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The Current Picture: SM

V(H) = u?H'H + J(H H)? 0.1

Requiring m; and v as measured

uo == dgyv’ .
<
y >,
_ _H —
A= Aoy = P E 0.0
~
Gives fixed Higgs trilinear and
quartic couplings after EWSB
By = Lm2h? + 4 vk + 2t 0.1
V(h) = —m;h* + Agvh” + - —7
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The Current Picture: BSM

A
VIH) = u?H H + A(H H)*+ C6L§4(HTH)3 0.1
\%

Requiring m and v as measured

3
ur=— <1 — _C6) AsmV”

4 S /ﬁnin
— (SM)
3 — 0.0
) = (1 —5C6> oy T 20\
—~ —— oA
Correlated shifts of Higgs tri-linear
and quartic couplings after EWSB HG
SM .
V) = 2k 4 A5k 4 g ~lisxg 2
2 4 -0.1
y| i ATLAS Collaboration,
K, = 3 P 2406.09971

T aSM 47 asm
A5 Aj



How do we measure it at a CEPC?




How do we measure it at a CEPC?

e H
H
_____ .\
e H
Ve
e >
W
W Hl
H\\
e >
McCullough 1312.3322, Ve

Di Vitaetal. 1/11.03978

At low energies, loop contribution is most sensitive probe!


https://arxiv.org/abs/1312.3322

Standard Model Effective Field Theory

Effective Field Theory:
A ‘ .
 Non-renormalizable QFT with clear separation ;

between UV and IR modes and a power counting
parametrised by o

e Separation of scales:

 QOperators: IR interactions

* Size of WC: UV physics
y y

gEFT((ﬂl, a,u(pl) — Z 5k Z CiOi((pla aﬂ(pl)
k€S, | M BSM Physics
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Standard Model Effective Field Theory

SMEFT:
AN ‘ .
1. Light fields: SM fields !

2. Power counting: Mass dimension [ O]

3. Symmetry: SUQ3) X SU(2); X U(1)y
( + Global Symmetries)

Parametrise New Physics! ‘-
Scale Dependent Couplings! 4 25

a4
L =L+ Z (Al ) c()0; + O(A™)
i€s, uv

| @ BSM Physics

f IR physics, always the same
Warsaw Basis
9



How to tame a beast
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How to tame a beast

VS

olete™ - ZH) X 2
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How to tame a beast

‘ Flavour Symmetries

VS o(eTe” - ZH) X 2

Top, Higgs, Diboson,
Drell-Yan from HL-LHC

Di-fermion, Diboson and
EWPO from FCC-ee

Di-fermion, Diboson
from LEP

Current Flavour date
“Boundary Condition”
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Projected sensitivity

N

5/@\

Scenario ocr[TeV~2]|68% CL dkx
Cyg Only 0.39 18%
Bosonic Only 0.52 24%
U(3)° 0.57 27%
U(2)g x U(2)y x U(3)° 0.61 29%
U(2)° 0.62 29%
U(2)5 wa X UML) .- 0.68 32%
U(2)° (3rd-gen. dominance)| 0.54 25%
Single Operator
Bosonic Only
U(3)°
U(2), x U(2), x U(3)*
U(2)°
3 3
u,d e, T
U(Q)q x U(1) "
U(2)° (3rd-gen dom.)
14




Conclusion

Leading Probe of the Higgs-Self Coupling at NLO for a low energy CEPC

Meaningful bound requires consistent inclusion of all new physics effects
appearing at the same order

Higgs Self-Coupling bound robustly to dx; < 30 % at a CEPC within the
SMEFT

Insensitive to generic Flavour assumptions

True strength lies in the complementary exploration of the Electroweak
sector!

15



Conclusion

Leading Probe of the Higgs-Self Coupling at NLO for a low energy CEPC

Meaningful bound requires consistent inclusion of all new physics effects
appearing at the same order

Higgs Self-Coupling bound robustly to dx; < 30 % at a CEPC within the
SMEFT

Insensitive to generic Flavour assumptions

True strength lies in the complementary exploration of the Electroweak
sector!

Any further Questions?
Feel free to email me:

Thank you!

victor.maura breick@kcl.ac.uk
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Name

Description

Z |W-pole Electroweak Precision Observables
58) Single H | Inclusive eTe~ — ZH, vivH cross sections
8 Diboson Total cross sections at 163, 240, 365 GeV
Di-fermion | Cross sections and Arg at 163, 240, 365 GeV
[P Diboson | Diboson total and differential cross sections
Di-lepton Di-lepton production for /s > mz
® Top t, tt, ttV, tttt and bbtt (diff.) cross section
E Higgs Higgs signal strengths and STXS data
= Diboson Fiducial differential dist. for VV and Zjj]
| Drell-Yan Di- and mono-lepton high-pT tails
Flavour AF =2,b— crtv, b — sbl, and b — svv
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Warsaw Basis

