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Supersymmetry (SUSY)
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 Fundamental symmetry between fermions and bosons that
presents solutions to some problems of the SM:

e« SUSY particles provide
, canceling out quadratic divergencies

e If R-parity = (-1)3(B-L)*2s conserved, Lightest SUSY particle
(LSP) is stable and natural Dark Matter candidate

 Achieve unification of gauge couplings at Mgut = 107 GeV
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ATLAS: A Toroidal LHC ApparatuS

%)}
T

D

- ATLAS Online Luminosity
- == 2011pp Vs=7TeV
35F = 2012pp Vs=8TeV
F m=2015pp Vs=13TeV
F == 2016pp Vs=13TeV

o

Delivered Luminosity [fb™]
w
o

25 =
25m 20 ;_ _;
15 —
10 —
Tile calorimeters 55 .
LAr hadronic end-cap and - _‘_/ .
forward calorimeters o— | | |

Pixel detecto

Yot Ro* ol oct

LAr electiromagnetic calorimeters .
ele ghe imete Month in Year

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

e Major upgrades for Run 2 - detectors, trigger, DAQ, reconstruction
* Excellent performance under challenging LHC conditions
e peak lumi 1.38 x 10°** cm™@ s™
e up to 50 interactions per crossing
« 36 fb! of good 13 TeV pp collision data collected in 2015 and 2016
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How to search for SUSY

10°

https/twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
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 Make assumptions on mass spectra

and use simplified models to define

signatures and guide searches

* R-parity conservation - RPC: pair-
produced SUSY particles decaying
to LSP

* R-parity violation - RPV: LSP
decays to SM particles

e Signal regions built with high S/B

using discriminating variables

Backgrounds:

* [rreducible predicted from MC or
normalized in control regions

* Reducible estimated from data-
driven methods

e Checked in validation regions
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Inclusive searches for
squarks and gluinos

10°

" https/twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
0. |pbl: pp—SUSY
101 V' S :].3 Tev
—_ NLO +NLL
Q0
o
c 10°
(@)
=
8]
)
n
! -1
n 10
n
(@)
| -
@)
107
10 , 1
0 500 1000 1500 2000

Mass [GeV]

Joana Machado Miguéns (UPenn) SUSY: news from Run 2 searches PLANCK 2017



see ATLAS-CONF-2017-033

Multijets
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* Niets = 7-11 and leptons vetoed

e Sensitivity to gluino pair
production with cascade decays.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-033/

see ATLAS-CONF-2017-033

Multijets
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-033/

see ATLAS-CONF-2017-030

20 same sign / 32 + (b-)jets

p t P i (W) P i
* Sensitivity to 12 different e >}cé"£‘< 0 BN
RPC and RPV models ; o, /-
e Low SM backgrounds —

looser selections — target & w: ARy -2 e o

{s=13 TeV, 36.1 fb
—e— Data

$it4 Total SM

[ n E’ 350:_ Diboson
C = )
low mass splittings S
250 = I Rare, ttH, 4t
200E- @ Charge-flip
I = FNP: matrix method onl
* 19 non-exclusive SRs 150

[¢)
o

baSGd on I\Ijets, ijets, MET

and Mg = Zp'r + MET § ‘132

* Electron charge-flip bkgs

estimated from likelihood ATAS oy o1
fit to Z/y* — ee data good modelling of B -
Nb-jets In events with =.g§;er£[jﬁ:t E

* Fake or non-prompt lepton 22 SS, Njeis=2 and o
backgrounds estimated MET>50 GeV - et
with data-driven methods (i

=
Number of b-jets (pT > 20 GeV)

