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Introduction

® Phenomenological MSSM (pMSSM)

(no new CP-violation, no FCNC, 1% and 2™ generation universality)

e Simplified Models (all other sparticles are very heavy)
® R-parity conservation (the Lightest SUSY Particle (LSP) is stable)

° X? is assumed to be the LSP (good Dark Matter (DM) candidate)

Strong production (15t and 25 generation squarks and gluinos)

® pair production of ¢ and § = (4,4, 3, ¢)

NLO + NLL, pp, Vs = 13 TeV

® gluino mediated ; and by production g wE T 3
zero lepton (2-6 jets) ATLAS-CONF-2017-022 & 4 N _ ? (higgsino-fke) E
zero lepton (7-11 jets) ATLAS-CONF-2017-033 G E \\\ = K, Winotike E
multi bjets ATLAS-CONF-2017-021 & 10%f =99 4
two(SS)/three leptons arXiv:1706.03731 2 10 £ \ ——— 3
o E \ \ \ —tt E
3'd generation squarks ° i N E
- - 107k ~ \ .
® direct f; and by pair production 102k \‘\\ ]
bb/th + ERSS  ATLAS-CONF-2017-038 10°E \\\ ]
stop 0-lepton ATLAS-CONF-2017-020 1074 = N &
stop 1-lepton ATLAS-CONF-2017-037 . E
stop 2-'lepton ATLAS-CONF-2017-034 107, 500 1000 1500 2000 2500
stop viah/Z arXiv:1706.03986 Susy particle mass [GeV]
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General Analysis Strategies «/W\fLL\«
General signal event properties

e Large EMsS — contribution from two LSP (X))
® High jets activity — long decay chains

Zero lepton

e Triggering from high Efrniss or multijet

e Multijet (QCD) production (mismeasurement of jets)
® Z-ets production (Z — vv)

e (f all hadronic decay (if b-tagged jets required)

e EMISS significance = EXSS/\ /Y [pr], jet resolution % ~ \/%

One lepton
e Triggering lepton and high E%‘iss
® Wjets production (W — fv)
e tf semileptonic decay (if b-tagged jets required)

e Transverse mass mp = \/ 2pLEMISS (1 — cosAg(¢, ENss)), endpoint 80 GeV
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Zero lepton (2-6 jets) 13 TeV, 36 fb~ '  (atLas-conF-2017-022]

P
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. i 0] ATLAS Preliminary ® Daa2015and20te
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mege = L pr(je) + EY g fs=13TeV, 36.1 16" ———
targeting high mass § and § 3 Meff-4-2200 %ﬁuEW) & single top
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& [ Diboson
i

Event selection I Voot

. - - gg direct,
® Triggering from Ef"%° ?r:i #)=(1800, 800)
® Different jet multiplicity
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°
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Backgrounds
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Results: 0L 2-6 jets 13 TeV, 36 fb !

[ATLAS-CONF-2017-022]
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Zero lepton (7-11 jets) 13 TeV, 36 fb '  (atLAs-conF-2017-033] WM{LL\\

t
Z/h
w
Variables
_ k T T T T T .
* fr=ip IOF A o g
I R=1.0 oL SA-1is0-00 1 e
* M Em B W +jets
- Other

rrrrrrr pMSSM benchmark 3
2-step benchmark

Event selection
® Multijet trigger

Number of Events / 4 GeV'?

e No EIss requirement E
o Different jet multiplicity I 7 7

e High EXss significance : EXs /\/Hr (10 _ v —

T T B ] //// /
& R 44 /5
Backgrounds 3 o // /A
® Multijet background 8 '00 / / . 0
e Data driven multijet estimate 1V oV
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Results: 0L 7-11 jets 13 TeV, 36 fb~* [ATLAS-CONF-2017-033]

e Targeting longer decay channels

Different jet multiplicity

—o

Different background composition

—~o

® No excess over SM expectation
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Multi b-jets 13 TeV, 36 fb !

