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Open Questions of the Standard Model

Hierarchy problem: Higgs mass subject to
quadratically divergent loop corrections.

- Incredible fine-tuning

. “rotational velocity

(km/s)

. : — _ measured.

L 50000 100000 —
:distance from center (light years)

Grand unification: Standard Model coupling
constants do not unify at high scales.
- SM does not imply a Grand Unified Theory

Dark matter: Cosmological
data suggest presence of
dark matter - No explan-
ation within Standard Model
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Never tired of analogies...

51.9% 48.1%

Imagine the remain-leave diff-
erence of the Brexit vote to be
just the 10%7-th of a single vote!

[source: http://www.quantumdiaries.org]

§ Surface areas by chance
within ~ 1% (151,153 km?).
UNITED STATES

(9,833,517 km?2) " Imagine the difference to
be of the size of an atom!

Give me a
real number
between -1

Analogies only for illustration. No liability for quantitative interpretation.
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[source: link]
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Never tired of analogies...

Yeah right !
/\




Fundamental symmetry between fermions
and bosons introducing a set of new
partner particles to the SM particles with
half-spin difference.

v' Opposite-sign loop corrections from

SUSY particles. Quadratic divergencies
cancel. =2 No (little) fine-tuning.

v If R-parity conserved: Lightest SUSY

Particle (LSP) stable. - Natural
candidate for dark matter.

R-parity = (-1)3(B-L)+2s
* SM particles: +1
* SUSY particles: -1

v" Unification of gauge couplings at Mg =

106 GeV

03/11/17 Moritz Backes

We need... Supersymmetry (SUSY)




mass

Not just any SUSY...

» Higgs boson discovery and strong experimental bounds have put vanilla SUSY under

pressure

*  Within the MSSM stop and gluino masses enter at 1 and 2 loop level into the Higgs

mass matrix, the Higgsino mass parameter u at tree level

- Search efforts focus around “Natural SUSY” (e.g. arXiv:1110.6926) with relatively

light gluinos, stops, higgsinos (remaining SUSY particles can be decoupled at high
masses)

g TR S X 2-loop

TR Yy pEE— —_—)

............ e R4 M 1-loop

EEEEEETEET br B S =
H tree-level

natural SUSY
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How to search for SUSY at the LHC

If SUSY particles exist at LHC accessible energies:

@ R-parity conservation
- Pair-production via strong / EW interaction

— Direct or cascade decays to the stable
lightest SUSY particle (LSP).

Cross Section [pb]

——8TeV

[arXiv:1411.1427]

------ 13-14 TeV
4 ATLAS Run-1 limits

- Many high p; SM decay products + large A 99
E+miss (depending on the mass spectrum) 4 19
@ R-parity violation 0 . X
- Multi-jets / multi-leptons signatures from F NN\
LSP decay to SM particles E \ - .
- Displaced vertices from late LSP decays .r L\, N, .
10 LS DAY | | o !
500 1000 1500 2000 M

@ Long-lived particles

- Sparticles produced with long lifetimes
due to mass degeneracy, small couplings,
virtuality

- Secondary decay vertex

Search strategy @ 13 TeV:

- First data: Gluino & 15'/2"d generation squark searches
have the largest potential due to enhanced cross-sections

- Beyond ~10 fb-': Searches for 3 generation squarks
and EW production start to exceed Run-1 sensitivity

Moritz Backes

Expected “typical” SUSY
decay chain at the LHC

jets/

o + X%

lepton

T,miss



Tools & building blocks...
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The ATLAS Experiment in Run-2

o _ i
T — 5
e — e
......................... B i - \
§ ‘ ,
\‘z ‘
25m f . /
V/V(\ i : E ’ 4 + New innermost pixel layer
1| i = \ _ (IBL) @ 3.3 cm from the
\ i \ 3 Tile calorimeters ) .
| [ \\ LAr hadronic end-cap and beam ||ne 9 add't'onal 4th
{ i\ / “forward calorimeters .
............................ )\ N space-point measurement

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker

+ Upgraded trigger/DAQ system (improved
bandwidths 75 kHz 100 kHz @ L1 & 1-1.5
kHz @ HLT)

+ Improved offline reconstruction & analysis
software
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The ATLAS Experiment in Run-2

Light-flavour jet rejection for € =70%

Run-2 / Run-1

K Jet P, [GeV] /

K SUSY searches rely strongly on new IBL.:

- b-tagging crucial for many SUSY analyses:
Improvements of a factor of 2 and more in
light-flavour / c-jet rejection

- Searches for long-lived particles: Improved
track / secondary vertex reconstruction
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+ New innermost pixel layer
(IBL) @ 3.3 cm from the
beam line - additional 4t
space-point measurement




Data-taking 2015/2016

— 45¢ | ——
o C ]
« OQutstanding performance of the LHC in " 40F ATLAS Online '-”'“'"°S"V =
2016 = o 2011pp Ys=7TeV 3
: O 35 =—2012pp Vs=8TeV —
S E —2015pp Vs=13TeV .
— 1680 hours of 13 TeV stable beams % 30F — 2016pp V5=13Tev =
data-taking in 2016! T 25 =
O ~.F -
— Peak instantaneous luminosity of 1.38 = 20t E
x 103 cm2 s O 15c =
— Pile-up of up to 50 interactions per 102_ _
crossing 5t =1
0: | | | 3
yao PO A\ oct

