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SEARCHES FOR SUPERSYMMETRY

 Despite searching at SPS, LEP,
Tevatron, LHC, etc

e No evidence for SUSY!

e For better or for worst, let's keep
looking GATLAS

1A EXPERIMENT

http://atlas.ch

e Large effort at ATLAS to find
SUSY in many channels

e Today: Rough overview of our
program
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BUT WHY HAVEN'T WE FOUND IT YET?

1. It doesn’t exist

2. Masses are too high



STRONG SPARTICLE PRODUCTION

e |HC p-p collider = Copious strong
poroduction

e Low mass strongly produced

Production XS [pb]
2
_

O sparticles should have been a quick
N Sparticle Mass [GeV] discovery
0 0 0 50 ) 125 5 5 250 2500 50— 3000
e N N
1o N * Maybe masses just out of reach!
te i N b
“ XX #H 99 99 * ook for heavier strongly
te-5 N N

',

produced sparticles

e Squark and gluino production at
higher mass


http://pauli.uni-muenster.de/~akule_01/nnllfast/doku.php

INCLUSIVE SEARCHES

e Start by searching as inclusively as possible for squarks
and gluinos

= 200_ H T T T T T T | T
e General search strategy for most ATLAS SUSY searches: > [ | aTLAS
S 1801 1-lepton + jets + ET™°
El_ 1 60:— soft-lepton 2-jet ' E
e Look for high momentum scale objects and large -
. - 140 : —
missing E; (MET) F (VR my | sR
120 E
. : : . . 1000 A o :
e Define a signal region sensitive to signal - : .
80 | : .
E CR ‘ VR E_rrmss
60 ]
e Each major BG normalized in dedicated control : bl g .
regions 5 | | :
500 400 600 800

e Extrapolation to the signal region estimate tested in Er eVl

dedicated validation regions Example BG estimation strategy

from 1-Lepton+Jets+MET

e Inclusive searches categorized by lepton and jet
multiplicities



OL SEARCHES
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Fully hadronic final states

OL 2-6 Jets uses two methods

Recursive Jigsaw Reconstruction and a
traditional Mg (:= MET+2pT) analysis

CRs with leptons (W/T/Z), photons (2), b-jets (T)

OL 8-10 Jets

Focus on cascades w multiple vector bosons

Assumes MET/{JH; invariance for multijet
background

Accidental substructure variable M,

Neither sees any significant excess

ATLAS-CONFE-2016-095 ATLAS-CONF-2016-078



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-095/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-078/
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1L, 2L SEARCHES

> |||||||||\|||||l|||||l||\|||||||||||l||l|||J||| 35 : —— —— —— —— —— —— —— —— > 45:L|III‘III|I\I III|III|II\|III|III|III-J:
o 10 = =13Tev, 1481 % Total SM =Single top folj 30 Vs=13TeV, 18210 _o_ pu ! 14 O 40 s - 13 Tev, 14.7 1o %% Standard Model (SM) 3
© JoPL ook ff Others N % , ala . S 35:_SRZ ee-+ulL [ ziv* (mc) =
L = . ) (1105,865,625) GeV 1] o5 % Total SM ' . N - |:| Flavour symmetric (MC)
c c [] Fake/non-prompt  : ] = E ]
71 : S S o E
- 0] e O S PET R s - 20%/ [ Rare ~ Lﬁ 25; [ other E
- Bl Charge-fiip : . - m(§%,)=(1095,205) GeV
15 : - 20 —— m(3x,)=(1240,960) Ge\
1 § § = V-VV ) 155 - E
10_1-‘;—_I...I...I ..I....I....I....I....I....I..._;r 10:_ —I—W g E ; + g
S o N I T LI I I U IR RS 10__ //]7 2 —
» + + L . 5 111, - | s J -
(] 1 loooss®, 4 % 5_ 4#_, } £
8 : 60 80 100 120 140 160 180 200 o_ e ELE :
P A IR B SN N B B B I 200 ()T LTI

0 100 150 200 250 300 350 400 450 500 ™SS [GeV] 82 84 86 85 90 92 94 96 98 100
m; [GeV] i m, [GeV]

Same-sign 2L / 3L Unfortunately the 3sigma

1L+Jets+MET sees nothing +Jets+MET also sees not excess from 2012+2015 of
unexpected significant deviation Z+Jets+MET has gone away

10 ATLAS-CONF-2016-054 ATLAS-CONF-2016-037 1611.05791 (Accepted by EPJC)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-054/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-037/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-05/

MULTI-B-JET SEARCHES

Gluino-mediated stop/sbottom production

e Expect many b-jets in final state

* Probe regions with 0/1L, =3/=4 BJets, MET

e Kills most SM background, but some ttbar
remains

0/1L analyses built to be orthogonal for statistical
combination
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-052/

INCLUSIVE SEARCHES

&a production, B(G — q %,)=100%

;‘ B T T T | T T T | T T T | T T T | T T T T T T
~q— qXO excluded rou g h |y for 1200|— ATLAS Preliminary s Obs. limit (x10500")
0 90- _ - {s=13TeV, 13.3fb" === Exp. limits (+1 oexp,)y
m(X ) < 500 Ge\/, m(~q) < 1350 GeV e - e Exp. limits MEf
1 1 Exp. limits RJR
000 — 0-leptons, 2-6 jets ——— Obs. limit (20.3 fb™, 8 TeV)
| MEff or RJR (Best Expected) =~ Obs. limit (3.2 b, 2015)

0 . 800 I Aillimits at 95% CL
~g—X"+X (for many decay assumptions) .

