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Big Questions and Ideas
in particle physics
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—&— FCC ®
oo CEPC operation scheme
—i— ILC-Baseline (Showmass 2021)

—4— CLIC-Baseline (Snowmass 2021)

2
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T

Luminosity / IP [ 10%* cm2s™]
o

II| 1 | Illllll 1 1

107 10°
(s [GeV]
Operation mode Z factory WW threshold Higgs factory  tt
Vs (GeV) 91.2 160 240 360
Run time (year) 2 L 10 5 7: Neutrino 4: SUSY
Instantaneous luminosity
191.7 26.6 8.3 0.83
(1034em—2s71, per IP)
Integrated luminosit
& Y 100 6 20 1
(ab~1, 2 IPs)
Event yields 3 x 1012 1x 108 4x10% 5x10°

TABLE I: Nominal CEPC operation scheme, and the physics yield, of four different modes. 3




1. Exotic Higgs/Z/top decays

B Higgs exolic decay motivated by a large class of BSM physics, such as singlet
extensions, two Higgs-doublet-models (2HDM), SUSY models, Higgs portals, gauge
extensions of the SM ...

<

h—>2-3—4 h—2—(143) hes 94

Representative topologies of the Higgs exotic decays

B Exotic Z or top decays are also motivated by many BSM models (ED, Heavy Vector
Triplet, ...) and can also be searched at CEPC

B Light Higgs are motivated by 2HDM and Axion-like particle models, which can be
searched at CEPC well if they exist.



Exotic Higgs/Z/top decays

95% C.L. upper limit on selected Higgs Exotic Decay BR
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- Good sensitivity of exotic Higgs/Z decay from CEPC
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The reach for the
branching ratio of various
exotic Z decay modes
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Local p-value
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B Light 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.
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2. Dark Matter and Dark Sector

H UV models DM:
- SUSY DM

 Double dark portal
model

B Simplified models DM:
e Scalar portal
 Fermion portal

« Vector portal

H EFT DM
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2. Dark Matter and Dark Sector

Portal Effective operator Vs [GeV]| Llab™1] Sensitivity of CEPC (HL-LHC) Figs. | Ref.
Scalar | Agp|H|?S? — scalar mixing sin 8 250 5 invisible S, sin@ ~ 0.03 (0.20 global-fits) 22 |[108]
vexro g + H.c. 250 b covering 100 GeV < mg < 170 GeV 23 | [56]
Fermion n@@@R + H.c. (dark QCD) 250 5 mg ~ 10 TeV for cTgarkpion € [1,10%] cm (Null) 25 |[109]
y®Flp + He. 240 5.6 yfr, € [10711, 1077 (L1078 —1079) 26 |[110]
A, (eedbm + gD)'m/”x) 250 5 €~ 1073 for gp = e and m 4/ < 125 GeV (e ~ 0.02 ) |27, 28|[108]

250 5 € ~ 0.1 for m, ~ 50 GeV
Vector eAuxy*x, (millicharge DM) 91.2 2.6 € ~ 0.02 for my ~ 5 GeV 29 |[111]

160 16 € ~ 0.5 for my ~ 10 GeV
2 XM X Fuw + Edy X0 O X Fuw 91.2 100 | piy,dy ~4x 1077 (4 x 10~ %) up for my < 25GeV 30 |[112)

—ax XY*Y°x0" Fuv + by X 7" x0" Fpu 240 20 | ay,by ~107% (2 x 107%) GeV~2 for my < 80 GeV

2 3 (e (L = y5)x) (Ey*(1—5)€) | 250 A; ~ 2 TeV (my = 0) (Null) 31 |[113]
EFT Xlg XY Y5 Xy st 250 Aa ~ 1.5 TeV (Null) 32 [[111]
2 Xl"’ (eTue) (PT¥xe) + He. 240 20 A; ~1 TeV (my = 0) (Null) 33 |[114]

Tu =179, Yur Y5, v

See details at Yongchao’s talk this Wed.
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associate production
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Double dark portal model:
Scale and Vector-portal DM
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https://indico.ihep.ac.cn/event/22089/contributions/168292/

2. Dark Matter and Dark Sector

Portal Effective operator Vs [GeV] | Llab™ 1] Sensitivity of CEPC (HL-LHC) Figs. | Ref. €+€_ N S:I:(*> S:F N €+X g/_X
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- . . — __ i
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A
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2. Dark Matter and Dark Sector