Gluino to 3" generation squarks

Event selection

e Large ET"**°

® Atleast 3 b-tagged jets

e High jet multiplicity
Variables

o me =YL+ Zplrep +Ep

[ATLAS-CONF-2017-021]

T T
imi o o

ATLAS Prellmlr]ary ot backgyound

V5=13 TeV, 36.1 fb” i

1L Preselection [ singletop
X

o ME =y mk <
J Z
o P = mp (¢, Emiss) NN St
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bjet _ . miss 0 T00 200 300 400 500 600
® my =min, mr(b, EP'*) ME [GeV]
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Results: Multi b-jets 13 TeV, 36 fb~'  [atLAs-conF-2017-021]

® Combined had/lep analysis
Cut&Count and multi-bin approach
® Background: tf + heavy flavour

g T ——
i ATLAS Preiminary g Lo bockg
3 s T B
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2L(SS) / 3L 13 TeV, 36 fb " [arXiv:1706.03731]

3 ) o b 8 T
§ - Majorana fermion (§ — q4'X1) [ atas G=17evsim® S s D e
[=1z] ma B Rare

Same sign (SS) leptons

Small cross sections for SM processes
Sensitive to many scenarios

(small Am(g, X?))

Looser kinematic requirements

Large e = L py + L pr” + B
Backgrounds: tf 4 V, diboson, fake leptons

R AT

Data/SM
N

0s o e Vs T
R

R Rocz, Rt fe : Rovay Rouz P
ez, DCQL?AWelsgﬁgl&gﬁgk%qu%fﬁ?ﬁ%bﬂ‘?l e e R e eubzmls;}fubffgl%DVQLZA,ZVQL&ZV?LQ?QUA,M

Data driven estimate for fake or non-prompt (FNP) leptons
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Results: 2L(SS) / 3L 13 TeV, 36 fb~!

[arXiv:1706.03731]
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bb/tb + E™ss 13 TeV, 36 fb 1 [ATLAS-CONF-2017-038]

2 2
® The contransverse mass m2, = (ET(Ul) +Er (vz)> - (pT(vl) - pT(vz))
effective in suppressing tf background, mcr(t, W) kinematical endpoint at 135 GeV
(used for zero-lepton channel)

ATLAS Preliminary e baa #:SMTotal i Z+jets
Vs=13TeV, 36.1 fo" . Wijets [ Others  mt+V
miSingleTop  mtt

° _ prGi)—r12
pr assymetry A = e used

for the compressed scenario
Am(by, X)) < 20 GeV

Number of Events

® The asymmetric transverse mass amry,
separates processes where two invisible
particles are involved
(used for one-lepton channel)

o | — — | e I |
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™
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B - B
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Results: bb/tb + ETiss 13 TeV, 36 fb !

[ATLAS-CONF-2017-038]
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Searches for ; — tX)

b g
P P ’ q P ‘ v P - W v
f,é X '_—Z:i”’ @ _"_—Z:i”’ W .- W
- o Pk i v
i \iq X7 » ¢ ¢ ¢ ¢ P ez
r b q

b q b L
t stop OL : all hadronic stop 1L : semileptonic stop 2L : dileptonic
[ATLAS-CONF-2017-020] [ATLAS-CONF-2017-037] [ATLAS-CONF-2017-034]

am=mi-me - Categorised by Am(fl,)ftl)): Used technique:

s Compressed ® Cut & Count
Bulk ® Multivariate (BDT)
B Boosted ® Shape-fit

0 100 200 300 my, [GeV]

® Compressed scenario:
Mainly limited by systematic uncertainty. To improve the exclusion
new techniques or/and discriminant variables have to be developed.