« Excellent Run-2 data-taking campaign for

= 240 T T T T T T T
ATLAS: S 220 ATLAS Online, Vs=13 TeV [Lat= 427fb1—
) ‘é 200F [ 2015:<u> = 13.7 3
— 3.9fb1+ 35.6 fb-'recorded in 2015+ > 180 [ 2016: <u>=249
2016 § 160 [ Total: <u>=23.7 _i
£ 140F =
— In total 36.1 fb™ (i.e. 91.4%) good for 3 120 E
SUSY searches! 5 oor E
g 60— EE
«  Another ~43 fb! of data from 2017 (taken ‘2‘02: El
at record pile-up / luminosities conditions) 82‘ N N =
0 5 10 15 20 25 30 35 40 45 50

on tape for future searches!!
Mean Number of Interactions per Crossing
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Trigger Efficiency
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Trigger Performance Highlights
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ATLAS trigger and DAQ systems form the
basis for a successful data-taking

Major challenge in 2016: Maintain trigger
performance in fierce luminosity & pile-up
conditions

Main physics triggers for SUSY searches:
Generic E; ,iss» J€1, lepton triggers

1 .4[_ T T | T T T ‘ T T T | T T T T T T I T T T I T T T T ]
; 2: ATLAS Internal ]
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Detector Performance Highlights

—a— Medium
—— Tight 0 . 85

D‘ata: full, MC: oper?

Electron performance measured down to 4.5 GeV Muon performance measured down to 4 GeV
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Blueprint of a vanilla SUSY search

@ Build signal regions (SRs) based on requirements on signal / background discriminating variables to
target specific SUSY event topologies. Optimised for discovery & exclusion.

@ Determine Standard Model background in the SRs:

\_

r— Irreducible Backgrounds

* Dominant processes:
- MC normalised to data in process-enhanced
control regions (CRs)
- Extrapolation to validation regions (VRs) & SRs

» Subdominant processes: Pure MC predictions

_J

\:3

Unblind when BG model
established

Observable 1

03/11/17

Combined Fit

L _Simultaneous fit of all comp_onents «—
in CRs (and SRs for exclusion)

~ — Reducible Backgrounds ——

+ Fake Eq s fake leptons
backgrounds: Pure data-driven
estimates

+ Validation in VRs

SR

Unblind when BG model
validated

Unblind when BG model
established

Observable 2

Uncertainty

Moritz Backes

4 CR/VR
systematic optimisation

statistics

signal
contamination

Proximity to SR




Discriminating variables in a nutshell

. > 107 | T \ \ | 3
Plethora of observables used by SUSY searches to 8 © ATLASPreiiminary * Cmemsasas
maximally exploit event information: S [ 1s=13TeV.36.11"  mwien i

T g2l Meff-6/-2600 [ JHGEW) &singletop
@ E [ Z+jets 3
. SRTPRIT c F ; ]
Reconstructed object multiplicities, momenta, 2 B o ]
energies, e.g. Njet/b-tagllIV’ pT’ ET,miss’ 10? /%f "-rgng(;;?g;(ﬂos,sss,zs)_g
Scale variables, e.g. My = 2p; + Eq ics 1_‘_%‘ LLL P
: | k Lmﬂ ] I / - 111 | i-l-:
. . . % 12% )| . po] % 7
>| [Angular variables, e.g. min A®(jet, E; ), - E _%%/W% 7 o
.§ 8 0.5g /'/// ? I | 2 / E
) 077000 1500 2000 2500 3000 3500 4000
a ) ] m .(incl) [GeV1
c Mass variables, e.g. m,, m{P“, Tmg,; .o, ...
6 L L L L B L BRI
S E“’ = ATLAS Preliminary  Su: o E
o 1 05 ;— (V)IS_=;3 Telv’ ?6'1 fb’1 %’ tSiingle top —;
. . [Y9) E reselection . X E
Event shape variables, e.g. Aplanarity, ... B10°B = N
c E Diboson 3
Z10° L AT
Hypothesis-based event variables e.g. mq,, ... :
More complex methods, e.g. new recursive jigsaw| 3 g \
reconstruction [arxiv:1607.08307] 5 7AMEET T iy
- - ‘
v O f00" 200300 400 500 600

M [GeV]
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ATLAS SUSY Searches: Status August ‘16

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: August 2016 ‘ v_ _ 7 8 TeV VE _ 13 TeV \Vs=7,8,13TeV
i - =1, =

