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SMEFT v.s. HEFT

Standard Model Effective Field Theory (SMEFT)
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SM + singlet scalar
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SM + singlet scalar
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SM + singlet scalar
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SM + singlet scalar
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Recent development

HEFT must be used T. Cohen, N. Craig, X. Lu, D. Sutherland, JHEP 03 (2021) 237, 2008.08597

- when there is a new particle with a mass relatively close to the EW scale

Or * when the new particle is a new source of the EW symmetry-breaking

Calculations in specific models

* Matching Singlet extension model onto SMEFT & HEFT
G. Buchalla, O. Cata, A. Celis, C. Krause Nucl.Phys.B 917 (2017) 209-233, 1608.03564

* Matching Triplet (Y = 0) extension model onto SMEFT & HEFT

T. Cohen, N. Craig, X. Lu, D. Sutherland, JHEP 03 (2021) 237, 2008.08597

* Matching 2HDM onto SMEFT & HEFT

S. Dawson, D. Fontes, C. Quezala -Calonge, J. J. SanzCill, Phys.Rev.D. (2021) 237, 2008.08597



Type-ll seesaw

* In addition to SU(2); doublet scalar H € (2, 1/2), triplet scalar A € (3,1) is introduced.

St /\/5 St
§O —8Th/2

* Neutrino mass is generated by the U(1); violating interactions

(H) . L (H)
Lepton number violating operator \xi\ﬁx"
_ T AT ij7C :
SfE—A6HAH—YALiALj+H.C. ;A
—>
vp vp

YA
* Triplet VEV induces large deviations in p parameter from unity (custodial sym. breaking)

m)  Triplet VEV must be tiny: vy K vy
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This is already done by IHEP group

Matching onto SMEFT

Symbol Operator dimensionless WC
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2M3%
AZ
Oup || (H'D,H)'(H'D"H) M_g
A
pr t T T Afzi pr
Oy (H'H)(LPHeR) e Y,
A
re | @) A
O H'H)(QPHu'p —2 Y
uH 2M3 "
pr T AP ET AT Af25 pr
Ouy (H'H)(QPHd%R) 52 Y,
A
o || (L)L LY LIRS

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

We rewrite the results of the matching onto
SMEFT in terms of the broken phase fields.
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R. Alonso, E. E. Jenkins, A. V. Manohar, M. Trott,
10.1007/JHEP04(2014)159, 1312.2014



Matching onto HEFT

In the broken phase, there are too many particles to be integrated out,
which makes the HEFT matching complicated.

Before SSB After SSB
Light field He@2,1) h
Heavy field A€ @3,1) H,, Ay, H*, H*

(@) Utilize restrictions on the p parameter.

2

p = Y = 1.00038 + 0.00020
M? cos? Oy,

VA

\/VE+ 2%

We perform double expansion w.r.t. € and 1/M

» 35107 €=
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Matching onto HEFT

There are too many particles to be integrated out ... {Hy, Ay, H*, H**}

i ili fU(1 :
@ e can utilize remnant of U(1); sym U(1), violating terms

Lrooen = Ly — AHHAA — (AA)? — AdHAH — Y, LAL

typell

<

typell is invariant under hypothetical Z,

In the broken phase, this Z, becomes
Dpeavy € {Hy, Ag, H* H**}
€¢— —€ YA - - YA theavy - = (I)heavy VA

€= ——
\/VE+2v%

This suggests the solution of E.0.M. for @y, must take the form of

dim | Pim LL
(Dheavy[('bSM] =€ ( M, + M& + - |+ Y, M_% + ...

4
4-point  Hj, Ay, (H"H")? --- generate (cpheavy[¢SM]> = O(e*) 0(1/M3), which can be neglected.




