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SMEFT v.s. HEFT

Standard Model Effective Field Theory (SMEFT)
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Zswerr = (D,H)'D*H + —=(H'H) O (H'H) + -

Symmetry  SU3).x SU2), x U(1)y
Field contents SM fields before the EW symmetry breaking: H, Wy, B, ---

Power counting  1/A expansion

Higgs Effective Field Theory (HEFT) U = exp (%w)
2 @“ : would-be NG boson
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HEFT—Eﬂ +I r[( ! ) ] + KW;+KW ; + e )+ -
Symmetry  SUQ3). x SU(2); X U(1)y * SUQ2); x U(1)y is non-linearly realized

Field contents  SM fields after the EW symmetry breaking: h, W', Z, A, -

Power counting Loop expansion

What is each of SMEFT and HEFT particulary good at? 5/20



SM + real singlet scalar

SMEFT v.s. HEFT
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SMEFT v.s. HEFT

SM + real singlet scalar
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SMEFT v.s. HEFT
Good & Bad q

Applicable only in

SMEFT Easy to handle
Agpr > Vgw
Applicable even in Complex to handle
HEFT PP i
Ager R VEW Tr[(D,U)'D*U] v =ex <;(pa1.a>

We suggest altanative EFT overcoming the shortcoming of both EFTs

“Broken phase EFT (bEFT)” Phys. Rev. D 112 (2025) no.3, 035005, Y. Liao, X. D. Ma, and YU

i) Integrate out heavy fields in the broken phase, §', just like HEFT

T
§'=hsiny+S§cosy S=v,+3 H=<O,v+h>

V2
ii) Take unitary gauge: U =1

iii) In E.0.M., only expand §' w.r.t. 1/M?, not C;
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SMEFT v.s. HEFT

e Specific models

SMEFT HEFT
SM + singlet scalar G. Buchalla, et. al., 1608.03564
SM + triplet scalar T. Cohen, et. al., 2008.08597 H. Song, et. al., 2412.00355
type-Il seesaw model X. Li, et. al., 2201.05082

S. Dawson, et. al., 2305.07689

Two Higgs doublet model

lan Banta, et. al., 2304.09884 G. Buchalla, et. al., 2312.13885

e General discussion e Bottom-up approach

Models that cannot be matched to SMEFT but only to HEFT R. GOmez-Ambrosio et. al., 2204.01763
R. Alonso et. al., 1605.03602 Target space of the scalar kinetic term R. Gomez-Ambrosio et. al.,, 2207.09848
A. Falkowski et. al., 1902.05936  Singularity of scalar potential A.Salas-Bernardez, et. al,, 2211.09605

o ) R. L. Delgado, et. al., 2311.04280
T. Cohen, et. al., 2008.08597 Both scalar kinetic term and potential

S. Mahmud, et. al., 2406.03522

Why type-Il seesaw model?

New scalar’s VEV must be much smaller than the EW scale

vf, + 2v§

P = 1.00038 £0.00020 ®mp vy S 107%vgy  VEw = 246GeV
H A

7120
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Matching type-ll seesaw onto
bEFT & SMEFT



Type-ll seesaw model

* In order to realize tiny neutrino mass, triplet scalar A € (3,1) is introduced.
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* Neutrino mass is generated by the U(1),; violating interactions (). _ . (H)
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S. Ashanujjaman, et.al., 2108.10952 : _;
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Strategy

bEFT approach

Type-ll seesaw
SM+A e1,3,1)

SMEFT approach

SUR2); x U(l)y = U(1),,

Integrate out A

Type-ll seesaw after EWSB
SM+ Hy, Ay, H, H**

Matching onto SMEFT
up to dim-6

SMEFT before EWSB
SM fields

Integrate out Matching onto EFT
H(), A(), Hia Hii up to dlm'6

Broken phase EFT
SM fields

SUR); X U(l)y = U(1l).p,

SMEFT after EWSB
SM fields
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Matching onto bEFT
Difficulty

In the broken phase, there are so many fields to be integrated out: {H,, A,, H* H

ii}

Solution

There is “Z, symmetry” in the &y U(1), violating terms

V(H, A) = Vo, (H) + AHHAA + (AA)? + A¢qHAH + Y, LAL

V(H, A) isinvariant under
Ag = — Ag Yy— -7, A - —A

After EWSB, this “Z, symmetry” still holds

Dpeavy € {Hy, Ag, H* H**)

€ > —¢€ YA — = YA (I)heavy - = (Dheavy VA

\/VE+2v%

€ =

This suggests the solution of E.0.M. for @y, must take the form of
Dpeanyldbsp] & €™ (Y,LL)"  m+n=odd

We keep only €2 order

2 3 4
Y Y Y
H « 2], el=]), (=
0 (M%> (M% 7 can be neglected



Matching onto SMEFT

This is already done by IHEP group

X. Li, D. Zhang, S. Zhou, JHEP04(2022)038, 2201.05082

Symbol Operator dimensionless WC
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We rewrite the SMEFT in the broken phase.