Joana Machado Miguéns (UPenn) SUSY: news from Run 2 searches PLANCK 2017 8


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-030/

see ATLAS-CONF-2017-030

20 same sign/ 30 + (b-)jets

ATLAS Preliminary Vs=13TeV, 36.1fb™

« Observedno ¢
significant excess
over SM )
expectation 1

* Previous 95% CL _
exclusion limits ¢
greatly extended, =
especially in -
compressed S

regions

e All models with
gluino masses
below 1.3 TeV

7/

i A'i'mﬁ”“'l AL

RPC SRs : RPV SRs

- Data Total SM B Rare
[ 4t OtH [Cttw, tizy*

. Diboson |:| Fake/non-prompt . Charge-flip

/////'// '/ /.
7

]_ l IIIIIII| [ 1

T

excluded

Joana Machado Miguéns (UPenn)

— : : : : |
— | o : p G U |
%@ 7 ' 1L' Z // — 4%%
Ro "?p ’?p ’90 "?p 0 "?p "?p "?p 5’0 ’90 "?p "?p "?p "?p "?p 5’0 /9/.) Roy,
C?Lgb CQLQbH C?Lso Celso Cglob CQLObH C3L0b CSLObH C3(L 163 C3(L 7bHCQL bs 2L Tbiy 03LS VQL Tbiy V?Lob VQLQbH VQLQb oL b L Tbpy
G production, § — qaWZx_; mGz) = (@) + m(x)/2, m(x,) = (ML) + m(x)/2 b1 b1 production, b1—> tx , m(’f) = m(;Z ) + 100 GeV
2000_||||||||||||||||||||||||_ ;700||||||||||||| |||||||||||| T
800" “ATLAS Prellmlnary — Obsenved limit (+10,00) 3 @ " ATLAS Preliminary —— Observed limit (=10}.C)) ]
Expected limit (x1 0,,,) N E°1><F 600 _—\F—13 Tev,361f" ¢ ____. Expected limit (x10,,,) —:
C i W-
] L P . -
1600 SS/3L observed limit 2015 C by /41 O SS/3L obs. limit 2015 7]
[arXiv:1602.09058] ] 500 __ - X1 T [arXivi1602.09058] ]
1400 Multijet observed limit 2015 C Ta 0 - . N
[arXiv:1602.06194] 7 - P bi '+ All limits at 95% CL _
1200 — 400 - w 7
All limits at 95% CL ] = t -
. = 0@ -
— - x\gov'“’_,_,, _____ .
™ ] 300 - ST E
E 200 |- -
| 100 [— _:
200 I - - 1 ’
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 I Il I Il 1 1 | 1 1 1 C 1 1 1 1 | 1 1 1 | 1 1 1 ] | Il Il : Il Il | 1 1 1 1 | 1 I_
800 1000 1200 1400 1600 1800 2000 400 500 600 700 800 900
ms [GeV] m; [GeV]
1
SUSY: news from Run 2 searches PLANCK 2017 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-030/
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see ATLAS SUSY Public Results

Summary of gluino searches

May 2017
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Searches for direct
production of 3'd generation
squarks

10°

https://twiki.cern.ch/twiki/bin/view/LHCPhyTsics/SUSYCrossSectians
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b-jets + MET
p ~
* Niets<4, 2 b-jets and MET >64 X
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see ATLAS-CONF-2017-038
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-038

see ATLAS-CONF-2017-038

b-jets + MET

Bottom squark pair production, b —b¥ X
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-038

see ATLAS-CONF-2017-037
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037
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see ATLAS-CONF-2017-037
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ATLAS Preliminary
{s =13 TeV, 36.1 fb™
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037

see ATLAS SUSY Public Results

Summary of stop searches

T, production, T— b f %7 /T~ c %, /T—>Wb¥, /T~ t% Status: May 2017
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Contours of different analyses (with different assumptions)
are overlayed, but overall ATLAS is searching for stops with
masses up to 1 TeV!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Searches for electroweak
production of gauginos and
sleptons