X3 HS and H*%D?2 V2 H3
Og fABCGLYGErGSH Oy (HTH)? O.u (H'H)(lyerH)
Og fABCGA”GBPGC“ Ouo (HTH)OQ(H'H) O.n (H'H)(gyu,H)
Ow ”KWI”WJPWK“ Oup | (H'D*H)" (H'D,H) O un (H'H)(gpd, H)
Ow sIJKWj”WjPWf#
X2H?2 V2XH ¢2H2D
Oue H'H Gf,,GAw O.w (lpo* e ) TTHW], % (H’rzD H)(I,v"1,)
Oue H'H @ﬁ,,GAW O.s (I,0" e, )HB,, 0 (HTzD H)(L,r y*1,)
Ouw HtHW] Wi O, (G TAu,)H G4, O (HTzD H)(eyy e,)
Ouiw HIHWI Wi O (@pot u, )T HW], oW (HTzD H)(3,7"q,)
Ous H'H B;wBlW O.s (qpo'uuur)ﬁ Buv OS(), (HT"'DI H) (q '7“‘]7')
Ous H'H B, B* O (Gpo**T4d,)H G4, Oy (H’rzD H)(apy u,)
Ouws Hir'HW,,B* O (gpo*¥d,)T"H W], Ona (HTzD H)(dyy"d,)
Ouws Hir'HW], B+ Ous (g,0**d,)H B, Otua i(H' D, H)(a,y"d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Ou ( p Yyl r) (1 s’Y“lt) O.. (ep')’uer)(es’)’”et) O.. (Ep'Yulr)(és’Yuet)
Oéz) (TpY19r) (@57 qt) O, ('L"_p'Yuur)(QZ_S'Y“ut) O, (_p'Yulr)(ﬂ_S'Yuut)
O‘(;;) (qp'y“’r q,«)(qsfy“'r Qt) Odd (dpﬁ)/#dr)(dsfyﬂdt) Old (lpyﬂlr)(dsﬂ)/“dt)
Ol(;) (lp'ml )(@sv*qt) O.. (ep')’uer)(__sf)’uut) O,e (Qp'Yuqr)(ésf)’“et)
O | pyu'l) (@ m'q) || Ou (€pyuer)(dsytdy) o (@pugr) (Wsy )
(’)fid) (up')’uur)( _S'Yﬂdt) (')fﬁf (Qp'YuTACIr)('L_ES'Y”TAut)
0. (up’YMTAUr)(ds’YMTAdt) O.d (Qp'Y,MQT)(C% vHdy)
Oc(;?z) (Qp')’uTAQT)( s’Y“TAdt)
(LR)(RL) and (LR)(LR) B-violating
Oieaq (_l;’;er)(dsqif) Oiug P i [(dg.)TCUE] [(QZj)Tle]
Ouaa (‘ ur)ejk(T5de) D e*eji [(g57)T Cql*] [(ud)T Cey]
Oc(zi)qd ( u'f')ejk(qs TAdt) quq Eaﬁ’ysjnskm [(qzC;J)TCqu] [(q.;ym)TCl?]
Olin (Der)ejn(qhus) Ouuu e*P7 [(d3)TCu}] [(u?)T Cey]
Oitgu | (Bouver)ein(@s ot ur)
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Real Singlet Scalar

 Real Singlet Scalar with Z,-symmetry 12

1 21 1 1
. 242 2 2 4
425 (aﬂ¢) A A L TR

« Only generates Cp; and Cpy— at NLO

-
-
-
-
-
w
-
-
- -
-
-
-
P
-

* Simplest extension of the SM that allows

for a first order EW phase transition
Jiang et al.1811.08878 , Haisch et al. 2003.05936

1 39 . 2 ADb —pole ~
* Hardest “loryon” to probe experimentally ove—pole
Banta et al. 2110.02967, Crawford and Sutherland 2409.18177 On—POle
(or next talk by Graeme!) 0 A DU SR S SR S S SR R
« Z pole covers Loryon parameter space! 200 400 600 800 1000
m¢ [GGV]
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ACE in action: WIMPs

Real Scalar

Complex Scalar

1000 e 1400 ———————————————————————
. . . - WOf-poe 7l 1200f SO -:
* Higher dimensional — 800 monpr Cmel = 1000} mCombined |
] D) 01 DINe L _ ]
Representations of O 600} puw-Lic _ - O, goop A B .;
SR B = 600k - 5
SU(Z)L = 400} _ FF - § bu0] = 2k
= - | | - A
= | - = 400} 7
200 N A 200 HHH N7 N7
 Could be Dark Matter i HH A A I ST RN DERCEER A AL
2 3 4 5 6 7 23 4 5
 (Can significantly n n

improve upon HL-LHC Majorana Fermion Dirac Fermion
constraints 2500F g oft_poie ) 3500F  moit-poe
_ " | 1 On-pole ] 3000 _ [ 1 On-pole _
% 2000 _ [ ] Comiined ] _ % F OB Comiined
@) : HL-LHC I — 7 | @ 2500 HL-LHC
~— 1500 B A . 2000¢ B 7k
> Jo00| = AW = 1500 - A W
= 1000 _— A ' W% = - A N W
= 500] 7 Z 2 = 1000} A Z 7
a0 ot R 0 D 017
ot e 0 B 2 B2 oI i B2 107 B2 BlZ

2 3 4 5 6 7T 2 3 4 5



Custodial Quadruplet
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