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B SUSY is one of the most favorite candidate for physics
BSM, which can

» provide a natural solution to the gauge hierarchy problem,
> provide DM candidate with PRC ,
» achieve gauge coupling unification,

B However, SUSY searches at LHC have already given very
strong constrains on SUSY parameters, see next slide: O



ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Preliminary

July 2020 \/E =13 TeV
. 1 -
Model Signature  [L£dt (™ Mass limit Reference
4, G—qt) Oe,u 2-6 jets EE{“ 139 | 4 [10x Degen] 1.9 m(¥))<400 GeV ATLAS-CONF-2019-040
@ mono-jet  1-3jets EPM*  36.1 0.71 m(g)-m(¥})=5GeV 1711.03301
% 28 3-qa¥} Oep 26jets EFS 139 |z .35 m(¥))=0GeV ATLAS-CONF-2019-040
= z Forbidden 1.15-1.95 m(¥})=1000 GeV ATLAS-CONF-2019-040
&S gz zoawh? leu  2-6jets ' 139 |z 2 mePY)<600 GeV ATLAS-CONF-2020-047
L = 2-qa(COR, e, 2jets  EP™ 361 |2 1.2 m(z)-m(¥))=50 GeV 1805.11381
§ 2z, g—>quz,?‘l’ 0e,u 71ljets  EP' 139 z 1.97 m(¥ ) <600 GeV ATLAS-CONF-2020-002
3 SSe,u 6 jets 139 |z 1.15 m(z)-m(¥})=200 GeV 1909.08457
= 28, g%y O-Tepu 3b EPs 798 & 5 m(¥)<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |2 1.25 m(g)-m(¥})=300 GeV 1909.08457
biby, by —b¥\ /iF Multiple 36.1 | bt Forbidden 0.9 m(¥})=300GeV, BR(b¥))=1 1708.09266, 1711.03301
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥7)=300 GeV, BR(tk})=1 1909.08457
b1by, by—b¥y — bhT) Oe.u 6b E'g“ﬁ“ 139 | b Forbidden 0f3-1.35 Am(E3.79)=130 GeV, m(¥})=100 GeV 1908.03122
25 27 2b EPS 139 | B 0.13-0.85 Am(¥,¥7)=130GeV, m(¥})=0 GeV ATLAS-CONF-2020-031
§ ‘§ Ay, ot 0-1e.n >ljet EMS 139 | .25 m(E))=1GeV ATLAS-CONF-2020-003, 2004.14060
&8 nn, howht) teu  3jets/th EFS 139 | 0.44-0.59 m(¥})=400 GeV ATLAS-CONF-2019-017
S E- fify, i —>1by, 111G Tr+lept 2jets1b EPS 361 | & 6 m(71)=800 GeV 1803.10178
= § I, ot 2, tmehh Oe,p 2¢ EPs 361 @ 0.85 mpg$)=oeev 1805.01649
B . ) [ 0.46 m(7,&)-m(X})=50 GeV 1805.01649
« Oe,p mono-jet EP' 361 i 0.43 m(i, ,)-mX})=5GeV 1711.03301
11y, 0o, Xo—Z/ ) 1-2e,p 145 EMS 139 | 0.067-1118 m(¥2)=500 GeV SUSY-2018-09
i, i +Z 3e.u 1b EPs 139 | § Forbidden 0.86 m(&))=360GeV, m(7)-m(¥})= 40 GeV SUSY-2018-09
TR via wz 3e.u E'g“fss 139 | ¥ /)?; 0.64 m()=0 ATLAS-CONF-2020-015
ee, i >1ljet EMs 139 x} 1 0.205 m¥;)-m(¥))=5 GeV 1911.12606
XiXT via ww 2e.u EPS 139 | 0.42 m()=0 1908.08215
- XS via Wh 0-1eu  2b2y EMS 139 | ¥¥y  Forbidden 0.74 m(¥})=70 GeV 2004.10894, 1909.09226
=8 O vialy 2e,u EPs 139 | ¥ 1.0 m(Z,7)=0.5m(¥;)+m(t})) 1908.08215
WS 2 7080 27 Eps 139 |7 (L AR IIN0650/3] 0.12-0.3 mE)=0 1911.06660
Tirlig, 100 2e,pu 0 jets EE{“ 139 |7 0.7 m())=0 1908.08215
ee, >ljet EMs 139 |7 0.256 m(?)-m(¥})=10 GeV 1911.12606
AH, H-hG|ZG Oe,p >3b EE?“ 361 | & 0.13-0.23 0.29-0.88 BR(Y} — hG)=1 1806.04030
dep Ojets  Ep' 139 |@ 0.55 BR(Y! - zG)=1 ATLAS-CONF-2020-040
B o  Direct ¥1¥7 prod., long-lived ¥% Disapp. trk ~ 1jet — EMS 361 | 0.46 Pure Wino 1712.02118
=2 v Pure higgsino ATL-PHYS-PUB-2017-019
1 —
= g Stable g R-hadron Multiple 36.1 z 1902.01636,1808.04095
S 2 Metastable 7 R-hadron, z—qg¥| Multiple 36.1 m(¥})=100 GeV 1710.04901,1808.04095
XX I W ze—eee 3eu 139 Pure Wino ATLAS-CONF-2020-009
LFV pp—vr + X, Vr—ep/et/ut eL,eT.uT 3.2 A4,,=0.11, A132/133/233=0.07 1607.08079
YEXT I > wwyzeeetvy deu Ojets  EP  36.1 m(¥})=100 GeV 1804.03602
2z, g—>qq/\70,/\7(,) - qqq 4-5 large-R jets 36.1 Large 17, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& 77 iof), &) > s Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
if, imbX7, Xi — bbs > 4b 139 Forbidden m(¥i)=500 GeV ATLAS-CONF-2020-016
ff, fi—bs 2jets+2b 36.7 1710.07171
i, fii—qt 2e.pu 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1u DV 136 BR(f1 —q1)=100%, cosf,=1 2003.11956
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV]