2
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see ATLAS-CONF-2017-039

* Multilepton analyses
searching for wino
and slepton pair
production (bino LSP)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039

see ATLAS-CONF-2017-039
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No significant excesses, limits extended compared to Run 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039

see ATLAS SUSY Public Results

Summary of EWK searches
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Probing production of winos with masses up to 1.2 TeV decaying via
intermediate sleptons to a bino-like LSP

Probing production of winos with masses up to 580 GeV decaying via
intermediate gauge bosons to a bino-like LSP (sleptons decoupled)
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Dedicated searches for RPV
SUSY
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see ATLAS-CONF-2017-036
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Summary and conclusions

Joana Machado Miguéns (UPenn) SUSY: news from Run 2 searches PLANCK 2017

24
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SUSY ATLAS summary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 ) Vs=7,8,13TeV
Model &M, T,y Jets ET™ [ranm™] Mass limit V5=7,8Tev [W5=13TeV| Reference
T T T — T T T T —
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 83 1.85 TeV m(g)=m(g) 1507.05525
4, G-t} 0 2-6jets  Yes  36.1 m(¥))<200 GeV, m(1* gen. §)=m(2" gen. g) ATLAS-CONF-2017-022
@ 44 §—e¥) (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(rY)<5 GeV 1604.07773
Y ] 0 2-6jets  Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-022
(?; 88, 8-qali —agWii] 0 2-6jets  Yes  36.1 m(E))<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
D gz, gogq(LL/ynT] 3ep 4jets - 36.1 m(E})<400 GeV ATLAS-CONF-2017-030
% 38, 8—qqWZX ! 0 7-11jets  Yes  36.1 m(¥}) <400 GeV ATLAS-CONF-2017-033
=  GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 ct(NLSP)<0.1 mm 1606.09150
Q  GGM (higgsino-bino NLSP) Y 1b Yes 203 |2 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1mm, ;<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets  Yes 133 m(¥})>680 GeV, cr(NLSP)<0.1mm, ;>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |& 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'72 scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(7)=1.5TeV 1502.01518
ST 2z gobbt) 0 3b Yes  36.1 m(¥})<600 GeV ATLAS-CONF-2017-021
SE @ g—1it) 0-1eu 3b Yes  36.1 m(£))<200 GeV ATLAS-CONF-2017-021
500 38, bk 0-1e,u 3b Yes 201 |& 1.37 TeV m())<300 GeV 1407.0600
o bibi, b1—b¥) 0 2b Yes  36.1 m(¥?)<420 GeV ATLAS-CONF-2017-038
<8 by, by 2e,1 (SS) 1b Yes  36.1 . 275-700 GeV m(¥})<200 GeV, m(¥})= m(¥})+100 GeV ATLAS-CONF-2017-030
S8 #n, noblt 0-2e,u 1-2b Yes 4.7/13.3 117-170Gev | 200-720 GeV m(FE) = 2m(e)), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
38 i, fI>WhE) or it} 0-2¢,u 0-2jets/1-2b Yes 20.3/36.1 90-198GeV | 205-950 GeV m(¥})=1 GeV 1506.08616, ATLAS-CONF-2017-020
s é_ hif, ek} 0 mono-jet  Yes 32 m(f,)-m(¥})=5 GeV 1604.07773
S @  7ifi(natural GMSB) 2e,u(Z) 1b Yes 203 150-600 GeV m(i))>150 GeV 1403.5222
