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Why supersymmetry (SUSY)
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e Math

A general mathematical symmetry.

Supersymmetry is the only way to extend space-time
symmetries!

Coleman-Mandula “No-go theorem”.

* Physics

New principle: a symmetry between forces and matters.

Predictive: the 125 GeV Higgs lies in the “115-135" GeV
window favored by SUSY.
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Vacuum stability naturally in SUSY at tree-level. b/ o o
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Scale invariance: SUSY connect bosons and fermions, so
quadratic divergence of boson mass is forbidden, just P
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Electroweak scale SUSY

In 2012, just after Higgs discovery

“Supersymmetry may not be dead but these latest results have certainly put it into hospital.”
-Chris Parkes

» The SM-like Higgs boson mass

m; = m%cos® 23

3m! M2\ X2 X2
toss\le( 3 ) ton (-5
A2y m; Mg 12M 3

* The tree level Higgs mass is smaller than Z boson mass.

* Large top quarks/squarks loop corrections are needed.

* Maximal stop mixing is needed to relax the fine-tuning, and the sum of the two stop mass
squares \/ m% e mtg is smaller than 1.2 TeV.
1 2

* The gluino mass is needed lighter than 1.5 TeV.
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Patient Label
| Parient Labe Symptem Cheecklist

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2019 Vs=13TeV
Model Signature  [£dt[b7'] Mass limit Reference
. Ocp  26jets  ENS 361 55
" mono-jet  1-3jets EMS 361 0.71 . o
£ aran Veu 2ol et |a The first two-generation squark mass low
S ¥ Forbidden 0.95-1.6
o P =0 P -
0 8% g—qq(toxy 3eu 4jets 36.1 z 1.85 d
. Son g e 2 s _ bounds are around 1.6 TeV.
.. 7 Oe, 7jets EMS 361 | 18 i i
2, 2oagWZH) H T T -
3 s s EH 115 The gluino mass low bound is around 2.0 TeV.
c
= ggoeoit) 0-1ep 3p  EPs 798 |z 2.25
SSeu  6Blets 139 [z 1.25
byby, by—b¥) j0E Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(
Multiple 361 | b Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥!)=BR(1¥}
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥7)=300 GeV, BR(t{;:
s by, by —b¥3 — bi¥) Oe,p 6b  EMS 139 [ Forbidden 0.23-1.35 .
S by 0.23-0.48 Am(P3,77)=130 GeV, m
T 5
1 ——— I - e stop and sbottom mass low bounds
- !; i, H—oWbE) tep 3jetsb EFS 139 | 0.44-0.59 .
&}} i1, i —=T1by, 1176 17+ 1eur 2jets/1 b E?f“ 36.1 # 1.16 are around 1 Te V respectlveIY.
= 2 A, ookl /cE ioek) 0eu 2¢  EPS 361 |é 0.85 >
L] i 0.46 m(ii &)-m(¥
Oep mono-jet EP 36.1 [ 0.43 m(7, ,&)-mt]
b, it +h 1-2e.p 4b  EMS 361 |h 0.32-0.88
fb, b= +Z 3epu 1b Epss 139 B Forbidden 0.86
Tl via wz 23 e Ems 361 | 0.6 m(E))=0 14035294, 1806.02293
ee, >1 EPS 139 |G, 0.205 m(¥)-m(¥)=5 GeV ATLAS-CONF-2019-014
FoET via ww 2ep Ems 439 | g 042 m(¥})=0 ATLAS-CONF-2019-008
R 9 via Wh O-1ep  2bR2y EPs 139 | ¥ /X Forbidden 0.74 m(¥})=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
= Q NN vial/v 2eu Eps 139 | 1.0 m(Z,7)=05(m (¥} )+m(¥}) ATLAS-CONF-2019-008
W= 2 7o) 27 Ems 139 |7 L FRL) INONGE0E] 0.12-0.39 m(E)=0 ATLAS-CONF-2019-018
turlig, 160 2ep Ojets EMS 139 |7 0.7 m(E)=0 ATLAS-CONF-2019-008
2e.p >1 EPS 139 |7 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
AH, A—hG|ZG Oe.p >3b  EP® 364 i 0.13-0.23 0.29-0.88 BR(Y) - hG)=1 1806.04030
dep Ojets  EPS 361 H 0.3 BR(Y| — ZG)=1 1804.03602
B @ Direct ¥ ¥} prod., long-lived ¥ Disapp. trk ~ 1jet  Efs 361 | Pure Wino 1712.02118
3 % ~| Pure Higgsino ATL-PHYS-PUB-2017-019
DT stable g R-hadron Multiple 361 |z 1902.01636,1808.04095
S & Metastable g R-hadron, g—qgt! Multiple 36.1 m(¥})=100 GeV 1710.04901,1808.04095
LFV pp—v: + X, Ve—ep/et/ut epetut 3.2 Ay, =0.11, Ai32/1331233=0.07 1607.08079
TEXT IR — wwyzeectvy 4ep Ojets  EMS 361 m(¥)=100 GeV 1804.03602
22, §—9900, X! > qaq 4-5large-R jets 36.1 Large 47}, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
T, i), 8 > ibs Multiple 36.1 mEY)=200 GeV, bino-like ATLAS-CONF-2018-003
fif, f1—bs 2jets+2b 36.7 1710.07171
hi, ii—gt 2e.pu 2b 36.1 BR(f) —be/bu)>20% 1710.05544
Tu Dv 136 BR(f; —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Patient Label
Name: SUSY