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



ATLAS SUSY Searches” - 95% CL Lower Limits

July 2020

For CEPC, FCCee, and ILC:
» Difficult for squark/gluino production

ATLAS Preliminary

V5=1

3 TeV

» Mainly concentrate on the generic searches for the

charginos,

neutralinos,

and sleptons.

relevant dark matter searches as well.

and some

By, i +Z. 3eu 15 EMs 139 | Forbidden 0.86 m(7$)=360GeV, m(7)-m(i})= 40 GeV SUSY-2018-09
TR via wz 3e.pu E'i‘“ 189 | H/H 0.64 m@))=0 ATLAS-CONF-2020-015
ee, up >ljet  Ems 39 [ R/l 0.205 m(E;)-m(¥9)=5 GeV 1911.12606 \
XX via Ww 2ep EMiss 139 | & 0.42 m(@))=0 1908.08215 0
- iR via Wh 0-1eu  2b2y EMS 139 | ¥¥y  Forbidden 0.74 m(¥))=70 GeV 2004.10894, 1909, Q
=8 O vialy 2e,u EMs 139 |4 1.0 m(Z,7)=0.5m (Y5 )+m(t})) 1908.0§ d
WS 7 7o0k) 27 Ems 439 | T [, TR U] IN060:3] 0.12-0.3 m(E))=0 1911.0 G
TurlLg, I-00) 2eu Ojets  EX™ 139 7 0.7 m(E)=0 1908.08215, o
ee, upt >ljet EM 139 |7 0.256 m(?)-m(¥})=10 GeV 1911.12606
HH, H—hG |26 Oe,u >3b EE 361 | & 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030 G
dep Ojets  EMs 139 g 0.55 BR(T) — ZG)=1 ATLAS-CONF-2020-04\V
'§ © Direct ¥]¥; prod., long-lived ¥i Disapp. trk ~ 1jet  EMS 361 | & 0.46 Pure Wino 1712.02118
=2 % Pure higgsino ATL-PHYS-PUB-2017-019
= O
DE  stable g R-hadron Multiple 36.1 z 1902.01636,1808.04095
S a©
S 2 Metastable 7 R-hadron, z—qg¥| Multiple 36.1 m(¥})=100 GeV 1710.04901,1808.04095
XTI X sze—tee 3e,u 139 Pure Wino ATLAS-CONF-2020-009
LFV pp—vr + X, Vr—ep/et/ut ep,eT,ut 3.2 A4,,=0.11, A132/133/233=0.07 1607.08079
YEXT I > wwyzeeetvy deu Ojets  EMs 361 m(¥})=100 GeV 1804.03602
2z, g—>qq/\??,)~(? - qqq 4-5 large-R jets 36.1 Large 17, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& 77 iof), &) > s Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
i, i->bX1, X — bbs >4b 139 Forbidden m(¥})=500 GeV ATLAS-CONF-2020-016
fify, [y —obs 2jets+2b 36.7 1710.07171
i, fii—qt 2e.pu 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1u DV 136 BR(f1 —q1)=100%, cosf,=1 2003.11956
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV]

