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CEPC operation scheme
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FIG. 2: The updated run plan of the CEPC, with the baseline and upgrade shown in solid
and dashed blue curves, respectively. The run plans for several other proposals of the ete™

colliders are also shown for comparison. See [14] for details.

Operation mode Z factory WW threshold Higgs factory tt
Vs (GeV) 91.2 160 240 360
Run time (year) 2 1 10 5
Instantaneous luminosity
191.7 26.6 8.3 0.83
(103*cm =251, per IP)
Integrated luminosity
100 6 20 1
(ab~1, 2 IPs)
Event yields 4.1x 102  2x108 4.3 x 105 0.6 x 106

TABLE I: Nominal CEPC operation scheme, and the physics yield, of four different modes.



Executive Summary

As a Higgs (flavor, top) factory, CEPC will provide unprecedented
opportunities for looking for new physics Beyond SM. CEPC may:

B |dentify the origin of matter, especially the mechanism related to the
first-order EW phase transition (EWPT) in the early Universe, which
could produce a detectable gravitational wave signal.

B Discover dark matter, particularly dark matter particles with a mass
between one tenth and 100 times the proton mass.

B Observe an array of new physics smoking guns, with sensitivities
orders of magnitude better than those of existing facilities.



NP Program

New particles?

Flavor .

H Intensity frontier of H/Z...:
Exotic Higgs/Z, EWPT,. ..

B Dark Matter and Dark Sector
B New particles/phenomena:

B New symmetries:
SUSY

H Flavor frontier :
Flavor, .

B Techniques:
Global fitting, Al,...



1. Exotic Higgs/Z/top decays

B Higgs .ls.connected to the origin of Exotic higgs
bOth V|S|b|e and dark matter Of the ; 95% C.L. upper limit on selected Higgs Exotic Decay BR
Universe, the origin of neutrino TR
masses, the stability of the Universe, :giig}fjof;f}

and the self-consistency of the
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- A promising way towards NP.
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B Higgs exolic decay motivated by a
large class of BSM phySiCS, such as FIG. 9: The 95% C.L. upper limit on selected Higgs exotic decay branching fractions at

singlet extensions, two Higgs- HL-LHC and CEPC, based on Ref [45].
doublet-models (2HDM), SUSY

models, Higgs portals, gauge

extensions of the SM ...



1. Exotic Higgs/Z/top decays
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FIG. 12: The reach for the branching ratio of various exotic Z decay modes at the future

Z-factories (rescaled to four Tera Z) and the HL-LHC at 13 TeV with £ = 3 ab™! [73]. The

B Exotic Z or top decays are also motivated by many
BSM models (ED, Heavy Vector Triplet, ...)

B Ljght Higgs are motivated by 2HDM and Axion-like
particle models.
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Light higgs can be
searched at CEPC very
well if exists.

=> As a Higgs (flavor, top) factory, CEPC could search for exotic H/Z/top decays
with sensitivities orders of magnitude better than those of existing facilities.




2. EWPT at CEPC

B The nature of Electroweak Phase Transition (EWPT) deeply impacts the
thermal history of the Universe, closely linked to puzzles of DM, matter-
antimatter asymmetry
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CEPC has the potential to
probe almost the entire
FOEWPT parameter
space for 4b and 4tau
channels



2. EWPT at CEPC

- Higgs precision measurements
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- Higgs exotic decay
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FIG. 17: Discontinuity in the Higgs vev (v) at the critical temperature (7;) as function of
the doublet-singlet mixing angle 6 in the real scalar singlet extension of the SM (xSM).

CEPC will provide a powerful
test of the xXSM FOEWPT
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FIG. 18: Phase diagram for the real scalar singlet extension of the SM in the plane of the

doublet-singlet mixing angle # and double-singlet cross-quartic portal coupling as. Light

A FOEWPT could also generate detectable
GW signals, CEPC measurements will
coincide with next generation of GW
detectors (LISA, Taiji, Tianqin)



Dark Sector from Z/H
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Vector-
portal DM

- CEPC can probe low-

mass light dark states.
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3. Dark Matter and Dark Sector
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FIG. 35: The sensitivities for scalar, fermion, and vector portals, as well as dark matter

magnetic dipole moment and electric dipole moment operators for CEPC and HL-LHC.