excluded roughly for m(x% < 900 GeV, 600
m(~g) < [1500-1900] GeV

400

;‘ 1_'_ T | T T T | T T T | T T T | T T T | T T T | -I :_-‘.‘
o 2200CATLAS Preliminary Vs =13 TeV, 13.2-14.8 fb
(2. 2000__ §—> qﬁ')"(?, O-lepton, ATLAS-COp 016-073
og,- - §—> qawy,, O-lepton, ATLAS- o0 mr  1a00 800
1800~ §— qaWy., 1-lepton, ATLAS- my [GeV]
1600 §—> qaWZy,, SS leptons, ATLA 4 @ 4 ) S U S Y N O T F O U N D
E 9— tf;”g?, SS leptons, ATLAS-C
14001 G (57 = 3b jets, ATLAS-CO AR AR AR A NN ANSARPARRS
- 3— bb7° i - - - - o, — - ——— Observed limit Edge SRs
1200F- g bbx1, = 3b jets, ATLAS-CONF-2016-052 - = L (13 Tev 147 16" P Expected limit SRZ i
C ] =1000 [— ——— Observed limit SRZ —
1000__ ] B ’,"’ . //((\@,’ 1
= - i PO i
800 ] 800 — w\ﬁ% e, —
600 = - e S5 Ui NN .
4001 - 600 |~ .
200F | — § PR
J_- | | | | | | | | | | | | | | | | | | | | | | [ 400 : || 1
1000 1200 1400 1600 1800 2000 S
m(g) [GeV] S
200 R
. . L1 I-I L1 1 1 | | I T | | L1 11 I L1 11 I L1 11 I | I T | I | | :I 1 |:| | I_
Gluino decays via Z excluded roughly for 500 600 700 800 900 1000 1100 1200 1300 1400 1500
m(g) [GeV
m(~g) < 1300 GeV for massless X° (9) [GeV]

12



13

BUT WHY HAVEN'T WE FOUND IT YET?

It doesn’t exist
Masses are too high

Cross sections are too small




LOWER XS SPARTICLE PRODUCTION

e Maybe the most collider-accessible

165 sparticles have lower production XS
2 e =nss
2N leV LG e Single light squark
S tes
& N e e.g.stop squark as motivated by
et SEeS naturalness
\\ Sparticle Mass{[{GeV]
0 0 0 #BO 250 5 5 250 5 5 3000
o (LN  No squark degen = order of mag
ENT reduction in squark XS
4e=2 N L
e i i N N .
* Electroweak production
‘e ~a~ N A A ~ A~
R O O u Tii \TT ] /7 [ B2 777{{ / | H 777. ( S
te-s - = e EWKino production even further
ot S suppressed at pp collider
1e-7

* More targeted searches to probe these
processes

14


http://pauli.uni-muenster.de/~akule_01/nnllfast/doku.php

STOP SQUARK SEARCHES

tf, production,t > bff %) /t>c¥, /t>Wb¥X, /t>tX,  Status: ICHEP 2016

e To cleanly kill EW fine-tuning, stop

;‘600||||||||||||||||||||||||||||||||||||||||||
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e |ooking for them directly
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e Major decay possibilities 100
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e Stop — t(or c) + neutralino
e Stop — b + chargino

e And more!

15



STOP SQUARK SEARCHES

tf, production,t > bff %) /t>c¥, /t>Wb¥X, /t>tX,  Status: ICHEP 2016

e To cleanly kill EW fine-tuning, stop
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e And more! FEW REGIONS

15



HEAVY STOPS

T, production, T > b %, /T ¢ 7 /T>Wb X, /T>tX,  Status: ICHEP 2016 WJS2013
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16

- —————

S~

- e For heavy stops, few hundred percent
- increase in production XS!

e No surprise that Run 2 would bring big
increases in sensitivity in this region

ATLAS-CONE-2016-077 ATLAS-CONEFE-2016-050



http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-077/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-050/

COMPRESSED REGIONS

tf, production,t—> b7 ¥/t~ c¥ /> Wb /t—>tF  Status: ICHEP 2016
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e However these regions can only be probed with new techniques

e Am ~ m, region covered with Recursive Jigsaw Reconstruction (RJR)
looking for ISR-boosted stops

e 0O-Lepton Channel

ISR
e Estimate boost from ISR system (p; )

o Sensitive variable RISR ~ Fraction of the signal system’s boost that
goes to form the measured MET

ATLAS-CONE-2016-077



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-077/

COMPRESSED REGIONS
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e Am ~ m,+m,, region also with RJR
e 2-Lepton Channel
* Here, the superrazor subset
e Look for high mass-scales in WW(—=Ivlv)-like topologies

e Carved out two new regions of unique sensitivity!
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ATLAS-CONE-2016-076



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-076/
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- WKINOS

o 3

200 300 400 500 600 700 800 900 1000

Mm%, %0 %, ) [GeV]

e FEven lower cross sections from EWK

production modes

e Reasonably strong limits as of Sept

2016
e Three results from ICHEP+SEARCH

e But the real fun comes with more
data!

e Very impactful statements can start to
be made with forthcoming datasets
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BUT WHY HAVEN'T WE FOUND IT YET?

It doesn’t exist
Masses are too high
Cross sections are too small

Assumptions are wrong




R-PARITY VIOLATION

e What it R-Parity is violated and the LSP
can decay?

e Assumption of high MET falls apart
— MET-based searches severely
weakened!

e Lightest neutralino probably not DM,
but naturalness can still be restored!

1 1
Wrpv = pilyL; + iAijkLiLjEk + X LiQ; Dy, + §>\/-’ijz'DjDk

1

L-Violating B-Violating

21



N
LEPTON NUMBER VIOLATION

e Dedicated search for EWK production with A=0 (LLE couplings)
e 4 reconstructed light leptons
* \eto any events containing a SF/OS lepton pair consistent with a Z

e No explicit MET requirement

e Justcuts on mg:= MET + ZLeptonleets Pr
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3 === Expected limit (+10,,) -
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22 ATLAS-CONF-2016-075



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-075/

LEPTON NUMBER VIOLATION
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BARYON NUMBER VIOLATION
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BUT WHY HAVEN'T WE FOUND IT YET?