Model &MY Jets ETT [Lanm™] Mass limit Reference
T T T T
MSUGRA/CMSSM 0-3eu/1-27 2-10jets/3b Yes 203 |4z 1.85 TeV (i/) m(z) I
33, G—qt 0 2-6jets  Yes 133 |4 1.35 TeV (X")<2ooeev m(1% gen. §)=m (2 gen. §) 16-078
2 43, g—qX) (compressed) mono-jet  1-3 jets Yes 3.2 q 608 GeV m(g)-m(¥})<5 GeV
s % gﬂqq)(‘ 0 26jets  Yes 133 [ BETEV! m(})=0GeV 78
5 & Foqq¥ quw > 0 26jets  Yes 133 |@ 1.83TeV.  m(i})<400 GeV, m(¥*)=0.5(m(¥})+m(3)) 8
S @ goaqlt/y)v) 3eu 4jets - 132 |& 1.7 Tev m(f.’)<400 GeV T
© 88 8oqqWZX) 2¢,u(SS) 03jets Yes 132 |& 1.6 TeV m(¥}) <500 GeV !
=  GMSB (/NLSP) 1-27+0-1¢ 0-2jets  Yes 32 |& 2.0 TeV
g GGM (bino NLSP) 2y - Yes 3.2 K4 1.65 TeV. ¢7(NLSP)<0.1 mm
&  GGM (higgsino-bino NLSP) Y 1b Yes 203 |2 1.37 TeV ()Z.)<950 GeV, cr(NLSP)<0.1 mm, u<0
=  GGM (higgsino-bino NLSP) Y 2jets Yes 133 |& BTV  m(?)>680 GeV, cr(NLSP)<0.1 mm, ;>0
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3 F4 900 GeV m(NLSP)>430 GeV
Gravitino LSP 0 mono-jet  Yes  20.3 | F!/2scale 865 GeV m(G)>1.8 x 107 eV, m(z)=m(g)=1.5TeV
§3 0 3b Yes 148 |& ABITEV] m(1))=0GeV
_:33 £ 0-1e,u 3b Yes 14.8 z 1.89TeV| m(t))=0GeV
S 0 0-1e,u 3b Yes  20.1 z 1.37 TeV m(¥})<300 GeV
w e Db, hlahx. 0 2b Yes 32 |5 840 GeV (‘ )<100Gev
=9 b\b,,hl—nX. 2, (SS) 1b Yes 132 |h 325-685 GeV m(F )<150Gev m()(.) m(E})+100 GeV
% S #f, bl 0-2e,u 1-2b Yes 4.7/13.3 | #17-170 GeV. 200-720 GeV m(t}), m(¥})=55 GeV
@ g ff, r1—>WbX, or p(, 0-2e,u 0-2jets/1-2Db Yes 4.7/13.3 f 90-198 GeV 205-850 GeV ( GeV
§ 2 an, foct) 0 mono-jet  Yes 3.2 i 90-323 GeV m(i))-m(¥))=5 GeV
S 8 #ifi(natural GMSB) 2eu(2) 1b Yes 203 | @ 150-600 GeV m( ?)>150 GeV 1403.5222
35 hhbhoh+Z Be,u(2) 1b Yes 133 |@© 290-700 GeV m( .)<3ooeev
hiy, bl +h leu 6jets+2b Yes 203 i 320-620 GeV m(¥})=0GeV 1506.08616
2ep 0 Yes 203 |7 90-335 GeV m(¥)=0 GeV
2eu 0 Yes 133 | 640 GeV m()’(‘{):O GeV, m(i )=0.5 ~
x,x. X| >v(rv) 27 - Yes 148 |HG 580 GeV §-2016-093
=5 )gi)ggan VILLGY), (PLLTY) 3eu 0 Yes 133 XE :g 1.0 Tev )= 5 12016-096 t
ws XMG—)WX ZXb 2-3en  0-2jets  Yes 203 S 425 GeV (e ; 402.7029
O pir SWRILKY, hobb/WW/rr/yy &Y 02h  Yes 203 )?I,)?E 270 GeV (F)=m(¥
ORS00 5 -kt 4ep 0 Yes 203 i 635 GeV m(P3)=m(3), m(¥})=0,
GGM (wino NLSP) weak prod. 1 e,u+y - Yes 203 |w 115-370 GeV cr<tmm
GGM (bino NLSP) weak prod. 2y - Yes 20.3 W 590 GeV cr<imm
Direct ¥1¥; prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m(¥T)-m(¥})~160 MeV, 7(k7)=0.2 ns 1310.3675
Direct ¥1X; prod., long-lived ¥7  dE/dx trk - Yes 184 | X 495 GeV m(E})~160 MeV, 7(¥i)<15 ns 1506.05332
i Stable, stopped g R-hadron 0 1-5jets  Yes 279 |2 850 GeV m(¥})=100 GeV, 10 ys<7(2)<1000 s 1310.6584
s % Stable g R-hadron trk - - 32 [@ 1.58 TeV. ~4 Q| receostze
&E Metastable g R-hadron dE/dx trk - - 32 |& 1.57 TeV m(¥))=100 GeV, >10 ns - 1604.04520
S 8 awmss, stable 7, Bot@ ey 124 - - 194 |2 537 GeV 10<tang<50 1411.6795
= GMSB, B —yG, long-lived ¥ 2y - Yes 203 |& 440 GeV 1<7(¥})<3 ns, SPS8 model 1 2 1409.5542
28,0 *}PeV/PHV/HHV displ. ee/eu/pp - - 203 | 1.0 TeV 7 <ct(¥))< 740 mm, m( 1504.05162
GGM 3z, /1 —>2G displ. vix +jets - - 203 | 1.0 TeV 6 <cr(})< 480 mm, m( 1504.05162
LFV pp—7r + X, vr—oep/et/ut epLeT,ut - - 3.2 19TV  45,=0.11, disz/133/23= 1607.08079
Bilinear RPV CMSSM 2¢,u(SS)  0-3b Yes 203 1.45 TeV m(@)=m(g), crrsp<1 mm 1404.2500
X WS W) —eev, v,y 4 eopt - Yes 133 i 1.14 TeV ()2?)>4000ev Ai#0 (k = 1,2) ATLAS-CONF-2016-075
XXT, X WY X —1tve,etv, Bep+T - Yes 203 | X 450 GeV ( N)>0.2xm(E), A133#0 1405.5086
u>. 88, qulM 0 4-5large-Rjets - 148 |& 1.08 TeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
o gz g—»qq/\/| , ,v, - qqq 0 4-5large-Rjets - 148 |& 1.55 TeV m()(‘) 800 GeV ATLAS-CONF-2016-057
22, g_.,m,)(l - qqq 1epu 810jets/0-4b - 14.8 z 15TV  m(¥)=700 GeV ATLAS-CONF-2016-094
28, g—ht, [j—bs 1eu 810jets/0-4b - 14.8 g 1.4 TeV 625GeV<m(7))<850 GeV ATLAS-CONF-2016-094
iy, i—bs 0 2jets+2b - 154 & 410GeV. [450-510 GeV AT |S-CONF-2016-022, ATLAS-CONF-2016-084
nh, h—-bt 2e,pu 2b - 20.3 i 0.4-1.0 TeV BR(i; —~be/1)>20% ATLAS-CONF-2015-015
Other Scalar charm, ¢—ct| 0 2¢ Yes 203 |& 510 GeV m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new -1
statyos or phenomena is shown. 10 1 Mass scale [TeV]