VEV shift:
A
Lo 2 migH H = —(H'H)? = Cy(H'H Y
2 3 2
new VEV: (H'H) =" <1 + &) = Yew
2 21 2
Normalization:
Lt > (D,H)'D'H
C
+— S YO HTH)
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C
+—2(H'D,H) (H'D"H)
M3

1 h
_— —[1—2c . (1+—>2]() ho*h
2 H kin ‘7T H

11:?%(v2h>

To make A canonically normalized,

- 1
h = h

\/ 1~ 2CHkin
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Numerical evaluations
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: _________ - ' Hii
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bEFT reproduces UV

theory more accurately
than SMEFT when v, /M,

is large.
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€ = VpolVpw
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theory more accurately
than SMEFT when v, /v,

is large.
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Why bEFT is better than SMEFT ?

v WCs of dim-3 operators are same in the UV and the bEFT

CUV _ CbEFT ;& CSMEFT

Wt 7€ 2 = 2 2

Liim3 2 CuunhW, W+ CpnhZ, ZF + G vy hw hw W
UV _ ~bEFT SMEFT

Ch22 - Ch22 7 Chzz

UV _ bEFT SMEFT
CI71/ - Cz71/ ?é Cz71/

v/ Operators absent in SMEFT but present in bEFT
dim4 7,777

dim 5 AL=0 =W, WHW;W* "W WIWH*W*  hZZFZ 7" hW,W™Z,Z"
WWoWEZEZY W WEZR D WOWZY W W@ 2,2 ()

AL=2 W, Wl Cy)) Wy Wth(e[ Ce,) wr ZMul Cep) ZMZ”(VLT Cv))

dim 6 AL =0 (On@nWH+W**  h(DW*DW*™)  hi(D DWW

In the SMEFT, non-derivative quartic gauge interactions arise from dim-8

Ll = [(D,H)'DFH|* > W, WHW, W



Why bEFT is better than SMEFT ?

type-ll seesaw
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9 ., 9. .,
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= MHo (Cyw2pp) _ (bEFT
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Broken phase SMEFT

w- o h
24
4
bSMEFT R bSMEFT
C/?W2 ® C/ﬂ
‘\
w+ *h
CbSMEFT
hW?2 *
w + crossed

bSMEFT
CW

2p2

Al
A

Al
.

v/ UV and bEFT have one-to-one
correspondence

v/ SMEFT treat heavy scalars as
one multiplet, so cannot take
into account scalar mixing at
the lower order of perturbation

H* Puv = 2p3 = pu(2ps = p2)y + Cps = p)u(2p3 = p2)y 19/20



Summary

We suggest altanative EFT overcoming the shortcoming of
both SMEFT and HEFT

We maitch type-Il seesaw model onto SMEFT and bEFT and
examine which EFT more accurately reproduces UV theory.

We performed numerical calculations and found that bEFT
reproduces UV theory more accurately than SMEFT in the
regime that v-/M  is close to unity.

\/E/MHO
’ 0.?97 0.4‘84 0.583
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SMEFT v.s. HEFT

e Specific models

SMEFT

HEFT

SM + singlet scalar

G. Buchalla, et. al., 1608.03564

SM + triplet scalar T. Cohen, et. al., 2008.08597

H. Song, et. al., 2412.00355

type-ll seesaw model X. Li, et. al., 2201.05082

Two Higgs doublet model

S. Dawson, et. al., 2305.07689

lan Banta, et. al., 2304.09884 G. Buchalla, et. al., 2312.13885

e General discussion

Models that cannot be matched to SMEFT but only to HEFT

R. Alonso et. al., 1605.03602 Target space of the scalar kinetic term
A. Falkowski et. al., 1902.05936  Singularity of scalar potential

