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Why SUSY?

® Naturalness problem

® Unification of gauge couplings

® dark matter candidate
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LHC searches

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2020 \/E =13 TeV
Model Signature  [£at[b™"] Mass limit Reference
33, G—gt" Oe,u 2-6jets EM 139 |§ [10x Degenl] 1.9 m(t])<400 GeV ATLAS-CONF-2019-040
@ mono-jet  1-3jets EF*  36.1 0.71 m(g)-m(¥})=5GeV 1711.03301
£ 2. 3-qa¥) Oe,u 26jets  EP 139 |2 m(¥})=0 GeV ATLAS-CONF-2019-040
S z Forbidden 1.15-1.95 m(E))=1000 GeV ATLAS-CONF-2019-040
% 38, 5oqqWh] lepn 2-6 jets 139 |2 2.2 m(¥7)<600 GeV ATLAS-CONF-2020-047
L & 2—qa(LOF ee, upt 2jets  EF™ 361 |2 1.2 m(z)-m(¥})=50 GeV 1805.11381
@ gz goqqWZY Oep  7-11jets EP™ 139 |2 1.97 m(¥}) <600 GeV ATLAS-CONF-2020-002
S SSe.u 6 jets 139 |2 1.15 m(z)-m(¥})=200 GeV 1909.08457
= 88, g—-1iX) 0-1e.pu 3b EMs 798 |% 225 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe.u 6 jets 139 |z 1.25 m(g)-m(¥\)=300 GeV 1909.08457
biby, by —b¥) /i0E Multiple 361 | b Forbidden 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 139 | by Forbidden 0.74 m(¥])=200 GeV, m(¥;)=300 GeV, BR(t¥} )=1 1909.08457
byby, by—b¥s — bhiY) Oe.u 6b EE?“ 139 | Forbidden 0.23-1.35 Am(¥3,7))=130 GeV, m(¥})=100 GeV 1908.03122
25 27 2b EPS 139 | by 0.13-0.85 Am(¥3.%1)=130 GeV, m(¥})=0 GeV ATLAS-CONF-2020-031
§ § fiL i —"/?(I] 0-1e.u > 1jet E;’f"\" 139 th 1.25 m(¥])=1GeV ATLAS-CONF-2020-003, 2004.14060
3'8 17y, > WbY) lepu 3jets/1 b EP™ 139 i 0.44-0.59 m(¥})=400 GeV ATLAS-CONF-2019-017
S é. i, [j=>T1bv, 117G Tr+1eput 2jets/1b E?i-‘-‘ 36.1 i 1.16 m(7;)=800 GeV 1803.10178
O 8 iy, hiock) /ee, ek Oe,p 2¢c  EMs 361 |@ 0.85 m(EY)=0 GeV 1805.01649
35 ) ) I 0.46 m(7, ,&)-m(¥})=50 GeV 1805.01649
Oe,u mono-jet EPS  36.1 i 0.43 m(7, &)-m(¥1)=5GeV 1711.03301
f1iy, i85, W37/ WY} 1-2ep 145  EPS 139 |7 0.067-1.18 m(T2)=500 GeV SUSY-2018-09
b, h—i +Z 3epu 1bh EPS 139 | & Forbidden 0.86 m(¥})=360GeV, m(7,)-m(¥})= 40 GeV SUSY-2018-09
X35 via Wz 3ep Eps 139 |GG 0.64 m(EY)=0 ATLAS-CONF-2020-015
ee, jip >ljet  EPS 139 | /K, 0.205 m(¥5)-m(¥})=5 GeV 1911.12606
XX, via Ww 2e.p EMs 139 | 0.42 m(E)=0 1908.08215
X3 via Wh O-lepu  2b2y EMS 139 | ¥ /¥y Forbidden 0.74 m(¥})=70 GeV 2004.10894, 1909.09226
= g XX vialy /v 2e.pu EPFs 139 | X 1.0 m(Z,7)=0.5(m (¥} }+m(t})) 1908.08215
WSz rrt) 27 EMs 139 |7 L. 7R 06013 0.12-0.39 md)=0 1911.06660
furlig, -6 2ep Ojets EMS 139 |7 0.7 m(¥})=0 1908.08215
ee,pp >1ljet EPS 139 |7 0.256 m(Z)-m(¥})=10 GeV 1911.12606
HH, H—hG[ZG Oep >3b Ezfss 36.1 | i 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
dep Ojets  EFs 139 | & 0.55 BR(¥! — ZG)=1 ATLAS-CONF-2020-040
B © Direct ¥{¥] prod., long-lived ¥} Disapp. trk  1jet  EP 361 |X 0.46 Pure Wino 1712.02118
= % . 015 Pure higgsino ATL-PHYS-PUB-2017-019
T O
gg Stable g R-hadron Multiple 361 |2 2.0 1902.01636,1808.04095
S 2 Metastable  R-hadron, 3—gqt} Muitiple %1 |z F@=tons0209 20524 m(¥})=100 GeV 1710.04901,1808.04095
B X X sze—tee 3en 139 Pure Wino ATLAS-CONF-2020-009
LFV pp—v: + X, ve—ep/et/ut ep,eT Ut _ 3.2 1.9 A,=0.11, A132/133233=0.07 1607.08079
XiXT 103 — wwyzeetevy dep Ojets  EMS 361 m(¥)=100 GeV 1804.03602
28, §—a9%1, X1 - qqq 4-5large-R jets 36.1 1.9 Large A7), 1804.03568
n>. Multiple 36.1 2.0 m(¥1)=200 GeV, bino-like ATLAS-CONF-2018-003
0 77, i) &) - tbs Multiple 36.1 m(?)=200 GeV, bino-like ATLAS-CONF-2018-003
if, i-bX7, Xi — bbs >4b 139 Forbidden m(¥i)=500 GeV ATLAS-CONF-2020-016
f\iy, i —bs 2jets+2b 36.7 1710.07171
i, fj—qt 2e.u 2b 36.1 0.4-1.45 BR(7; —be/bu)>20% 1710.05544
1u DV 136 BR(7, —qu)=100%, cosf,=1 2003.11956