03/11/17 itz Backes



Results presented in this seminar

@ Inclusive searches for gluinos and squarks:
- 1L+ 2-9 jets + Eq s [arXivi1708.08232]

@ Searches for direct production of 3’4 generation squarks:
- 0-¢+ b-jets + Eq ;s [arXiv:709.04183]

N\

® Searches for electro-weak production of SUSY particles: \
= 2/3-L+ Eq ;s [ATLAS-CONF-2017-039]

@ Searches for long-lived particles:
- Disappearing track signature (search for long-lived charginos) [ATLAS-CONFE

12017-017]

« All results available on the ATLAS SUSY public webpage:
— https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
(contains 18 results with the full 2015+2016 dataset)
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Part 1 of 4

Inclusive searches for gluinos
and squarks
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Why Inclusive Searches for Gluinos / Squarks?

o —

~ ~
S
( 9 )
\~~ —’I
____________ EL t~R
............ bL LR ]
H

NLO + NLL, pp, Vs =13 TeV

o) : : 0 . . . o
LS R T E, (higgsinolike)
c : ! ~Q .

1) Xy Xy (wino-like)

o ............................................................................ ’W ...............................................................
$ gg_ N .

§ """"""""""" e e T GGl Gengrationy
© LW VO D . G (10x- degeneragy)
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1000 1500 2000 2500
SUSY particle mass [GeV]
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TeV-scale Gluino’s strongly
motivated in the context of
naturalness!

A TeV data /

« Large cross-sections &
large cross-section
increase from 8 TeV to 13
TeV at high mass: Easiest
and most promising
signatures in the first 13

+ Inclusive selections to remain
sensitive to generic new physics
signals



1-¢ + jets + E.™'ss Search: Signal Regions

« Target final state: 1 lepton (soft/hard) + jets + E;™iss
+ Two analysis streams

(1) “2-6 jet stream”: Targeting simplified models with gluino/squark production and 1-step decay via

chargino to LSP

q
p W
I u
T~ X 0
q 1
p WE
q/

mjz:i: — m>~<(1)

Mg g — Mo

1 <

- Two model planes to probe optimal slices of parameter space with x = %2 or variable x

* 4 exclusive signal regions
targeting different mass splittings

* Includes soft-lepton 2J region to

target compressed scenarios
» For discovery: Tight cuts on m.
« For exclusion: Further binning in

Mg and Ny e to (28 regions in
total) to maximise sensitivity to a

SR 2] 4] high-x 4] low-x 6J
N[ = 1 = 1 = 1 = 1
¢ > 7(6) for e(u) and
pr [GeV] <min(5 - N, 35) > 35 > 35 > 35
Nig; >2 4-5 4-5 >6
EFS [GeV] > 430 > 300 > 250 > 350
my [GeV] > 100 > 450 150-450 > 175
Aplanarity - > 0.01 > 0.05 > 0.06
ET™ Imyg >0.25 > 025 - -
Npy-jer (excl) = 0 for b-veto, > 1 for b-tag
. [GeV] (excl) 3 bins € [700,1900] 2 bins € [1000,2000] 2 bins € [1300,2000] 3 bins € [700,2300]
eff + [> 1900] + [>2000] + [>2000] + [>2300]
. > 1650(1300) > 2300(1233)
e [GeV] (disc) > 1100 > 1500 for gluino (squark)  for gluino (squark)

wide range of models
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1-¢ + jets + E.™'ss Search: Signal Regions

« Target final state: 1 lepton (soft/hard) + jets + E;™iss
+ Two analysis streams

(2) “9 jet stream”: Targeting models with higher jet multiplicities:

q q W=+ ) .
2-step W/Z “O-lepton +
multi-jets
pMSSM slice”
example decay chain

SR 9J

Ng = 1

pr [GeV] > 35 « Dedicated 9-jet signal region

Niet 29 «  For discovery: Tight cut on m_¢

E™SS [GeV] > 200 S L .

my [GeV] . 175 For exclusion: Binning in m_ to maximise sensitivity

Aplanarity > 0.07

E™SS [ \JHy [GeV'/?] > 8

m.g [GeV] (excl) [1000, 1500], [>1500]

m.gs [GeV] (disc) > 1500
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-¢ + jets + E.™s Search: Backgrounds

Signal regions

A lepton
Niet or pp

2-6 jet stream: e
------------- 6-jet
- Dominant top & W+jets backgrounds: . Control regions e
. . . Niet 0r pp?'™" Normalise MC prediction to data et Tow ‘ |
- Dedicated control regions in each m it high-x | ] |
bin + extrapolation to validation and 6-jet |
signal regions et | | e
« Other Backgrounds: Z+jets, tt+V, di-boson setige] || |

2-jet /

extrapolate with MC over well-modelled variables
(‘mr/E3Aplanarity )

-  From simulation

it extrapolate bin-by-bin
(one normalisation factor per bin)

9 jet stream:

= 500F | ‘ .
« Dominant top & W+jets background: & 450 '?lre’;toAn Sﬂ.etHEmiss—i
- “ABCD” method based on invariance of 3 400[- T .
transverse mass with jet multiplicity 350 CR A VR m; SR9J -

(~valid for tight cuts on m.) 300k sy >007

- Simulation-based closure parameter to 250; D’ D ,
correct for residual correlations 200 E