Long lifetimes result from a few simple physical mechanisms:
« Small couplings (ex. RPV SUSY)
 Limited phase space: small mass splitting (ex. compressed SUSY, ...)
« Heavy intermediate states

----- neutral displaced B BSM
m— Charged HSCP dilepton M lepton
= any charge W quark
photon
W anything
disappearing displaced
track lepton
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not pictured:
out-of-time decays

* New scalar particles
from higgs decay

« SUSY RPV N1 from Z-
boson decays

« ALP
 Dark photons

- Far Detector can help
a lot!
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5. SUSY Searches at CEPC

B SUSY: establishes a symmetry between fermions and bosons, solve many big
questions: unification, DM, Hierarchy, ......
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Complementary with LHC: lower mass/soft energy region
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5. SUSY Searches at CEPC

Search Production Vs [GeV]| L[ab™1] Sensitivity Figs. | Ref. = 40 LTI U PR L
[} e ATLAS Preliminary
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5. SUSY Searches at CEPC

Higgsino
(Amg=gl GeV)

Selectron A

(massless LSP)

Smuon

(Am=30 GeV)

Stau

(Am=60 GeV)

LHC:13 TeV, 140/fb

90
120 CEPC:240 GeV, 20/ab
180 CEPC:360 GeV, 1/ab
670
4800
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95
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176
100 200 500 1000 5000

Particle mass [GeV]

* Light EWKinos/sleptons:
discovery in all scenarios
up to kinematic limit Vs/2

- Heavy selectron from t-
channel
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Measurement Current Limit CEPC [373]

BR(Z — ) < 6.5%x 1076 O(1079)
BR(Z — 7e) < 50x 1076 0(1079)
BR(Z — pe) < B %10~ 10-8 — 10710
BCEPC is also a flavor factory BR(r — ) <21x10°% 0(107)
(b,c,tau) when running at Z pole e s o)
L g p ’ BR(7 — euu) <27x107°8 O(10-10)
which has a unique sensitivity for BR(r — ee) S B
o BR(T — uy) <4.4x1078 0(10719) Sa I
some rare/SM-forbidden decays of bR o st ouon 2 1% 9,
/)
leptons and heavy quarks ——_—— x5 1% e T o 8
o oy B @ . OF
BR(B® — K*0rtr7) " < 0(107°9) & S/OS @S
BR(Bs — ¢7t77) < 0(107°) 'OfO 44
. . BR(Bt - K*rtr7) <225%1073 < 0(107%) é@@
B New Physics scenarios: BR(B, - r*7") <68x10°  50(107)
BR(BY — 27Y) +16% (relative) +0.25% (relative)
— cLFV processes Cop(BY - 219) £0.22 (relative) 0,01 (relative)
BR(B, — 7v) < 30% + 0.5% (relative)
. BR(B, — J/y1v)/BR(B. = J/puv) =+ 0.17 £ 0.18 £2.5% (relative)
— Light BSM degrees of freedom from BR(B, - D)/ BR(B, o D) - +0.2% (rlative)
flavor transitions (cLFV or quark FCNC BR(Ay > Acrv)/BR(B. > Aws) £ 0076 +0.05% (relative)
processes) with inv. BSM states or LLP BR(7 - #Xim) TX100 (35)x10°0

BR(B — pXrLp(— pup)) - O(107') (optimal)

> two orders of magnitude improv. =



6. Flavor NP

Z — pe [ CEPC: Tera-Z
Z = Te N Current
V.24 Estimation

Z =y | o
K ffFH Fast simulation

XA Full simulation

T—=ly
T — 3l
B » K*O0rt—

B — 1~

1 107° 10-8 107 154 105 104 103 102

BR

Ry (relative)
(from Ap — Aclv)

Ry (relative)
(from B, — J/vlv)

