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Motivation
Make universal predictions for the properties of
HO H:I: H:l::l:

new particles = extra scalars with arbitrary charge
HO Hi H:l:i
universal = don’t care about the origin of new scalars

Ex) HT-search

2HDM Scalar triplet model :
\\ ‘i‘ - /
H* -

universal = model-independent
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Make universal predictions for the properties of
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new particles = extra scalars with arbitrary charge

HO H:t H:ti

I

universal = don’t care about the origin of new scalars

- production cross section
property =
-+ ¢-V-V couplings

EFT
approach
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Motivation

Make universal predictions for the properties of
HO H:l: Hi:l:

new particles = extra scalars with arbitrary charge
HO H:t H:ti

I

universal = don’t care about the origin of new scalars

- production cross section
property =
-+ ¢-V-V couplings

Existing EFT : heavy particles are integrated-out
®» Cannot be used for these purpose

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Motivation

Make universal predictions for the properties of
HO H:l: Hi:l:

new particles = extra scalars with arbitrary charge

HO H:t H:ti

I

universal = don’t care about the origin of new scalars

- production cross section
property =
-+ ¢-V-V couplings

Goal

Generalization of Higgs effective field theory
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Introduction
Goal

Generalization of Higgs effective field theory

Variation of EFT

{ - SMEFT ( Standard Model EFT )

- HEFT (Higgs EFT)

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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SMEFT

Standard Model Effective Field Theory

LsverT = (D, H)TD“H—{—E (HTD H)* (HTD“'H)+--.

- Symmetry : SU(3)c x SU((2)r, x U(1)y

- Matter contents: H , WS . B,

SM fields in symmetric phase

- 125 GeV scalar /) transforms as part of H

7-[-—|-
H = ’U—i—/i-l-iﬂ'o
V2
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HEFT

Higgs Effective Field Theory

2
|
LHEFT = UZF(/z)Tr[(DMU)TD“U] S0~V (R) + -+
2 ITeTa
F(/?,):1+f1'l%—|—f{2<%> 4. U=exp< - )

V(h)=m2h% + \sh3 + - -
- Symmetry : SU(3)c x SU(2)L x U(1)y
- Matter contents : Wﬁt Zy h -+ SM fields in broken phase

- 125 GeV scalar h, is not necessarily included in H
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HEFT

Higgs Effective Field Theory

2

1
LHEFT = UZF(/I,)Tr[(DMU)TD“U] + §8Mh8“h —V(h)+---

T
h

h 2 _
F(/Z):].—Ff‘{l;-l—f/{z(—) 4+ ... U—eXp( ”

(Y

V(h)= ‘mi h% 4+ Mshd 4+ -

- Symmetry : SU(2)L xU(1)y

- Matter contents : WujE Z, h

2020/1/15

“Generalization of Higgs Effective Field Theory” @Kyoto U.
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HEFT

Higgs Effective Field Theory

2
1
Luprr = — F (1) T[(DLU) DHU] + 50,hd"h =V (k) + -
2 ITeTa
F(/z,)=1+ffl%—|—f{2<%> 4. U:exp< - )

V(h)= mi h% 4+ Mshd 4+ -

- Symmetry : SU(3)c x SU(2) x U(1)y

— 2
m27r+7r m’ 7TO7TO

In our vacuum, SU(2), x U(1)y Iis realized as the shift symmetry of nt, 7

and forbid their mass terms
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HEFT

Higgs Effective Field Theory

2
1
Lugrr = — F () TE[(DU) DHU) 4+ S8,h0"h— V (k) + -+
2 ITeTa
F(h)=1—|—ff1%—|—f;2<%> 4. U:exp< - )

V(h)= mi h? + NohS 4 -
- Symmetry : SU(3)c x SU(2) x U(1)y

In the theory with SSB ( § — H. )

g is not really broken, but remains as non-linearly realized symmetry

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 19



talk title

( Extension )