Symptem Cheecklist

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 Vs=13TeV
Model Signature  [£dt[b7'] Mass limit Reference
. Ocp  26jets  ENS 361 55
" mono-jet  1-3jets EMS 361 0.71 . o
£ aran Veu 2ol et |a The first two-generation squark mass low
g z Forbidden 0.95-1.6
o P =0 i P
8wt Sen gme w1k 185 bounds are around 1.6 TeV.
) m .
> N
R Ocu  7-1jets EMS 361 [z 8 i i
3 e s eme T T [F The gluino mass low bound is around 2.0 TeV.
c
= gz gty 0-tep 3b  EPY 798 |2 2.25
SSe,u 6jets 139 z
byby, by —b¥) /iE Multiple 361 |5 Forbidden 0.9 m(¥)=300GeV, BR(bY!
Multiple 361 | b Forbidden 0.58-0.82 m(P)=300 GeV, BR(bY})=BR(:K} )
Multiple 139 | By Forbidden 0.74 m(¥})=200 GeV, m(¥7)=300 GeV, BR(1X3
s by, by —b¥3 — bi¥) Oe,p 6b  EPS 139 | b Forbidden 0.23-1.35
S by 0.23-0.48
53 Th dsb low bound
& [E—— I - e stop and sbottom mass low bounds
,:,!; A WD tep  3Bjetstb EPS 139 | i 0.44-0.59 .
5 hi, fioFby, 16 1T+ lept 2jets b EMS A I/ d T 1
85 niiononniow L ol are around 1 TeV, respectively.
T = N, ol [ EE eock Oeu 2c¢ E} 36.1 é 0.85
=T A 0.46
Oeu mono-jet EP 36.1 i 0.43
B, it +h 1-2eu 4b  EPS 361 |6 0.32-0.88
fb, b= +Z 3epu 1b Epss 139 B Forbidden 0.86
iR via wz 23ep EPS 36,1 )'(f/ig 0.6 m(E))=0 1403.5294, 1806.02293
ee, i >1 Elpiss 139 | &/ 0.205 m(EE)-m(¥)=5 GeV ATLAS-CONF-2019-014
TR via ww 2eu Emss 439 | & 042 mE))=0 ATLAS-CONF-2019-008
XS via wh O-1ep  2bR2y EPs 139 | ¥ /X Forbidden 0.74 m(E))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
=3 X via /v 2e.p EPS 139 |4 1.0 m(Z,7)=0.5(m(¥; }+m(¥})) ATLAS-CONF-2019-008
WS 77 2 oot? 27 Eps 439 |7 (L, fRU] IN0N6%0!8] 0.12-0.39 m(¥)=0 ATLAS-CONF-2019-018
turlig, 160 2ep Ojets  EMs 139 |7 0.7
2eq 1 EMS 139 |7 0.256
AH, A-hG[ZG Oe.p >3b  EPS 361 |@ 0.13-0.23 0.29-0.88
depu 0 jets EPs 361 " 0.3 =
B @ Direct ¥ ¥} prod., long-lived ¥ Disapp. ttk  1jet  EFs 361 [f} 0.46
= % )?% 0.15
27 Stable g R-hadron Multiple 36.1 |2 " |
S 2 Metastable z R-hadron, g—qqt} Multiple 36.1
. . .
The interesting question: can we solve
i1 — wwjzeecew dep  Ofets  EPS 36 9 *
78 3-qa), ¥ > qqq 4-5 large-R jets 36.1 .
: the elect k try break
& nemfom e eleCTroweak symmeTry breaking
fif1, i —bs 2jets +2b 36.7
i, gl 2ep 2 36.1 8 ‘)
e 13 narurally in Now:
1 1 1 1 L 1 P n 1 1 1 1 J
*Only a selection of the available mass limits on new states or 107! Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Electroweak fine tuning & Naturalness

