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SUSY

» Contains Poincare Algebra

 Makes a light Higgs mass natural with order by
order cancellations

» Gauge coupling unification
e Possible DM candidate
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The Elegant but Perhaps too
Simplistic

Minimal models with standard
smoking gun signatures

Minimal Gauge Mediation
MSUGRA standard benchmarks
Minimal Anomaly Mediation

Signatures

Jets plus MET w/ lepton veto
Trileptons+MET
Large mass splittins w/ nearly massless LSP

Correct as Usual



ATLAS SUSY Searches™ - 95% CL Lower Limits

ATLAS Preliminary

*Only a selection of the available mass limits on new stafes or
phénomena is shown. Many of the imits are based on
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Mass scale [TeV]

Status: March 2017 V5=7,8,13TeV
miss " el :
Model €M, T,Y Jets E Jdim] Mass limit ¥i=7,8TeV [YFSTETV Reference
T T T T T T T T T T T T T T T
MSUGRACMSSM 03ep-2r 210jete’3b Yoz 203 185 TeV  miglmiz 1507 05535
ad, gty o fj Pts  Yes 361 mliE',’]::.JD{;Ge'lf. mii® pen glemiz™ pen.g) ATLAS-CONF-2017-022
g, §— gk (compressed) miana-jet ts  Yes 3z mig-mi <5 GaV 180407773
IR, D—gat1 0 26jts  Yes 361 miE] k200 GaV ATLAS-CONF-2017-022
BT, B gkt —qgWi, o 26jpts  Yes 361 miE {1200 GeV, i }-0.5(m{E Jsmigl) ATLAS-CONF-2017-022
BE, B aqiEL vE" Bep  4pts - 132 mig {400 GaV ATLAS-CONF-2016-037
LT, B+ agWEH 2ep(88) 03jpts  Yes 132 miE]} <500 GaV ATLAS-GONF-2016-057
GMSE (f NLSF) 12r+01¢ 0-2jets  Yos 3.2 1607.05875
GGM (hino MLSF) 2y - Yag 3.0 r(NLEP-0.1 mm 1606.09150
GGM (higgsino-bino NLSF) ¥ 1b Yes 203 mi] }:950 GaV, erNLEP)<0.1mm, w0 150705433
GGM (higgsino-bino NLSF) ¥ 2jts  Yes 133 miE] 680 GaV, erNLSP)<0.1mm, g0 ATLAS-GONF-2016-065
GGM (higgsino MLSP) 2e.pulF) 2 jets Yes 203 m{NLSP}-430GaV 1503.03290
Giravitino LSP L]} maono-gt Yag 203 miGk= 1.8 104 el mipl=migl=1.5TeV 150201518
E 3 BE, psbBEY 0 3b Yee 361 miE| =800 GaV ATLAS-CONF-2017-021
w B BB Bl Olep  3b  Yes 361 ik} <200 GaV ATLAS GONF-2017-021
PniBq DE, pbil O-1e.p 3k Yo 2001 miF | k<300 GaV 1407 0800
by, By bit] 0 2h Yos az mii] <100 GaV 1606.06772
| BBy, By 2ep(S8) 1k Yoz 132 |y | 325685 GeV miE] 150GV, mif] - miE s 100 eV ATLAS-CONF-2016-037
B8 i, n—bE D-2ep 126 Yes 47133 | i NTAT0Gev 00T 20 GaVI mii}) = 2miE), mi| 55 GaV 1209.2102, ATLAS-COMF-2016-077
yfy, T —WhET or &7 B-2ep O2jts1-2h ¥ee 203 | 80-188 GeV 205-950 GeV nﬁ',’]..u:ggv 1506.08616, ATLA S-CONF-2017-020