T. Cohen, et. al., 2008.08597 Both scalar kinetic term and potential

e Bottom-up approach

R. GOmez-Ambrosio et. al., 2204.01763
R. GOmez-Ambrosio et. al., 2207.09848
A. Salas-Bernardez, et. al., 2211.09605
R. L. Delgado, et. al., 2311.04280

S. Mahmud, et. al., 2406.03522
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SMEFT v.s. HEFT
Good & Bad q

Applicable only in

SMEFT Easy to handle
Applicable even in Complex to handle
HEFT P |
Agrr 2 VEw Tr[(D,U YDEUT v =exp <%¢a1a>

We suggest altanative EFT overcoming the shortcoming of both EFTs
Broken phase EFT (bEFT)

Integrate out heavy fields in the broken phase, §', just like HEFT

T
§'=hsiny +§cosy S=v,+75 H=<O, v\;ﬁ)
2

In E.0.M., only expand §" w.r.t. 1/M?, not C;

/ , ¢; = cip FepM?
(—02—M2+cl) §+cy+ 2 +c5°=0

~) o~ ~/ ~/
S —SO+WS2+WS4+'”



SM + real singlet scalar

SMEFT v.s. HEFT

Se,1,0), real

Buchalla et al. 1608.03564

-

1
— T — —
4= (DﬂH) D"H + 2%56“5 VA, 5) V(H,S):—%%HTH—MT%SZ+%(HTH)2+/11—2S4+%HTHSZ
A
| ) ) 1 HEFT
How to integrate §’ out:
=) Solving E.0.M.
(=0 —=M?*+¢))§+cy+ 52+ ;57 =0
c; (i =0,---,3) is the function of
+ S=v,+5§

M?, k', Tt[D, U DU

(D) Expand ¢;and §' w.r.t. 1/M?

_ 2
C; = Cyp+ ciyM

@ Substitute @ into E.o.M.
to get §; order by order

—

2 wW-WwHu
mWWﬂ w

v? i h 4 3V n\? 3
ZTr[(DMU) D'U | ZCX; +\ ¢ - chxv_ " + Oh°)

h cosy -—siny <h>
5 siny cosy S

Integrate out §’
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Equations
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o [pb]
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4.22+
420}
4.18;

416+

4.20

WWt = hh

01 02

\/;/MHO
0.322 0.625 0.897
W-W+ts hh, 2_=0.5
........................................ H,
——y Ay
+
—w
--- bEFT H>
----- bSMEFT
1 02 03 04 0506
rA rA = VeW/MA
\/E/MH0
0.297 0.484 0.583
- WW*t> hh, A_=5
HO
— UV A,
....... =-=7 bEFT Hi
,,,,,,,,,,,,, bSMEFT i

03 04 0506

LN

: 640 GeV
: 640 GeV

1 663 GeV
1 685 GeV

1 826 GeV
: 826 GeV

: 844 GeV
: 862 GeV

V(H,A)

=-m}i(H'H) + %(HTH)z
+MZTr(ATA) + %[Tr(ATA)]Z
+%< [Traa)] - Trla™ay] )
+A,(HTH)Tr(ATA) + AsH'[AT, AJH
+ (ﬁHTiazATH +h.c. >

\/5

s =400 GeV,
€=V, Ve = 1072,
i_ = (/14 — /15)/2
/1] = /12 = /15 = 1

bEFT reproduces UV

theory more accurately
than SMEFT when v, /M 4

is large.
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o [pb]

o [pb]

W-W* = hh

4.215;

- W W > hh, A_=0.5
4.210F W-W"= hh,

r — UV
4.205} --- bEFT :
42000 " bSMEFT T
4195 e -
4190
4.185" | ‘

1073 2x1073 5x1073
€

4.205;

- WW*- hh, A_=5
4.200F
4195/ ",
41900 — WV

- ---bEFT
4185+

STy bSMEFT
4.180"
4.175! ‘ ~

103 2x1073 5x1073

V(H,A)

=—-mi(H'H) + %(HT H)?
+M3Tr(ATA) + %[Tr(ATA)]2
+%( [Tr(AA)]? = Tr[(ATA)?] )
+A,(HTH)Tr(ATA) + AsH'[AT, AJH

A
+ <76HTi02A"'H +h.c. )
2

s =400GeV,
FA - VA/MA - 04

A= (ly— 4912

HEFT reproduces UV theory
more accurately than SMEFT

when v, /M, is large.
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eTe™ > Zh