Generalization of
Higgs Effective Field Theory
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Extension of HEFT

Goal

Generalization of Higgs effective field theory

From now on, we call generalized HEFT as * GHEFT *

~ GHEFT ~

csymmetry 1 SU(3)ex  SU((2)L x U(l)y

- matter contents: SM+ HY H* H*E ...
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Extension of HEFT

Goal

Generalization of Higgs effective field theory

From now on, we call generalized HEFT as * GHEFT *

~ GHEFT ~

rsymmetry . SU3)ex SU(2)L xU(1l)y
non-linearly realized
- matter contents:  SM+ HO HE H*E ..
- _/
Y
Non-trivial
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Extension of HEFT

Goal

Generalization of Higgs effective field theory

From now on, we call generalized HEFT as * GHEFT *

~ GHEFT ~

rsymmetry . SU3)ex SU(2)L xU(1l)y

non-linearly realized

» matter contents : \SI\/I + H° HE g+ ...

y _J
Non-trivial e

Add H° H* H** ... respecting non-linearly realized SU(2); x U(1)y

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 25



Extension of HEFT

Mission

[ Add H° H* H** ... respecting non-linearly realized SU(2);, x U(l)y]

Coleman et. al,, Phys. Rev. 177. 2239
» CCWZ methOd Callan et. al., Phys. Rev. 177. 2247

We apply CCWZ to “SM+ H? H* H** ...~ situation

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 26



Extension of HEFT

Mission

[ Add H° H* H** ... respecting non-linearly realized SU(2);, x U(l)y]

Coleman et. al,, Phys. Rev. 177. 2239
» CCWZ methOd Callan et. al., Phys. Rev. 177. 2247

What is the non-linearly realized symmetry 7

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 27



Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

_ 1 7N\2 l2"2_§"4
L=5(0ud)" +51°(0)" = 7(9)

—

¢ = (¢1, 02,

o . scalar matter 7% : NG boson

o)

Q What is the transformation law of o & 7@ under O(N) ?

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

(;: (7‘(‘1’7{'2’... ,v_i_O.)T

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

— a —

»=(v+ U)GNTXGF F=(0,0,---,1)7T

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

— a —

¢: (/U—I_O-)ei%XaF ﬁ:(oaoa al)T

n

dN-1
b1
G2
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

g;: (v + a)ei%Xaﬁ F=(0,0,---,1)7T

(p transformation under O(N)

6 — g-¢ gEOW)

)

(v+0)e v X'F - (v40)g-evXF

A ON): o—o0 d% X g- ¢ X°

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

g;: (v + a)ei%Xaﬁ F=(0,0,---,1)7T

(p transformation under O(N)

a — a

1 T—-X¢ 17— X ‘
4 v F — -+ . v -h. - F
(’U 0')6 (?J 0’)9 € f) h e O 3

A ON): o—o0 eiﬁxa%g-eiﬁxa-h
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model

Q Transformation law of ¢ & 7@ under O(N) ?

g;: (v + a)ei%Xaﬁ F=(0,0,---,1)7T

gb transformation under O(N)

6 — g-¢ gEOW)

h-F=F
-waxa—» @ -'ira’)('a,_—»‘N
v+o)e' v F = (v+o)g-e*v -h  F
(v +0) v+o)g 0 F
A ON): o—o0 el X —)g-eiﬁxa-h
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Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model
A O(N): &+v* 5g.e¢v*" b gecow) neow-1)

Actually, [ is necessary ...

-w/o b X _y pi(S+X) | giX _ ez‘SS+X)+z’X—%[S+X, X+
A 4
—; . A~/
/% cannot be defined i X7 +iS
. ) y y . 1) . /
w/ [) er } 6'L(S—I—X) . er e 1S _ GZX

x'%can be defined

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 35



Extension of HEFT

Non-linearly realized symmetry

Ex.) O(N) sigma model
A O(N): &+v* 5g.e¢v*" b gecow) neow-1)

Actually, [ is necessary ...