® Bulk and Boosted:

For high top-squark masses mainly limited by low number of events in signal regions.
Usually, the exclusion can be improved based on the same analyses by tightening the
requirements and recording more data.
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Bulk and Boosted: stop 0-lepton tarwas-conr-2017-0201

miss

® Large E7

® Two b-tagged jets

° i = 0 1

Reclustered jets R = 1.2, Mg R=12/ Miet,R=12

® Categorized by top and W-boson windows for reclustered jets (TT, TW, T0)
bmin __ miss . . o miss

® my™" = my(b, EF*®), for b-jet with minimal A¢(b, EX*%)

® Backgrounds: Z — v + heavy flavour, tf + Z(— v7), W — tv (hadronic T decay)

g o ATLAS | Preliminary o oua ' g g 6000 ATLAS Flre\lmmavy T e o _

o 3000—  Vs=13TeV, 36.1fb" 444 SMTotal — o Vs=13 TeV, 36.1 fb™ 4444 SMTotal B
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2 r % R svoe o0 ] 2 Z W s Top ]

g C [ ] 3 -

@ 2000— ;V — W' 4000 -;v i
: (R Dioson : (R Dioson 4
= — . 20x (?,}{):(soo‘aum Gev — - 20x {£)=(600.300) Gev

ool oo, R0 cev, ] 2000 w0 (om0 cev |
2 2
5 1 5 v
S 10g% IR Y2 %) 95 V0 e 29,9 8.8 089, 8 5 L . ) s s Bt oo s it
8 o 8 o
0. 0.
0 100 3000 400 0 200 400 hG I0
Miey k=12 [GEV] my™ [GeV]
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Bulk and Boosted: stop 1-lepton tarwas-conr-2017-0s71

® large NS, large m (above 120 GeV) - suppressing semileptonic #f events

® amy — targets dileptonic tf events, where one lepton is not reconstructed.

® mi, - targets tf events, where both W — v, and 7 lepton decay hadronically

° m{%p — mass of the reconstructed hadronic top quark, based on x? technique

° miss
T, sig

800

AAARSARRAL AN
ATLAS _ Preliminary
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— mE)=1000.1) Gev ox160
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[ - Data
350; il

= T T T
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1
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5
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HT'™® significance
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Bulk and Boosted: stop 2-lepton rartas-conr-2017-0341

R Emlsﬂ
o B
o= Emlss+pT(£])+PT<[2)
R Emlss
® R,
6= Emlss+pT(£1)+pT([2)+):PT(]k)
U —
® - mmt’l 2

, suppressing Z-jets background

for tf and WW productions it has kinematic endpoint at m (W)

, suppressing multijet background

—Emiss (m1(€1,v1), m1(€2,17)) - lepton based stransverse mass,

® Set of “super-razor” variables: Ry, MR and A(pg, targeting 3-body decay mode.
Razor frame R — approximation of the pair production frame.

= T > T T T T T
% 50 [ ATLAS Preliminary o Data&standard Mode\ 8 1ot L ATLAS Preliminary ~ ® Ea!a R Standard Model
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[ 1 10
20 - 1 e
E ,,,,,,, E 107!
10~ E
[ A . NN\ - 1 102
[ s 10°
3 5 3 S
. %\\;\\&\\\;\\\\&\\%\W$\\%\ﬁ S PSRN AR \\\\\\\%\ §
[=} o -
04 05 06 07 08 08 0% 700 720 0 760 180
Rpr M [GeV]
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Results: & — tX] Bulk and Boosted

2
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Compressed Scenario: A(F;, X1) ~ m(t)

o Am(F;, X)) ~ m(t), small boost for X7

e Mainly back-to-back £}, small Emmiss
(O-lep — triggering, 1-lep - W — {v)

ATLAS  Preliminary
Vs=13TeV, 36.1 10"

Events /0.1

stop 0-lepton

® Hard ISR recoil (one or several non b-tagged jets) ) =L
P P p P P
e Collinearity p; ~ p_y ~ p;,ie poy = a-p;
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Compressed Scenario: stop 1L