Portal Effective operator Vs [GeV]| Llab™1] Sensitivity of CEPC (HL-LHC) Figs. | Ref.
Scalar | Agp|H|2S% — scalar mixing sin@ | 250 5 invisible S, sin @ ~ 0.03 (0.20 global-fits) 22 |[108] Vector-
yex1.STer + H.c. 250 5 covering 100 GeV < mg < 170 GeV 23 | [56] Ol’tﬂ' DM
Fermion k®q; Lr + H.c. (dark QCD) 250 5 mg ~ 10 TeV for cTgarkpion € [1,10%] cm (Null) 25 |[109] p
y<I>F'L€R + H.c. 240 5.6 yor, € [10—11’ 10—7] (5 10-8 — 10—9) 26 |[110] C BB LR T T T T T T T T
B i ! 1 .
A, (eedbm + gD)_m/”x) 250 5 €~ 1073 for gp = e and m 4, < 125 GeV (e ~ 0.02 )|27, 28|[108] L i 190 3 12114 ! :
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Veotor eAuXY"x, (millicharge DM) 91.2 2.6 € ~ 0.02 for my ~ 5 GeV 29 [[111] - Colliders | .: .
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; el ye) vy, XL .C. - . E
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- : + — - 0'1 1 1 11 111 I1 1 1 L1 1 11 l]-0 1 1 L1 11 I1I00
new physics process: e e — yyvy my (GeV)
millicharged DM vector-portal DM EFTDM
- Y

- CEPC can probe low-
mass light dark states.
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2. Dark Matter and Dark Sector

0.03 0.02 HL-LHC
10—+
4 x107° ug
1077 4 %1077 ug
107°
; s — . :
Scalar portal Fermion portal Vector portal for DM MDM/EDM
mixing sin@  yukawa coupling kinetic mixing ¢

X

fermion mixing

for an invisible A'

CEPC can improve the
sensitivities by roughly
one order of magnitude
(vs LHC), for some cases.
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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
== any charge W quark
photon
W anything
disappearing displaced
track lepton
> Y A A
‘¢¢ x : "‘ w:‘.~..
displaced ba : ‘. ‘s displaced
dijet by ' L% photon

displaced displaced

vertex conversion

L e
. -
g A

-

not pictured:
out-of-time decays

* New scale particles
from higgs decay

« SUSY RPV N1 from
Z-boson decays

- ALP
 Dark photons

- Far Detector can
help a lot!
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3. Long-lived particles (LLP)

Br( h - XX)
s g

ud

10-6 ] FDI:D = 5m (dashed), 5.6 ab~"

FD3: D = 50 m (dashed), 5.6 ab™"
FD6 : D = 50 m (dashed), 5.6 ab™"

LLP Vs | L Sensitivities on parameters
Signal Signature Detector Figs. | Refs.
Type [GeV]|[ab™1] [Assumptions]
Z(—> incl.) h(— X X), Br(h — XX) ~ 100
240 | 20 ND 37 | [80]
X — qg/vi [m € (1,50) GeV, 7 € (107%,1071) ns]
Br(h =+ XX)~3x107°
ND 49 | [36]
New scalar [m =05 GeV, er ~ 5 x 107 m|
particles (X) |Z(— incl.) h(— X X), Br(h - XX)~7x107°
240 | 56 | FD3 19 | [86]
X — incl. [m=0.5 GeV, cr ~ 1 m]|
Br(h — XX) ~5x107°
LAYCAST 49 |[241)
[m =05 GeV, et ~ 107! m)]
Alo/m2 € (2x 107 1,107°) GeV ™ *
ND [ e fG ( G O; ) 43 | [86]
m ~ 40 GeV, Br(Z — xixj) = 10~
RPV-SUSY VA 050 N / 2 ’( 14 19)1G V2
- %059, m2 € (10-14, 10-9) GeV~
neutralinos b 91.2 | 150 | FD3 Hy 50 | [86]
&) %) — incl. [m ~ 40 GeV, Br(Z — $I%)) = 1079
X
! Aa/m2 € (Tx 10715, 107°) GeV 2
LAYCAST ! 50 |[241)
[m ~ 40 GeV, Br(Z — %)) = 1079
Z0 S ppta 91 | 150 | ND Ja/Cph, < 950 GeV 44 | [85]
Cy /A ~ 1078 TeV !
ND " 51 |[241]
[Cyz =0, m ~2 GeV]
ALPs (a) v a, Coy/A ~6x 1073 TeV~?
91.2 | 150 FD3 51 |[242]
a =Yy [C-yz =0,m~03 GGV]
Cy/A ~ 2 % 1073 TeV—!
LAYCAST 51 |[241]
(Cyz =0, m ~ 0.7 GeV]
Hidden valley Z h(— ndxd), a(h) x BR(h — 7079) ~ 107* pb
i} 350 | 1.0 | ND 41 |[243)
particles () 7l — bb [m € (25,50) GeV, 7 ~ 10? ps]
Dark photons | Z(— ¢q) h(= vp¥p), Br(h = ypyp) ~ 1075,
250 | 2.0 ND 42 | [83]