It doesn't exist
Masses are too high
Cross sections are too small
Assumptions are wrong

Litetimes are too high




LONG-LIVED SPARTICLES

e Lifetimes of sparticles can easily be significantly nonzero

e Split SUSY, Hidden Valleys, Very small mass splittings, tiny RPV couplings
e Example signatures:

e Highly ionizing particles passing through tracker

e Slow-moving heavy sparticles arriving at the detector late

e Disappearing tracks

e Displaced vertices in tracker
e |f sparticles carry color (squarks/gluinos) and long-lived,

e Will hadronize with SM particles to form R-Hadrons
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MASSIVE CHARGED R-HADRONS
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Lower limit on m 3= [GeV]
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UNFORTUNATELY

We have no evidence of SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: August 2016 \Vs=7,8,13TeV
miss -1 ..
Model &1,y Jets ET™ [Lanm™] Mass limit V5=7,8TeV [ V5=13TeV Reference
MSUGRA/CMSSM 0-3e¢,u/1-27 2-10jets/3b Yes  20.3 1.85TeV m(3)=m(g) 1507.05525
ad, §—%) 0 2-6jets  Yes  13.3 m(¥})<200 GeV, m(1* gen. g)=m(2" gen. §) ATLAS-CONF-2016-078
@ 44, §—qX (compressed) mono-jet  1-3jets  Yes 3.2 m(@)-m(¥)<5 GeV 1604.07773
S 88, g—>qu 1 0 2-6jets  Yes 13.3 m(¥})=0 GeV ATLAS-CONF-2016-078
& 88, 8oqgXT —>qu - 0 2-5 jets  Yes 13.3 m(¥!)<400 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2016-078
S & g—>qq(t’€/v§))(| Sepu 4 jets - 13.2 m(¥})<400 GeV ATLAS-CONF-2016-037
o 88 &oaqWZX; 2e¢,u(SS) 03jets Yes 132 m(¥)) <500 GeV ATLAS-CONF-2016-037
> GMSB (¢ NLSP) 127+0-1¢ 0-2jets  Yes 3.2 1607.05979
‘5 GGM (bino NLSP) 2y - Yes 3.2 ¢7(NLSP)<0.1 mm 1606.09150
8 GGM (higgsino-bino NLSP) Y 1b Yes 20.3 g 1.37 TeV m(¥1)<950 GeV, cr(NLSP)<0.1 mm, 11<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥))>680 GeV, cr(NLSP)<0.1 mm, ;>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2eu(Z) 2jets  Yes 203 |2 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(g)=1.5TeV 1502.01518
3 3z gobb| 0 3b Yes 148 m(E})=0 GeV ATLAS-CONF-2016-052
DE @ gy 0-1e,u 3b Yes 148 m(¥})=0 GeV ATLAS-CONF-2016-052
S0 g8, bk 0-1e,u 3b Yes 201 |& 1.37 TeV m(E))<300 GeV 1407.0600
w e bibibi—bi] 0 2b Yes 32 _ m(¥1)<100 GeV 1606.08772
E S biby, b 2e,u(SS) 1b Yes  13.2  325-685GeV m(¥})<150 GeV, m(¥})= m(¥})+100 GeV ATLAS-CONF-2016-037
23 Ah.i-bi 02eu  12b  Yes 4.7/13.3 417-170 Gev  [ITTTT200-720 GeV. m(¥}) = 2m(¥}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
& g i, o —>be1 or i) 0-2¢,u 0-2jets/1-2b Yes 47/13.3 |#  90-198 GeV [ 205-850 GeV! m@)=1 GeV 1506.08616, ATLAS-CONF-2016-077
€8 i, fiodk) 0 mono-et  Yes 3.2 [ANIIIIII190:323 GeV/ m(7,)-m(¥})=5 GeV 1604.07773
> 2 7171 (natural GMSB) 2e,u(Z) 1b Yes 20.3 7 150-600 GeV m(¥})>150 GeV 1403.5222
35 hbh,hoh+Z 3e,u(2) 1b Yes 133 |& ~ 290-700 GeV m(¥})<300 GeV ATLAS-CONF-2016-038
b, h—h +h leu 6jets+2b Yes 203 |7 320-620 GeV m(¥})=0 GeV 1506.08616
T rlLr, (00 2ep 0 Yes 203 |7 90-335 GeV m(EY)=0 GeV 1403.5294
XX, X - tn(t9) 2e.u 0 Yes  13.3 MEE)=0 GeV, m(Z, 7)=0.5(m(T} )+m(}) ATLAS-CONF-2016-096
XIXT, X1 —v(r9) 27 - Yes 148 m(¥})=0 GeV, m(#, 7)=0.5(m(¥; )+m(t})) ATLAS-CONF-2016-093
>3 )?1)?°—>2Lv§w(gv), L) 233&# . 20_ t Yes  13.3 = m(rt )=mw2>,imw?)=no, m(t, 7)=0.5(m(¥)+m(¥1) ATLAS-CONF-2016-096
s H-wizd e 2jets  Yes  20.3 X 425 GeV mETE)=m(E3), m(t")=0, 7 decoupled 1403.5294, 1402.7029
°© Xé)(gﬁwxl WYL, h—bb|WW/Ttyy ©HY 02b  Yes 203 |k, vy 270 GeV m(FT)=m(E3), m(¥1)=0, Z decoupled 1501.07110
BoX3, 095 - vt deu 0 Yes 203 XL 635 GeV mEES)=m(¥3), m(E1)=0, m(Z, »)=0.5(m(¥3)+m(¥?)) 1405.5086
GGM (wino NLSP) weak prod. Teu+y - Yes 20.3 \4 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod. 2y - Yes 20.3 W 590 GeV cr<imm 1507.05493
Direct ¥1X; prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m@E)-m(¥)~160 MeV, 7(¥7)=0.2 ns 1310.3675
Direct ¥1X7 prod., long-lived ¥7  dE/dx trk - Yes 184 | X4 495 GeV mEEE)-m(E0)~160 MeV, 7(F)<15 ns 1506.05332
g « Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 2 850 GeV m(¥!)=100 GeV, 10 us<(3)<1000 s 1310.6584
= % Stable g R-hadron trk - - 3.2 1606.05129
ST Metastable g R- hadron dE/dx trk - - 3.2 m(¥})=100 GeV, r>10 ns 1604.04520
S g GMSB, stable 7 1@ (e, ) 124 - - 191 | & 537 GeV 10<tanB<50 1411.6795
= GMSB, ¥{—yG, long-lived ¥} 2y - Yes 203 | X&) 440 GeV 1<7(#)<3 ns, SPS8 model 1409.5542
23, (])—mevo/eﬂv/yﬂv displ. ee/ep/up - - 203 | & 1.0 TeV 7 <ct(¥))< 740 mm, m(3)=1.3 TeV 1504.05162
GGM 33, X1 —2G displ. vix + jets - - 203 | ® 1.0 TeV 6 <ct(¥))< 480 mm, m(g)=1.1TeV 1504.05162
LFV pp—¥r + X, ¥ —oep/et/ur efL,etT,uT - - 3.2 A41,=0.11, A132/133233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS)  0-3b Yes  20.3 1.45 TeV m(@)=m(@), ctLsp<1 mm 1404.2500
XL, W —eev, epv, vy 4 espt - Yes 13.3 m(EY)>400GeV, A12#0 (k = 1,2) ATLAS-CONF-2016-075
< Y0, W R trve ety BepsT - Yes 203 450 GeV mP))>0.2xm(¥5), A33#0 1405.5086
o 23, g—)qqq 0 4-5large-R jets - 14.8 BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
[ A 0 4-5large-Rjets - 14.8 m(¥})=800 GeV ATLAS-CONF-2016-057
28, §—1i01, X) - qqq Teu 810jets/0-4b - 14.8 m(E)=700 GeV ATLAS-CONF-2016-094
28, g1, [i—obs 1e,u 8-10jets/0-4b - 14.8 625 GeV<m(f;)<850 GeV ATLAS-CONF-2016-094
fif1, fi—bs 0 2jets+2b - 15.4 |450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
7, Iobl 2e,u 2bh - 203 |7 0.4-1.0 TeV BR(fy —be/u1)>20% ATLAS-CONF-2015-015
Other Scalar charm, coct) 0 2¢ Yes 20.3 ¢ 510 GeV m(¥7)<200 GeV 1501.01325
: ]
*Only a selection of the available mass limits on new -1 1
states or phenomena is shown. 10 Mass scale [TeV]
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BUT WHY HAVEN'T WE FOUND IT YET?