-w/o b eiX _y gi(S+X) | giX _ Gi(S+X)+iX—3[S+X, X]+--
) 4
—; . A~/
/% cannot be defined 1X0 415
‘w/ b el X —y HTHX) | giX o miST— giX ol

4.
— 67'(+ %Mabﬂ'b+ ,U%Nabcﬂ'bﬂ-c"""')xa
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Extension of HEFT

Non-linearly realized symmetry

O(N) :
XY i(S+X) | iTiXe  —iS _a
&o
_ ity Mapm®+ g NaperO et ) X
geO(N) bheO(N-1)
/1a

is non-linear combination of 7

b depends on NG boson 7@ : b = h(m)

Inany G — H , g :eiﬂTXa%g-einXa-h geg beH

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 37



Extension of HEFT

In the case of GHEFT ... SU2)L xU(1l)y = U(1)em

NG boson

SU2), xU(1)y : RED G g- LA X h o 8€ SUQ2)L xU(l)y
h € U(1)em

Scalar matter field

SU(Z)L X U(l)y : ¢I — [p¢(h)]IJ¢J (/)I — {haHoaHivH:t:ta o }

Ex. ) SU@2); : HY =HT+ 2 (r —a")Ht 4.

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 38



Extension of HEFT

In the case of GHEFT ... SU2)L xU(1l)y = U(1)em

NG boson

SU2)r, x U(1)y : RED G g- LA X oo 8€ SU22)L xU(l)y
h € U(1)em

Scalar matter field

SU(2)L X U(l)y : ¢I — [p¢(h)]IJ¢J (/)I — {haHoaHivH:t:ta o }

0L (x
Ex.)  SU@p : HY = Ht 4 29 (i — nho)HY + -

It still depends on x,

Even if we take 0r(x) — 0L through 7+ (z), 7%(z)

connection : W, connection : ?
2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 39



Now we understand that
symmetry Is non-linealy realized in broken phase

So, how can we construct GHEFT
respecting non-linearly realized symmetry ?
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Generalized HEFT : NGB part

Y & .
£:=e v transforms non-trivially,

1. -

but —=§& (9,@ transforms in a simple manner
)

lgTa 5_ a Xa—l— N S

S Ous = Xy | e

X “ : broken generator S unbroken generator

[ SUR)LxU)y: oy, — h - Ay [];1 h = b(m) }

NG boson kinetic term : L = v>Tr [ ']

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 41



Generalized HEFT : Matter part

o im—X ..
£:=e v transforms non-trivially,

1
but —.fTauf transforms in a simple manner
?

1 a
;gTa,ug - O“J_,uX + a H//
X% : broken generator S’ : unbroken generator
41 N
SU(2)LXU<1)Y: (—}H// — h'(}// h = ;h aﬂb ! h:h(ﬂ-)
SUR)L x Uy = ¢' = [pg0' 57 o = {h, HO, H*, H*E .}

Covariant derivative (D u(b) u¢ i”\//[qu]IJ(bJ

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 42



Extensmn of HEFT

] _>[) o AN h_

| (Dud)” = ps(0)] (D)’

Once we get covariant quantity, we can easily construct GHEFT

Building blocks 1

Generalized HEFT ( GHEFT )
1
LGHEFT = §Gab(¢)alﬂ0¢l + Gar(¢)at (D )'

1

+ §G1J(¢)(Du¢)l(9“¢)‘] —

/—9102 charged \
ol ={n H H* H** ...}

—q,,..0:
Q, = Qn.02

(D "gb) /”b i”\w[ch]IJ¢J 0

2020/1/15 \ neutral\ 0 /
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Extension of HEFT

Generalized HEFT ( GHEFT )

1
LGHEFT = §Gab<¢>aiuaiu + Gar(¢)ad ,(D"¢)!

1 I j
+5G1(9)(Dud) (DF9)” =V
(bl — {h,HO,Hi,Hii," }
1
§Gu(¢5)(DM)I(D“@)‘] : Non-minimal derivative coupling

Ex.) non-minimal composite Higgs ( SO(6)/SO(5) )