[ATLAS-CONF-2017-037]

tN_diag_low: 190 — 250 GeV

tN_diag med: 200 — 400 GeV

tN_diag_high: 250 — 500 GeV

Ty
10°ATLAS _Preliminary,

P ) ABRAANARRARS Saas ) B OARABAAARRARS A AR AR AR
€ - - € S _Preliminary € 10°EATLAS Preliminary o Data < Total SM
2 (5=13TeV, 36.1 b Data A\ Total SM g 13Tev, 361 > Data < Ef=13Tev361m’ T s To
i) tN_diag_low Ofz Mg fin) |_diag_med [mliEN fir] E BDT_high Wejets Sindle to
=090.17)Gev [IW+jets [ single top, eV Ow+jets 10 EDlDJoson gsing
=250 Gev MDiboson [V [Dsingle top W Diboson E
m{i})=(250.62) Gev [ —-m@h=@s02 cev
10°
1005
10
° °
= R
& S o 4—__.-_
P -
J R ST S T T T T T T N N PN it P T T N N T T
€ -1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1 € 108060402 0 0204 06 08 1

BDT_low

® stop OL: SRC excludes 235 — 590 GeV

Multivariate (BDT) approach
C&C (low) and shape-fit (med&high)

No significant excess in SRs

Challenging top off-shell decay
FL — bW (bWN) low masses

® A gap around m(f;) ~ 230 GeV

BDT_med

ATLAS Preliminary
s =13 TeV, 36.1 fb*
Limit at 95% CL

BDT_high

Observed limit (+10,,)
Expected limit (+10,,,)
[ | ATLAS8TeV, 203"

Pure Bino LSP model: T, production, T, bff., £, bWK., T~ X}

250

300 350 400 450
m;}[GeV]
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Results: F; — tX1

e Simplified model with BR(F; — tX}) = 100%
® 2-body: m(f;) < 940 GeV for massless bl

® 2-body diagonal: 190 < m(f;) < 590 GeV

® 3-body: m(f;) < 450 GeV

® 4-body: m(f;) < 400 GeV

® Gap around m(f;) ~ 230 GeV

® Challenging f; — bW decay (top off-shell)

along diagonal for low masses

Pure Bino LSP model: ttlpmducuon t‘ bffﬂ( t‘ be 11*()(

- ; ; —
% 700F ATLAS Prellmmary psorved imit (tmm) 7
o, Fls=13 Te;/ 36.1f0" ~--- Expected limit (10,,) E
(=2 600 ;lelt at95% CL ATLAS t1L 13 TeV, 3.2 fb™ E
= 500 “ [ ] ATLAS 8 Tev, 2030 =
400 =
300 E

0 Lo | - :
200 400 600 800 1000 1200
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R RIS IS e r——_=r
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[ Vs=13TeV,36.11b"
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600 -
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13 TeV, 36.1 fol 2o+ Expected mit(s10,.,)

200

100 5

Top squark pair production, f, - t” 7,

800 1000 120

- ‘At‘ ATLAS 8 TeV, 20 b
X,
2/3/4-bod
SR 4

38

stop 2-lepton

2-body
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Results: pMSSM models [ATLAS-CONF-2017-037]

Wino NLSP model

My =2-M,;

Large M3 = 2.2 TeV — accounts for
§ mass limits (no §§ production)

Phenomenological constraints
® No new source of CP-violation

® No Flavor Changing Neutral Currents (FCNC)

o 15t/27d generation universality

® Models are consistent with
observed m(h) = 125 GeV
L4 Z:L - ER miXing/ to obtain low m(fl) Wino NLSP model: t{, b}, production, Mg = mp = 2% mp (M2 =2xM,)
® Various models are considered % AT‘LAS‘ Pre“‘mmar‘y T ?J A u&t‘a x:) T
o O, 600513 Tev, 36.1 b o ;55' *’M’};zp E
z = = - imi 0 o~ WKy b
El N tXli, b]z(l),z — w0: X - n ¥ (dominant), z ¥ ]
m(fr) ~ m(by) 400 E
o i - WX, X5 — nid, z3) 300
. -0 -0
m(Xy) = m(X2) ~2-m(X
(K1) =~ (i) ~ 2 m(i) 2o
® 1> 0: BR(XS — hi)) ~ 95% 100
1< 0: BR(XY — ZXY)) ~ 75% : B e e
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m- [GeV]
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Search with Higgs and Z boson [arXiv:1706.03986]