BR(B® — 7Ox°
(relative)

BR(B? — ¢viv)

(relative)

BR(B. — mv)

(relative) — e ¥ Tt
1 102 101

Precision

See Manqgi's talk
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https://indico.ifae.es/event/2054/contributions/9476/attachments/2837/4414/CEPC-Flavor-Barcelona.pdf

Ly = 16,150,750 ab™*

1074 5 . ,
3 “\' ‘\
E ¥ X
] : N\
\ b G-
\ 2
\
o s \‘ \\
By \

107° E
10*6—;
BSM related neutrino physics 107
. . 2 1079 1
from neutrino mass mechanism, 3 oo PG, OXNEN R
new messengers and ST .
i t t. t Ew | ° 1011 .. dotted : Lz = 16 ab™* - targes re\'\,‘gs;:\~\; v - \‘}\
interactions a Scale. Discovery potential 10_125 dltjﬁzdzz(’:l;m h e
° Heavy neutrino (@ND’ FD)" 'extends down to mixing " dashled:ILZII='7'5(I)Ialub‘1,I"/;N|I2'=J'Vlu{vllff Vewl* \’
. values of O(10 —'1) 107! e 10°
 Non-standard neutrino Z — vN my|GeV]
interactions (NSI) — 0.20
« Active-sterile neutrino transition ti | o™
magnetic moments o} ] 0.10}-oms
X o % 8 . -0.005 0 0.005
* Neutral and doubly-charged W ool ] a8 oos
scalars in seesaw models N ’ 0.00f
' -0.05
- Connection to leptogenesis ol N
(C0||ider probes) and dark matter 20 -15 -1'.oeL 205 0.0 01820 ~0.15 -0.10 _0:1).5 0.00 0.05 0.10
. o o €
(sterile neutrino in the v MSM) L ce

The allowed ranges can be
constrained to be smaller than 0.002.
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Summary plot of neutrino relevant models

10°

BSM related neutrino physics CEPC
from neutrino mass mechanism, -
new messengers and -]

interactions at EW scale: |

« Heavy neutrino (@ND, FD)

« Non-standard neutrino
interactions (NSI)

1073 E
1074 E
10-3 E

106 E

« Active-sterile neutrino transition

magnetlc moments o Heav;ll-light Neufrino Active-lsterile LFV s'calar BR(h '—>NN)
neutrino mixing NSI neutrino transition coupling
* Neutral and doubly-charged angle agietic famer
scalars in seesaw models ©
* Connection to leptogenesis The sensitivities can be improved by roughly 1 to 2

(collider probes) and dark matter

or more) orders of magnitude (vs LHC & LEP).
(sterile neutrino in the v MSM) ( ) g ( )
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8. More exotics

High precision of Z, h width offers

power test of exotics process of
Lepton number/flavor violation, Sterile states,
Axion-like particles ...

« | Axion-like particles (solve “strong-CP”
problem)

« Emergent Hadron Mass

« Lepton form factors (p /e g-2, p /e dipole
moments in SUSY, t weak-electric

dipole moments)
« Exotic lepton mass models

« Spin entanglement

m, ranges from 0.1 to 100 GeV, extending current
limits by more than two orders of magnitude

Quantity Channel | Sensitivity scale (GeV)| CEPC Run
ALP gl ete vy 6.7 x 103 [668] Tera-Z
ete vy 2.2 x 10* [668] 240 GeV
ffa 6.5 x 10®  [668] 250 GeV
ALP (g.58/4)7 ! 3y 106 [61] Tera-Z
Fry 4.8 x 108  [61] Tera-Z
ALP (2/A)~ | W — ftva 103 [669] 240 GeV
T (deeky=L e 6 x 106 [711] Tera-Z
Bell Inequality |Z,h — 777~ lo [718] 240 GeV
108 1 pr -
B v ."'.
4 Nags = //b@
7L
107 Teraz(ty)  AS°
-
1 3
;106;ciiga_z_£¢7),."/ TeraZ(3~y) € yﬁ'y
¥/
3 . elammemen 7z % 7
@ 10 L3 (,E'y); Tera Z (27)
© A e i Wi S
< "7 GigaZ(2y) W
107 /7 oo | v
A~ LI, B b
LU PR T O
10° el Pla I ok
B g = il
i i< 0 I
102 "0 i i e
10 10 10 10 25
m, [GeV]