(haﬂh + naun)z
F2 — h2 — 2

1) : scalar DM A. Marzocca et.al, JHEPO7(2014)107

L =5 | @b+ @2+

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 44



Extension of HEFT

Generalized HEFT ( GHEFT )

1
LGHEFT = §Ga.b((/))aLu04L + Gar(¢)ad ,(D"¢)!

L
+ §GI.]((/))(D,LL(/)>[(D'L(/)>J -V

1 1
-2 F(R)dapal o + 5(‘)[,,/-1,(‘)“/1 — V HEFT

In HEFT, we can always eliminate
[ - off-diagonal interaction : G,1(¢$)0,w* 0" ¢’
- derivative couplings such as |<;|2((9M<;)2

by field redefinition

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 45
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Generalized HEFT

Motivation
Make universal predictions for the properties of
HO gt gt ...

k)

Let’s calculate ( precisely-measured ) observables in GHEFT
m) 1-loop correction of GHEFT

Generalized HEFT ( GHEFT )

1
LGHEFT = §Gab(¢)&iu&bf + GaI((b)OéCi“(D“(ﬁ)I

+ 5G1(8)(Dud) (DH4)! — v



1-loop corrections

Symmetry manifest

1 1
Lonprr = 5Gaal, ol + Gual, (D'9) + 5G1s(Dug) (D ¢)” — V

||| gbI:{h,HO,Hi,Hii,---}

Geometrical description

1 o |
LGHEFT — §gz](¢)au(p 8“@3 —V P! — {,na7¢l}

. easy to calculate physical observables
®) amplitude must be covariant under ¢ —s @’
- easy to calculate 1-loop correction
1 1 . :
£—00 — R'; Rjimn 0P 4+ onso et. al.
L Creor = Ty | PR @) e | e

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 49



1-loop corrections

Symmetry manifest

1 1
LGHEFT = §Gabaiuabf + Goot (D 9)" + §G1J(Dp¢)I(D“¢)J —-V

= 2 ()OO 4 (i )Bum O + (o000 0TV

e (|1 ()
1

= §gij(q>)aucpiaﬂcpj —V ot = {7%, ¢!}

Geometrical description
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1-loop corrections

Symmetry manifest

1 1
LGHEFT = §Gabaiuabf + Goot (D 9)" + §G1J(DM¢)I(D”¢)J —-V

Gij(¢) < 9i;(¢) dictionary

1 1 1
a1 =G + §G317r2 — 6G117r27r2 - aGgml?rQ - O((‘:T)S) )
1 1 1
gor = Gor + §Gsl7fl + EGUWIWQ — 6G2,7r17r1 +O((7)*),
R. Nagai, M. Tanabashi, K. Tsumura, Y.U.
Phys. Rev. D 100, 075020
1 . . |
— 2 T __ a 1
= 59@(‘1’)3“‘1) el -V ' = {n% ¢}

Geometrical description

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 51



I-loop corrections

Motivation

Make universal predictions for the properties of
HO H:I: H:I::E

b)

Ex) aQGC
1 1

£i-toop = (4m)2%e |12

R iR i (0D)* +

Alonso et. al. JHEPO8(2016)101

Rijkl . 4-scalar amplitude
o' N ‘ o S t, = _ U
Q ~ g(Rzklj + Rikj) + §(Rijlk + Rijr) + 3
¢

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 92
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I-loop corrections