» Electroweak symmetry breaking condition

1, 2+qu —mj; tan® 3
-ms, = —
24 a tan® B — 1

* The potential of scalar Higgs doublets includes mass terms /2

and the potential must be unstable in order to trigger SU(2); x U(1),- symmetry breaking.
* >must be cancelled by negative soft SUSY break terms
* Requires fine tuning if | > my

Fine tuning measure definition:

dlnO O is a physical observable ;
Ap = max : , ,
i |0lInp; Pi is the input parameter at EW scale.
Olnm?
Define: Ay = max ‘ 8111 Mz for tuning in EW symmetry breaking.

! np;

Olnm? . : :
A = max 51 for the tuning of SM-like Higgs boson mass.
! L Pi

Both quantities A zand A} should be small in a natural SUSY theory.

Points: * Small 4  * Large enough tree level Higgs mass
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Naturalness & Dark matter

Light Higgsinos are natural, but are no good dark matter (DM) candidates.

* Relic density too small.
* Large direct detection rates (spin-dependent via Z-exchange).

MSSM NMSSM
A A A A A K A
Wassm = Wynkawa + (tHy - Hg Wiamssm = Wikawa + ASH,, - Hy + §S ’
* Bino LSP Relic density too large * pisachieved by EW symmetry breaking
* Higgsino- Too large direct detection feti = A(S) naturally at EW scale
Bino mixing rates unless mpgp > 700 GeV The SM-like Higgs boson mass
* — — — pMSSMIl arXiv:1710.11091 Fig. 6 m/21125 ~ m2Z cos?28 + A\,
1200F masTERow) B 5 coamn slep coann. 2
T B AHfunnel eton on, + M0?sin? 28 — )\—21}2()\ — Kksin28)%
1000 WWI K
wl Additional contribution compared with MSSM
S * The Singlino is a good DM candidate
Wino't

Observed relic density through annihilation via
Singlet-like CP-odd Higgs A; funnel

Z or CP-even Higgs funnel

Coannihilation with Higgsino

400

2001

0 250 500 750 1000 1250 1500 1750 2000
myz [GeV]
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DM in Natural NMSSM (nNMSSM)