\/E/MHO
0.020 0.051 0.101 0.201 0.479
245.395 ‘ | s
245300 € € ~hZ% A-=0.5
2453850 o
) 53850 bEFT
— 245.380} ... bSMEFT ‘
> 245,375 et
245.370 \
245,365 —
0.01 0.02 005 010 020  0.50
Fa FA = Vou /My
\/E/MHO
0.020 0.050 0.099 0.185 0.338
245.395— — |
24539076 e —>hZ, A_:S
_ 245.385 — v
= 245380, - bEFT
> 245375k bSMEFT
245.370
245,365 N
0.01 0.02 005 010 020  0.50

VA

V(H,A)

=—-mi(H'H) + %(HT H)?
+M3Tr(ATA) + %[Tr(ATA)]2
+%( [Tr(AA)]? = Tr[(ATA)?] )
+A,(HTH)Tr(ATA) + AsH'[AT, AJH

A
+ <76HT1'62A"'H +h.c. )
2

s =400 GeV,

€ =V, Ve = 1072,

A= (ly— 4912

HEFT reproduces UV theory
more accurately than SMEFT

when v, /M, is large.
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o [1b]

o [1b]

245.40;

245.35; ete > hZ, 2_.=0.5

24530 LJ;/FT

24525 ... bSMEFT

245.20 |

24515

245 1100-3 2x10°3 5103
€

245.40

245.35 e'e’> hZ, A-=5

24530 LJI\E/FT

24525 ... bSMEFT

245.20 |

24545, oo

245 1100-3 2x10°3 5103

V(H,A)

=—-mi(H'H) + %(HT H)?
+M3Tr(ATA) + %[Tr(ATA)]2
+%( [Tr(AA)]? = Tr[(ATA)?] )
+A,(HTH)Tr(ATA) + AsH'[AT, AJH

A
+ <76HTi02A"'H +h.c. )
2

s =400GeV,
FA - VA/MA - 04

A= (ly— 4912

HEFT reproduces UV theory
more accurately than SMEFT

when v, /M, is large.
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Matching onto HEFT
Difficulty #1
In the broken phase, SU(2); X U(1)y is not really broken, but is non-linearly realized

a

P I d oy — aa .*. fi"_ 1 h 1 . a _d
olar decomposition, A=U(A ? U __2<(v+ N +ipte )U Real triplet case

H. Song, et. al., 2412.00355

Integrating out heavy fields from (x), we get the HEFT for type-ll seesaw model.

Solution #1

We just take a unitary guage : U = 1,,,


https://arxiv.org/abs/2412.00355

Difficulties in HEFT
Difficulty #1

In the broken phase, SU(2); x U(1)y is not really broken, but is non-linearly realized

) 1
SM + singlet scalar| & = (DﬂH)TDﬂH+ Eaﬂsaﬂs - V(H,S)

. . M . h h C _S h
Substituting polar decomposition, =" 1U<O> g=nt (?) = <sj cj) (h;>

V2 o\l V2
1 1
weget ¥ =_—_9 hoth +—0a,50"5 — V(h,5)
2K 2 H

2 2c 28 c? 52 25, c
+ Lo,y DUl 1+ s L2 A2 T s (%)
4 K v % v2 v2 v2

(x)is invariant under non-linerly realized SU((2); x U(1)y
T . o° s
U—- gLUgY g, = exp <10,f?> g, = exp <10y7>
Integrating out § from (%), we get
Lrr = 0 ha”h+v—2T [(D,U)DFU| 1+2 hco(t 2+--- + o
HEFT = 7 0y 1 b, KWV Ky N

Difficulty #2
In the broken phase, there are so many fields to be integrated out

Symmetric phase: A € (1,3,1) Broken phase: {H,, A,, H*, H**}



HEFT



Higgs sector & Yukawa sector in HEFT

Higgs sector in SM

L. = (DuH)'DFH + *(HYH) — A(HTH)?

1 A A /1,2 A by N
— STr [(D“@)TDP‘(I)] + 5T [<I>T @] - 4T [cb’fcp]

® = (H,H) : bi-doublet U H:=ioyH*
A N P

Dy® = 0,® — igW;i—& +ig'®B,,—

Higgs sector in HEFT

h singlet under non-linearly realized SU(2)xU(1)
(125GeV Higgs)

wi, z transform nontrivially under non-linearly realized SU(2)xU(1)

( would-be Goldstone )

* We must separate  }, from w# 2 because they transform differently

A

Polar decomposition : & = (7) + h)U U= eXp(

wi-l—zo
v

v? h\ 2 1
Lilges = T (1 + 5) Tr [(D,,,U)TD“U] + 50uhd"h — Vi (h)
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Higgs sector & Yukawa sector in HEFT