2D hbhohi+Z 3e.pu(2) 1b Yes 361 . 290790 GeV m(E)=0 GeV ATLAS-CONF-2017-019
iy, h—i +h 1-2ep 4b Yes  36.1  320-880 GeV m(¥?)=0GeV ATLAS-CONF-2017-019
O ROLR, Za[)?? 2e,p 0 Yes 36.1 m(E})=0 ATLAS-CONF-2017-039
XXT, X —0v(L7) 2e,u 0 Yes  36.1 m@))=0, m(Z, 7)=0.5(m(¥})+m(¥})) ATLAS-CONF-2017-039
LT XS, 0T > 7v(am), K97t (vi) 27 - Yes 361 m(F?)=0, m(7, 7)=0.5(m(¥;)+m(E})) ATLAS-CONF-2017-035
> ‘g ):(?g eZngL{(gv), LVlLL(V) 3eu 0 Yes  36.1 mQ?T):mv?g)_, mp??)j)o, m(ﬁ?):O.Ez(m()?THm(/??)) ATLAS-CONF-2017-039
Ls 4 )fan)f})z,\: ) 2-3 e, 0-2jets  Yes 36.1 m(¥T)=m(k3), m(¥7)=0, 7 decoupled ATLAS-CONF-2017-039
© X?( WX EY, hbb/WW/rt/yy ey 0-2b Yes 203 270 GeV m(¥5)=m(t3), m(¥})=0, 7 decoupled 1501.07110
X3, X35 —IRE . 4ep 0 Yes 203 A); 635 GeV m(T9)=m(&3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod., ¥{—yG 1eu+y - Yes  20.3 \i4 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., Y| —»yG ~ 2¥ - Yes  20.3 W 590 GeV cr<imm 1507.05493
Direct ¥{ X7 prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 m¥E)-m(¥})~160 MeV, 7(¥{)=0.2 ns ATLAS-CONF-2017-017
Direct ¥{ X7 prod., long-lived X7 dE/dx trk - Yes 184 495 GeV mE)-m(¥)~160 MeV, 7(¥i)<15 ns 1506.05332
B o Stable, stopped g R-hadron 0 1-5jets  Yes 279 m(¥})=100 GeV, 10 us<r(z)<1000 s 1310.6584
=g Stable g R-hadron trk - - 3.2 1606.05129
&E  Metastable g R-hadron dE/dx trk - - 3.2 m(¥})=100 GeV, >10 ns 1604.04520
S 8 GMSB, stable 7, ¥} —7(@. i)+r(e. u) 1-2p - - 19.1 537 GeV 10<tans<50 1411.6795
= GMSB,)??—»yG, long-lived )"(‘f 2y - Yes 20.3 440 GeV 1<7(¥})<3 ns, SPS8 model 1409.5542
88, X\ —eev/euv/upy displ. ee/eu/pp - - 20.3 7 <ct(®)< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 33, X|—ZG displ. vix +jets - - 20.3 6 <ct(¥])< 480 mm, m(3)=1.1 TeV 1504.05162
LFV pp—¥: + X, vr—eu/et/ut epL,eT,UT - - 3.2 A51,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 1.45 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
TR X WK —eev, epv, v dep - Yes 133 m(F)>400GeV, A13#0 (k = 1,2) ATLAS-CONF-2016-075
XTXT, X > WE X >11ve, etve Beu+t - Yes 203 450 GeV m(P)>0.2xm(¥5), ;3320 1405.5086
& 29 0 45lageRjets - 148 BR()=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
3z 35908 1) > qqq 0 4-5large-Rjets - 14.8 m(})=800 GeV ATLAS-CONF-2016-057
28, 31X, X = qqq 1eu 8-10jets/0-4b - 36.1 mi)= 1 TeV, 4;1,#0 ATLAS-CONF-2017-013
28, &—iit, i —>bs Teu 8-10jets/0-4b - 36.1 m(i)=1TeV, d33%0 ATLAS-CONF-2017-013
iy, 1—bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fiiy, bt 2epu 2b - 36.1 i . 04-1.45TeV BR(71 —~be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, é—ct| 0 2¢ Yes 203 |@ 510 GeV m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or ) * ! ! . * * * —
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.

 ATLAS has
produced plenty of
new searches for
SUSY particles
using the full 2015
+ 2016 dataset

e Only presented a
small selection of
new results but
many more
available!

e Sadly no significant
deviations from the

SM have been
observed

* Stronger limits are putting SUSY under more and more stress

e But many corners of phase space are still being explored and a lot more
data is on the way so stay tuned!
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