMEFT

Cu Cun Cup
Lsmprr 2 Lsm + F(HTH)3 + T(HTH)D(HTH) + F(D”HTH)(HTD/‘H) 4o

After symmetry breaking of the
SMEFT, the trilinear and quartic

dim-4 Higgs couplings are
Cue| —Z1+ 2+ B + 00
dim-6 aoveer _ YPYQ2 — Zy) | YRV 2 — Z5) + ViV (92025 — 1223 — 223)
Cu |t (821 — 23) (1+ %) — 34 3 22,y 2Yy |
B oyt [P 23 v Y; A svrr _ YOS (222, = 92;) | VPV (112, - 925) + Yi'Y; (123212, — 16427 — 2473)
Chp -5 (1+5F) T T sy 3Z3Y§ /
dinn-& which is exactly same as in Y,-HEFT.
Y.2 2 2
Chys 2—}%@ (42, — Z3)
ol 0
c? U (—421 + Z)
(1) 4y . . .
Cin i =P | SMEFT is a limit of the pHEFT.
g =
YZ

24



Summary and outlook

 Forthe SM with scalar extensions, we construct a general
non-linear representation to facilitate UV-HEFT matching.

 We establish the primary HEFT as a precision benchmark.

o PHEFT keeps maximal UV’s information.

o Technically, pHEFT serves as a reference framework, enabling
systematic and automatable mapping.

e Next: UV-HEFT matching for Type-ll seesaw model
(include a complex Higgs triplet), 1-loop matching.

25



Thanks for your attention!
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Backups
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Decoupling HEFT (dHEFT)

2 2
P = {mj., mi, my, vew, S, €},

pHEFT: mZ. ~mj ~ O(t™"),
dHEFT: m?. ~m% ~ O(t™),

(’UEW + h) (vEW - 2h’UEW h,2)

8'UEW

Lprp(t°) = 5D hD"h — —(vEW + h)* (V,V¥) +

_vewthe g (Y0 ) Qr+he,
\/_ O yd

(25)

1 h3m?2, s%(2¢ + s.,)
Ligrr(t') = gvl%:w [mi(f +5,)% — fzmit] - ¢2£:) L
EW

4 m?2 2 —m?2 2 :
him, ¢i3 [ 24 (4€ + 337) m§(12§ + 14€s., + 537)] + O(hs), (26)

8¢ 2”12«:me

+

h%s, [m3. (46 + 3s,) — Emi]
m2
K

1
Ligrr(t?) = 5 (V o3) (V¥o3) {fzv,%w — 2h&vews, +

+ 0(h3)}
}1 (V,vH) {hva(zlg? + 8¢5, + 52)

N h%sy [m3 (467 + 265y + s2) — m3+ (46 + 5,)(4€ + 3s,)]
Emi
h3m3 (—4€% 4 3€s2 + 2s3)

4&vpw

+ 0(h3)}

1
- gvéwmﬁ(él{z + 285, + 52) +

him?
+ = |mi (126" + 25¢%s? + 38¢3 + 165)

2420 m
— 20mim3e s2(€ + 8y)(4€ + 3s,) + dmy. s> (46 + 387)2] + O(R®)

= U O h 2
+QLU Y Qr X V2 {foEw + e
0 yq 4

2.20,.,2 —m?2
N h s [mK(§ + 37) T’;¢i(4§ + 337)] + 0(h3)} + h.c.,

4§vam K

(275g

mp, ~ vgw ~ O(t?),

mp ~ Vpw ~ 8, ~ & ~ O(t"),

8y ~ &~ O(t").

s2 g4
=1——’7——’Y - . .
“ 5 T g T
1
1+4€2=1—4§2+16§4+

subset

Lrprr(t™") = Ligpr(t') + S1Ligpr(t®) + - - -,

ALY grr(t°) = Ligrr(t?) + S1Liger(t!) + -+ -,

Loerr(t’) = S2Liprr(t’) + Solyprr(t’) +




PHEFT vs. dHEFT

Lygpr(t 1) D Lggpr(th),

T — +1°) D Ligpr(t' +t%),

Lhppr(t™ +1° +1") D Liger(t' +° +1°),...

3500F T
[ UV model \s=300 GeV, f=n/4
3000k pHEFT O(t") £=0.01, my-=450 GeV, mg=520 GeV :
_ pHEFT O(t°) /
28001, pHEFT O(t")
[ a-ee- dHEFT O(t")
2000f !
Ve dHEFT O(t?)
Z -- dHEFT O(f%)
1500_-
1000
: n
% pHEFI IS mMore accurate
r | |
[ ‘;,”"\\‘..
s 9
& 1 1 1 1
= -0.10 -0.05 0.00 0.05 0.10
i¥
=4
=
= S
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PHEFT vs. Z,-HEFT

I —— UV model | \E =300 GeV, 90=7;/4' :
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oHEFT vs. &-HEFT

IPE = {Zla Z2: Z3a }/37 VH, é’}
EHEFT: Zy~Zy~ Zz~ Yy ~og ~ O, €~ O(th).

£ <0.015 by electroweak precision measurements

Rederive same results

1 1 : 1
Lhieer(t') = 5DuhD"h = 321 (<viy + 4%y + dhvy + 1) = (o +h)* (V,V*) from pHEFT by
£ 1y _ £Ys 4 2,2 3 4
LHEFT(t ) _ E (—'UH + 4h, Uy + 4h, VH -+ h ) mit R Y;ZH +2€Y§,UH’
2
Lippr(t?) = @{UZ% + 8h*vy (221 — Z3) + 8h*vy (52, — 2Z;) m? — Y;ZH + 26Yupr + 26203 (421 + Za — 2Z3) + O(€%),
+ %h%?,(szl — 3Z3) — 4 (vy + 3hv}; + 4h*vE) (V.VH) mp, — 2Zyvy — 26Y3vy — 46705 (22, — Zs) + O(&?),
2(421 - Z3)§2'UH 3
+2 (vl + 4hvly + 6h%0) (Vo) (Vo) }, 8y = =2 - 7. +0(&),

VEw — Vg + 2£2UH + 0(63)

Huayang Song, XW, 2503.00707(JHEP 06 (2025) 249)
a decoupling scheme.
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PHEFT vs. é-HEFT

~ol. =% UV model + \s=300 GeV, =8 )
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e £-HEFT is suitable in a limited parameter region.

e pHEFT D dHEFT D &-HEFT
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Y,-HEFT

PYQ - {ZI)ZZ7Z3)Y131/27Y3}'
Yo-HEFT: Zy~Zy~Zs~Yi~Ys~ O, YE~ O
Mimic SMEFT’s power counting

Y,-HEFT is obtained from pHEFT by

Y2Zy  YRYR(4Z1 + Zy)

2 2 —4
m¢i — Y2 - 2Z1 4Y22Z12 + O(Y2 ))
Y27y Y2Y2(4Z: + Zs)
9 o Yy 43 Izl 1 3 -4
my — Ys 27, 1222 +O(Yy ),
YAY2 (37 — 87,) )
mi — _2Y12 + L 4Y:?4Z12 + O(YQ 4)’
o —y \/ —Y12Y3 vV _Y12Y3 (4}/12 (Z3 T 2Z1) + }/:'32) + O(Y—G)
g A 4r73/2 27
e VY RGORZAY) | o
2Y2\/Z; gYA Z3/ 2
VP | VYR Y QYIYE(3%—8Z)+3Y)
VEw — + 3/2 + 5/2 + O(YQ ))
V Zl 4Y22Z1 32Y2421
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Thanks for your attention!



