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Singlet Extension to SM

Real scalar S ~ (1,1)p with SM.
1 1
LD §(65)2 — 5;@52 + Loy + L(H,S). (1)
Integrating out S, one finds

Ce 3 C
Lorett ~ |DH + | HP = Ml HI' + 5 HI + | H + .. (2)
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Three UV Scenarios

exact Zso SSB Z5 %5
V(S) V(S) V(S)
$ Ts Ts
S - S "/ - S
no |H|° no |H|° has |H|°
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Does Wilson Coefficients “Remember” Zs Symmetry?

2 0 Aot Am
Lo+ g2 Zegty Tmm2e? y roH)
2 4 2 (3)
_ @56
6

Q: What is L of at tree level if we integrate out S7?

Lr et = |DH|® + p | HI? = An|H|* + 51 H|° + TIHP+... (4)
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Wilson Coefficients in Exact Z, Model

Am
2

/’// \\(\ /’// (5)
\A\ /’/ ~ \A\
0

As ;
L D —?94 + S?\H> — lH|*

with (S) =

Q: What is the tree-level Wilson coefficients for |H|*"?
\\’/
A

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

Two types of diagrams cancel!
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Extract |H|*" Wilson Coefficients

@ # of diagram types # of diagrams cp

|H|® 2 24 0
|H|® 4 28 0
|H|" 7 180 0
: : : 07

Q: Is ¢ always zero? How can we check this?
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Extract ~ 02| H|® Wilson Coefficient

v -~
~ ','/ ~ II
A=#1 R 4 Mo (9)
e \\\A g \\
A v
| Y ~
1 1 p?
........ NmN—W—m—F (10)

sz 1P (o)’

21 1716
Q: Lierf O 0-0%|H|”? A: No. [fHefFDS)\ o
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Tree-level Effective Potential

STEP 1 Find S.(H) such that

a‘Cint.

=0
BS SC(H)

STEP 2 Evaluate Lin: (S = S.(H)).
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,CH,eff in SSB ZQ

As

2
Lin. = 2257 - 2

S4+-5ﬁwfﬂ252.
2
= SI=#+#H.

Liest = # + #|H” + #|H|".
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EH'eff in SSB Z, + Se

2
Bs o2 Asca | Mmipr2q2  As6 o6
e = g2 Dsgty Amp2ga A6 66 1
Lim, = 2287 - 225* + TRH[S? - 208 (13)
1 0Lt o[ 2 2 2 4 2 _
0= =% _S[MS—Am]H] ~AS —A565] — S2=#

L eff = #“\/#JF#IH!Q” SAETEE (14)
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2
Tree-level ~ 9*|H|™" Terms

STEP 1 Find S.(H) such that

aACint.
0S

Sc(H)

1
STEP 2 Evaluate 5(@5)2

S=S¢
[Cohen, Craig, Lu, Sutherland: 2008.08597]
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&?|H|*" Terms in SSB Z,

2

o= Mogz Asga Amipgo

Lo, = £28% = 2250+ 2 H]S2, (15)
52 =#+#IH

Liin. = ;(@A/# + #|H\2> (8“\/# + #\Hﬁ) (15)
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Different Patterns in Wilson Coefficients

Exact Zs 1-loop  1-loop
SSB Zo  1-loop tree

/1 tree tree
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Wilson Coefficients of Different Models

' cEpC po = 1TV
o4 FCC-ee o Exact Zy
— IO (i) e SSBZ, Uniform sampling over
. i /FC/CCH] — UV parameters
{Ass Ay -+ -}

. — HL-LHC

with the restriction:
1) reproduce vgw & my,
2) perturbative unitarity
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Many Motivations Already to Study Higgs

[credit: Daniel Dominguez/CERN]
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Higgs as a Playground for EFT

LsmeeT = — A* +— cosmological const.
1
+ §M%|H|2 <— hierarchy problem
— | HI* +— vacuum stability

QHE oy JOUHE? (o171 ) — 7
”sm 208y
+ (many other)
(16)
More puzzles in the higher-dimensional operators?

(Thank Zhengkang (Kevin) Zhang for raising this point.)
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@ Higgs physics is also

' cEpc o= 1TV | ol d
e ey a natural playgroun
— ILC (+di-H) o SSBZ, fOI’ EFT
— FCC-ee+hh o 75 - . -
e @ A finite polynomial
e classical solution

truncates the EFT

o Future colliders offer
strong probes by
measuring the
Higgsstrahlung
process
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