In R parity conserved SUSY model, if Lightest 0.0959 < Qh? < 0.1439
SUSY Particle is 55?, it can act as a DM candidate. Ay <50 & Ay < 50
It’s property depends on the magnitude of its LHC Run I Data

component Vi;. DM direct detection Data (2016)
I h : b LI 50 ) 550
n the gauge-eigenstate basis:
500 900
0 _ (P 170 770 770 &
w — (B) W 3 Hd7 Hu7 S) N W 3400 muT
1 0 T 0 <—-]C 1{(][]5 ?‘_ :: (fz: .ii
Eneutralino mass — _i(w ) Mow + C.C. 2 m é .,r 400 =
201 o ’/,/" 0
10 2 P
A _91vd  gilu 150 ol TH T, i 200
(:\ [J_ [) \/5 \/§ [) \ - . " 50 e ””’4 BALRSS l;u
7 ) Uy b 10 20 30 10 50 100 T 160 30 310
*:\ [2 g2d 92 0 Ay ) ) mss [Ge\ﬁ'r] (

V2 V2

MO — 0 — /J —A’l_’.u o . R 1000 Ll . . . 1000
Singlino DM ( Higgsino DM
0 o A , o 900
Ud o 140
100 e 500 . <00
QH.-"U s . . ',)” 700 . < 700
= st A o= 130 . =
i o ’ // 600 i i ’-.’ 600 _(i
. . . . H= 500 s o . 500 =
Mass eigenstate (Majorana Fermion): ¢ S ‘ £
100 . 100
5 200 l . 300 <« 4 300
: S 110
i'.{] -\v ’L:‘ i 200 ,‘! 200
A1 T E 4Vig Yy ’ 100 ’ ’ 100
— 00— 100 B0 #0 T 0 30 00 B 105 i 70 0 i T
j:l msy [GeV] myo [GeV]
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DM in Natural NMSSM (nNMSSM)
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3.

Bino DM in nNMSSM

my < 200 GeV

DM annihilation mechanisms :

Z /hq funnel;

0 Z/h
a(XiX] = XX')

2
CZ/hlzggg 2/ XX

S — mh + iFhlmhl

Chyzizo ~ V2AN13Nis — g1 N1t N1y + 92 N1o Ny,

Coxgry = ﬁ (=Visl* + [ N1a?)

in Wino and Singlino decouple limit,
v " 2

Ni3 F“ Nig x (’Ud,LL + vumx)/,u

relic density provide an upper limit on p
XX — hiha via t-channel

exchange of a neutralino.
my =~ (mhl + th)/Q

o(IX X XX') C,% 02

haX?XY

Coannihilation with slepton.

Pengxuan Zhu



DM in Natural NMSSM (nNMSSM)

- 1600

Singlino DM
r
. 7/
100 v
[ 7/
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— o' ’
-5 r
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f’éf
200 .,
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0 50 100 150 200 250 300 350 400 45
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Singlino DM in nNMSSM
* Mmy < 450 GeV

e DM annihilation mechanisms :

1. Z/hqfunnel;

2. XX — hihy via t-channel
exchange of a neutralino.

3. Coannihilation with slepton.
4. Coannihilation with Higgsino

in the Bino and Wino decouple limit,
2|k S A, myg S, myg > 100 GeV.

5. CP-odd Higgs Ag*) funnel.

Singlet sum rule

2 o2 4 1,02

me = my, 4 3my

= singlet Higgs boson mass prefers to
smaller than 125 GeV.

= my, prefers to smaller than \/gmgg
« Ifmy issmall, Yy — A7 — Ajh;

Pengxuan Zhu



DM in Natural NMSSM (nNMSSM)

Higgsino DM in nNMSSM
. My~ 85 GeV

0 Higgsino DM . w0 * Large A induce sizable mixing between

: 000 Higgsino and Singlino in the neutralino
140t _ (- mass matrix. Singlino component is around

. 30%.

. r | 700 . . . . .