1 . W

2. Masses are too high
3. Cross sections are too small
3 Assumptions are wrong

5. Lifetimes are too high
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..but stay tuned for more results

at Moriond in a few weeks!

Thanks for your attention
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OL 2-6 JETS

CR SR background CR process CR selection CR selection
(Meff-based) (RJR-based)

Meff/RJR-CR~ Z(— vo)+jets y+jets Isolated photon Isolated photon

Meff/RJR-CRQ Multi-jet Multi-jet SR with reversed requirements on Aqcp <0
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Targeted signal qqd, § — qf((l)
Requirement Signal Region Targeted signal [ qq, G — qf&
Meff-2j-800 | Meff-2j-1200 | Meff-2j-1600 | Meff-2j-2000 | Meff-3j-1200 Reaui Signal Region

B [GeV] > 250 equirement RIR-S1 RIR-S2 RIR-S3

pr(j1) [GeV] > 200 250 600 H,FF/H,FP > 0.6 0.55 0.5

pr(d2) [GeV] > 200 250 50 H,FP/H,FP < 0.95 0.96 0.98

pr(js) [GeV] > - 50 e,/ (ol , + HT,) < 0.5 0.55 0.6

izl < 08 L2 - p PP JHFY > 0.16 0.15 0.13

Ad(jets o (3), BR=)min > 0.8 0.4 i

VS Aqcp > 0.001

Ad(jetis g, BRI) iy > 0.4 0.2

B I [GeVi/Z] > ” 6 15 2 6 S RJIP;(—Ela RJII;EEU) RJS(_E% RJll:E)ﬁ% RJ11:8{(—)§3a RJ;;ESSb

Mo (incl.) [GeV] > 800 1200 1600 2000 1200 124 [GeVI >
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Requirement . . . . - . Si 1 Roei
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23l < 1.2 2.0 min (pL% /JHFE, ) > 0.12 0.1 0.08

Ad(jets o (3), BR)min > 0.4 T
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H,FF [GeV] > 600 800 900
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SS 2L, 3L + JETS + M
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Signal region Nf;f,? al N%ets | Niets | Prjets [GeV] | EF™ [GeV] | meg [GeV] Other
SR3L1 >3 =0 >4 40 > 150 -
SR3L2 >3 =0 >4 40 > 200 > 1500
SROb1 > 2 = > 6 25 > 150 > 500
SROb2 > 2 = > 6 40 > 150 > 900
SR1b > 2 >1 >6 25 > 200 > 650
SR3b > 2 >3 > 6 25 > 150 > 600
SR1b-DD > 2 >1 >4 50 > 1200 > 2 negatively-charged leptons
SR3b-DD > 2 >3 >4 50 > 1000 > 2 negatively-charged leptons
SR1b-GG > 2 >1 > 6 50 > 1800
1o e e B B L B e >S12 77 1T T T T T T T T T
S E ATLAS Preliminary SR1b before ET** cut , s [ATLAS Preliminary = SR3b before ET'™ cut i
10 30— s=13TeV, 132107 _¢_ pata — Q p[fs=13TeV, 132107 o paia ]
> % Wk Total SM _ - =~ [ Y4 Total SM ]
"GE) 25 [_] Fake/non-prompt B % gl ) Rare N
o) ]t —p SR 1 o r [ ]ttv E—}SR ]
20 7 - Rare : = — |:| Fake/non-prompt .
B //// ////// /% B Charge-flip . . 6~ 1 I Charge-flip ]
O 17/— )/—_ : = .
: MMy, V4] af .
10b- i e, : :
jHii _ ) B / / N
5 V1111117177777 — Z / y ZZ
L '