Peskin-Takeuchi's S, T, U parameter

v T T T 7. | '
1.0H | // / /j
| . * / / 7 7
'\ ‘ / / /;/
..| ‘ / //;/
. | S g7
0'5—‘. ‘ / ~27 ol
| | £ 2277
[ - . £ 27 7
) l z SM
' /
T of / :
y /
‘, /;/} / — T2 O Ry R,
s /
\. /;;’ / ‘ / asymmetries
05 | A / | - « — g & v scattering
. s 7 V4 : ———M
- ‘/;/ / }' b
| _ 4~ / 2T Etid APV
211 / st B 2l (90% CL)
A0F | l / p 7 ¢  SM prediction
-1.5 1.0 -0.5 0.5 1.0 1.5

S =0.02+0.07

2020/1/15

Tanabashi et al, (PDG),
Phys. Rev. D 98, 030001(2018)

T = 0.06 4 0.06

“Generalization of Higgs Effective Field Theory” @Kyoto U.
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I-loop corrections

Peskin-Takeuchi's S, T, U parameter

Killing vector w!(¢), y'(¢) ~ conserved current

~ ~

/ N\

S = W g @ /v B, OXC (1))

M \ /
'] {"3 N - 7 J E

GHEFT is non-renormalizable = — S parameter diverges !!

1 _,Z' A A2
Sdiv = —m(wx);j(y]);i In 2

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 94
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Correlation among parameters

Scattering amplitude

A2

5 1
M~ Viiiry + Rijri b7 + In (R - R)ijklE4 + .-

(4m)? w2

Peskin-Takeuchi's S, T, U parameter

1 A?
de:—m(u ) (7)) lnﬁ

w' (4), y'(¢) : Killing vector

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.
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Correlation among parameters

Scattering amplitude

1 AZ |
M~ Viiiry + Rijri b7 + (1n)? In " (R-R)ijmb” + -

Peskin-Takeuchi's S, T, U parameter

Thanks to the Killing eq. we can rewrite Sgjv

1 . o A2
Sdiv ™~ (47)2 szkl y urzu(az,u) In E

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.



Correlation among parameters

Scattering amplitude

. 1 A?
M~ Vi +‘—|— (1r)? ln,u2 L.

Peskin-Takeuchi's S, T, U parameter

Thanks to the Killing eq. we can rewrite Sgiv

A2

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.



Phenomenological implication

1 kN (LDt (] kN (D (] A?
Sdiv = — 75— (€3bc(w'§ ) (W5) R jra (W )i + esne(wy)) (we) R jra (7 );z') In 5
w!  §* :Kiling vector for SU(2), ., U(1)y

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 60



Phenomenological implication

— — 1 _1 _ _ 1 —j A2
Saiv = — 5= (€3bc(’w]§ ) (W5) R jia (W7 ):i + esbe(wy) (W) R jua (5); ) I3
w!  §* :Kiling vector for SU(2), ., U(1)y

v  J| = .

E :’U_]k/U_Jlejkl — ’II}W’U_JW szﬁ_ _I_ u—)() ’II)(#) sz(j)f(j)"

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 61



Phenomenological implication

1 kN (LDt (] kN (D (] A?
Sdiv = — 75— (€3bc(w'§ ) (W5) R jra (W )i + esne(wy)) (we) R jra (7 );z') In 5
w!  §* :Kiling vector for SU(2), ., U(1)y
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Phenomenological implication

— — 1 _1 _ _ 1 —j A2
S =~ 1o (cone(@E) @) R ()i + eane(@h) (@) R jua ()i ) 10
w!  §* :Kiling vector for SU(2), ., U(1)y

. J

D m,— 70 _ ol — b7 D
E wkwlejk:l = w w' szﬁﬁ + w?) w? sz(:')fd’).I

T — 7w+ (h) o' = ¢ +i[Qy) s’

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 63



Phenomenological implication

1 k(L \ Bl L [ k(B (] A?
Sdiv = — 75— (€3bc(’w]§ ) (W5) R jra (W )i + esne(wy)) (we) R jra (7 );z') In 5
w! ' :Kiling vector for SU(2);, . U(1)y
E wku_)lejkl = _"lDﬁszﬁﬁ + 0 x sz(:’)l(j’).f

