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Supersymmetry

A theory to describe physics beyond Standard Model
- Introduce an additional symmetry: fermions ~ bosons

It can

- Offer a Dark Matter candidate
- Possible unification of inverse gauge coupling
- Solve the fine-tuning problem of the Higgs mass
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The SUSY production @ 13TeV

pp, VS =13 TeV, NLO+NLL - NNLO,pprox+NNLL
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Electroweak SUSY:
smaller cross-section; less jet activity —> cleaner signature.



The electroweak SUSY search

- Production of Charginos/Neutralinos/sLeptons
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Phenomenology depends on wino-bino-higgsino mixing, mass hierarchy, and decay channels.




Benchmark EWHK scenarios
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Benchmark EWHK scenarios
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The EWHK SUSY program in ATLAS

Published Signature Scenario Publication
2L0J C1C1-WWi/slepton; Slepton pair arXiv:1908.08215
1lbb C1N2-Wh arXiv:1909.09226
Stau Stau pair arXiv:1911.0666

Compressed C1N2-WZ; Slepton pair arXiv:1911.12606
3LeRJR C1N2-WZ arXiv:1912.08479
Photon C1N2-Wh; GGM arXiv:2004.10894
oA 3L RPV C1C1/C1N1 via RPV coupling arXiv:2011.10543
ce?®
WeW &\nC 4L C1N2/C1C1; Slepton pair; GGM arXiv:2103.11684
3L conv/RJ C1N2-WZ/Wh arXiv:2106.01676
All hadronic C1N2/C1C1-WZ/Wh/WW; GGM ATLAS-CONF-2021-022

Each benchmark scenario will be discussed and the fresh results are preferred in this talk.
Reminder: more signatures are still in processing: . 2L2J; multi-b; SS; bbyy... More to come!


https://arxiv.org/abs/2103.11684
https://arxiv.org/abs/2106.01676
https://cds.cern.ch/record/2772663
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Higgsino search

June 2021 ATLAS Preliminary Vs=13 TeV, 36.1-139 fb”'
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Higgsino decays into SM quarks via RPV coupling
- Final states with 6-8 jets, at least three bjets
Extreme topologies studied with data-driven
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PP = X, X, ,» XX,
2

All limits at 95% CL
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approach 10°
- Neural-net classifier to distinguish signal ” b
- Excluded higgsino masses 200-320 GeV ;
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<—first since LEP result in 2004




wino-bino

m ‘ higgsino .4+ .

Wino-bino search | s

“Traditional Summary Plot” S .

450 June 2021 ATLAS Preliminary  ¥s=8,13 TeV, 20.3-139 fo! All limits at 95% CL
% E = =+ Expected limits
O, 400F — Observed limits
?x 350 = FE70 i
\E/ - Xy X, Via
- wz ol, 2l 3l
300— _
[ arXiv:1806.02293
C arXiv:1911.12606
250 :_ “ arXiv:2106.01676
: 1 ATLAS-CONF-2021-022
200 \ ] Wh Ibb, oI
= 1 arXiv:1909.09226
150 :— l. ATLAS-CONF-2021-022
C 1
r. ' e
100— : X1 Xy via
B ' CIww o2 WW via 1L
50 __ ll arXiv:1403.5294 to come.
[ 1 arXiv:1908.08215
? 1 11 I 11 1 1 I 11 1 1 L 111 I Jegeye—y I 1 1 1 I L1 1 I L1 1 1 I 1 III 1 I 11 /\TL/\SCONFZ()21022
00 200 300 400 500 600 700 800 900 1000 1 100
m( X x1 %)) [GeV]
7221 — Wh %°x° s=13 TeV, 36.1 - 139 fb" June 2021
= e R R e
[} B All limits at 95% CL B
- o, 500 _A-’;leﬁE:gﬂaT mary - . Expected
hS T Tmme — Owened 3
~— | — 36.1 1", FF [1812.09432] 1
b £ A00F — e ] Channel
h = T e onasconrcmraz .
NI 300[- [ ) E brei\kdown
o B ] for “C1N2-Wh
h -~ B N ”
\ 7 2001 - only
«~. T B \ .
h ‘ﬁ ¢ 100~ 5 ~
14 » ' ]
0 ) "] I T I 111 I 1 N I 1 II 11 I 1L 81 I [0 1 | | . ] l 1 I 11 I_

200 300 400 500 600 700 800 900 1000110
MGz, %) [GeV] 10



Wino-bino search
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Slepton search
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Search 1: Final states with 2 hard el/mu (pT>25GeV) —>
target high mass region!

Search 2: Compressed analysis — 2 soft el/mu
(pT_e>4.5GeV and pT_mu>3GeV) + ISR-jet —> target
small mass splitting region!

Search 3: 2 hadronic tau analysis — improvement in tau
trigger with improved tau ID.
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Smuon searc

“New Smuon Summary”

pp = [} p A7 ps { = pX3, bino LSP

June 2021
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- Shaded bands indicate regions
compatible with the observed g-2
anomaly

- Low/High mass smuon region is
favored for small/large tan f3

Uncovered space in the small dM
region

Need to ensure that our searches
cover the full mass plane!
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Summary

* A short overview on the recent ATLAS Electroweak Supersymmetry
results is presented with full Run2 data analyzed.

* No discovery yet, the limits are probed in new/challenge scenarios.
Various novel techniques are developed/under development.