60 80 100 120 140 160 180 > 200
E™® [GeV]

60 80 100 120 140 >150

ET° [GeV]




SF, OS 2L + JETS + MET

=
A | ] > _I T T T | T T 17T | T T 1T | T T T T | T T 17T | T T 17T
~ 8 100~ ATLAS o~ Data 2015+2016 i ) - ATLAS ~e- Data 2015+2016 -
= {s=13TeV, 14716 __ giandard Model (SM) - Q) (5o 2 -
3 CR-FS o andard Model (SM) g 60 Vs=13TeV, 147" _ siandard Model (SM)
= wesesoepchannel - ee * . T = -
£ Flavour stllmmetry method ﬁ 80 i . ZIy” (from y+jets) N - oK . Z/y* (from y+jets) ]
E RS L . i ~ - ]
- o s j2) i |:|Flavoursymmetr|c (MC)] %) 50: [ ] Flavour symmetric (MC)-
CRT iR RT S - Cwzzz . c - [Jwzzz .
Sideband:fit- Signal region. - S;ideband fit > 60— — g 40__ ]
225 - L1 i [_Jother ] 1] - [ Jother ]
200 = i 30 —
VRT VR-S VRT 40 B i}
Validation of sideband fit - L N
100 = L 20 ]
.
1 1 ’ - C + ]
61 81 101 121 m,[Gev 20 100
O L O_ . —— ey M fi[ ] |-+.| L e
100 200 300 400 500 600 100200 300 400 iO?GeS?O
m, [GeV] I
On-shell Z Episs Hirel  piegs Mee SF/DF  Ag¢(jetyy, pRss)  mr(ls, ERSS)  npjets
o regions [GeV] [GeV] [GeV] (GeV |
= Signal region
)
2 SRZ >225  >600 >2 81 < my < 101 SF > 0.4 - -
u SR-low SR-medium SR-high Control regions
' CRZ < 60 > 600 >2 81 < mye < 101 SF > 0.4 - —
: CR-FS >225  >600 >2 61 < mye < 121 DF > 0.4 - -
200 : CRT > 225 >600 >2 > 40, my ¢ [81,101] SF > 0.4 - —
N , : CRy - > 600 > 2 - 04, 1y - - -
VR-low VR=medium VR-high
: Validation regions
100 -
5 : VRZ <225  >600 >2 81 < myp < 101 SF > 0.4 - -
7 ) SRR _ : VRT 100-200 >600 >2 > 40, my ¢ [81,101] SF > 0.4 - -
CRzlow  SRRGERE L RE e > : VR-S 100-200 > 600 > 2 81 < my < 101 SF > 0.4 -
! ' VR-FS 100200 >600 >2 61 < g < 121 DF > 0.4 — —
400 700 Hr [GeV] : VR-WZ 100-200 - - - 3¢ - < 100 0
: VR-ZZ <100 - - - 40 - - 0
VR-3L 60-100 > 200 >2 81 < my < 101 3¢ > 0.4 - -
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Criterion common to all Gbb regions: Ni¢* > 4
M l ’ I_ | | — B Variable Signal region Control region Validation region

NCandidate Lepton =0 _ =0
Criteria common \Signal Lepton _ -1 _
@ [ ' ' ' ' ' ' — to all regions of the N
— . . — 3l
& . £ ATLAS Preliminary , pata = Total background - same type Adpin > 0.4 - > 0.4
> 30— - \ — _ _
W E  {s=13TeV, 14.8 b I [ Single top = mr < 150
25— \\ Bt + X []W+ets — priet > 70 > 170 > 70
ool [ 1Z+jets [l Diboson 3 Region A Nojets >3 >3 >3
= - (Large mass splitting) Exmiss > 450 < 350 > 450
15— — mi > 1900 > 1750 < 1900
10— g— priet > 30 > 30 > 30
— Region B Nijets >4 >4 >4
B} mik > 1000 > 1000 < 1000
Lo Y s U
? -2 Criteria common to all Gtt 1-lepton regions: > 1 signal lepton, pr®* > 30 GeV
£ SR-Gbb-A  SR-Gbb-B  SR-Gt-OL-A SR-GHt-OL-B SR-Gtt-1L-A  SR-Gtt-1L-B  SR-Gt-1L-C Variable ~ Signal region ~ Control region  VR-mr  VR-m/ps
Niet >6 =6 >5 >6
Region A Niiots >3 >3 >3 >3
[2) [ T T T T T T T T T T T ] (Large mass ! - - B N
c L i _ _ splitting) mr > 200 <200 > 200 < 200
8 120 ATLAS Preliminary , Data = Total background — s o 100 ] _ 190
I _ - . ] T,min
100 — - . —
— Bl tt+ X [ W+jets NS mnel > 2000 > 1500 > 1350 > 1500
80— [ 1Z+jets [l Diboson SSS N\ M3 > 200 > 200 <200 >200
60 — Region B N 26 = 25 26
- (Moderate mass Npjets >3 >3 >3 >3
— litti
a0l splitting) e > 200 <200 > 200 <200
— miets > 120 - - > 120
20— |l e Y v Ermiss > 350 > 300 > 250 > 300
miec! > 1500 > 1250 >1100 > 1500
L M7 > 150 > 150 < 150 > 150
2
30 Region C Nt > 6 =6 > 6 > 6
& 5 (Small mass Nijots >4 >4 >3 >4
= _ litti
i splitting) mr > 150 <150 >150 <150
- miets > 80 - <80 > 80
Emiss > 200 > 200 > 200 > 200
mjnel > 500 > 500 > 500 > 500
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OL STOP - COMPRESSED