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




Gaugino & higgsino
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Current status: EU Strategy- gaugino
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Current status: EU Strategy- higgsino

Higgsino-like EWK processes
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Disappearing tracks exclusion is actually off the scale @



» In the super-natural supersymmetry _g,
[arXiv:1403.3099 etc.], the observed DM &
relic density is realized via the LSP g™

neutralino - light stau coannihilation, LSP
neutralino 1s Bino dominant, the right-
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e e LOIA. THanjun Li, Shabbar Raza and Wagas Ahmed

Light Neutralino Searches at CEPC _
@ We have two typed of Light neutralinos solutions that is

solutions with correct relic density (Z-resonamce and
h-resonance)! and neutralino with large density 2

@ At CEPC we can probe it via
ete™ — eTe™ ++ — ¥Y(bino) + {3(bino) + ~

Red, blue and green solutions
represent the sets of points
with relic density consistent
with, greater than and smaller
than 56 WMAP9 bounds,
respectively

oy, p

J{pb)

The two dips around 45 GeV and 62 GeV
indicate the Z-pole and Higgs-pole solutions

107 ;
= - LUX
§ XENONI1T
101" 5 F XENON1T+2years
m ' XENONNT ( ~ 20year )
1n =
10 b :
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. My (GeV)
Rescaled spm-ln(Llependent (&o SI(y,p))rate

13rXiv:1709.06371
2arXiv:1409.3930

vs. LSP neutralino mass m ™y;"

Generalized Minimal Supergravity (GmSUGRA) @



From Tianjun Li, Shabbar Raza and Wagas Ahmed

Light Neutralino Searches at CEPC

@ The light neutralinos with large relic density may also be
probed at the CEPC

@ At the CEPC, the bino can be pair-produced via t— channel
selecton and then bino decays into axino and photon
(%3 — 3v) as follows

o ete™ — ¥Y(bino) + ¥Y(bino) — 23 + 2~



Inputs for Snowmass report and white paper

Direct T Production
CEPC Simulation

B For light charginos, neutralinos,  .|swewse 225 Stau

o= S ,—s’\f."’ﬁ
7 PP IR SRR RC
- Vi

and sleptons , the prospected 2D =%
56 discovery contour as a .|

function of SUSY particle mass .. - - . ..
will be provided (more at backup) 2"‘22} S (i

n o 2O 18" oA /o
80 85 90 95 100 105 110 115 120 125
m(%) [GeV]

140

80 5§~
2

m(x9) [GeV]

B Status/progress/contributions to snowmass:

B For bino-like and higgsino-like EWKinos, stau and smuon,
results are almost done, paper draft preparing is going-on

