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Singlet Extension to SM

Real scalar S ∼ (1,1,1)0 with SM.

L ⊃ 1

2
(∂S)2 − 1

2
µ2
SS

2 + LSM + L(H,S). (1)

Integrating out S, one finds

LH,eff ∼ |DH|2 +µ2
h|H|2 −λh|H|4 + c6

Λ2
|H|6 + c8

Λ4
|H|8 + . . . (2)
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Three UV Scenarios

exact Z2

S

V (S)

S

SSB Z2

S

V (S)
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Exact Z2 Model

Z2 : S → −S, H → H.

Lint. ⊃ −µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2 + LH ,

LH = |DH|2 + µ2
h|H|2 − λh|H|4

(3)

Q: What is LH,eff at tree level if we integrate out S?

LH,eff = |DH|2 + µ2
h|H|2 − λh|H|4 + 0|H|6 + 0|H|8 (4)
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SSB Z2 Model

Z2 : S → −S, H → H.

Lint. ⊃ +
µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2 + LH ,

LH = |DH|2 + µ2
h|H|2 − λh|H|4

(5)

Q: What is LH,eff at tree level if we integrate out S?

LH,eff = |DH|2 + µ′
h
2|H|2 − λ′

h|H|4 + 0|H|6 + 0|H|8 (6)
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Does Wilson Coefficients “Remember” Z2 Symmetry?

L ⊃+
µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2 + LH

− λs6

6
S6

(7)

Q: What is LH,eff at tree level if we integrate out S?

LH,eff = |DH|2 +µ2
h|H|2 −λh|H|4 + c6

Λ2
|H|6 + c8

Λ4
|H|8 + . . . (8)
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Wilson Coefficients in Exact Z2 Model

L ⊃ −λs

4
S4 +

λm

2
S2|H|2 − λh|H|4

(9)

with 〈S〉 = 0
Q: What is the tree-level Wilson coefficients for |H|2n?

...
...

A: No tree-level |H|2n diagrams with internal S. They appears at
one-loop level.

Yunjia Bao | UChicago [arXiv:2408.08948] 7/19

mailto:yunjia.bao@uchicago.edu
https://arxiv.org/abs/2408.08948


Introduction Diagrammatics Effective Action Approach Probing into the UV

Wilson Coefficients in SSB Z2 Model

S

V (S)

rs

L ⊃ −λm

2
|H|2(vs + rs)

2 (10)

rs , ,

H†

H

, .

(11)
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Extract |H|6 Wilson Coefficient

A = #1 + #2

i3 · i2 ·# i4 · i3 · 3#

(12)

Two types of diagrams cancel!
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Extract |H|2n Wilson Coefficients

O # of diagram types # of diagrams cO

|H|6 2 24 0

|H|8 4 28 0

|H|10 7 180 0
...

...
... 0?

Q: Is cO always zero? How can we check this?
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Extract ∼ ∂2|H|6 Wilson Coefficient

A = #1 +#2 (13)

∼ 1

p2 −m2
∼ − 1

m2
− p2

m4
+ . . . (14)

Q: LH,eff ⊃ 0 · ∂2|H|6? A: No. LH,eff ⊃ λ2
m

8λs

|H|2
(
∂|H|2

)2

µ4
s

.
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Tree-level Effective Potential

Step 1 Find Sc(H) such that

∂Lint.
∂S

∣∣∣∣
Sc(H)

= 0

Step 2 Evaluate Lint.(S = Sc(H)).
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LH,eff in SSB Z2

Lint. =
µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2. (15)

=⇒ S2
c = #+#|H|2.

LH,eff = #+#|H|2 +#|H|4. (16)
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LH,eff in SSB Z2 + S6

Lint. =
µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2 − λs6

6
S6. (17)

0
!
=

∂Lint.
∂S

= S
[
µ2
s − λm|H|2 − λsS

2 − λs6S
4
]

=⇒ S2
c = #+

√
#+#|H|2.

LH,eff = #“

√
#+#|H|2” + . . . . (18)
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Tree-level ∼ ∂2|H|2n Terms

Step 1 Find Sc(H) such that

∂Lint.
∂S

∣∣∣∣
Sc(H)

= 0

Step 2 Evaluate 1

2
(∂µS)

2

∣∣∣∣
S=Sc

.

[Cohen, Craig, Lu, Sutherland: 2008.08597]
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∂2|H|2n Terms in SSB Z2

Lint. =
µ2
s

2
S2 − λs

4
S4 +

λm

2
|H|2S2. (15)

S2
c = #+#|H|2

Lkin. =
1

2

(
∂µ

√
#+#|H|2

)(
∂µ

√
#+#|H|2

)
(19)
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Different Patterns in Wilson Coefficients

C|H|6 C(
∂|H|2

)2

Exact Z2 1-loop 1-loop
SSB Z2 1-loop tree

��Z2 tree tree
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Wilson Coefficients of Different Models

Uniform sampling over
UV parameters
{λs, λm, . . .}
with the restriction:

1) reproduce vEW & mh

2) perturbative unitarity
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Concluding Remarks

Z2 does not suppress
high-dim operators in
LH,eff

Demanding L(Sc) is
a finite polynomial in
IR fields truncates the
EFT
EFT measurements
complement resonant
searches
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