Variable SRD1 | SRD2 | SRD3 | SRD4 | SRD5 | SRD6 | SRD7 | SRDS8
min Risr 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60
max Risr 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
b-tagged jets > 2 >1
NS, >5
poR > 400 GeV
pirtees > 40 GeV
jovd.s > 50 GeV
Mz > 300 GeV
Apisr > 3.0 radians
> T T T l T T T I T T T T T T | T T T
() F Data
| ATLAS  Preliminary i |
O 10 Vs=13 TeV, 13.3 b 4444 SMTotal
3 SRD5-8 i 1
~~ - Single Top
C
o s w
= - =- -
L - Diboson
| e (Y1,'i‘1’)=(250,77) GeV —
(t,X,)=(350,177) GeV
5 4 (t,X))=(450,277) GeV —
| ., i
B 9% i
- 7 )/QA o —
Z -
Q&= - / “
400 600 800 1000 1 ZOIOSR 1400
pISR [GeV]
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Events / 0.1

SRD5 SRD6 SRD7 SRDS8
Observed 11 6 5 1
Total SM  11.6 +3.6 8.6 £3.5 5.2 £2.1 2.56 £0.86
tt 97 +£3.7 68 £3.5 4.0 +£2.0 1.77 £0.67
W + jets 0.68 +0.40 0.68+0.23 0.37+£0.22 0.25+0.18
Z 4 jets 0271052 023*F533 0364013 0.30+0.13
tH+W/Z  0.26+0.06 0.16+0.11 0.08*F5% 0.027+992
Single top  0.54 T 5% 048 T8 031703 022153
Dibosons 0.16+0.13 0.16 £0.11 0.16 £0.14 ——
Multijets ~ 0.03 7095  0.021503  0.01F 0] ——
T T T T | T T T T I
B ATLAS  Preliminary e Daa 7]
| Vs=13TeV, 13.31b" 4554 SMTotal _
SRD5-8 ¢
1 O - - Single Top |
- tt+V
i = v }
- - 4
- Diboson
- — (?1,51‘1’)=(250,77) GeV —
B (t,X,)=(350,177) GeV i
Z (t,X)=(450,277) Gev
5 7 _
O ! L |
0 1
Risg
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2L STOP - COMPRESSED

m 104 :I 1T | T T 1T | T T TT I T T TT I LI | T T 1T | L LI I LI | T 1T IE (D : | T T T | T T T | T T -I I T T T I T T T :
z - ATLAS Preliminary =t wi ] £ - ATLAS Preliminary it wi ]
TR (s =13 Tev av. ¢ . G 10°E Lo1331", 5= 13Tev oY w E
W[ L=133f" /s=13Te Zi +jets WEFNP | E o oe b Is=is e Zi +jets WFNP E
10 = SRw N-1 (DF) e Data %% Total SM 3 - SRtN-1(DF) e Data %< Total SM
o ti, m, ;21) (250, 160) GeV ] 100 e ti, m, ;z1) (250, 160) GeV —
- i1, m(, 11) (300, 180) GeV ]| - i1, m, 11) (300, 180) GeV
102 = e i, mE, %)= @0, 150 Gev g e e tF, m{, %) = (300, 150) GeV ]
= 3 10? =
T — .
3 10 =
Il 2 i S —§ l 1
10—1 A l-l-f-l-T -1 J%'TF{/T%‘TK
= =
@ ............................................. @
© ©
D .......... D
80 90 100 110 120 130 140 150 160 170 180 120I 140 160
R R
M? [GeV] M? [GeV]
Common selection
: Lepton flavour SF, DF
Selection | CRTop CR-VV-DF CR-VV-SF || VR-Top VR-VV-DF VR-VV-SF mee — my| [GeV] (SF only) 510
Lepton flavour DF DF SF DF DF SF Ry >0.5
b—jet multiplicity >0 == == == == == 1/yR+1 >(0.8
Mf [GeV] > 80 > 30 > 30 > 80 (30, 80) (30, 80) Agbg > 0.85|cosfp |+ 1.8
Ry >0.5 <0.5 <0.5 <0.5 <0.5 <05 . _ 3—body 3—body
VyRat - > 0.8 > 0.8 - > 0.8 > 0.8 Region specific SRy, SR,
Emlss [GeV] - >70 - - >70 b-jet multiplicity =0 >0
(cos@b,Aqbﬁ) Aqbﬁ < (0.85 X |cosbp| + 1.8) A¢g > (0.85 X |cosbp| +1.8) Mf [GeV] > 95 > 110




Events/150 GeV

Data/SM

Events/20 GeV

Data/SM
= m o

4L, Z veto

N4

——— — :
ATLAS Prellmlnary eDaa 5 Tofal SM
Vs=13TeV,13.3 10"

Reducible 2z

|tz Bmwz
Higgs VVV
Others ---m(f,%o)=

1
(900,400) GeV

| IIIIIII| | IIIIIII| L1

,_
4 -
-

LOW MEﬁV

200 400 600 800 1000 1200 1400
m,. [GeV]
T T | T T T T T T T T T | T T
ATLAS Prellmlnary @Daia 5 Total SN
Vs=13TeV,13.3fb" Reducible [ZZ
4L, Zveto, m_ < 600 GeV Wtz mwz