= 1300 _ = ° This scenario is tightly restricted by DM
S 5 {00 S direct detections
o 7, 500 1
g 120 =
- ¢ [ [400 Spin-independent cross section
£
. , 2 2
300
110 » ST 4:“r (n)
: 9%—(n) f
P 200 X 7
. . 3 3 C C
| | | | 100 (n) (n) hiX{X{~ hinn
10085 G0 70 50 90 0 S E S h, T E o2
mso [GeV] i=1 i=1 hi

Spin-dependent cross section

2 2\ 2
2D p/Pb C"MP % 107* x <\N13| Vg )

OX—n/p 0.1
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Naturalness & LHC

—wommeen, (© /. 7)  Leptons + Etmiss Signal
g R EEAEREY 1709.05406
| 30+ ERE 1801.03957
> 202+ Ef™  1801.01846
20(SS) + Ef™  1803.02762
T g g 1806.02293
1709.08908

Light Higgsinos could be tested by < <
Electroweakino pair production . 1708.07875
1712.08119
> 20(0S) + Ef'™  1806.05264
1807.02048
) 1908.08215
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Naturalness & LHC

pp, Vs =13 TeV, NLO+NLL

—— X% (higgsino) —— @4,
100 4 — X~1+)E1_ (wino) — ZRER
— X X5 (wino) —_— ZL,RZL,R

10-2 4

s section [pb]

10~4 4

10 T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
particle mass [GeV]

Light Higgsinos could be tested by <
Electroweakino pair production

Slepton Pair Production could test <
the samples with light slepton

CLHCP-2019, October 23-27 Dalian

30 4 Fmiss
> 202 + ERis
20(SS) + Emiss

> 20(08) + Eiss

Leptons + Etmiss Signal

CMS 36 b1
1709.05406 |

1801.03957
1801.01846
1803.02762
. S
1806.02293
(1709.08908 )

1708.07875
1712.08119
1806.05264
1807.02048
1908.08215
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Naturalness & LHC

Heavy slepton case: Light slepton case:
¢

14

X

X8

£

l
BR(YY — XVZ) ~60%  BR({ — ()]) =1
BR(XY — X\h) ~ 40%
BR(X{ — X\W¥) ~ 100%
BR(WZ — 30 v) ~ 3%

The black curve assumes Wino-likeY7, X3
production cross section, Not Higgsino-like

Wino-like cross section is about 3 to 4 times
larger than Higgsino’s

Higgsino-like )ACJI_Lwith mass ~ [l
Higgsino-like 5(/(2),3 with masses ~ p 4+ AL
(A4 ~ 10 GeV due to mixing)

CLHCP-2019, October 23-27 Dalian 15

m_, [GeV]

arXiv: 1801.03957

Signal topology
Search WZ WH Z7ZZ ZH HH
14 2b v
4b v
20on-Z @V v oV
20 soft v
>3/ v v v oV v
H(7yy) v v v
CMS 359" (13 TeV)
400 PP = 17, = WZL T, 1.z
==Observed + 15, NLO-NLL excl. 3 c
55 Expected + 16, peiment ] %
300 i 5
=L
200 : 3
. £
f — 107 g’.
10044 ] 5
] o
0 W0 60 R

|
200

m_.=m_, [GeV]
Xy Xy
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Naturalness & LHC

Light slepton case:

Heavy slepton case:
¢

14

X

X8

£

¢
BR(X) — X1Z) ~ 60%  BR({ — () =1
BR(XS — X1h) ~ 40%
BR(XE — XVW*) ~ 100%
BR(IWZ — 30 v) ~ 3%

The black curve assumes Wino-likeY7, X9
production cross section, Not Higgsino-like