i, - 0 monojet  ves 3.2 |GG midi -miE] = 5 GeV 1604.07775
ﬁ . iy natural GMSE) 2epuF) 1h Yes 203 |h 150-600 GeV miE | k- 150CaV 1403 5222
E & b hoh + 2 BepE) 1 Yes 381 |k S 200-TOD GeV mig] =0 GaV ATLAS-CONF-2017-018
T2, i~ + h 1-2eu 46 Yes 361 [k . 320880 GeV miE o GeV ATLAS-CONF-2017-013
Bpfyp, E=F] Zep 0 Yes 203 | 80-335 GeV TRy pm————
By B =i 2ep ] Yes  13.3 miE -0 GeV, miZ, s-0.5imiEd JemiETH ATLAS-GONF-2016-058
By B =) 2r 5 Yer 148 miE] -0 GaV, mix. #-0.5(miE{ LamiE] ) ATLAS-CONF-2016-053
E g BT L), 650, £(v) Bep o Yez 133 U] -miEa), mi -0, miZ, $-05{mi bl ) ATLAS-CONF-2016-008
ETH Wi ZY 2-3epn 0-2 jots Yas 203 miE] =-miE3), miE| -0, f dacoupled 1403.5294, 1402.7029
;E*J_EE__.E;E,H?, BB WW/rrfyy  EY 02h Yeg 203 " rrg:h']-n;{t'?k miET -0, Mmﬁww 150107110
oy, K3 Iyt dep ] ¥es 203 miEzl-miE3), miEyl0, miZ, i-0.5mikzlemic] ) 14055088
GGEM (wino MLSP) weak prod. Te,u+¥ E Yag 203 cr<1mm 1507.05433
GGM (bing NLSP) weak prod. 2y K Yos 203 cr<imm 1507.05433
Directi14) prod, longived ¥7 Disapp. trk 1 jet Yes 361 miET-miE] 180 MeV, rii] =02 s ATLAS-CONF-2017-017
) Direct? ¥, prod, longlived ¥;  dEfdx trk - Yes 184 miET-miE] 180 MeV, r(f}1<15ns 1508.05332
E .. Stable, stopped ¢ R-hadron ] 15kts Yo 279 miE] =100 BaV, 10 ps<rip)<1000 5 1510.6564
4 Stable ¥ R-hadron trk = - 3.2 160805128
. Metastable ¢ R-hadron dE/dhe trk . - 3.2 miE] 100 GaV, = 101s 1604.04520
B GMSE, stable 7 {17 fikrie ) 1-2u E - 19.1 10<Eng-50 1411 E725
i GMSE, ¥ =13, long-lived &7 2y 7 Yes 203 terf] =3 ns, SPSE modal 14085542
BB, B 1—eev] v gy displ. eefepfpn - = 203 T er(i) e 740 mm, miphe1.3 TV 1504.05162
GOM g, £1—20 displ vix +jets - - 203 G=crlE) 1 480 mm, miph1.1 TV 1504.05182
LRV pp—¥, + X, ¥~ epferfur LT T 3 - 3z =011, Ay uyne=-0.07 160708072
Bilinear RPV CMS5M 2ep(38) 03k Yoz 203 migl-mg), crygp<i mm 1404 2500
FEL S WE F ey, ey A0 E Yes 133 ] b 400GEN, Aya#0 (k= 1.3) ATLAS-CONF-20r16-075
B B =W = ery,  Beptr 3 Yes 203 miE b 0.2<m{E} ], 4320 14055065
E B, B—qaq 0 4-Blarge-Rjets - 14.8 BRI)-BRAb-BR}-07 ATLAS-CONF-2016-057
LT, T—agil, ¥l — 09g 0 45large-Rjets - 148 mei 800 GaV ATLAS-DONF-2018-057
33 p—ui:'r?,fr? — qqq Tep B-10jete’0-4b - 36.1 miEik 1T Az ATLAS-CONF-2017-013
EE, B—iyr, [y —bs 1ep B-10jeta0-456 - 36.1 mif = 1 TaV, dan=D ATLAS-CONF-2017-013
fift, h—sbs a Pjets+2h - 15.4 ATLAS-CONF-2018-002, ATLAS-CONF-2018-084
iy, H—bE 2ep 2h - 203 BRIl el 205 ATLAS-CONF-2015-015
Other Scalar charm, £—ci 0 e Yes 203 mii]}200 GaV 1501.01325