B For light neutralino, GmSUGRA scaning is going on

SUSY cross section summary plot is on-going
B 2-3 paper drafts to be provided as inputs

B Above should be fit the Electroweak pMSSM for EF08

()



Curves contributed to a Smowmass report
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Some Ongoing Analyses

== Direct Stau ~4—Direct Smuon ~— Chargino Pair{ bino L5P) Chargino Pair({Higgsino LSP, tanf=30)

1

]

e ) »
0 - L

80 85 S0 85 100 105 110 115 120

Cross-section based on Madgraph calculation

"

=1
—O =O

» Production of chargino pairs decaying via W bosons
» Production of chargino pairs decaying via W bosons
» Direct production of stau pairs e ] - .

» Direct production of smuon pairs >)

TS~ <0
T X1
eF




- TECHNICAL DETAIL

About CEPC

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

ILD-like detector
Software

Signal samples: MladGraph+Pythia8

Simulation: Mokka

Reconstruction: Marlin

Normalized to 5050 fb~!
Dominant backgrounds:

» SM processes with two-e or two-u or two-t and large missing energy final states.

Cross Section [fb]

process
up 4967.58
T 4374.94
WW - £¢ 392.96
ZZorWW = puvv 214.81
ZZorWW - ttvy 205.84
vZ,Z - uu 43.33
ZZ = puvv 18.17
vZ,Z > 1T 14.57
ZZ - TtV 9.2
vH,H - 1T 3.07
evW, W — uv 429.2
evW, W - tv 429.42
eeZ,Z - vv 29.62
249.34

eeZ,Z > vvorevW,W - ev

Preshower

DCH Rout =200 cm

DCHRin = 30cm

| Detector height 1100 cm

CalRin = 250 cm

Cal Rout = 450 cm

Yoke 100 cm

Magnet z =+ 300 cm



Preliminary Results

Chargino Pair Production (Bino LSP)
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Chargino Pair Production (Higgsino LSP)
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Point 1 Point 2 Point 3 Point 4
mo 1387 1439 1449 1537
mg 1280.8 1316 1358.3 1404.1
Mg 1748.5 1851.1 1765.8 1981.3
mpc 1790.6 1857.7 1715.7 1945.9
m; 19.8 140 912.9 475.7
Mgc 472.6 192.6 756.2 132.2
My 0.1588 1.822 96.81 132.6
Mo 790.9 1015 812.9 1023
Ms -1186 -1517.9 -977.33 -1203
Ar = Ap 3944 3693 3632 4981
A, 241 -536.3 -403.1 -238.2
tan 3 28.3 34.7 17.6 21.3
mH, 673.5 836.3 2631 3284
my,, 1193 647.3 2618 3284
mp, 123 122 123 125
my A 1582,1572 1394, 1385 2515,2499 3060,3040
m,+ 1585 1397 2516 3061
mg 2638 3207 2220 2676
m_g 5.84,682 8.8, 878 45.9,326 62,355
1,2
m_g 2152, 2152 2461,2461 337, 712 363, 882
3,4
m_+ 684, 881 2155, 2462 333,704 362,876
X1,2
M, 2625,2832 3165,3342 2374,2542 27522975
my, ’2 1838, 2056 2394,2607 1173, 1731 1069 ,1811
maL’ . 2627, 2880 3166, 3388 2375,2561 2753, 3016
51’2 1957, 2500 24472813 1717 ,2433 1812,2777
m,;(’1 " 437, 434 549,522 978, 935 670, 532
Mz, 447, 574 550, 546 984,909 683,
mz, 356,618 265,627 816, 941 264 549
os/(pb)  3.151x107 1 3.98x10° 1 8.05x107 11 7.33x10
Qcpmh? 574 86 0.11 0.103




Mono-photon (SUSY, ED,DM)
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Figure 1: Some representative diagrams for the pure WIMP triplet in )/+E¥liss final states. The y* particles decay
into the stable yo DM candidate and soft pions which are not reconstructed [3].