Higgs sector in SM

L. = (DuH)'DFH + *(HYH) — A(HTH)?

1 A A M2 A by N
— STr [(Dﬂ))*D“@} + 5T [<I>T @] - 4T [cb’fcb]

® = (H,H) : bi-doublet U H:=ioyH*
A N P

Dy® = 0,® — igW;i—& +ig'®B,,—

Higgs sector in HEFT

h singlet under non-linearly realized SU(2)xU(1)
(125GeV Higgs)

wi, z transform nontrivially under non-linearly realized SU(2)xU(1)

( would-be Goldstone )

* We must separate  }, from w# 2 because they transform differently

A

Polar decomposition : & = (7) + h)U U= eXp(

wj[+2:0
v

v2 h 2 1
E%I}/égs — T (1 + ;) Tr [(DMU)TD“U] + iauh(‘?“h — Vam(h)
34 /25



Higgs sector & Yukawa sector in HEFT

Higgs sector in SM

L. = (DuH)'DFH + *(HYH) — A(HTH)?

1 A A M2 A by N
— STr [(Dﬂ))*D“@} + 5T [<I>T @] - 4T [cb’fcb]

® = (H,H) : bi-doublet U H:=ioyH*
A N P

Dy® = 0,® — igW;i—& +ig'®B,,—

Higgs sector in HEFT

h singlet under non-linearly realized SU(2)xU(1)
(125GeV Higgs)

wi, z transform nontrivially under non-linearly realized SU(2)xU(1)

( would-be Goldstone )

* We must separate  }, from w# 2 because they transform differently

A

Polar decomposition : & = (7) + h)U U= eXp(

wj[+2:0
v

2

=5 ) [ s Jasern- Vi
35/25



Higgs sector & Yukawa sector in HEFT

SM Yukawa
Lewa = —Yu GLHuR — yaqrHdgr — ye lLHer + h.c.
= —yu qL®P1qr — Ya qLPP_qr — Ye IL®P_Ig + h.c.
® = (H,H) : bi-doublet BL H :=ioyH*
ar = (Zg) , ln= (;;) : right-handed fermions ~ Ps = (é 8) , P = <g ?) . projection operator
HEFT Yukawa

Substituting (i) — (q) + h)U into ,C%ll\fkawa , we get

h h h
LN awa = —V Vu (1 + 5) qr UPyqRr — ’vyd(l + ;) qrUP_qr — v ye (1 + 5) UP_lg+h.c.

I
l Replacement l

Lyvitama =—v  Yy(h) @UPiqr—v Yy(h) q@UP-qg—v Y.(h) UP-lg+hec.
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Buchalla et al., 1307.5017

HEFT (LO)

LuerT, L0 = Lo + Lyn

2
1 .
Lyn = UZF(h)Tr [(DMU)TD“U] + §3y,h8“h — V(h) Higgs sector

— [Yu(h) qr, UP qr + Yy(h) @ UP_qr + Y.(h) I UP_lg + h.c.} YukawalB

U =exp (wi+zo)
SUR)LxU(l)y @ & —grdgl, «—> h—h, U—g,Ugdl
1 v 1 v 1 v
Lo= = 5Tx[GuG*] = ST [W, W] = 2By, B*
+ qrilPqr, + 1Pl + trilDug + drilDdg + egilPer
a1, = (Zi) €246 I, = (:jl::) €21/ Identical to those in SM

URr < 12/3 dR c 1_1/3 €R € 1_1
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https://arxiv.org/abs/1307.5017v3
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Concept of Higgs Effective Field Theory

Symmetry : O(4) L= %(8“45)2 + %u%ﬁ)z - 2@)4
Matter - (;: (¢17¢2’¢3’¢4)T €4
M (@) #0
< ; 0O4) — 0(3)
Symmetry : 0(3) &= (v+0)d v XF
Matter : (75, 7%,7%) €3, 0 €1 1 o\ 2 (7 - 0,7)% — |7[*(0,7)*
_ g —~  au- H H ..
£=3(1+2) [our-0u7 + 22 +o]
+ %8#08“0 — V(o)
4
g;: (v—l—a)e”v XF ¢
e IU
/ T X . broken generator
vF F=1(0,0,0,1)7
/\ ¢3

¢2

2025.11.8 CEPC2025 2025.11.5-10 @Guangzhou Dongfang Hotel
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Concept of Higgs Effective Field Theory

All we know

Symmetry - O(3) ¢ =(v+ a)ei%XGF

. /1 2 3 L o o= S ,
Matter : (7 ,7°,7°) €3, o €1 (7 - 0,7)* — |7[*(0,7)?