8. More exotics

ee Y]

R e o EEE CEPC:240 GeV
. CEPC:TeraZ
[
Bl LHC
- | < oo LD
HEl | HCpbpb
W o | [ A (/)
e w1
[GeV]

Energy reach in representative exotic search channels at the CEPC. Note the
maximal energy reach may apply to different model parameter regions

between experiments.
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9. Global fits

Global fits: an essential tool to
obtaining a thorough
understanding of a NP model, and
the implications and predictions of
the models for future searches and
experiments.

« SMEFT
« 2HDM

Global fit for SMEFT operators at future
colliders

- CEPC can improve the Higgs couplings
by a factor of a few, or even orders of
magnitude (89,2, OK,, and A;.)

10+

Higgs couplings

—
9
un

107!

Wl ek L AR
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9. Global fits

Global fits: an essential tool to
obtaining a thorough
understanding of a NP model, and
the implications and predictions of
the models for future searches and
experiments.

- SMEFT

Global fit for SMEFT operators at future
colliders

- CEPC can dramatically increase the
sensitivity to Higgs, electroweak, and
4fermion operators by the 10~70 TeV
scale

Constraints on A: (HL-)LHC vs CEPC from the SMEFT Global Fit

A[TeV ]

Vit | : | 1
4¢ $ -
g \
2(2(1 E Current Fit + CEPC240,5/ab 7
Higgs ! + HL-LHC + CEPCyg0,15/ab |-
o 10 20 30 40 50
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Projected sensitivities of the CEPC and HL-LHC for
various new physics scenarios

= CEPC
BN HL-LHC
B LEP

The sensitivities are
orders of magnitude
better than the
existing facility
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Exotics

(ALP, Scale particles in seesaw)

SUSY

Sensitivity scale of the CEPC and other Exp.
for various new physics scenarios

Higgsino
(Am=1 GeV)

Selectron
(massless LSP)

Smuon
(Am=30 GeV)

Stau
(Am=60 GeV)

I HL-LHC

I LHC

[ LEP

[ CEPC: Tera-Z
[ CEPC: 240GeV
[ CEPC: 360GeV

o
OHud
Opia

OHu

10
(3)
OHI

1
ol

(1
o

Ocd

O

Ofe

Ofu

Onwn

Oup

3
o

107 10° 10* 10%

[GeV]

|
NP search via EFT

The new physics
discovery power could
also be expressed in the
explorable energy range:

« SMEFT: up to 10-100 TeV,
improve NP scale by a
factor of 3~10

« SUSY/exotics: from half
beam energy to TeV
scale
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Summary and Outlook

B CEPC has excellent discovery
potential for NP, especially for light
new particles at low energy/mass
scale, which is complementary to
hadron colliders

B CEPC NP white paper is on
arXiv:2505.24810, your
comments/suggestions are very
appreciated!

arXiv:2505.24810v1 [hep-ex] 30 May 2025

New Physics Search at the CEPC: a General
Perspective

Stefan Antusch,! Peter Athron,? Daniele Barducei,** Long Chen,” Mingshui Chen,%7”
Xiang Chen,® Huajie Cheng,’ Kingman Cheung,'® Joao Guimaraes da Costa,®” Arindam
Das,*! Frank F. Deppisch,'? P. S. Bhupal Dev,'* Xiaokang Du,'*'® Yong Du,'%!7 Yaquan

Fang,®7 Andrew Fowlie,'® Yu Gao,”!'® Bruce Mellado Garcia,?”?' Shao-Feng Ge,?* 2

Jiayin Gu,?»2?% Yu-Chen Guo,? Jan Hajer,>” Chengcheng Han,?® Tao Han,? Sven
Heinemeyer,* Fa Peng Huang,?! Yanping Huang,%7 Jianfeng Jiang,% 7 Shan Jin,*? Liang
Li,® Lingfeng Li,* Tong Li,** Tianjun Li,"%5% Xin-Qiang Li,?” Zhao Li,% 7 Zhijun

Liang,%” Hongbo Liao,%7 Jiajun Liao,?® Jia Liu,3®% Tao Liu,*® Wei Liu,"* Yang Liu,*?