T — 7w+ (h) o' = ¢ +i[Qy) s’

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U. 64



Phenomenological implication

kN (LDt (] kN (D (] A
Sdiv = — 75— (€3bc(’w]§ ) (W5) R jra (W )i + esne(wy)) (we) R jra (7 );z') In 5
w!  §* :Kiling vector for SU(2), ., U(1)y
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Phenomenological implication

1 _ _ 1 _1 — — 1 —1 A2
Saiv = — 75— (€3bc(’w]§ ) (W5) R jia (W7 ):i + esbe(wy) (W) R jua (5); ) I3

w! ' :Kiling vector for SU(2);, . U(1)y

’LZJkU_JlRijl = ’U_)'L”LD'TRZJ'TT + 0x "R J
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Phenomenological implication

1 kN (LDt (] kN (D (] A?
Sdiv = — 75— (€3bc(w'§ ) (W5) R jra (W )i + esne(wy)) (we) R jra (7 );z') In 5
w!  §* :Kiling vector for SU(2), ., U(1)y
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Phenomenological implication

1 —kN (=l Dt (] —kN (ol B (] A?
Sdiv = — 75~ (€3bc(’w'§ )(@3) R jia (@) i + €sve () (06) R jra (7 );i) In oz
w! ' :Kiling vector for SU(2);, . U(1)y
WFW R i = w" w" R o’
]/Cl - JTT \\ /
k,l F o=
: / \
(pj/ \
When we require Sg;y = 0
Imposing Rijkl =0 are too strict

( perturbative unitary )

only R'; . =0 isenough
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Phenomenological implication

1 _ _ 1 _1 — — 1 —1 A2
Saiv = — 75— (Gsbc(’wli ) (W5) Rt (103):6 + €sve(Wy) (W) R jia (5, ) I3

w! ' :Kiling vector for SU(2);, . U(1)y

—k -lpt [T D i
E ww R jp =w w" R . ¢\\ ;
k,l

Finiteness of S < perturbative unitarity

S Skl =W . =
he 5 : (e Rijkl =0 )
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Phenomenological implication

No divergence in S

perturbative unitary



Phenomenological implication

No divergence in S

perturbative unitary



Phenomenological implication

No divergence in S

perturbative unitary

Tree level unitary X

S 1-loop finite ()



Phenomenological implication

No divergence in S

perturbative
unitary

Saiv =0 if we require R';,, =0

¢ o
—T —T D \ {
w ' w" R ;.- C
J / U(\\»@N\ _ O(EO)
o 7 | ‘o
/u—)h,lIJh,R’l/] ¢2 \ / h ¢7, . / H()
A\ / NS /
o (O\N L _ 2
—H° —H° 5i / A
w w jH()HH ¢j/ v h ¢j/ \ H()
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Summary

We formulate a generalization of HEFT (GHEFT) to
iIncluding arbitrary number of extra neutral and
charged scalars.

Thanks to CCWZ method, we construct GHEFT
where nonlinear SU(2)xU(1) invariance is manifest.

In order to calculate 1-loop correction to GHEFT, we
rewrite GHEFT so that its geometry is explicit.

Focusing the geometry of the GHEFT, we find that
obligue parameters are deeply related to the
perturbative unitarity of the GHEFT.



Prospects

« So far, we focus on the scalar extension of HEFT.
Now, we try to add fermions to GHEFT.
Stepl: GHEFT + Majorana fermion

Step?2: GHEFT + Dirac fermion

M(xx — W) o Covariant gbi—derivative of M, ?