MSUGRA/CMSSM 0-3e uf1-2r 2-10)ets/3 b

;ﬁ ,:quu' 0 2-6 jets
qrﬁémmpregﬂed lrI-DI'Il]--jE’[ 1-3 Etﬁ
I'I' ol N
B2, b—qgt) *WW*I | 0 2-6 jets
B . gr—xqqﬂ?f,fw}rl 3e.p 4 jets
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.E GMSB (f NLSP) 1-2r+0-1¢ 0-2fts
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E 900 GeV
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gg production, B(g — qq if}=1ﬂ0%

— ATLAS Preliminary

—\s =13 TeV, 36.1 b

| 0-leptons, 2-6 jets

| METf or RJR (Best Expected)
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Discovery Limit

CMS collaboration “Future Sensitivity Studies
for Supersymmetry Searches at CMS at 14
TeV” CMS-CR-2013-255
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Events with >2 b-tagged Jets

= Signal
Events after C1 cuts, - 54 (150 fb)
Ap =30 cut, and I
E]"m.i.-:s = 000 GeV cut = 57 (300 fb ]}

- Gx (1 ab)
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arXiv:1612.00795v1

Unnatural
'&EW b= E-D




Exploring Other Models

Correct as YUsual-Sometimes



The Shy

(Ultra)/Compressed Spectra

Stealth SUSY
Higgsino/Wino LSP
General Gauge Mediation
Split SUSY/Higgsino-World
RNS

Signatures

Mono-X searches
Searches w/low ET cuts
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From “Compressed and Stealth SUSY searches with
ATLAS and CMS”

Bottom squark pair production, b, —b ,;;1]
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Pion Momentum
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Higgsino/Wino LSP
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Mono-Z

Signal Sensitivity for Mixed-inos
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The weird/unusual/uncomfortable

Split SUSY

Mini-Split

Supersoft/Dirac Gauginos
Anti-split

Long Lived Particle
Displaced Vertices,
Kinks/dissappearing tracks
Bizzarre Decay Chains
Compressed Spectra

Get used to it Toots
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Search for long-lived, massive particles in events with displaced
vertices and missing transverse momentum in sqrts =13 TeV p p
collisions with the ATLAS detector

ATLAS-CONF-2017-026
ATLAS-CONF-2017-026



g R-hadron — g/qq 5{? , M5 =100 GeV Status: July 2016
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Anti-split suppressed colored
particle production
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From “Supersoft is Supersafe” arXiv:12034821
Gluinos are not kinematically accessible and squark production in suppressed



May implement in General Gauge Mediation
variant

various NLSP(stau, sneutrino, Higgsino)
Possible long lifetime of NLSP
Unique decay chains

Suppressed Bounds from colored particle
production



Light stau scenario

neutral gaugino mass |chargino mass|squark mass|slepton mass

mg 6000 my, 903 | me 463
1m0 6001 m+ 6001| mg, 903 | me,. 203
0 5000
1m0 500.4 m, + 499.5
M, 0 498.9 My, (82| mg 199

mg, (84




particle decay b.f. |particle decay b.f.
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Higgsino NLSP
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Ssmoking Gun SUSY processes

4j +21 + L+ Br

45 + €+ 4b+ Br

process vNLSP Higgsino NLSP| 7TNLSP
qq
67 + 27 + Er 65 +4b+ Er |29+ 47 + Er

2j + 21 + Br

X1 X1
2r + Kr 4j +4b + Er 2T + Br
X%
2T + 45 + Er 4b + Er 4T + Er
21 + 25+ £+ By
57
47 + Hr 2 + 4b + Br |2¢ + 27 + By
¢ + Br 60+ 47 + Er




Conclusions

LHC continues to take data constraining minimal models , SUSY is
constrained but not down for the count

I'll be back when the day is new
We need to think harder about how to make SUSY discoverable and
find new limits

I'll have more ideas for you

Optimizing familiar scenarios for HL-LHC, and pushing into territory of
new signatures: Long lived Particles( Split and Antisplit SUSY),
Compressed scenarios(Staelth SUSY), Novel Decay chains and LSP
possibilities(General Gauge Mediation, new Mediation Mechanisms),
and all combinations thereof

You'll have things You want to talk about
See you next PHENO with more physics

[ will too
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