Zhen Liu,*® Zuowei Liu,*? Xinchou Lou,®” Chih-Ting Lu,%% Feng Lyu,®” Kai Ma,43

Lianliang Ma,*® Ying-nan Mao,*” Sanjoy Mandal,*® Roberto A. Morales,* Manimala
Mitra,5%5! Miha Nemevsek,’>% Takaaki Nomura,?* Michael Ramsey-Musolf,5%5657:58 C J.

Ouseph,'®® Craig D. Roberts,"'%! Manqi Ruan,®" Liangliang Shang,? Sujay Shil,®*
Shufang Su,% Wei Su,%* Xiaohu Sun,% Zheng Sun,* Van Que Tran,%:57 Yuexin Wang,®
Zeren Simon Wang,% Kechen Wang,*” Peiwen Wu,% Yongcheng Wu,%** Sai Wang,® ™ Lei
Wau,? Fei Wang,™ Jianchun Wang,%” Xiao-Ping Wang, Guotao Xia,? % Ke-Pan Xie,”

Da Xu,%7 Jin Min Yang,” %3 Shuo Yang,? Jiarong Yuan,%7 Chongxing Yue,?5:™
Yuanfang Yue,*® Hao Zhang,®” Mengchao Zhang,™ Xuai Zhuang,®” Yu Zhang,®®
Yang Zhang,*® Yongchao Zhang,® Jing-Yu Zhu,'® Pengxuan Zhu,™ and Rui Zhu™3
! Department of Physics, University of Basel, CH-4056 Basel, Switzerland
2Department of Physics and Institute of Theoretical Physics,

Nanging Normal University, Nanjing 210023, China
3 Dipartimento di Fisica ”Enrico Fermi”, Universitd di Pisa,
Largo Bruno Pontecorvo 3, I-56127 Pisa, Italy

44.INFN, Sezione di Pisa, Largo Bruno Pontecorvo 3, I-56127 Pisa, Italy

Thanks for your attention! "
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BSM related neutrino physics from
neutrino mass mechanism, new
messengers and interactions at
EW scale:

X. Neutrino Physics (Bhupal, Wei, Yongchao)

A. Prospects of heavy neutrinos

1. Heavy neutrinos at the main detector
2. Heavy neutrinos at far detectors

3. SM Higgs decay h - NN

MmUY QW

4. Prospects of heavy neutrinos in U(1) models

5. Prospects of heavy neutrinos in the LRSM

Non-standard neutrino interactions

Active-sterile neutrino transition magnetic moments

Neutral and doubly-charged scalars in seesaw models

Connection to Leptogenesis and Dark Matter

Summary

Discovery potential extends

down to mixing values of
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The allowed ranges can be constrained

to be smaller than 0.002. 4 o _
e'e — vvy

BSM related neutrino physics from e 0.20

neutrino mass mechanism, ne
messengers and interactions
EW scale:

X. Neutrino Physics (Bhupal, Wei, Yongchao)
A. Prospects of heavy neutrinos
1. Heavy neutrinos at the main detector
2. Heavy neutrinos at far detectors
3. SM Higgs decay h - NN

4. Prospects of heavy neutrinos in U(1) models

5. Prospects of heavy neutrinos in the LRSM

Non-standard neutrino interactions (NSI)

Active-sterile neutrino transition magnetic moments
Neutral and doubly-charged scalars in seesaw models

Connection to Leptogenesis and Dark Matter

0.005
3W 1.0} 0.15
t 0
a 0.5} 0.10} -0.005
~0.005 0 0.005
%wg %wg 0.05
0.0f
0.00F
-0.5}F
-0.05F
—10 " . . . . — . h _0.10 N M M M N
-2.0 -1.5 -1.0 -05 0.0 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10
el el
€ee €ee