Higgs VVV
Others

S1II)
Y

IIII| | IIIIIII| | IIIIIII| LoL i

%////////////(/ JV/ i Jﬂ//j(

80 100 120 140 160 180 200
pmuen [GeV]

Trigger Offline pr threshold [ GeV |
2015 2016

Single isolated e 25 25

Single non-isolated ¢ 61 61

Single isolated 21 25

Single non-isolated p 51 4l or 51

Double ¢ 14,14 16,16

Double u 11,11 11,11 or 15,15
19.9 219

Triple e 18,10,10 18.10,10

Triple u 19.5.5 21.5.5
7.7,7 1,17

Combined e u 18(e), 15(u) 18(e). 15(u)
25(e).9() 25(e).9()
8(e).25(u) 8(e).25(u)
13(e).13(e).11(r)  13(e).13(e).11(p)
13(e). 11(u). 11()  13(e), 11(1), 11 (1)

Sample N (e, ) signal

N (e, i) loose

Z boson  meg [GeV]

SRA >=1(0 veto > 600
CR-SRA >=72 veto > 600
SRB = >=(0 veto > 900
CR-SRB = >=2 veto > 900
VR = >=(0 veto < 600
CR-VR = >=2 veto < 600




Arbitrary Units

2xXx2 JET UDD RPV STOP

c A
I
]
wn
R AR LS LR RN RN RN RN RS ® AR RN RN RN RN AR RN RN RN RN S
0.16~ ATLAS Preliminary E < 0.12- ATLAS Preliminary . 3]
04l Vs=13Tev, 15417 D@ E 2 [ js=13Tev, 154" T Daa - <
U - m=400 GeV 5 § 01— - m=400 GeV N wn
0.12 -me=1250 GeV ] = T +me=1250 GeV | o A B (
F, 0 . =z - ] O
o E 0.08/- * .-
01 . . S o o
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A Icos(6%)]
>
0.05 0.15 Asymmetry
> ' ' ' T ' ' ' . ' ' L "g_ i - 44 stop pair prod. cross section
) 5 ATLAS Preliminary Signal Region - ATLAS Preliminary _”expected it
g 10 E =13 TeV, 154 fb-1 - mt~= 400 GeV -e-Data % \s =13 TeV, 15.4 fb™ = observed limit
T ~—— m. = 1250 GeV = Bkg (ABCD X107 L B expected & o
~ C tt"—>qqaqq expected + 2
%) C
= 10° Al limits at 95% CL
)
= 2
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10
1e S
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MULTIJET U

~ o~ . ~ 0 -0
g-g production, g—qay,, X, 9dq

N b—tag b—veto inclusive ;‘ 2200 : T | T T T | T T T | T T T | T T T | T T T | T .I I. | T I'"I :
| Ana| > 14 |Ans| < 14 ; Ania| > 14 |An| < 1.4 8 D000~ — — Expected limit (1 0,) ATLAS Preliminary -
=3  3jCRbl4j - 3jCRb0_4] 3jCR_5j — - » 47
>4  4jVRbl  4jSRbl : 4jVR 4jSR 321800 = Observed limit (+10p00) VS =13 TeV, 148 b 1 =
>5  5jVRbl  5jSRbl ; 5jVR 5iSR S B . =
1600 ~~ Run 1 limit ‘ T
1400 ~ Al limits at 95% CL ] =
Gluino cascade (via x9) Gluino direct - -
[9.Xx1] : [1600, 650] [GeV] || g : 1100 [GeV] 1200— oo —
Trigger 120 2401 1000 = OOzl e
plead > 440GeV 119 2236 et .
et > 4 97.1 1159 800 ..~ —
M} > 0.8 TeV 35.4 63.3 SRR -
|Ans| < 1.4 33.0 56.6 600— T —
b-tag 25.7 43.3 4 - > ]
et = 5 50.2 206 00 o =
M3 > 0.6 TeV 28.7 41.6 200 I s 7
‘An12| <14 25.9 35.0 - [ ’.ll [ 4—‘|" | /l/l I T N NN TN N N AN SRS N N R .
b-tag 20.3 26.7 800 1000 1200 1400 1600 1800 2000 2200
my [GeV]
: 5 : mg =1600 GeV o
Region My cut observed SM predicted Mgy = 650 GeV mg = 1200 GeV
4jSRb1 > 0.8 TeV 46 61 £ 10 4+ 6 4 12 25.6 £ 2.8 32.4 £+ 6.0
4jSR ' 122 151 &£ 15 £ 17 £+ 20 32.9 £ 3.0 43.6 = 4.0
5jSRb1 > 0.6 TeV 30 182 +£42+£25+£3.0 20.2%*23 21.6 = 5.0
5jSR ' 64 514 £ 7.7+ 72 £65 2594 2.8 27.6 £ 5.6
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1L+JETS UDD RPV