Wino-like cross section is about 3 to 4 times
larger than Higgsino’s

Higgsino-like )ACJI_Lwith mass ~ [l
Higgsino-like 5(/8,3 with masses ~ p 4+ AL
(A4 ~ 10 GeV due to mixing)
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m_, [GeV]

arXiv: 1801.03957

Signal topology
Search (WZ WH)| ZzZ ZH HH
14 2b v )
4b v
20on-Z ( v Vv V
2¢ soft v
>3/ v v )V v v
H(7yy) v v v
Combine them together though the
CLs method
CMS 359" (13 TeV)

400 PP = 17, = WZL T,

== Observed + 16, NLO-NLL excl. =5

252 Expected £ 16 ,periment 7
300 ]

_E 107"

200 ]

1007

1072

95% CL upper limit on cross section [pb]

- 10—3

|
200

|
400

S|
600

m_.=m_, [GeV]
Xy Xy
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Impacts on nNMSSM

DM: Bino-dominated

Ta0 80
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my [GeV]

v Excluded All
v T Excluded by LHC
v Excluded by DMDD
! LA
. ° > my

A 4

y

]
} 5 Y2

N v

n
¥

s
) 3

. ;

s 2 _ -
- e
S I T my
10 80 120 160 200 240
APV
milf [(IC\’}

10-%

]0740

101

[(::mz]

2 .
\m’__
- ‘m 25

Uyl 1012
S
______________ 7. Projected
108
10-44— 7 7
40 30 120 160 200 240
M [GeV]
17

Bino DM in nNMSSM

T—FFhrformel;-
exchange-ofaneutralino—
_ Ll s o] .

SI
X

30 + EMS too large

, toolarge

If relax the fine-tuning constraint,
some parameter space region still
can survive. Such parameter space
will test by the upcoming DM direct
detection, unless the blind-spot.
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Impacts on nNMSSM

DM: Singlino-dominated
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Singlino DM in nNMSSM

A fanmel—

s——hrhoviat=chanmel

exchange-ofaneutraline-

3. Coannihilation with slepton.

4. Coannihilation with Higgsino

*
1

The surviving region:

0 = s+ € (90,440) GeV
Singlino decouple case:

NZ > 99%

Can not be detectable
Singlino-Higgsino mixing case:

90 GeV < mg < 220 GeV
A singlet-like Higgs lighter than 125 GeV
Detectable SI DM-nucleon Xsect

J%I_n > 1074 cm?
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Impacts on nNMSSM

150 800

DM: Higgsino-dominated - ¥ ® Excluded All 3 3 3
v Excluded by LHC
700 T
140 im
‘ Higgsino can not be a DM candidate
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Status of the nNMSSM

Naturalness
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In the NMSSM, a Singlino-like LSP
can satisfy the constraints on DM.
The surviving parameter space
allows relative small u, which
naturally trigger the Electroweak
symmetry breaking.

Singlino decoupled case prefers
large tan 3, while RGE not.

In our work, the research of 3
generation sparticles is not fine
enough:

1. The value of stau parameters are
same to the first two
generations’. While the
constraint on stau pair
production is much weaker
than selectron’s and smuon’s.

2. Stop and sbottom searches at
LHC are not take into
consideration.
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Status of the nNMSSM

Naturalness in DM phenomenology * thereis cancellation effect in DM-nucleon scatter

Singlino-like DM is natural in getting relic density

oo QOR2 rate for Singlino-Higgsino mixing case:
Op2 = Max 71 1. Blind-spot needed in the o5
[ 09 D, .
5P 2. |Ni3|* = | Ni4|? needed in the o5,
100 100
* Singlino-Higgsino sector forms a secluded DM
0 5o scenario for Singlino decoupled case:
. . : . & p
= 1. Higgsino act as mediator between DM and SM particles to
ool . . . o0 & get correct relic density.
% ’ %: 2. Singlet nature of DM keeps small direct detection rates.
S . :
< v e ttats wo ¢ Compressed mass spectrum: final state particles
40t 180 Jf;‘._' o wepa. . . E 140 ?\>§ . . .
T y‘.q:w.. S are too soft!!! Recursive Jigsaw Reconstruction
’ <