* More challenge signatures to come.
* More excitingly, the EWK combination & the pMSSM interpretation

are in process & to come next year. Hopefully more new ideas will
be inspired! , /~
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

June 2021 Vs=13TeV
Model Signature  [Ldem™') Mass limit Reference
L) L L] L] . L] L L ' LJ L) . L L)
i, §—gt) Oep  2Bjets EF™ 139 185 m(E})<400 GoV 2010.14293
manojet  1-3 jets Ef" 361 4 5x Degon | 09 mig)mit) yab GeV 2102.10874
2, B-git| Oecp  2Bjets EF 139 |2 mii )0 GeV 201014293
3 Forhidden 1.15.1.95 mii|=1000 GeV 2010.14293
23, Dsqy Wit feun  2-6jets 139 | # 22 m(F}) <600 CaV 210101629
##, B—qal 0] v 2jets £ 364 | % 12 m{E) miv] 150 GoV 1805.11381
a8, R_.,szf‘" 0epu 7-11jets  EY 138 |z 197 i) <800 CaV 2008 06032
SSepu 6 jals 139 ] 115 mgrm(i)=200 CaV 1000808457
. g—l¥) 0-1ep 3 EP™ 708 |% 225 m(E})-200 GaV ATLAS-CONF-2018-041
SSep G jels 139 * 125 mipm(i})«300 GeV 190908457
by b, 0ep 20 B 139 | & 1.255 m(E} <400 GaV 210112827
b o.68 10GeV<amib, 17)<20 CaV 210112827
biby, By —+bPs —+ bAE] 0w p 6b EL“ 133 |5, Fortydden 0.23-1.35 A =130 GVl m(E))=100 Gav 190803122
2r 26 KM 139 |5, 0.13-0.85 AM(T,£1)=130 GeV, mi¥1)=0 GV ATLAS-CONF-2020-031
Ay, h—t8] Olep zljet  EFT 139 | R 1.25 i) w1 Gov 2004 14080,2012.03790
fiiy, B~ W) Teu 3jetsth EY* 139 |§ Forbikien 0.88 M) e300 CaV 201203789
E fiiy, fy=T by, T =G 12r  2ewsnb B 139 |§ Forbidden 1.4 mit, =400 GV ATLAS-CONF-2021-008
3‘8 By, =k 1 82, Bk Oeu 2¢ K™ 381 |3 085 miF1)=0 Gav 180501640
Oey  monsjet £4=  yag |G 055 il 2 mi yas GV 2102 10874
iy, =83, V3= Zint) 1-2e,p 1-46 EF* 139 |§ 0.067-1.18 m(i5) =500 GeV 2005 05880
fofs, b=ty + Z 3ep 16 Evs 133 | & Forbiddan 0.86 () =380 GV mii, miF) k= 90 GaV 200605000
B vawz Mutpla ¢ /|ets Ere 139 | 8548 0.96 miF| =0, wino-biro 210601676, ATLAS-CONF-2021-022
e cljet ERe ze | 0.205 (i L =5 GoV, wino-biro 191112608
i vaww 2ep e 139 | 0.42 i )=0, wino-biro 1905068215
¥ via Wh Mutpls !/]ets Ers 139 |45 Forbidden 1.06 miT? =70 GeV, wino-biro 2004.10034, ATLAS-CONF-2021-022
B vialy e 2e.p £ 139 | & 1.0 mil 7 1=0.5mix; femits ) 190808215
E g t, i) 2r gy ss |7 o) NONE0E 0.12-0.29 mi)=0 191106660
b nlin, I-oiK) 2en Ojts  E™ 139 | 0.7 mi¥2)=0 1908.08215
v z et e 138 | ¢ 0.2%6 o mE))=10 GaV 1911.12605
AR, B0Gi2G 0 >3 Ef 381 R 0.13-0.23 0.29-0.88 BRI — i) 1005.04030
dep Ojats 7% 129 | A 0.55 BRI, — 701 210311884
Oey >2largejets £ 139 |p 0.450.93 BRYT) = ZG)1 ATLAS-CONF-2021-022
. Dimct ¥} ¥, prod., long ived 7 Disapp. vk Tjet  £F* 139 | &7 0.66 Pure Wiro ATLAS-CONF-2021-015
.rf 0.21 Pure Figgsiro ATLAS-CONF-2021-015
! Stable ¢ R-hadren Multiple 3.1 |2 20 1902.01635,1606.04066
Metastable § R-hadren, 3—ggf | Multiple 360 | 2.4 i) =100 GaV 1710.04901,1808.04005
88 i Displ. lep £ w39 |&a 0.7 wh=01mm 2011 07812
2 034 W) =01 ns 201107812
T L epee e Bep 139 Pure Wiro 2011.10543
TEHT VY — WWizet vy deu Ojets £/ 139 1.55 i) =200 GaV 2103.11684
6, oty 1 — o 4-5large jets 36.1 19 Large 47, 1804 03568
fi, f—tT5, K| — tbs Multiple aé. ¥} 1200 GoV, bino e ATLAS-CONF-2018-003
E fi, f=ob ], £] = bbs ER 139 Fort'dden T 500 CaV 201001015
Ty, By —bs 2jets 4+ 256 a7 0.61 171007171
fily, h—aqf 2ep 2bh 36.1 0.41.45 R, —be /by >20% 171008544
T ov 138 16 BRI, —qu)=100%, 006 w1 200311686
L IR2 IR, 5 iy, KT s 12ep  26jcts 139 |4 0.2-0.32 Pure biggairc ATLAS-CONF-2021-007
A ' . . A A e . l e A e e A
Only a selection of the available mass limils on new stales or 10" 1 Mass scale [TQV]

phenomena is shown. Many of the limits are based on
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EWHK sighatures — “Compressed”

Compressed scenario targets very small mass splittings dM(sl/C1/N2, N1);
Taking advantage of softer leptons, ISR jets, VBF jets etc.
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