FIG. 76: Left panel: The allowed 90% C.L. region for electron-type neutrino NSI in the
planes of (e2F, €°?) at future CEPC with 5.6 ab=! data of /s = 240 GeV (Black), with 2.6
ab~! data of /s = 160 GeV (Red), and with 16 ab~! data of /s = 91.2 GeV (Blue),
respectively. The allowed 90% C.L. regions arising from the global analysis of the LEP,
CHARM, LSND, and reactor data [586], are shown in the shaded gray regions. Right

panel: With all the data collected in all three running modes, the combined result is shown

m = U Q|

Summary

as the green region. Figure from Ref. [549)
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10~ LEP
. . 10°° 2 R Ry, 3:‘. ;
BSM related neutrino physics from NS A
neutrino mass mechanism, new 3 oo
° ° ~ :: - Minil NI T G R R et _:
messengers and interactions at &> v | ]
® Q & - —— Scenario I: dy,=0 T:.
Ew sca|e. \Q) . QCD') 10—9 -_ SN—1087A = Scenario II: dj; =0 _-
) QO 5\ E Scenario Il : dyy,=2tand, x dg ]
X. Neutrino Physics (Bhupal, Wei, Yongchao) S S -0 © Scenario IV dyy = ~2tanf,, x dy ]
© 0.001 0.01 0.1 1 10

A. Prospects of heavy neutrinos

1. Heavy neutrinos at the main detector

2. Heavy neutrinos at far detectors
3. SM Higgs decay h - NN

4. Prospects of heavy neutrinos in U(1) models

5. Prospects of heavy neutrinos in the LRSM

B. Non-standard neutrino interactions b
C. Active-sterile neutrino transition magnetic moments [CEPC] ] H“;

D. Neutral and doubly-charged scalars in seesaw models : ’/ | . 23: Z;r - [[ICI)_ECF]’C] il T
E. Connection to Leptogenesis and Dark Matter ot = | ey - eer+ ree.[ILC] _

F. Summary 500 1000 5000 104 .

off-shell production of H+ + M [GeV]



8. More exotics

>
High precision of Z, h width offers
power test of exotics process of -
Lepton number/flavor violation, Sterile states, g
Axion-like particles ... = o
XI. More Exotics (Yu, Zuowei) Hemamemoy
A. Axion-like particles (solve “strong—CP” problem) T e e e
B. Emergent Hadron Mass e*e‘8—> bk i
C. Lepton form factors * 5 /\LBB 2B B" ,/@@
1. General remarks on pu/e g — 2 10" Toraz (#y)_ \.",..""';igw
2. /e dipole moments in SUSY = 1L Cﬂga_zﬂgj{);”'/ﬁ L5Na L) ‘¢
3. 7 weak-electric dipole moments %105}3 'w;)'?ﬁ’—é?a_ifz_y')_
D. Spin entanglement < 1042.0;’:;} " Gigaz (27 |
E. Exotic lepton mass models o 4 LEPI(27) §§M§ e’
F. Summary é g‘ E
m, ranges from 0.1 to 100 GeV, extending current o 10° s [GeV]1O1 10

limits by more than two orders of magnitude



8. More exotics

High precision of Z, h width offers

power test of exotics process of
Lepton number/flavor violation, Sterile states,
Axion-like particles ...