(RJR) technique may help us testing this region.
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Status of the nNMSSM

Naturalness in DM phenomenology
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Singlino-like DM is natural in getting relic density
there is cancellation effect in DM-nucleon scatter
rate for Singlino-Higgsino mixing case:
1. Blind-spot needed in the o}
2. |N13|? =~ | N14|? needed in the o5P
Fine-tuned structure in DM-nucleon scatter

Singlino-Higgsino sector forms a secluded DM

scenario for Singlino decoupled case:
1. Higgsino act as mediator between DM and SM particles to
get correct relic density.
2. Singlet nature of DM keeps small direct detection rates.

Compressed mass spectrum: final state particles
are too soft!!! Recursive Jigsaw Reconstruction
(RJR) technique may help us testing this region.

-
Hard & Long & Many DM searches find the
expensive inequality:

(o)

9
> 10

- Zhaofeng Kang( & # %), 9/6/2019, Chengdu
J

.
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Summary

Light Higgsino in the NMSSM remains an natural scenario for a light
supersymmetric “WIMP” consistent the dark matter relic density, constraints
from direct detection and CMS Sparticle search.

A light ¢ in this framework is favored in predicting:
* Electroweak symmetry breaking

*  SM-like Higgs boson mass

* DM relic density

While, low DM-nucleon scatter rate in a SUSY theory need some unknown
mechanism to protect the naturalness of the theory.

Singlino DM candidate in natural NMSSM tell us there are two choices:

1. Blindspot: both ST and SD
2. Secluded DM scenario
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Backup

To examine the nNMSSM in a wider model scope and with more General Higgs parameters setting to

experimental constaint, we scan the following parameter space: get correct Higgs Physics

0<A<0.75, 0<k<075 2<tanf <60, |A <2TeV, Stop mass and mixing for getting

obvious loop correction for 125 GeV
100 GeV < p < 1TeV, 50 GeV < My < 2 TeV, SM.like Higgs boson

~

; 2 2
100 GeV < MQ3’ MU3 < 2'1eV, |At‘ < m1n(3 MQ3 + MU3’ 5 TeV Common slepton soft breaking mass

100 GeV < M>< 1.2 TeV, in slepton sector

20 GeV < M} <800 GeV, 100 GeV < My < 1.2 TeV,

Gaugino soft mass setting

The mass of the gluino and the first two generation squarks are fixed

to2 TeV.
Constraints:
* B-physics constraints: such as the precise ¢ DM direct detection:
measurements of B — Xy, By — u - « Xenon-1T 2018 data for Spin-independent

- . Xsect;
By — Xpp; and mass difference AM,;, AM, ’
! HH @ ° « LUX 2017 data for Spin-dependent Xsect.

* Constraints on the Higgs sector included in Ay <50, A, < 50

the packages HiggsBounds and HiggsSignal. . | ¢ Run-II: CMS 36 fb—! data
* Electroweak precision test

* DM relic density: PLANCK 2015
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Backup

WorkFlow:
| Collider
: Simulation
; ; HiggsBounds &
(| wMssMTools (¢ DMr fth density; ) HiggsSignals (¢ SUSY search) SUSY search
o Parficle Mass: * DM direct < Higgs Limits constraints from LHC Run
’ detection scattering from LHC II:
5 Inputt * Decay Info; - from LEP, >
arameters | |, Erples oD S Tevatron and Run I Madg:F‘aphS;
observations; Xi—7 UX{-p LHC Pythia
. S ) FastLim & * CheckMATE
- o e micrOMEGAs j N SModels
- b ,/
* Scan Algorithm: Monte-Carlo Markov Chain
* Likelihood: — Lc
L = LEE X Lm-h_
i) 2
( tth — ""0bb> ('?n'th. — 'Tn'obs)
LS.'I — eXpP | — NG L-mh — €Xp [— - D)
2 (092)2 2(0myp,)
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