(vp)

Yo = £ [qq

[m € (5,10) GeV, 7 ~ 10% ps, € € (1079,1077)]

10_7 o | pes ) 2 J 1) -y o s Al !
107% 107° 10~* 10~* 10-2 10" 10° 10" 10* 10° 10*
(cr) [m]
BI‘(Z — xlxl) =10"° 6

1: 0= 6m (dashe ,lr)ﬂ T
FD1: D dashed), 150 ab~1
14 FD3: D =560 m (dashed), 150 ab~!
10 TFD6: D = 50 m (dashed), 150 ab™!

A
.
-

e

104

Light Scalars from
Exotic Higgs Decays

FD can extend
and complement
the sensitivity to
the LLPs
compared with
Near Detector

SUSY RPV
Neutralinol
from Z Decays
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3. Long-lived particles (LLP)

Good sensitivity for ALP

f
C, /A [TeV']

1‘{11)319 50m-— -------- =3
107 5 FD6*19=50m ---------- S

1; ------ hed : 71, =190 GeV e —

_14 7 |
10 T """'l T .......l LEREALLL e e ma L e R e A

I()'6 10'5 104 103 10?2 10" 10°
-1
C,,/A [TeV]

10! 10%

LLP Vs | L Sensitivities on parameters
Signal Signature Detector Figs. | Refs.
Type [GeV]|[ab™] [Assumptions]
Z(— incl.) h(— X X), Br(h — XX) ~ 1076
240 | 20 ND 37 | [80]
X — qg/vi [m € (1,50) GeV, 7 € (107%,1071) ns]
Br(h = XX) ~3x107¢
ND 49 | [86]
New scalar [m =05 GeV, er ~ 5 x 107 m|
particles (X) |Z(— incl.) h(— X X), Br(h - XX)~7x107°
240 | 56 | FD3 49 | [86]
X — incl. [m=0.5 GeV, cr ~ 1 m]|
Br(h — XX) ~5x107°
LAYCAST 49 |[241]
[m =05 GeV, et ~ 107! m)]
MNya/m% € (2 x10714,107%) GeV 2
ND [ a2/ fG ( ( . : , 13 | [s6]
m ~ 40 GeV, Br(Z — xixj) = 10~
RPV-SUSY VA 050 N / 2 ’( 14 19)1G V2
- %059, m2 € (10714, 10-9) GeV~
neutralinos b 91.2 | 150 | FD3 Herry 50 | [86]
%) — incl. [m ~ 40 GeV, Br(Z — $I%)) = 1079
(x9)
Aa/m2 € (Tx 10715, 107°) GeV 2
LAYCAST / - 50 |[241]
[m ~ 40 GeV, Br(Z — %)) = 1079
Z®) 5 upta 91 | 150 ND fa/Ch, S 950 GeV 44 | [89)]
Cy /A ~ 1078 TeV !
ND " 51 |[241]
[Cyz =0, m ~ 2 GeV]
ALPs (a Yya Cyy/A ~6x 1073 TevV~?
@) ’ 91.2 | 150 | FD3 i 51 |[242]
a =Yy [C-yz =0,m~03 GGV]
~ -3 -1
LANCAST CTT/A 2> 10 Tev 51 _I[241]
(Cyz =0, m ~ 0.7 GeV]
Hidden valley Z h(— ndxd), a(h) x BR(h — 7079) ~ 107* pb
} 350 | 1.0 | ND 41 |[243)
particles () 7l — bb [m € (25,50) GeV, 7 ~ 10? ps]
Dark photons | Z(— ¢q) h(= vp¥p), Br(h = ypyp) ~ 1075,
250 | 2.0 ND 42 | [83]

(vp)

Yo = £ [qq

[m € (5,10) GeV, 7 ~ 10% ps, € € (1079,1077)]

Axion-like Particles
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B SUSY: establishes a symmetry between fermions and bosons, solve many big

A m(NLSP, LSP) [GeV]

questions: unification, DM, Hierarchy, ......