X : Majorana fermion
« We also plan to add vector bosons to GHEFT

« We calculate Riemann tensors in each models and
made lists.
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Loop expansion : tree level

tree level L=ALio

2
ALpo = %F(h)Tr[(DHU)TD“U]

1
+ 5 0uhO"h =V (h) + -+

17



L oop expansion : 1-loop level
tree level [ = ALL()
b — dd
lHooplevel L = AL+ ALN1O

(counterterm)  4-fermi

Renormalization condition

>‘\ o /< + >< — Oexp

1-loop diagram counterterm in A Ln1.0
w/ AL o vertex

Observables not used for R.C. can be predicted
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Loop expansion : 2-loop level
tree level [ = AﬁLO
l-ooplevel L = AL;o+ ALNLO

2-loop level L = AL:LO -+ AL:NL() + A»CNNLO

Renormalization condition

exp

+;\mm/ ’/. = O

2-loop diagram 1-loop diagrém counterterm
w/ AL vertex w/ ALnio vertex in ALNNLO

Observables not used for R.C. can be predicted 79




Power counting

22 7.1: HAEMDOZELE, NLO Ic& X 585

LO @ vertex ¥ | Yrtrre” | Xue' | XEe® | Xi | X} | Yortum X
A e B L B el I g
D it FN B85 n; Ve m s r | u z1(zRr)

L-loop diagram: D

'DL N (yv)u(gv)m+2r+2z+u+z pd 'TFII F? —FlL 2 (X,uu)v (:,G)B

2R — S VL WL WV -
vr;‘*rn—z AZL L L R R v v

Fr, + Fp

d=2L+2 - 5

-V —-rv-m-2r-2r-u-—2z
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I-loop corrections

Peskin-Takeuchi's S, T, U parameter

1 - A

Saiv = ~Ton (63bc(@c)(@3)37’gkz (w7):i + €3pe(wy ) (We) R ki (97) z) In =
1 B 7\ = _j _ _ _ A?
Ui = o (€1bc(’wb)(wc)R ikt (W071) i — €3pe(wy ) (We) R ki (w3) z) In ?

_ — — — — ~ A2
— Agiy (wh) i (wh):5 gk — 495 (5" (7)1 G }111 2
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T parameter
Tay ~ |(@})(0) - (@) ()
X {Rikjl [gkmgln‘_/,mn T ’lI)];’u_)fl + gkgl]

— 493y (05) . (@), a1 — 495 (5) i (y

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.

l);jgkz}

A2
1I1 F
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T parameter

Taw ~ |(@})(@]) — (@5)(@)]

« {Rikjl[gkm anmn +@k — —I—gkyl]

- 49%&/(w§);i(wg);j§kl — 49%/@ );i (¥
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l)jgkl}

A2
11’1 F
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T parameter

Taw ~ |(@})(@) — (@) ()]

X {Rik]l[gkm lnvmn + U_jk i _I_ gkyl]

— g (2) (T4) 0 — 493 (7)a (7). Jln

1 it Rik’jl =0

A2
X { - 493‘/(@1;);.(@1 ); j Okl — 49%/(gk);i(gl);j§kl}ln F
=0 (SM)
=0 (2HDM)

% 0 ( Georgi Machacek Model)
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SMEFT

Standard Model Effective Field Theory

v

Lsvert = (D, H)'D*H + ;(HTDMH)*(HTDNH) 4 ...

(N J
Y

v/ f expansion

v < f :Good approximation

2
Lyicam = (D, H)' (D, H) — —2|H|2(D”H)T(DNH) I
3f
v < f :Not valid
™Y
1 2 1 h h2
LyvcHM = iauha“h + g—z <|W|2 + ﬁ22> [2 1— 55 +(1— 24-“)0_2 e
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Extension of HEFT

Generalized HEFT ( GHEFT )

1
LGHEFT = §Gab(§b)a_Lua_1_ + Gal((b)aciu(D“@I

+ %GU(@(DM)I(D%)J -

gbI:{HO)H:t)H:I:ta"'} ( /Lgb) Mgb ?:HH/,[qu]IngJ

HEFT limit: ¢! = h
Gab(¢) — F(h)5ab
Ga1(¢) — 0

G[J((b) — 1

2020/1/15 “Generalization of Higgs Effective Field Theory” @Kyoto U.



