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e EWPT & the Higgs machine
* Other connections: DM, neutrino/lepton properties



Early universe: EWPT

* \V(H) gets finite-T corrections at very high z.
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FOPT needs a lower

minimum and a barrier
(fig. from 2008.09136)

V(H,T) = m?(T)H? + E(T)H3? + M(T)H* + ...

Contributions:

Loop level: gauge boson (SM), stops (Susy), extra
coupled stuff (extend Higgs, etc.)
Tree level: extra scalars: S|H|?, |S|?|H]|?, NMSSM, etc.



FOEWPT can create vacuum bubbles and mediate baryogenesis.

0Tt = 6er2 HUPTIVE W
BNV by anomaly, in

presence of SU(2), field
Bubble Wall =——* t’Hooft, 1976

<0>=0

D. Morrissey, M. Ramsey-Musolf, 12’

Figure 2. Baryon production in front of the bubble walls.



Cross-over
SM is here. - 125 GeV
2nd order
- 80 GeV
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- Symmetric phase
w/o top, SM would
need m, < 40 GeV K2
150 GeV
Temperature

The phase diagram of the Standard model.
Higgs masses of mn< ~80 GeV (excluded) the
Standard Model undergoes a FOEWPT

Lattice: Kajantie, et.al, 96', Csikor, Fordor, Heitger, 98'



SM:

SM Higgs mass too low

for FOPT. (<70~80 GeV)
Bochkarev and M. E. Shaposhnikov, 87

Even w FOPT, SM’s CKM

insufficient for baryogenesis
see hep-ph/9312215, /9404302,/9406289

BSM (is necessary!):

Must exist in abundance
around transition Tc
( -> close to EW scale)

Moderately (at least) coupled
to the SM
(-> coupled sectors)

» 2HDM: m,, >300 (transport by tops)

»SM with a dim-6 Higgs potential for
M<800 GeV (EDMs similar to 2HDM)

»MSSM: light stops (LHC search),
charginos (EDMs)

»Singlet models (NMSSM, SM+S):
cubic terms in the tree-level potential
induce a strong phase transition
EDM constraints somewhat relaxed

Collider: hVV, hhh coupling measurements.

Craig, Englert, McCullough, 13’



Real Scalar Singlet Model
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. Heavy Chiral Fermi_on Model

2 101 rodee thin = cross—over for all curves h' = 0
E CEPC = dashed = 15 order PT h=05
z HL-LHC % thick = strong 1PT e
I_‘—: 09 I3 )
= S - n=10 _
; 08 current
E
s o7} L
© gt
c )
2 06 2
2 3
New charged doublet/fermions = 05| |
0 200 400 600 800 1000
Chargino mass: + 1# + h* V%
Loop correction to Higgs
. . . Stop-Like Model
branching into diphotons. P
5.0%
I
A
o
~ 1.0%} 38/ &
N o1 |
N 6O I
©205%f 7 ¢
|
N CEPC / ILC 500
“3 FCC-ee
0.1%

1.0 1.1 1.2 1.3 1.4 1.5 1.6

Hi diphoton d T (T
P.Huang, et.al. 1608.06619 'ggs diphoton decay: I'nyy / (Th-yy)su



Joint Workshop(s) of the CEPC

. . Physics, Software and New
Highlights from CEPC - Detector Concept in 202X

Astro/Cosmic connection

— Join the discussion<—
https://indico.ihep.ac.cn/event/16509/
https://indico.ihep.ac.cn/event/14938

From PT: GraVitatiOnaI Wave https://indico.ihep.ac.cn/event/13888/

Three sources of energy

h.gﬂﬂ;‘ﬁ,’ = h-gﬂ.;) + h-ﬁﬂsw + hgﬂturb

(1) Bubble collision

(2) Sound wave in plasma .
3) Magnetic Turbulence CEPC can probe BSM potentials

that yield SFOEWPT,
W precision Higgs measurements.
Can cross-test with GW data

GW: See Ligong Bian’s talk yesterday.


https://indico.ihep.ac.cn/event/16509/
https://indico.ihep.ac.cn/event/14938
https://indico.ihep.ac.cn/event/13888/

DOUbIet + Trlplet nggs (W/ 0 22) Friedrich, MJRM, Tenkanen, Tran, 2203.05889
(fig. adapted from V.Q.Tran’s talk)
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SFOEWPT model & Gravitational Wave Signal

Classical Scale invariance (tree) and broken (@ loop) 7. Kang and J. Zhu,
Higgs doublet (H) + Z, Singlet (S) + Scalar Dark Matter (X) Phys-soeé- % 5139021(12020)

La ran |an: £ — EC;\Al/\:O. 1=0 + 1\’5('(11(11' - Vs('alur
grang 1 1‘ ' 1 l : adapted from J.Zhu's talk
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01 + 109
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Modified Higgs cubic and quartic couplings.
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Neutrino connection: CEPC’s complementary NSI measurement

Modification of matter potential Jiajun Liao, Yu Zhang
SM 2105.11215
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Berezhiania, Rossi, Phys.Lett.B 535 (2002)
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CEPC can probe NSl to 103
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Lepton connection: tau g-2

pir/ (eh/2m,)—1 = (g.—2)/2

For a theoretical calculation [(g,—2)/2 = 117 721(5) x10~®], see EIDELMAN 2007 .

PDG 2022

Muon seems to
have anomalies.
How about tau?

VALUE Cl% DOCUMENT ID TECN COMMENT
>-0.052 and <0.013 OUR LIMIT
MBSl .
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v v fusion @ Pb-Pb: Haifeng Li, et.al. 2204.13478
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ne-SR ey n_=1197020 0% .
Photon fusion process:
pn3T-SR 1 e |.ln:0,987m3 0.1 . .
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Combined [T Ho= 10450 Joos . _ Vv
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https://arxiv.org/abs/2204.13478

Lepton dipole moment @ Higgs factory

dN/dE,

stems from the SMEFT
prescription of tau’s Dim-6
dipole moment operators.

Oe,w = (l_lia””TIei)@Wiw
OeiB = (Eiauyei)gbBuw

—

Dipole moment is a L-R
coupling that requires the presence
of another (Higgs,say) doublet.

S,
), Emits a hard photon

’ to lift angular momentum

suppression (h is spin-0)
— hard spectrum with

>»E, a high-E endpoint.
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WIMP @ CEPC
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+ many others
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less effective for a pure multiplet.



CEPC sensitive to 102 GeV Weak multiplet DM

Combined one-(DM)-loop fit to ee — u*u-, Zzh, WW-,2Z,Zy @ CEPC

combined constraints

In mass plane and Yukawa coupling plane

Yellow region : exlusion region
solid black lines : exlusion region(~0.5% )

color lines : mass of X(1)
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LEP : dashed black line
LHC : mass of x{ is less than ~100 GeV
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Linging Gao, et.al. 2112.02519



CEPC - Astro/Cosmic/X
connection

Join the discussion!

CEPC can probe BSM
potentials that yield
SFOEWPT,

W precision Higgs
measurements.

Can cross-test with
GW data

Joint Workshop(s) of the CEPC
Physics, Software and New
Detector Concept in 202X

https://indico.ihep.ac.cn/event/16509/
https://indico.ihep.ac.cn/event/14938
https://indico.ihep.ac.cn/event/13888/

CEPC can offer
precision test of
lepton properties
complementary to
non-collider
anomaly/measure-
ments


https://indico.ihep.ac.cn/event/16509/
https://indico.ihep.ac.cn/event/14938
https://indico.ihep.ac.cn/event/13888/