Complementary with LHC: lower mass/soft energy region
v" Mainly light EWKino and slepton for CEPC

Higgsino-like EWK processes May 2020

B T | T T T | T T T | T T T | T T T T T T l T T T I T ] [r— 600 ‘ T T T 1T ‘ T T T T ‘ T T T 1T ‘ T T T T ‘ T 1 1 1 ‘ L ‘ T 1 1 1
g HL-LHC 3/ab, 14 TeV (soft-lepton A) — : _ > [ L ]
| e HL-LHC 3/ab, 14 Tev (zgmi&gﬂ B) — LSS | [0 [ ATLAS Preliminary 8TeV,20.3fb~" { € [6,71] arXiv:1403.5294 ]
-------- HE-LHC 15/ab, 27 TeV (soft-lepton B) M@A LHeC monojet-like (proj) o L Soft 2¢ le [&,4] arXiv:1911.12606 -
sikbara) FCC-hh (HE-LHC . rescaling) VALY B = -1 , A -
e el e By I LEE LTy
, i Y - adronic (= 1911, .
[P lsesmess CLIC,g, / FCC-eey, L Rt FCCeh morcjetike | .O>1<- [ PP = (gl gt = X LTEP i excluded rooanv ]
E ....... 838;:22’ g}g/bab ‘ FCC-hh monojet E ~—' 400 -_ All limits at 95% CL _-
n ] - - — Observed limits 1
] e Ees & ﬁ""_"-‘._.';:"_"_"_"_'E _______ ] i - Expected limits 4
1: ]\ ™ : e ! B 300 F , ]
= s _ r N\ 4
- : &, ]
. o N . 4 A
10 ¢ N et 5 e : 200 s TCyT Ly ™T ]
i E 100 [ ]

v CLIC: extrapolated below 5 GeV - 1 I :
é MOnO]et reach ln A m(NLSP LSP) not dlspléyed O L ]l’- 1 1 1 | I S 11 lll 1 I | - 11 | 11 11 I - 11 l 1 1 11 1
W= ————— ) 100 200 300 400 500 600 700 800
400 600 800 1000 1200 1 400 (é. ) [G V]
mtLr) |&Ge
EPC/FCCee(240) m(NLSP) CEPC !

Lepton collider: discovery in all scenarios up to kinematic limit: Vs/2
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o

100 150 200 250

Search Production /3 [GeV]|L]ab~1] Sensitivity Figs. | Ref. S L ) o
e —— (0] 20 Y ATLAS Preliminary
chargino pair 240 5.05 chargino excluded up to 120 GeV 57 [[339] O, r o V5=13TeV, 136 - 139 fo~

Light electroweakino =— = S PP — R9XE W90 ¥4 7 XX (Higgsino)
~ — BB = v7GG. 240 5.6 selectron excluded up to 4.5 TeV 58 |[341] s 10k g, Al limits a1 95% CL .
smuon pair 240 5.05 smuon excluded up 118 GeV 59 |[342] 414;;- 5 - S5 s e E

Light slepton stau pair 240 5.05 stau excluded up 117 GeV 59 |[342] \E/ I H Iggs |n 0
smuon pair 360 1 smuon excluded up 178 GeV 59 I < 2 E CPC46(2022)013101

Sl = H
stau pair 360 1 stau excluded up 175 GeV 59 I 1 W :“" Prospected Limit at CEPC |
F : 3¢ + Soft 2, arXiv:2106.01676, 1911.12606, m(y3) = m(x?) + 2Am({7, 9) 1
off-shell smuon pair 240 5 smuon excluded up 126 GeV 61 |[344] 0.5 r i fi;::p{eﬁaringl t;ac:, ATLAS-CONF-2021-015, m({9) = m({?) 1
5E - X} exclude -
eEe r — %J(bino) + X7 (bino) +v| 240 3 right-handed selectron excluded up to 210 GeV| 60 |[343] - fe TONG RERBT P URHpaangmRiases
F-SU(5) - - upper limits on 71 up to 115 GeV 62 |[345] 0.2 | I ! ..... L
[