3v2

+o]

+ %8#08“0 — V(o)

Let’s assume we don’t know UV theory

|:> EFT approach

Write down all the ((3) invariant operators

Ql. Should we write (z.7), (7 72, (7-7)3 ? No

Q2. Should we write |7[2(0,7)2 ? Yes

What are the criteria for inclusion or exclusion of Goldstone operator?
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Concept of Higgs Effective Field Theory

Symmetry : O(3) é=(v+ o')ei%XaF

Matter : (7', 7%,7%) €3, 0€1

7O = FPOAE ]

(1 n —)2 [8“7? gmit 4 ¢ 502

+ %8#08“0 — V(o)

What did we miss ?

If the symmetry 7/ is due to a SSB of the larger symmetry (G,
we should write invariance under the non-linearly realized ¢ , rather than 7.

We should write non-linear O(4) invariance,

rather than O(3) invariance

2025.11.8 CEPC2025 2025.11.5-10 @Guangzhou Dongfang Hotel 41 /25



Concept of Higgs Effective Field Theory

Symmetry - O(4) L= %(8“45)2 + %u%ﬁ)z - 2@)4
Matter : ¢ = (¢',¢% ¢% ¢")" € 4

M (o) #0

< ; 0O4) — 0(3)

Symmetry : 0(3) &= (v+o)d v X F

(1 + —)2 [am_r’ ori g & 6"7?)23;!7?'2(8“7?)2 + - ]

4 %aﬂaaﬂa ~ V(o)

Matter : (7', 7%,7%) €3, 0€1

What is non-linearly realized symmetry ?

—

> fla O4): ¢ — g:¢  geo®
s
Substituting ¢ — (v 4 o)ei X FF

/\¢3 (Wta)edSXF S (v+o)g- 5% 5 F  heo)

(bl
O(4): oc—0 eizixa%g-ei%xa—b = e

2025.11.8 CEPC2025 2025.11.5-10 @Guangzhou Dongfang Hotel
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Concept of Higgs Effective Field Theory

Symmetry - O(4) L= %(8“45)2 + %u2(<g)2 - 2@)4
Matter : ¢ = (¢',¢% ¢% ¢")" € 4

M (@) #0

< ; 0O4) — 0(3)

Symmetry : O(3) é=(v+ o')ei%XaF

(1 + —)2 [am_r’ ori g & 6"7?)23;!7?'2(8“7?)2 + - ]

4 %aﬂaaﬂa ~ V(o)

Matter : (7', 7%,7%) €3, 0€1

What is non-linearly realized symmetry ?

—

o4): ¢ — g-¢ g€ 0(4)

— —

non-linear function of 71 Substituting o= (v+ a)ei%XaF

7' = v 4+ M + N nn + O(n®) (v+0)evX'F - (v+o)g-esX .p-F he O(3)

Loa
1 T-Xa

Non-linearly realized O(4) : o — o v 5g-el

it X iToXe jpeSa
h = et e
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Concept of Higgs Effective Field Theory

Symmetry : O(3) $:(U+U)ei%Xaﬁ
Matter - (7r1,7r2,7r3)€3,a€1 1 2 2.0 )2 — |7I12(8,7)2
5:5(1+%) [8,jr’-8“7?+(7r ) 3v2|”| (9u7) -]

+ %8#08”0 — V(o)

Let’s assume we don’t know UV theory
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Concept of Higgs Effective Field Theory

Symmetry : O(3) é=(v+ o')ei%Xaﬁ
Matter : (x',7%,7°) €8, o€l 1 o\ 2 (7 - 0,7)2 — |7|?(8,7)?
= = - I ol K e
L 2(1+v) (0,7 - 017 + 22 -]
+ %8#08“0 — V(o)
Let’s assume we don’t know UV theory
Symmetry . Non-linear (4)
Matter © 0 — o correct EFT is ...
RS SRS L-D C 1 2.9 )2 _(7I12(5,7)2
’ ’ LugrT = iF(h) [8ﬂr’-8"7’r’+ (T - 57 3v2|7r| (0,7) +]

+ %auhaﬂh —V(h)

F(h), V(h) - arbitrary function of h
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