t
Decay modes » ) :/ h »
t - ~
7 =0 =0 =0 L= X
o L —»tha, Xo— (W/2Z)Xa R ‘
~ o0
7 r oz -0 ~L Y :
® f{H) — (h/Z)fl, t; — tX1 i Xt
P P P
t
Targeted final states Dominant background
® 3leptons and 1 b-tagged jet (via Z boson) ® (7
® 1 lepton and 4 b-tagged jets (via Higgs boson) LI
T, production, §, - t+ &, %~ zn+ X, m() =0 Gev &, production, T, — §,+h, T, - t+ £, m) - m(&) = 180 Gev
s ey TS S 500 R e e e e e g
8 g0 [~ ATLAS - Observed imit (+10,0) ] 8 oo 5 Opsenvediimi 1005 {5=13 Tev, 36.1 tb*
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Conclusions

® Performed many new searches with fully hadronic and leptonic final states
® Analysed the latest data (36 fb 1) recorded at 13 TeV by the ATLAS experiment
® Extended the exclusion limits for simplified and pMSSM models

® Excluded some challenging corners with the use of new techniques and variables,
but still some regions (for very low f; masses) left for the future

® No significant excesses, no evidence for Supersymmetry yet
May 2017 T, production, T b 11X /T X~ Wh X /Tt Status: May 2017
ey | L B L RN B S T e
() [ ATLAS Preliminary Vs =13 TeV, 14.8-36.1 f5* | & 700F- ATLAS preiiminary V=13 Tev 3
Q . g- qqkp 0-lepton, ATLAS-CONF-2017-022 4 = 7:, I wok 0L 36.1 fb™ [CONF-2017-020] ]
Y r 9- , O-lepton, ATLAS-CONF-2017-022 EFK - ka“h birk 1L 36.1 f* [CONF-2017-037] ]
% 2000~ g~ . Llepton, ATLAS-CONF-2016-054 2 351’“‘[’0:3”'2017'0341 3
£ L G- qaWZY’, > 7-11 jets, ATLAS-CONF-2017-033 | Monojet 3.2 fo™ [1604.07773] ]
d Run 1(1506.08616] 3]
t - GAWZK,, SS leptons, ATLAS-CONF-2017-030- 3
r G- fiY’, SS leptons, ATLAS-CONF-2017-030 Expected limits Al limits at 95% CL ]
1500~ §< £, > 3b jes, ATLAS-CONF-2017-021 e ]
L 9- , 2 3b jets, ATLAS-CONF-2017-021 |
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Thank you
for your attention!




Sparticle mass spectrum

A
) 11,01 ty i1, (b1)
g —— —_—
w
w
]
g
) -
= Xi > X
2
-
g +
-+ -0 -0
@ o 1 -0 X Xe, X9
o o X1 X1 X2 —
X1 X1 — -0
X1

a) pure bino LSP  b) wino NLSP  c¢) higgsino LSP  d) bino/higgsino mix
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Best Expected Signal Region

Pure Bino LSP model: £, production, T, bff, T, Wb, T, tx,
T T

T T T 3
> 700F ATLAS Preliminan N_diag_low + tN_diag_med S600= — - o
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Results: Compressed f; — bX:

® Simplified model f; — lei, X]i S WEH L

® Compressed scenario Am(fl,Xli) =10 GeV

i, production, t, b?, Am(?,%):lo GeV g, production, T, n+§L m.=m; +10 GeV

= 700p T T L Ty ;7007‘H“HH‘HH‘HH‘HH‘HHl
> F ATLAS Preliminary ——— Observed limit (+1o,) B > [ ATLAs Pprel
Fys=13TeV, 36.1 " ..~ E [0} E fe‘m'"afi = Expected limit (+10,,)
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Results: Higgsino LSP [ATLAS-CONF-QOl?-OB?]w\/\fLL\‘\

e Fixed Am()ﬁi,fg) =5 GeV

ATLAS Preliminary L - iR,
Is=13TeV, 36.1fb* FwR R nz®
Limit at 95% CL BR(F, b, 1) =
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- === Expected limit (+10,,,) i
-t = IL -t = tL(Iarge tanp) t = lR T, (25, 50, 25)%
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Results: Higgsino LSP [ATLAS-CONF-QOl?-OB?]w\/\fLL\‘\