F-SU(5) - - upper limits on €g up to 150 GeV 62

m(Y7) [GeV]

B = Gla+v

ete T, Totpd — 140 L Bl (3 8
120 = > =240 Gev,5.05 69 MUON Searc I
—— 50 observation @ 5.6 ab™! E 140 1 CEPC Simulati Stau Sea rCh 8 \/_ 2311 &léﬁ —my, é
_ i - © imulation = e L.2217-08182- - =
100 20 exclusion @ 5.6 ab™ o 220310580 A K ma= n"_.)l 2 X
: 51 /52240 GeV, 5.05 ab"! - . : e 3
— Bino NLSP £ |Vem2a0GeV.505a R
> 100 B m( 1) ] This work: !
C% 2101.12131 _.-—"— 1}7mk \ 20 +®
= 604 J ‘—’—" m(x — 50 0 W
' T 5071 100 &
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g ol =" 2015 arXiv:2203.10580
40 5 g -E-L 20 lofl
ol —m-20% 2
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- 201 : . 10
1000 15’00 20‘00 25"30 EU‘UU 35b0 40‘00 45‘00 5000 207 ot hel I deca
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90 LHC:13 TeV, 140/tb - Light EWKinos/sleptons:
Higgsino - 120 gggggg gex i/ag discovery in all scenarios
180 360 GeV, 1/a up to kinematic limit \s/2
670 - Heavy selectron from t-
Selectron - 4800 channel
(massless LSP)
110 o —— 20 exclusion @ 5.6 ab~1 )
e | 119 =" o
177 3 o
95 -
om2totevy | 1P | NN
176
mz[GeV]
1000 200 500 1000 5000

Particle mass [GeV]
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5. Flavor portal NP

B CEPC is also a flavor factory
(b,c,tau) when running at Z pole,
which has a unique sensitivity for
some rare processes due to
suppression in SM

B The sensitivity of the flavor sector
to new physics is underscored by
several factors:

— cLFV processes

— Decays of b and ¢ hadrons

— Light BSM degrees of freedom
from flavor transitions (cLFV or
quark FCNC processes) with inv.
BSM states or LLP

Measurement Current Limit CEPC [373]
BR(Z — Tp) < 6.5 x 1078 0(1079)
BR(Z — 7e) <50x10°° 0(1079)
BR(Z — pe) <75x1077 10-8 —10-10
BR(7 = ppp) <21x1078 010719
BR(T — eee) <27x10°8 0(10719)
BR(7 — ep) <2.7x1078 0(10719) /O/~
BR(r — pee) <18x10°8 0007 5 @///'77 ’
BR(1T = wy) <44x1078 (9(10’10)/7& /7\9/2? //7(9/~
BR(r = ey) <33 x10°8 [oli 1071‘9}.,\‘ 'b Zﬁo b/f/@&'l/
BR(B,s — ¢vi) <54x107% <1% (relati\\r;) @S l? éJ/S/C" Ofé)
BR(B? — K*0rt77) < 0(107°) ) {(Q(\/OS &@
BR(B;s — ¢7177) < 0(107%) &
BR(BT — Kt7t17) <2.25x107° < 0(107%)
BR(B, — 7t717) <6.8x10°3 < 0(1079)

BR(B — 20)

Cep(B® — 279)

+16% (relative) +0.25% (relative)

+0.22 (relative)

+0.01 (relative)

BR(B = pXyLp(— pu))

BR(B. — Tv) < 30% + 0.5% (relative)

BR(B. — J/ip1v)/BR(B, = J/Yur) =+ 0.17 £ 0.18 +£2.5% (relative)

BR(B, — D{")7v)/BR(B, — D' ) +0.2% (relative)

BR(Ay = Aetv)/BR(B: = Acpv) + 0.076 +0.05% (relative)
BR(7 = pXiny.) 7x 1074 (3-5)x10~6

O(1071%) (optimal)

> two orders of magnitude improv. :«



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

- Probing the nature of EWPT at colliders

t The SM: =

| crossover Smooth transition
Temperatur
drops

(h) =0

In the SM, the transition
IS @ smooth crossover

VT(h, T)

The Higgs field h

In NP, the scalar potential

. ?g‘g&g){fics: T a Bubble nucleation and expansion oo . .
_ emperature drops exhibits a barrier, allowing
= for a FOEWPT with bubble