Cross Section [pb]

—
<
N

—
<
w

1074

T T | T T T T I T T T T I T T T T I T T T T T T T T T T

ATLAS Simulation Preliminary

Vs= 13 TeV, 3000 b

Projection from Run-2 data

®— Oipeo PP>XXY

--¥--95% C.L. Expected limit
[ 95% C.L. Expected =1c upper limit

[_]95% C.L. Expected =20 upper limit

1 1 | 1 1 1 1 I L 1 1 1 | 1 1 1 1 I L 1 1 1 | 1 1 l L I L 1

100 200 300

400

500 600
X, mass [GeV]

ATL-PHYS-PUB-2018-038



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-038/

DM : Direct Detection Bounds
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EU Strategy- SUSY: ~g

Hadron Colliders: gluino projections 7\
(R-parity conserving SUSY, prompt searches) Burope Snateg)
Model JLdtab™"] Vs [TeV] Mass limit (95% CL exclusion) Conditions
23, 8-qat) 3 14 = T T m(¥1)=0
% 23, 5—q3%, 3 14 1.5 TeV m(@) ~ m(¥})+10 GeV
T 23, g1t 3 14 25TeV m(¥?)=0
28, ool 3 14 2.6 TeV m(¥?)=500 GeV
gz, 5-qa%) 15 27 5.7 TeV m(¥?)=0
% 88, 5—q5%) 15 27 2.6 TeV m(@) ~ m(¥1)+10 GeV
T NUHM2, g—tF 15 27 5.9 TeV m(¥})=0
23, 5—qat) 30 100 17.0 TeV m(¥?)=0
E %8, §-qa¥) 30 100 7.5TeV m(g) ~ m(¥})+10 GeV (*)
2 28, gt 30 100 11.0 Tev m(E7)=0
o 8 E-al 15 375 7.4 TeV m(¥)=0 (**)
E,’ 23, 5—q3%, 15 375 3.6 TeV m(@) ~ m(¥7)+10 GeV (**)
- 28, gt 15 375 Y £\ m(E})=0 (*)
(*): extrapolated from HL- or HE-LHC studies 10 Mass scale [TeV]

(**): extrapolated from FCC-hh prospects

Fig. 8.6: Gluino exclusion reach of different hadron colliders: HL- and HE-LHC [443], and
FCC-hh [139,448]. Results for low-energy FCC-hh are obtained with a simple extrapolation.

©


https://arxiv.org/pdf/1910.11775.pdf

EU Strategy- SUSY: ~q

All Colliders: squark projections N\
(R-parity conserving SUSY, prompt searches) BroPE s"ateg)
Model JL dtfab™] Vs [TeV] Mass limit (95% CL exclusion) Conditions
o i o 3 14 3.1 TeV meE)=0 (*)
-l
i:'. 4, gt 3 14 1.85 TeV m(G) ~ m(¥})+5 GeV (*)
PP 15 27 6.2 TeV m()=0 (*)
I
-l
%' 3, t7—>q/\~f? 15 27 3.7 TeV m(g) ~ m(/\7(1))+5 GeV (¥)
9 43, G—g¥" 15 375 8.0 TeV meE=0 (%)
'S
W o000 15 375 4.1TeV m(g) ~ m(¥1)+5 GeV (*)
g @ Gt 30 100 10.0 TeV m(&})=0
8)
o g G-t} 30 100 42TeV m(G) ~ m(¥})+10 GeV (**)
g @@ aet 5 30 1.45TeV m(@})=0
9(’1
3 G, G—q¥! 5 3.0 1.1 TeV m(g) ~ m(¥})+50 GeV
(*): extrapolated from Run 2, 36/fb studies M1aoss scale [TeV]

(**): monojet results not included

Fig. 8.7: Exclusion reach of different hadron
generation squarks.