Ex.) dim 5

We get the list pf the operator coefficients for the SMEFT and HEFT

dim 5
Operator | WCs in SMEFT (Ref. [35]) | WCs in HEFT (this work)
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What we found : There are operators that are present in HEFT but not in SMEFT,
especially those involving gauge fields

List of operators present in HEFT but absent in SMEFT

dim 4 dim 5 dim 6
Z72'7,7 AL =0 AL =2 (0,)(0,)WHWT SMEFT operators
RWWHWoWE WoWH Wl Cuy) i, w+yD, W) LAATLC
RWEWEW WS WiWe[Cer) (D, D, W)W+ (H'HY
hz,2/2,7°  WiZMulCe) (H'H)OH'H)
WWoWHZ, e Z,2']Cuy) (H'D,H)H'D'H)
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Z,2" )



Numerical evaluation

We evaluate Higgs pair production through vector boson fusion: WW~ — hh

=1, e=v /v, =107, /s =250GeV, 0 =nl4, Ays:=24—4s

Vp itruevacuum g :scattering angle M, :scalar triplet mass
/145 = 471'

[ ‘ T T ]
A a , ]
< = | T ]
3 = 20* Tl . i
.T T — —
| r J
S > 45 — UV ;
+§ +§ : SMEFT :
— — HEFT J
= s 10 .
— - L i
107" 1

T

My

HEFT reproduces UV theory more accurately than SMEFT in the regime that
is close to unity.
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Numerical evaluation

We evaluate Higgs pair production through vector boson fusion: WW~ — hh

2 =1, T _ 04,

I = Vs =250GeV, 6 =x/4,
MA

Ays 1= Ay = As

Vp itruevacuum g :scattering angle M, :scalar triplet mass

HEFT reproduces UV theory more accurately than SMEFT in the regime that ¢ is
large. However, the differences between them are slight.
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Summary

* We match type-Il seesaw model onto SMEFT and HEFT and
examine which EFT more accurately reproduces UV theory.

* We rewrite previous studies matching Type-ll seesaw onto
SMEFT in a basis after the EW symmetry breaking.

* We perform matching the Type-Il seesaw onto the HEFT.

* We performed numerical calculations and found that HEFT
reproduces UV theory more accurately than SMEFT in the
regime that v./M, is close to unity.
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Matching onto HEFT

SMEFT HEFT
There are too many particles Light He @) h
to be integrated out ... A
Heavy Ae@31) Hy, Ay, H*, H™

We can utilize remnant of U(1); sym. U(1), violating terms

Liypert = Lsy — AHHAA — (AA)* — AgHAH — Y, LAL

A

typell is invariant under hypothetical Z,

In the broken phase, this Z, becomes
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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 [(Dﬂcp)TD“@] + 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 + ;> Tr [(D,,,U)TD“U] + 50uhd"h — Vi (h)
20



Higgs sector & Yukawa sector in HEFT

Higgs sector in SM

L. = (DuH)'DFH + *(HYH) — A(HTH)?

1 A A /1,2 A by N
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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
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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 [(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(
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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\l/lkawa , we get

h h h
£§(11\1/Ikawa = —UlYy (1 + ;) qr UPyqRr — ’vyd(l + ;) qrUP_qr — v ye (1 + ;) UP_Ig + 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 H E FT (I—O)

LuerT, L0 = Lo + Lyn

’ 1 |
Lyn = UZF(h)Tr [(DMU)TD“U] + §3y,h8“h — V(h) Higegs 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*
+ qu'quL + Z_L’iﬂl[, + Z_LR’IJD’U,R + JRiﬁdR + éRiﬁeR
a1, = (Zi) €246 I, = (:jl::) €21/ Identical to those in SM

UR € 12/3 dR € 1_1/3 €Er € 1_4

2021/6/30 TOPAC2024 @Southeast University (Sipailou Campus) 24


https://arxiv.org/abs/1307.5017v3

SMEFT v.s. HEFT

Representative effective field theories (EFT) with SM particles

Standard Model Effective Field Theory (SMEFT)

LO+NLO Con
LSy ) D (DLH) (DH) + A—g(HTH)[I(HTH) 4.

Deviation from the SM appears from NLO

Higgs Effective Field Theory (HEFT)

2
L4 2k 4 12 (ﬁ) +-
()

LO -
Lo D mby Ww :

o> Deviation from the SM appears from LO
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SMEFT v.s. HEFT

Two representative EFTs that treat SM particles as dynamical particles:

- Standard Model Effective Field Theory (SMEFT)

- Higgs Effective Field Theory (HEFT)

SMEFT

HEFT

SUR2); X U(1)y is linearly realized

SU2); X U(1)y is non-linearly realized

Written in terms of
symmetric phase fields

Written in terms of
broken phase fields

1/M expansion

Loop expansion

How to choose between SMEFT and HEFT?
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