® Diagonal region

nggsmo LSP model: tt producnon BR(t - b 5(&) 100%
6001
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One lepton (2-6 jets) 13 TeV, 15 fb

[ATLAS-CONF-2016-054]

Decay modes

~ ~+ ,

* 7k o e
q -0

+ > < i

5 - e
° 8 - qq Xl ~e_ W )
~t ~0 q X1
o X — WX v Q?W

Strategy
[ ) miergcl _ pTP Jrzplet + Emnsa
® iy = \/2pLEMISS (1 — cosAg), Ap = Ap((, ERISS)
®  Aplanarity — signal is more “spherical”

Event selection (GG 6] bulk)

— one lepton, pt > 35 GeV
- 6jets, pt > 125,30, 30,30, 30,30 GeV
- Emiss > 250 GeV

>
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Results: 1L 2-6 jets 13 TeV, 15 fb—*

[ATLAS-CONF-2016-054]

53 >qqEAWWE,Z,, X = (m(E) - m(E,)) / (m@ - m(z;)) = 112
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stop OL

[ATLAS-CONF-2017-020]

Gluino mediated #; pair production

Decay modes t

° & tf soft

g7 B

t; — X1 + soft )

~ X1

® Large Am(g,t1) .

soft

7 20
® Small Am(tlr Xl) g pair production, BR(g — tt - lx +soft) = 100%
. 5 2000 Al Trtmoan) S Omsened i (2153)
Analysis strategy & 1800 F Expected it (+1 ) ]
& E e ATLAS stopiL 13 TeV, 3.2 " ]
. 1600 |- Vs=13TeV, 36.1 10" T ATLAS incl 118 TeV, 20310 ]
® Highly boosted top quarks : I ATLAS monojet 13 TeV, 3.2 fb”" ]
® Invisible f; decay products [ Alllimits at 95% CL E
® Tight X, Hr and EXss/\/Hy 1200E E
requirements 1000 E
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Results: pMSSM models

Wino NLSP model

o My=2. Ml, M3 =22TeV, MS =12TeV, X;/M;s = v/6, tan p = 20
o I bR, tKYa, By — thy, DAY, m(F ) m(by)
o i Wi, X i, zx, m(Xi) ~m(X) ~ 2 m())
o 1> 0: BR(X = hA)) ~95%, < 0: BR(XS — ZX)) ~ 75%

Wino ‘NLSP Todel !‘,I1 bb ;‘)roducu‘on "‘k*‘ mp ‘2 x "‘k: M, = T xM;) T, B;b, production, m, = 2xmy, ™, =2xM)
— T 500 e T e e
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Results: pMSSM models

[ATLAS-CONF-2017-037]

Well-tempered Neutralino

® pMSSM parameters as for Wino NLSP
® M; = —|u| to satisfy relic dark matter
density 0.10 < Qh? < 0.12

® Two scenarios are considered:

no points excluded
m(by) ~ m(F)

by pair production included
doubling signal acceptance

- E]thZ

- Z“l%t[{l

Bino/Higgsino mix model: T, + b,b, production, Am(¥Y, &) = 2050 Gev/

Higgsino LSP model

® ”Natural” SUSY suggests
low-mass f; and higgsino like LSP

o Am(Xi, X)) =05 Am(X3,&Y)

® Three scenarios are considered:

- f1th

- ?1%&2

) ~ tg with large tan 8

Higgsino LSP model: t, production, mg: = 150 GeV/
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Results: Spin-0 mediator model

[ATLAS-CONF-2017-037]
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