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Introduction: Why SUSY ?

Problems in the SM: How SUSY solve these:
Fine-turning

f S Amd ., — Egey + -
y Q . _ Am% ) = 25 M| — 2m2 In(Ayy /ms) + .. ]

(a) (b)
Gauge couplings e susy
can’t be unified at . ]
GUT scale

R parity:

Without dark matter | 008 8 o e e atable,
candidate which can be dark matter candidate.
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Introduction: Why scNMSSM ?

Our previous studies:
SUSY

J

u problem . NMSSM

[« Too many parameters > |

All soft SUSY NOT ALL All soft SUSY | NOT ALL
breaking unified breaking unified
te.rr.ns gaugino mass can te.rr.ns Higgs sector can
unified ) be different ) unified ) be different )
‘ JHEP 1812((2018) 041 ‘ Chin.Phys.C42 (2018)
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Model: Semi-constrained NMSSM

The superpotential of NMSSM:
~ T ~c ~ T Jc T T sc ST = R e
WaMssM = YuQ - Hyu" + yaQ - Had"” + yo L - Hge" + ASH,, - Hq + 553

The effective u"-term"”:

Heff = /\Us
The soft breaking term:

i i 1
fit fit 21 a2 3
— LXvssm = —Laissm | p=0 + mg|S|7+ AANSH, - Hg + ahtAH,S + h.c.

Semi-constrained: The Higgs sector are considered non-

universal, the Higgs soft mass and trilinear couplings are allowed to be
different at GUT scale.

In the scNMSSM, the complete parameter sector is:

)\n R, tanﬁzv_ua s A/\a AH,: AO: j\/fl/Q: A[O
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Model: electro-weak sector

Higgs
CP-even Higgs CP-odd Higgs Charged Higgs
Light Higgs
Sl H Light Higgs @ _ A
SM-like H, — 1= 7 H*
GR a9 S

Neutralino & Chargino

LSP

In sScNMSSM, the Bino and Wino
are very heavy, so they can be
decoupled from the light sector. NLSP

Will decay to LSP



Higgs invisible decay:
125GeV Higgs (h,) decay to Dark Matter (LSP)
So, we focus on:

mHiggs = 2 mpsp

Higgs decay to light scalars:
125GeV Higgs can be: h,, h,
Light scalars can be: h,, a,

—

h, = a;aq
Jtype: 1 hy > a;qq
_ hy, = hihy




Higgs invisible decay
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can be checked by CEPC
Qh? MHiggs = 2 Mysp

0.02 0.04 0.06 0.08 010 0.12

With right DM relic density, Higgs

invisible decay is small, that

because A is small, Higgs couples

B
%’g very weak with DM.
T
Q\::/ If invisible decay was discovered
.. 1 [ .
1] o= e (enen) ; at CEPC, probably DM is not
CEPCc| | ¥ T g;fc | mainly singlino in the sCNMSSM.
10~5 Frrm P — — — N 4
0 10 20 30 40 50 60
-0|GeV
CEPC accuracy mx(l)[ eV]

is 0.24% 3




Qh?

0.02 0.04 0.06 0.08 0.10 0.12

4 funnel-annihilation
mechanisms




QOh?
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can be checked by CEPC

For LSP with right DM relic
density, it can be checked
by SD experiment

For LSP without right DM
relic density it can be
checked by CEPC.

Qh?
107 107* 107® 1072 107!
L8 w
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10794 i\
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(==}
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X i b
A 10 _.uA“n N RS e
& R
107 44 < he
1014 ; . : :
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Qhn?
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For higgsino LSP, SD is
large, when it have right
DM relic density, it will be
excluded.

For singlino LSP, SD is
small, so it can have right
DM relic density.
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Higgs decay to light scalars

Three scenarios:

* Scenario I: , 1s the SM-like Higgs, and the ight h_ — . g
scalar a; 1s CP-odd; Z 171

 Scenario II: 4; 1s the SM-like Higgs, and the light hl — aA1aq
scalar a; 1s CP-odd;

+ Scenario I1I: /i, is the SM-like Higgs, and the light 1o — fqh4
scalar /1y 1s CP-even.

Scenario | Scenario II Scenario III
myo/GeV 3~ 129 98 ~ 198 3~ 190
my, /GeV 4~ 123 123 ~ 127 4 ~ 60
mp, /GeV 123 ~ 127 127 ~ 5058 123 ~ 127
Ma, | GeV 4~ 60 0.5 ~ .60 - 3~697
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Detections at future lepton colliders

Decay channels: | hgyy — ss — 4b
hoy — SS — 4
hopm = SS — 2b2T
hopm = Ss = 41
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Minimum integrated luminosity @ CEPC for discovering is 0.26fb""

Deacy Mode

Futrue colliders

HL-LHC

CEPC

FCC-ee

(bb)(bb)
(J5)G7)
(tTr )r717)
(bb)(TTT7)
(W p )T T7)

650 fh~H(@II)

1500 fb~H(@II)
1000 fb~H(@II)

0.42 fb~H(@II)
21 fb~ 1 (@II)
0.26 fb~ (@TII)
4.6 fb~ 1 (@II)

0.41 fb~H(@III)
18 b~ (@II)
0.22 fb~H(@TII)
3.6 fb~ 1 (@II)
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Higgs invisible decay:
There are 4 funnel-annihilation mechanisms;

If Higgs invisible decay was discovered at CEPC, probably DM
is not mainly singlino in the scNMSSM;

With right DM relic density, Higgs invisible decay is small,
and they could be checked by SD experiment (LZ).

Higgs decay to light scalars:

There are 3 scenarios about hgy; — ss

95% E.L.@ CEPC is showed in 4b,4j,2b2t, 41

The most effective way is in 47 channel(0.26fb")
Minimum IL for discovering @CEPC is close to FCC

15



UNIVERSITY OF SHAMNGHAI FOR SCIEMCE AND TECHMOLOGY

o) T X5

1915,/ Henan University

Thanks!

kwang®@usst.edu.cn CEPC physics 2022 @ China

2022.05.25
16