- Validation using ABC’D’ and ABCD” : -
setups 1S0F crA VRN, D™

« Other Backgrounds: Z+jets, tt+V, di-boson 1007
- From simulation 50F CRB CRC SRR
T

et
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0.4

0.2

-¢ + jets + E.™s Search: Interpretation

Full statistical combination of 2-6 jet stream exclusion regions

&9 - qqaaWWZR,, x = ((E) - m(%) )/ (m@) - m(x) ) = 172
— T T T T T T
c ATLAS ATLAS 13TeV, 320"
— observed -
E (s=13TeV,36.1 10" D 3]
il ) iss . expected ]
Folelu+jets+El ATLAS 8 TeV, 203167
[ Observed limit (+15p.5") observed A
[ === Expected limit (+10,,,) expected ]
E Alllimits at 95% CL 3
E. . M
250(
m; [GeV]
§-g - qqqqWy
R LIS |
ATLAS q q ) ATLAS 13TeV, 321" —
r e [ observed 7
[ (s=13TeV, 36.1 fo" - - expected ]
: = === Expected limit (ﬂ“exp)
[ 16/ +jets + E™ ATLAS 8 TeV, 20.31b" |
C T Alllimits at 95% CL observed ]
L expected —
1 -
_ ]
P ]
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1400

9 jet stream
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Putting it into context + other results

2500—'—||||||||||||||||||||
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@clusive 0-¢ Searc}

May 2017
I —

[ ATLAS Preliminary {s =13 TeV, 14.8-36.1 f5'
- g— qu , O-lepton, ATLAS-CONF-2017-022 /
- — g qW , 0-lepton, ATLAS-CONF-2017-022
B g— q@N~ , 1-lepton, Custom overlay by M.Backeg
g— quNZi = 7-11 jets, ATLAS-CONF-2017; 733 N
g— q@NZ" SS leptons, ATLAS-CO #17-030 /
g— ttx SS leptons, ATLAS-CONFA2047-030 7
g— ttx = 3b jets, ATLAS-CONF~2417-021 1
g— bbx = 3b jets, ATLA KF-2017-021 i

e\ -~ »/

4&\‘\“

L |
Latest 1;lepton limits gverlayedimyM-B.j | , |,/ |/,
1000 1200 1400 1600 1800 2000

m(@) [GeV]
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Part 2 of 4

Searches for 3 Generation
Squarks

03/11/17



o,

A tr tr
R e
i1
“_._
natural SUSY
NLO + NLL, pp, Vs =13 TeV

LS R T XX (higgsino-ike)
g : : ~) . :
o X% (wino-like)
B 403 b N B S S
& — 99 : |
% ~F .
o
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oE

AR T Wm— ---------------------- a'a-(ﬁ()x-degene-raézy-) ------------------------
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Relatively light stops O(1
TeV) strongly motivated in
the context of naturalness!

In terms of cross-sections
at the LHC our next best
bet if no gluinos or 1st/2nd
generation squarks found

~
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Stop 0-¢ Search: Overview

- =4
* Final state: c
- b-jets + Eqss (NO leptons!)
b q
q
P ot
t W <0
--" X1
=< =0
== X
LN !
p q
b 1 : :
/ Signal Regions A & B \
> — T T 1 T T 1 — 1 1
S 00l VeriaTev. 36.1 ! 2 o ] « Boosted regime: 3 orthogonal top reconstruction
S [ preselection + m;"™">50 GeV Ei o ] categories based on large-R jet mass requirements:
2 i ingle Top |
g T I ] @ 2 tops
- = —
20001 0 ] @1 top+1W
— Diboson —
- !ZOX(R,)N(?):(BOOBOO)GeV — @ 1 top Only
- 100 x (?13:’):(1 000,1) GeV ]
1000— ] . .
1 ¢ Signal regions A:
1 - Tight requirements E; ... & my, to target high
0 mass region
2.0t e e e e e T e T T T e e T T —
R el s E - _ .
S 10ES e R RN 88 8. 887 ¢ Signal regions B:
a gg— """"""""""""""""""""""""""""""""""""""""""""""" E - Looser requirements to target intermediate

o
_
o
o
n
o
o

J

300 400 mass region
Mgy, pt.2 [GEV] /
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* Final state:
- b-jets + Eqss (NO leptons!)

Stop 0-¢ Search: Overview

=1t

S

-
Signal Regions C

* Exploit initial state radiation for\
sensitivity in near diagonal region

(Mggop ~ My + My gp)

+ Scan regions of R g (ratio of
Et miss and p;'SRin CM frame)

miss
ET m>~<0
ISR
Dt

Rispr =

» Additional recursive jigsaw
reconstruction based kinematic
variables in the ISR and sparticle

hemispheres
\ /

03/11/17

Signal Regions A & B

* Boosted regime: 3 orthogonal top reconstruction

@ 2 tops
@1 top+1W
@ 1 top only
« Signal regions A:
mass region

« Signal regions B:

mass region

- Looser requirements to target intermediate

categories based on large-R jet mass requirements:

- Tight requirements E; .. & m, to target high

_/

Moritz Backes
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Stop 0-¢ Search: Overview

Signal Region E
- Sl9naired )

+ Targets gluino-mediated stop production with
highly boosted top quarks

* Am(gluino,stop) large, Am(stop,LSP)= 5 GeV
* Requirements on 152" |leading large-R jet mass

Tight Et misss Hr @nd Ex e/ VHy selections

an
\

( Background Estimation

Dominant backgrounds:
- Z(>vv) + heavy flavour jets [2( CR]

- tt[1{CR], tt+Z(>vv) [1¢+1y CR ]