: 5;;1;1;;;;3;;;;:“—--‘-’-»\/ nucleation and expansion

The Higgs field h

Vy(h,T)

- Higgs precision measurements
- Higgs exotic decay i,



- My (GeV)

Amec=my+

Br(h—ss)

Type-l 2HDM : allowed region

400 Type-1l 2HDM : allowed region
Run-11+SFOEWPT & 300 —=
+my, (CDF-II) Run-ll+SFOEWPT

3001 +CEPC(H+2) My (CDF-II)

2007 L CEPC(H+2)
200
% o
100 g 100
b o
e E
2 . &
-100 E
Il
¢ Y -100
i E
-200 :f <
2
-300 & -200
v, *
& 2P04.05085
—400 #=
-400 -300 =200 -100 0 100 200 300 400 —309300 500 1o s 100 00 200
Amy =ms —my (GeV) Ama = may — my (GeV)
[ — B VARmmERS e ST 10°-
101 | e (R § VN~ A 7 10-1L
-2 -2
10 . ATLAS pupp 139 fb~' 3 gy 10
- Parameter regions for CMS pppp 137 b1 %
" strong 1%~order EWPT CMS pppp 359 fb! T
1073 = CMS pprr 3597 = 1073
F CMS purr 359 b1 E —
- CMS rrr 359~ ] 5
10—4 - ATLAS bbuy 139 fb~! - 10_4 i
- CMS bbrr 359~ -
ATLAS bbbb 36.1 fb™! | i i
10751 ATLAS bbbb 36.1 fb~! = 1075 = Solid: Projections at HL-LHC —|
_____________________________________________________________ 1 - Higes factory statistical limits with 10° Higgs
106, Leiaiioniiy Lo ieinioiy Livuiiiein 106, Lo Looiviiiey Livuiveain
10 20 30 40 10 20 30 40
ms [GeV] ms [GeV]

2203.08206

Under current constraints, both Type-|
and Type-Il 2HDM can explain the
SFOEWPT, Z-pole, Higgs precision
measurements and mW precision
measurement of CDF-Il at same time.

Higgs exotic decay h—ss—XXYY
as a probe for the FOEWPT:

CEPC has the potential to probe
almost the entire FOEWPT parameter
space for 4b and 4tau channels
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Summary of heavy
neutrino prospects
@ CEPC
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BSM related neutrino physics
from neutrino mass mechanism,
new messengers and
interactions at EW scale:

 Heavy neutrino (@ND, FD)

e Non-standard neutrino
interactions

« Active-sterile neutrino transition
magnetic moments

* Neutral and doubly-charged
scalars in seesaw models

« Connection to leptogenesis
(collider probes) and dark matter
(sterile neutrino in the VMSM)

107'° 4 FD6: D =50.m7voc /

L, = 16,150, 750 ab™*

1076

10—7-;

1078 4

-y s,  <>
{PED3: D =50 m \

N
N
_1°%esy,, ~
1 dotted : Lz =16 ab ™! W targe, = 7 N

—11 ] \
10 i solid: £z =150 ab™ ! e )
10-12 { dotdashed : £ = 750 ab ™" o
10713 ] dashed : £7 = 750 ab™ %, [Ven |2 = |V.un |2 = [Vin |2
107! 10° 10 10?
7 — yN my[GeV]

.......................................

_____________

NOMAD
CEPC

—— ScenarioI: d),=0

= Scenario II: dy =0

== Scenario III': dy,=2tanfl,, x dg
oL Scenario IV : dyy=—2tanf | x dy _'
Lo sl lm 1 sl L aanul N ETIT] 4
0.001 0.01 0.1 1 10
my (GeV)
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BSM related neutrino physics
from neutrino mass mechanism,
new messengers and
interactions at EW scale:

Heavy neutrino (@ND, FD)

Non-standard neutrino
interactions

Active-sterile neutrino transition
magnetic moments

Neutral and doubly-charged
scalars in seesaw models

Connection to leptogenesis
(collider probes) and dark matter
(sterile neutrino in the VMSM)

10°

10—1 -

1072 4

1073 4

1074 5

10—5 -

1076 4

10~7

Summary plot of neutrino relevant models

CEPC
LHC
LEP

Heav;ll-light Neufrino Active-]sterile LFV slcalar BR(h - NN)

neutrino mixing NSI neutrino transition coupling
angle magnetic moment
[GeV~1]

The sensitivities can be improved by roughly 1
to 2 (or more) orders of magnitude (vs LHC &

LEP), for some cases.
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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)

Lepton form factors (4 /e g-2, p /e dipole
moments in SUSY, t weak-electric dipole

moments)
Emergent Hadron Mass
Exotic lepton mass models

Spin entanglement

/J
10’

Y
- Y
T efe—yyete

f(Tev )

10° b

10*

107 3

I
ity

0 CEPC 240GeV

t | CEPC 91 GeV
1 Lo aaaaal 1 PR

|

2-8 GeV

10° 10’ 10?