XI. More Exotics (Yu, Zuowei)
A. Axion-like particles (solve “strong—CP” problem)

B. Emergent Hadron Mass

C. Lepton form factors
1. General remarks on pu/e g — 2
2. p/e dipole moments in SUSY

3. 7 weak-electric dipole moments

D. Spin entanglement

E. Exotic lepton mass models

M b [GGV]

Minimal \g

400
Model R
3001
2104.03691
2501
200
150 J\Q)b
100
50 LHC limits
100 200 300
M¢ [GGV]

3.90

3.25

3.00

2.75

2.90

2.25

2.00

1.75

F. Summary _ _
- Light EWKinos, smuon, stau co—

annihilation can explain mu g—2 excess
- Gaps from LHC, can cover by CEPC

A simple model with a new
scalar and and a new fermion
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9 G |Oba| f| 'tS Improve the new physics scale by a factor of 3~10

LEP + SLC + SLD + DO + LHC  mmm + HL-LHC (14 TeV, 3/ab) + CEPC (240 GeV, 20/ab) mmm + CEPC (360 GeV, 1/ab)

Global fits: an essenti | . g
obtaining a tho | | | |
understanding of a NP m II IJ

10?

the implications and prec o1
the models for future sear |
experiments. g |
. SMEFT Z - II |J |]
+ 2HDM RN EREEEDN
- SUSY
As a Higgs factory, CEPC is o u " -
expected to improve sign.ificantly J] J] 1| J] H
the SMEFT global analysis due to 100 M o o . al o -

its high energy and luminosity.
FIG. 95: Lower bounds on A/+/|C;| at the 95% CL as presented in the Warsaw basis,

assuming flavor universality and one operator at a time.
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9. Global fi ts A I s
. _ T &2«
Global fits: an essential tool to : R
obtaining a thorough O e
understanding of a NP model, and P:‘l:hk“‘h"°‘“a“°‘
the implications and predictions of § B Covn + Ccire
the models for future searches and -
experiments. w o
« SMEFT ;
« 2HDM %
]
« SUSY i
mop (GeV) Ao (GeV) myp (GeV) mpy, (GeV) mpy, (GeV) ?,anﬂ
CEPC has the potential to greatly enhance our
understanding of the parameter space and . Z:;
mass spectrum in the MSSM. Z |
E = - -0.25
One—dimensional profiled likelihood o
ratio for the global fit G hacen  moew e wleenm  mee: OO s




2. EWPT at CEPC

V. Electroweak phase transition and gravitational waves
Huang, Sai Wang, Michael Ramsey Musolf, Bruce)

A. Introduction

B. Higgs precision measurements

M, = 350 GeV, ay = 2.5,b3 = 40 GeV, by = 0.3, 3 = 40, N, = 80

—— 2-loop I I
3.0~ @ lattice 1st order
< lattice crossover
2.5
2.0 firlp
e
> L5 R
i
1.0 &
0.5 1
0.0 1 : ” e Al < <
03  -02 0.1 0.0 0.1 0.2 0.3

sin 6

FIG. 17: Discontinuity in the Higgs vev (v) at the critical temperature (T;) as function of
the doublet-singlet mixing angle 8 in the real scalar singlet extension of the SM (xSM).
Blue circles (yellow diamonds) give lattice results for a first order (crossover) transition,
while blue curve is obtained from a two-loop perturbative computation using the 7" > 0
EFT framework. Black and green vertical lines indicate sin 6 sensitivities of LHC Run 2

and the CEPC, respectively (adapted from Ref. [193] by G. Xia).

mp, =350 GeV, b3 =40 GeV and by = 0.3

== SNRUSA >5
metastable

mm first-order PT

crossover

o
§ | s
2 :
= |
Yo
S R
- g &
oi Ol
.
|
0.05 0.10 0.15 0.20

FIG. 18: Phase diagram for the real scalar singlet extension of the SM in the plane of the
doublet-singlet mixing angle # and double-singlet cross-quartic portal coupling ay. Light
blue and red regions indicate cross over and two-step EWPT regions, respectively, while

the light grey region corresponds to a metastable electroweak vacuum. The dark grey
region is experimentally excluded. Dashed red curve and dashed green lines indicate
sensitivities of high luminosity LHC resonant di-Higgs searches in the bbr*7~ channel and
different scenarios of the CEPC precision o(e*e™ — Zh) exclusion reach, respectively.
Purple band shows parameter region consistent with a LISA GW observation with SNR
> 5. Dark grey region is experimentally excluded (adapted from Ref. [178] by V.Q. Tran)
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