and lepton

colliders for first- and second-
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EU Strategy- SUSY: ~t

All Colliders: Top squark projections

(R-parity conserving SUSY, prompt searches) European Sltrateg»

Model JLatab'] Vs [Tev) Mass limit (95% CL exclusion) Conditions
o  Abnii-odl 3 14 = ' 7T m(¥})=0
E fif, i—t)/3body 3 14 0.85 TeV Am(f, X3)~ m(t)
* fif, ioct/Abody 3 14 0.95TeV | Am(fi, X})~ 5 GeV, monojet (*)
o i SV G 15 27 3.65 TeV m(¥})=0
E fifi, i>tk/3-body 15 27 1.8 TeV Am(i, 21)~ m(t) ()
* fif,, i>cki/4-body 15 27 20TeV | Am(i, X))~ 5 GeV, monojet (*)
fi, fot 15 375 4.6 TeV m(E)=0 (**)
§. hi, ho®3-body 15 375 4.4 TeV m(¥}) up to 3.5 TeV (**)
= fif, fiock/4-body 15 375 22TeV | Am(i, X})~ 5 GeV, monojet (**)
g IR, RobVH] 25 1.5 0.75 TeV (=0
c:f B, obV ) 25 15 0.75 TeV Am(, 2~ mit)
© fify, fi—bY* /) 25 15 (0.75- ) TeV Am(f, ¥})~ 50 GeV
g if, fiob¥ ) 5 3.0 1.5TeV m(¥})~350 GeV
‘:’m fify, bV /0] 5 30 1.5 TeV Am(f, ¥1)~ m(t)
° fify, —bY* /60 5 3.0 (15-¢ Tev Am(#, X))~ 50 GeV
< Qi ot 30 100 10.8 TeV m(¥)=0
§ ff,, i—0)/3-body 30 100 10.0 TeV m(¥) up to 4 TeV
iif;, i>cki/a-body 30 100 ) R . L BOTeV | Am(i, &~ 5 GeV, monojet (*)

107" 1 Mass scale [TeV]

(*) indicates projection of existing experimental searches
(**) extrapolated from FCC-hh prospects

€ indicates a possible non-evaluated loss in sensitivity

ILC 500: discovery in all scenarios up to kinematic limit /s/2 @



https://indico.cern.ch/event/687651/contributions/3400865/attachme
nts/1850992/3038683/Wagner-LHCP2019.pdf

Muon Anomalous Magnetic Moment

Present status: Discrepancy between Theory and ‘ihgé,jsé;(;ﬁei_ggsgd‘)‘ TR T
Experiment at more than three Standard Deviation level o9 e'e)
_D%v7i§£r5e2t al. 09/1 (t-based) A
50/.“’ = azxp _ aLheOI‘y — 268(63) (43) X 10_11 Davier et al. 09/1 ("¢")

Davier et al. 09/2 (e*e” w/ BABAR)
. —255+49

HLMNT 10 (e*e” w/ BABAR
3.60 Discrepancy HLWNT 10 )
DHMZ 10 (t newest)
—195+54

—a—1
New Physics at the Weak scale can fix this DHMZ10 (e’ newes) o
discrepancy. Relevant example : Supersymmetry BNL ER21 (world average)
700800 500 400 300 200 100 0
exp x 107"
4 —a
’ o m 100 GeV )2
day, ~ S—QN—”Sgn(,uMg) tan 8 ~ 130 x 10~ (f) Sgn(puMs) tan 8
l_l/' ‘l_l TSy M
/s Grifols, Mendez’85, T. Moroi’95,
—o Giudice, Carena, C.W/95, Martin and Wells’00 ....
[z X Iz Iz J

Here m represents the weakly interacting supersymmetric particle masses.
For tan 8 ~ 10 (50), values of m ~ 230 (510) GeV would be preferred.

Masses of the order of the weak scale lead to a natural
explanation of the observed anomaly !
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