M, (GeV)

10°
2103.05218

10*
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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)

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

moments)
Emergent Hadron Mass
Exotic lepton mass models

Spin entanglement

Minimal \p
400
Model R
3001
2104.03691
2501
200

50 LHC limits
100 200 300
M?l) [Ge\/]

3.50

3.25

3.00

2.75

2.90

2.25

2.00

1.75

- 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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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)

Lepton form factors (4 /e g-2, p /e dipole
moments in SUSY, t weak-electric dipole

moments)
Emergent Hadron Mass
Exotic lepton mass models

Spin entanglement

Projected energy scale sensitivities

via exotic searches at the CEPC

Quantity Channel | Sensitivity scale (GeV)| CEPC Run
ALP g ete vy 6.7 x 103 [637] Tera-Z
ete vy 2.2 x 10* [637] 240 GeV
ffa 6.5 x 103 [637] 250 GeV
ALP (g.pp/4)~! 3y 10% [72] Tera-Z
Ery 4.8 x 106 [72] Tera-Z
ALP (2/M)71 | W = f*va 10 [639] 240 GeV
Tau (d¥eek)—1 T 6 x 106 [667] Tera-Z
Bell Inequality |Z,h — 777~ lo [694] 240 GeV
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8. More exotics

ete vy _ALP gL BN CEPC:240 GeV
B CEPC:Tera-Z
] I AP (gm0 LEP
BN LHC
st e ————
B [ HC-pbpb
w = csvo SN > </
e W e w w ae
[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
« SUSY global fits

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 (&g, 7, Ok, and A.)

2
£ 1071
-
3
o -3
Y10
(@)]
O
I

1073

BN HL-LHC (14 TeV, 3/ab) + CEPC (240 GeV, 20/ab) mmm + CEPC (360 GeV, 1/ab)

1071
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2203.04828
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B/ 2
C‘&“"o;r.c 1
T \
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7

GAMBIT Jarvis-HEP

9. Global fits

CMSSM

Global fits: an essential tool to

obtaining a thorough understanding
of a NP model, and the implications
and predictions of the models for

Profile likelihood ratio :

urrent

current T ECEPC

NUHMI1

future searches and experiments.
« SMEFT
« 2HDM
« SUSY global fits

NUHM2

20

CEPC has the potential to greatly enhance . o
our understanding of the parameter space : 1
and mass spectrum in the MSSM. .

MSSM7

-0.25

-0.50

One-dimensional profiled |
likelihood ratio for the global fit =, e ™foew  micew

-0.75

-1.00 0. 2 9 0
my (GeV?)  mj (GeV?) mf (GeV)? tanf}




Summary and Outlook

B CEPC has good discovery potential for NP, which is
complementary to LHC and has big advantage at low
energy/mass scale

B CEPC BSM white paper is preparing and to be ready for
review by this year

B Please let us know if you would like to help to polish and
review the BSM white paper!

Thanks for your attention! 0
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(Baseline Design)
Magnet Particle Flow Approach

(3T/2T) Yoke + Muon (RPC or u-RWELL)

LumiCal

PFA ECAL

Si Pixel Vertex

SIT TPC SET
D ETD

FST concept
(Full Silicon Tracker)

* About CEPC

ECM=240GeV, higgs factory, 100 km
circumference, 2 interaction points.

ILD-like detector

« Software

Signal samples: MadGraph+Pythia8
Simulation: Mokka

Reconstruction: Marlin

Physics Physics

Models Parameters
Whizard A
Y
Parton Physics Object
Fu’"‘"hlm = A n-dl _7 Ofg
F:
MCParticle g — = - Reeg:':;u':ted
. g Arbar (Core PFA) g
Dfr:;:t:ﬁw Tracks & calorimeter hits

Detector  [BAGN - OetectorHis

Full simulation reconstruction Chain
with Arbor, iterating/validation with

hardware studies 32
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