Jet requirement | b-tag jet requirement | Bins excluded from fit to avoid signal contamination
> 8 =0 > 8 jet 0 b-tag
> 8 >3 > 8 jet > 3 b-tag and > 8 jet 2 b-tag
>9 =0 > 9 jet 0 b-tag
>9 >3 > 9 jet > 3 b-tag and > 9 jet 2 b-tag
> 10 =0 > 10 jet 0 b-tag
> 10 >3 > 10 jet > 3 b-tag and > 10 jet 2 b-tag
- 09_ - Jet pr > 40 GeV > 8 Jets > 9 Jets > 10 Jets
Z - - - .
< 0.8F \!— 13TeV,14.8fb1 = tE+jets 69+35 | 301430 19+8 90 + 12 34416 23+ 6
- - i . W +jets 150450 | 1.5+1.3 20+ 7 0.74 0.7 33415 <0.1
E 0.7 —® Data(i+jets = Others 30+ 13 27 4+ 12 744 8.14+2.9 1.5+0.7 24408
= - A (i (Simulation) : Z+jets 2244 |061+010| 3.0+08 | 0324008 | 047+0.16 <0.1
Z - .
0.6 — ¥ {7+ signal (Simulation) - Multijet 1949 31413 | 13407 | 33+18 0.940.5 1.740.9
05 - Signal: m(@) = 1.7 TeV, (") = 675 GeV - Total Bkd. 2864+20 | 333429 50 + 4 102 + 12 9.6+ 1.1 27 +6
o - Data 252 400 50 115 8 29
M- 7 Data (W/Z + jet ]
- 77 patawiz sets) ] po (o) 0.5(0) | 0.03(1.9) | 05(0) | 0.20/(0.8) 0.5 (0) 0.39 (0.3)
0.4+ p, > 40 GeV — Jet pr > 60 GeV > 8 Jets > 9 Jets > 10 Jets
= + . Process Ob >3b 0b >3b Ob >3b
0.3 mv -] tE+jets 4+ 4 32+8 0.440.6 10+6 <01 31431
- mAY my )) ] W +jets 2247 [033+032| 32416 | 0114011 | 0414026 <0.1
02 __//////////////////////////////////////////}/}//////// //__ Others 5.0+2.3 424+1.6 0.75+0.30 1.1+04 < 0.1 0.30 £ 0.09
- . Z+jets 1.740.4 <0.1 0.29 = 0.08 <0.1 0.110 + 0.035 <0.1
0.1 = Multijet 21+1.1 | 12406 | 0.1540.08 | 0.43 =+ 0.22 0.0 0.0
O: | | | | e Total Bkd. 34+5 38+ 8 47+1.3 12+6 055+0.28 | 3.4+31
Data 37 40 12 5 1 1
6/5 7/6 8/7 9/8 10/9
po (o) 0.35 (0.4) | 0.41 (0.2) | 0.01 (2.3) 0.5 (0) 0.31 (0.5) 0.5 (0)

(n+1)/(n)
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PIXEL DE/DX

Low momentum pions, kaons, and protons
used to calibrate constants p,

(dE/dx)wpv(By) = ‘%ma + [p2By1PS) — pa

& 0 T S L A E
= C m(g)=800 GeV, ©(§)=3 ns . 3 > = . =
O 18-m(@)=1600 GeV, 1(§=10 ns . .ATLAS Simulation & - é;’;ﬁfs_m_1 data .
'™ [ m(§)=2400 GeV, stable N ] © {0k stable selection &= background —
> 16 : . = © = -+ m(g) = 1200 GeV E
é 1ab , —f 2 - «'Tlt i - m(g) = 1600 GeV .
1% 12% _ s 1— MAT. 5 —
© 10 — i T T Ty S ]
- . 107 | 5 E
8__ — E ; . I e E
6 E 102 3
4 e A y
2::*'_ £ e T ke A Tj 10° P I T I E I B RN
Covo v bt v dsi | '|.-'|'f'::|s | ;P.‘."I-'-‘.I'.ll‘ b SN |-.| PRI B |..|_ 0 500 1000 1500 2000 2500 3000
-4000 -3000 -2000 -1000 O 1000 2000 3000 4000
qp [GeV] Mass [GeV]
| Selection level | Exp. signal events | Observed events in 3.2 fb~! |
CR1 with inverted dE/dx reg Generated 26.0 + 0.3
ol Emiss trigger & preselection 24.8 + 0.3 (95%)
CR2 with inverted MET req RS = 130 GeV 23.9 + 0.3 (92%)
Track pr > 50 and cluster requirements 10.7 £ 0.2 (41%) 368324
. Isolation requirement 9.0 £ 0.2 (35%) 108079
Background est in SR: Track p > 150 GeV 6.6 + 0.2 (25%) 47463
: : : mr > 130 GeV 5.8 + 0.2 (22%) 18746
Kinematic sampllng from CR1 Electron & hadron veto 5.5+ 0.2 (21%) 3612
lonization sampling from CR2 Muon veto 5.5 4 0.2 (21%) 1668
Tonization requirement 5.0 £ 0.1 (19%) 11
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STABLE MASSIVE PARTICLES

Simulated
R-hadron 600 800 1000 1200 1400 1600 1800 2000
mass [GeV |
Brymax 1.35 1.35 1.35 1.35 1.35 1.15 1.15 1.15
pmax 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
mgl,;n 350 450 500 575 650 675 750 775
m,ern 350 450 500 575 650 675 750 775
% 0 057' T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T 1T T] 8 T T T T ‘ T T T T ‘ T T T T T T T T T T T T T T 8 T T T ‘ T T ‘
= 0.05 — © 1= - © 1= —
5 00or éfl;fgv ont . « Data ] £ T ATLAS 1 £ P ATLAS E
2 B e p =0.981 7 2 - Vs=13TeV, 3.2 fb", simulation 7 2 - Vs=13TeV, 3.2 fb™, simulation ]
§ § o, =0.064 - g IR u from Z decays . g IR u from Z decays i
2 0'04f — Simulation - k3] - —— R-hadron m_=800 GeV - k3] - —— R-hadron m_=800 GeV i
e} - — - S — R-hadron m.=1200 GeV S — R-hadron m.=1200 GeV
§ ] gﬁ ;8:322 : 107 Rehadron my=1800 GeV ? 107 R-hadron m_=1800 GeV =
0.03 ] S ;: - g
0.02]- - I I )
: - 102E H 102E E
S L |
L 1| ‘ | ‘ | ‘ | ‘ | | — - — I Il
006 07 08 09 1 11 12 13 14 1075 0.5 1 15 2 25 3 107
p By B
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