« Subdominant backgrounds:
- W + heavy flavour jets [1/ CR],
- single-top [1¢/ CR]
- Multi-jets [Multi-jets CR]

» Semi data-driven background estimation with
simulated based extrapolation to VRs & SRs
- Leptonin 14 CRs - jet

- Leptons in 20 CR 2 Priss

\ ~ Photon = prpics J

Events / 50 GeV

Data / SM

03/11/17 Moritz Backes
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Events / 200 GeV

Data / SM

Events / 50 GeV

Data / SM

Stop O- Z Search: Results
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Stop 0-¢ Search: Interpretation

Top squark pair production, B(t —t" ) =100%
;‘ 900 : T | T T T | T T T | T T T | I T T I T T T : —
8 - ATLAS L Observed limit (£1 GZUSY) . %
............... ory
— 800 — — o}
sz - ) Expected limit (£164,,) - é“
700 \s=13 TeV, 36.1 b B ATLAS 20 b7, (=8 TeV
E Limits at 95% CL E
600 — -
- SRA+SRB+SRC+SRD+SRE 3
500 —
400 =
300 |- =
200 [~ =
100 |- —
0 Cc v/ h o v Ly i L ]
600 1000 1200
m. [GeV]

.

Simplified model with 100% branching
fractionstot > t + LSP:

— Bounds up tom
LSP masses

— Stop mass range 250-430 GeV
excluded @ in diagonal region
where mg,,, ~ m; + m gp

~ 940 GeV @ low

stop

stop

J

g pair production, B(g — tt - tx +soft) = 100%

200 C )4-"-’_)4 T Observed limit (+1c,_>) ]
1800 - Expected limit (+16,,,) ]
- . ] ATLAS stop1L 13 TeV, 321" 1
1600 [~ 's=13TeV, 36.110" oy ATLAS incl 1L 8 TeV, 20310 -
- I ATLAS monojet 13 TeV, 3.2 fb™ ]
1400 [~ Limits at 95% CL 7
1200 |- SRE -
1000 | -
800 F =
600 = -
400 E
200
0
800 1000 1200 1400 1600 2000

Gluino-mediated stop prod-

uction up to mgy;;,, ~1.8 TeV
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Putting it into context

tf, production, > b ¥, /t—>cX, /> Wb, /Tt %,

[ Stop 0-¢ Search

Stop 1-¢ Search with

Status: May 2017
revised September 2017

O
dedicated SRs for 2/3/4\\\
body decays S 600

Stop 2-¢ Search provides

strong unique sensitivity for

3/4 body decay scenarios

ﬂ\lew results from Mono-je

Search (not yet on this plot):

i, production, T, bff'i?

= 600 : R
0] r ATLAS Preliminary  Vs=13 TeV, 36.1 b7~ 1
) 550 Al limits at 95% CL
s E ;
S [ ZZ Observed limit (£105US")
500 e %,
= £== Expected limit (£164y,) -

450 F  Expected limit £2 6,
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400

e

260|

J.IIIlIIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIIII|IL
__ ATLAS Preliminary \s=13 TeV
T~ i Wb 0L 36.1 fb' [CONF-2017-020]
= {7 /T WbE /T bifF 1L 36.1 fb”' [CONF-2017-037]
—/= Tt /f Wb g /T bify 2L 36.1 fo' [CONF-2017-034]
i, Monojet 3.2 fo™' [1604.07773]
— 1s=8TeV, 20 fb" Run 1 [1506.08616]

—— QObserved limits ==== Expected limits All limits at 95% CL
7 , é\‘,
’ Lo, PR
x@é/ e%“\\/ —""-—, \\\
& / ‘Q\ e N

IIIIIIII|IIII|III
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Putting it into context

[ Stop 0-¢ Search

Stop 1-¢ Search with

tf, production, > b ¥, /t—>cX, /> Wb, /Tt %,

Status: May 2017
revised September 2017

O
dedicated SRs for 2/3/4\\\
body decays S 600

Stop 2-¢ Search provides
strong unique sensitivity for
3/4 body decay scenarios

500

400

ﬂ\lew results from Mono-jet
Search (not yet on this plot):

i, production, T, bff'i?

= 600 . : . T x
[0} r ATLAS Preliminary  Vs=13 TeV, 36.1 b7~ 1
) 550 Al limits at 95% CL 3
s E
€ [~ Observed limit (+165YS")

500 - - 3,4 =

E 5 Expected limit (1 Gey;) @,\f p
450 Expected limit £2 o4, 4 —

8

__ ATLAS Preliminary
—&\—i—)t%?/i%Wbﬁ

= {7 /T WbE /T bifF
Tt T Wb X, /T b iy,

b

T ~0
— C X1

—— \s=8TeV, 20 fb™

4 /

J.IIIlIIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIIII|IJ_

— QObserved limits  ==== ExpecteczlQ limits

\s=13 TeV
0L 36.1 b [CONF-2017-020]

1L 36.1 fb™' [CONF-2017-037]

2L 36.1 fb' [CONF-2017-034]
Monojet 3.2 fb™' [1604.07773]

Run 1 [1506.08616]

All limits at 95% CL

/7 ==

IIIIIlIIII|IIlI|II[III

IIIIIIII|IIII|III

Still uncharted territory:
m(stop)-m(LSP) = m(top)

’

L 111
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Part 3 of 4

Searches for EW Production of
SUSY particles
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Why Electro-weak SUSY Searches?

mass _
\
1
/7
~l @

g hot 3
::::::::::::lt;L ----- TR A
L - -l - - -
YL ol T
(' H “ tree-level
M- \~~~ _,1’

natural SUSY

NLO + NLL, pp, Vs =13 TeV

~x~0

B T %%, (higgsino-like)

L%, (wino-like)

~~

1 1 1 1 ' 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 -
0 500 1000 1500 2000 2500
SUSY particle mass [GeV]
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Light electroweak particles well
motivated in the context of
naturalness (Higgsinos!)