*Only a selection of the available mass limits on new states or
phenomena is shown. Manv of the limits are based on

squark 1-2TeV, electroweakino and slepton
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Mass scale [TeV]

few hundred GeV




Electroweakino

Higgsino 7l
Off shell W, Z 70 i
1:12 = e
AmI Z* lw* }{:: §
\ 4 H:? <

\m < 5 GeV

LEP limit around hundred GeV for chargino searches
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Only one SUSY partner could be light

Names spin 1/2 | spinl | SU@3)¢c, SU2)L, U(l)y
gluino, gluon g qg (8,1,0)
winos, W bosons | W* WO | w* W0 (1,3,0)
bino, B boson BO BY (1,1,0)

Can be pair produced at lepton collider
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Good opportunity at lepton colliders for light bino
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Bino LSP(DM candidate)

® Bino dark matter is over-abundant due fo
small annihilation cross section(assume squark/
slepton heavy)

® Co-annihilation: can not be too light and
constraint from dark matter direct searches
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Bino NLSP

LSP candiate:

Gravitino: spin 3/2, supersymmetric partner of graviton

F
msz/o ~ ——
Myl

Could be very light for low SUSY breaking models

Axino: supersymmetric partner of axion

Singlino: NMSSM, supersymmetric partner of singlet
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Bino NLSP

Bino decay

B — G +h/Z)~

Bino mass around or less than hundred GeV

Photon channel dominates
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Bino NLSP

Similar searches at LHC

Search for supersymmetry in a final state containing two photons

and missing transverse momentum in Vs = 13 TeV pp collisions at
the LHC using the ATLAS detector
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Large production due to gluino



Bino production

13/2
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Signature

2 gamma+ missing energy

Backgrounds
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Bg vs signal
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Variable-1: recoiled mass
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Z-peak in Bg
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Variable-2: reconstructed mass

N 7 2 missing energy:
G still possible to reconstruct mass
e+m see the paper for details

107'E

mp — 10 GeV < Myeconst < Mp + 3 GeV
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Variable-3: energy balance
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Cut-flow

Assuming 3 ab-1, slepton 1 TeV

BKG | mz=10 GeV | mpz=40 GeV | mz=80 GeV | mz=120 GeV

photon pt > 10 GeV 194,100 6,193 5,539 3,458 173

Mrecoiled < 40 GeV 147 912 785 439 18.6

Abpalance < 0.3 40.4 661 553 317 18.6
Mreconst € |0, 13] GeV 1.1 651 - - -
Mreconst € [30,43] GeV 2.8 - 269 - -
Mreconst € [70,83] GeV 3.5 - - 96.8 -

Mreconst € [110,123] GeV 13.1 - - - 14.8

S/B - 633.2 96.6 27.7 1.13

Significance - 83.8 44.1 21.9 3.5
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Sensitivity

120

—— 50 observation @ 3 ab~!

—— 20 exclusion @ 3 ab™!
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™me [GGV]

For 3 ab-1, bino mass 100 GeV, around 1.5 TeV 5sigma (2 TeV 2sigma)
For 3 ab-1, bino mass 20 GeV, around 3 TeV 5sigma (4 TeV 2sigma)
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Comparing with LHC slepton direct searches

NLO-NLL ¢ ZL_R( L.r: any single generation, sum of left- and right-handed sleptons

pp, VS =13 TeV, NLO+NLL - NNLOgpprox+NNLL

10%
— g —— %% (higgsino) 300 0.006254 -2.1% 2.3 %
— gq —— X1 X1 (wino) 320 0.004802 -2.2% 2.3%
102 - — 44" —— Xi'X3 (wino) 340 0.003732 -2.3% 2.5 %
tt", bb 360 0.002931 -2.5% 2.6 %
= 380 0.002325 -2.6 % 2.8 %
Z 100 |
= 400 0.001859 -2.8 % 2.9%
(@]
= 440 0.001216 -3.0 % 3.1%
()]
é . 500 0.0006736 -3.2 % 3.3 %
o 600 0.0002763 -3.6 % 3.6 %
700 0.0001235 -3.8 % 3.8 %
lo-4 800 5.863e-05 -4.2% 4.2 %
900 2.918e-05 -4.6 % 4.6 %
1000 1.504e-05 -5.2 % 5.1 %
1076

250 500 750 1000 1250 1500 1750 2000
particle mass [GeV]

0.5*10-6 pb

LHC 3 ab-1, at most 1.5 TeV
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Summary

® The only SM partner which could be light is Bino

® A light Bino prefers to be NLSP, not LSP

® Lepton collider is not only precision machine, but also a discovery
machine. It can be much beyond LHC reach in some cases.
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