Searches are challenging due to
low cross-sections (3-5 orders of
magnitude below gluino pair
production!)

But typical low-background multi-
lepton signatures make these
scenarios accessible

Lack of evidence for coloured SUSY
particles and large amounts of data
collected @ 13 TeV are strong
motivation to search for EW SUSY
now!



 Search for direct electro-weak production of SUSY particles in 2/3 lepton + E; .. final
states with 3 dedicated analysis streams

sleptons

» 2 categories of
selections:
- SFOS (e*e"/y*p): 13
SRs binned in mq,
and m,,
- DFOS (e*|ff): 4 SRs
binned in mq,

\_

|
p ) : p
L. X4
> E\i* X
p p
4

2/+ 0 jets stream
K Targets models with \

2/+ 2 jets stream
K Targets WIZ-mediatD

decay

» Dedicated SFOS (e*e/
M*u) SRs for large /
medium and small
mass splittings Am
(X% /%*4,X%1)

« Small Am regions exploit
ISR vs. W+Z+invisible

\ recoil

/.

3/ stream

At least one SFOS pair\

(e*e’/ )

W/Z-mediated decay:

- Binned signal region in
Z mass region

Slepton-mediated

decay:

- Binned signal region in
Z mass veto region
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Bkgs. & Results: EW 2/3-{ + E

2/

(.

Irreducible BGs:

+ 0 jets stream & 2/+ 2 jets stream

Dominated by diboson then tt and Wt

~

MC normalised in dedicated CR for 2+ O jets
- Taken from MC for 2¢+ 2 jets

* Reducible BGs:

- Z+jets with fake E; s (from MC for 2+ 0 jets / y+jets
events for 2¢+ 2 jets )
Fake / non-prompt leptons (data-driven method)

-flrreducible BGs:

Search
~

- Dominated by diboson WZ
(normalised in dedicated
CRs)

Reducible BGs:

- Z+jets, tt, Wt, WW with =1
fake / non-prompt lepton
region (data-driven

3/ stream

\ / method)
> 10g—T T 77— T - T s T > (FT T T T T T
& ATLAS Preliminary e  Data 4 ATLAS  Preliminary ety Toltl S g 10 ATLAS Preliminary o Data
o 10° Total SM 10 — s sjets Q . Total SM
. _ Vs=13TeV, 36.1 fo" 5 2 UE Ve-13Tev, 361" =
> 10° s=13TeV, 36.1 fb"' I 7y +jets 10° s= ev, 36. Reducile 2 s=13 TeV, 3o. YW
c — ;Zfiucible SR2-int/high mmim (M ‘e(:,m )=(500,100) GeV Q 10 ;
2 10° L. SR2-SF-loose Other 102 (m%m/$)=(400,200) GeV @ E  SR3-WZ-1b 99S
w == (mrm?)=(4oo.5,1) geg 10 . )=(500,100) GeV
0 (mem) = (5005,1) Ge 10 10 - (nﬁ;z,m;)=(4so,150) GeV
1 1
107 o] ... BRI R T/ " e [ S T
L
10°2 -2 [ I s i o
A e 10 , '
.
s ,E $ | 25
9 2E ‘ 1 47 / 2 e / (/23
s ;§§§ 8 G A iy 1.51— . _+_ / s e e b
8 E e 05 —e— a
C L L LAy « L L
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- No significant deviations from the SM expectation
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LHC Run-1
8 TeV results + ...

EW 2-f Search

May 2017
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ATLAS Prel

Putting it into context

[EW 3-¢ Search ]

[EW 2-({ Search ]

minLry {s=8,13 TeV, 2p.8-36.1 fb

/v 2I, ATLAS-CPNHF-2017-039, arXiv:1403.5294
via IV v 2l arXiv:1549.07152
. 2t, ATLAS{CONF-2017-035, arXiv:1407.0350

IIIIIIIII

21+3I, ATLASFC(DONF-2017-039, arXiv:1509.071
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— Qbseryed limits All limits at 95%jfCL

2t, ATLAS-BQNF-2017-035

I+41, arXiv:1$0p.07152
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Part 4 of 4

Searches for Long-lived
Particles




Disappearing Track Search Qverwew

If lightest chargino & neutralino are
almost pure Wino (e.g. in Anomaly
Mediated SUSY Breaking)

— Mass degeneracy: A m(x*;, x%)
~ 160 MeV

— Chargino long-lived: 1~ 0.2 ns
— Sizable decay length: ct ~ 6 cm

Chargino decays into ultra-soft pion
and neutralino

Experimental signature to discriminate
against SM backgrounds:

— Disappearing track

— Large Eq;ss from LSP

Run-1 search was sensitive to
disappearing tracks with decay
lengths starting from 30 cm ~ 1 ns

New insertable pixel B-layer (IBL)
installed during long shutdown opens
up window to shorter life-times

(ct ~ 12 cm) for the very first time!

03/11/17

New Run-2 search

Run-1 search (~12cm)
(~ 30 cm)

Ermiss T PiON (very soft) + disappearing track
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Disappearing Track Search: Overview

* pMSSM reinterpretation of 8 TeV ATLAS SUSY searches [JHEP 10 (2015) 134] showed that Run-1

analysis excluded ~30% of Wino-like models

. ~70% of the Wino-LSP models included in Analysis . All LSPs | Bino-like | Wino-like | Higgsino-like
the pMSSM scan have lifetimes of 0-lepton + 2-6 jets + Eﬁn‘“‘sls 32.1% 35.8% 29.7% 33.5%
0.15-0.25 ns 0-lepton + 7-10 jets + E&nfss 7.8% 5.5% 7.6% 8.0%

0/1-lepton + 3b-jets + EX™ | 8.8% 5.4% 7.1% 10.1%

o _ 1-lepton + jets + Efss 8.0% 5.4% 7.5% 8.4%

- Avery generic lifetime range in MSSM! Monojet 9.9% 16.7% 9.1% 10.1%
SS/3-leptons + jets + Exss 2.4% 1.6% 2.4% 2.5%

- Strong motivation to search for 7(7/t) + jets + Emiss 3.0% 1.3% 2.9% 3.1%
disappearing track signals with shorter 0-lepton stop 9.4% 7.8% 8.2% 10.2%
decay |engths! 1-lepton stop 6.2% 2.9% 5.4% 6.8%

<103 2b-jets + ERiss 3.1% 3.3% 2.3% 3.6%
- ——— —— —2 2-leptons stop 0.8% 1.1% 0.8% 0.7%
% N 8 . aus j1 e Monojet stop 3.5% 11.3% 2.8% 3.6%
o E £ Stop with Z boson 0.4% 1.0% 0.4% 0.5%
5 B th+Ems sto e 1 .
g 0.8 Pixel-only tracklets 4,:61:@ ’ o ’ 0% ’ 3%
3 I improve efficiency! 2epto VIOSt powerful search 0.7% 1.6%
2 0'6__ 5 2-7, elec for Wino-LSPs ! b 0.2% 0.2%
§ i %5 3-leptons, elee 087 % 1.1% 0.6%
% 0.4_— = 4-leptons 0.5% > 0.6% 0.5%
I (EW prod. m;. =400 GeV, 7. =02 ns] s Disappearing Track 11.4% 0.4% 29.9% 0.1%

0.2 * Pixel tracklets 0.4 '*§ Long-lived particle 0.1% 0.1% 0.0% 0.1%

g landaiditeche 05 I H/A =147 1.8% 2.2% 0.9% 2.4%
O_ P hﬂ ! : 0 Total 40.9% 40.2% 45.4% 38.1%

0 200 400 600 800 1000
Decay radius [mm]
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Disappearing Track Search: Overview

Electroweak production channel *  Gluino-mediated production channel

p
N
X1 N
D N
N\
T
ISR jet + Ey;;ss + disappearing track Multi-jet + E; ;s + disappearing track
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SCT

Pixel

Disappearing Track Search: Backgrounds

Hadron bkg. Lepton bkg. Fake tracks
v % : ]J
s I :

P | G G o 4
] I ) L n X
]
. Material interactions
[ ]
Z/ S _
= [} —n [}
X N X
o ! o

i ]

/ N~

Signal / Chargino

Simultaneous fit of tracklet p; distribution using templates for the 3 backgrounds (+ signal)

3 3

+

* Hadron / lepton templates obtained from
data control samples without material
interaction

* Smearing with resolution function (from Z
-> Py events) to match tracklet py

* Fake track
template obtained
from data control
region with large
d, significance +
no Eq s S€lection

A

spectrum * Extrapolation to
large Eq iss
checked
03/11/17

Moritz Backes

* Template from MC
smeared with
resolution function

* Smearing
parameters from
muon data
sample corrected
for muon /
chargino
differences in MC




Disappearing Track Search: Backgrounds

Hadron bkg. Lepton bkg. Fake tracks Signal / Chargino
. ] \ /
5 Tracklet p; spectrum Tracklet p; spectrum —
0
T | 2 10°EATLAS Phlimirary T A 2 ¢[ATLASPhiminary L ] |
© E y 3 o 10 Y —e— Dat E
% 10} FVs=13TeV, 361107 -“- Faketrackiet 3 X Efs=18TeV, 361007 .o “Fniki tracklet
- R M - ion e uon -4 |
_ @ 102 £ Strong production HadronElectron LIS 10°gEW production HadronElectron 3 |:
) — 10°FHigh ET® region - Signal 1 = ,~20High ET®region e Signal E
X 10 i T —— Total Background ] 10 —— Total Background § |
o E 3
1F E
{ 107F
1072F- . -
: 107°F i . :
Simu 10-4F 5 - signal
10°° E (g M) = (1600 GeV, 500 GV, 0.20 1) "‘I" 1078 (my. %) = (400 GeV,020m5) r_
(D 2 : ::::::I‘. I : ::::::I : : : :::::I o 2 T T I|||||| T T I“IIIII T T T |||||| frlom MC
*l @15 s @ 15 i1 with
I = W% P TR A st s 1 function
il 8 0.5 S 0.5 &
o Ll Ll Ll o el Ll Ll
) 0736 100 200 1000 10000 %0 100 200 1000 10000
*y Tracklet p_[GeV] Tracklet p_[GeV] [IS from
PP EVETITS U TTITatCIT TaCRIe T P ETmiss selection oo uata
spectrum ’ sample corrected
* Extrapolation to for muon/
large Eq iss chargino
checked differences in MC
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Disappearing Track Search: Results

'_'1800 T T T LI L LI L 17T LU
. . g . . > LT I I o [T T [ I ]
- No significant deviations from the Standard Model & L Erpocted sss cLtimit (4 6" :
expectation IT; 600— ATLAS (13TeV, 36.1 fb, EW prod. Obs) ]
- m.=m.. u
S ool - EaNg -
L . . [ ATLAS Preliminary ]
« Limits set in EW and strong production channels: 1200 3=13TeV. 361 o ]
. . . [ Te= 1.0ns ]
— EW Production: Significant improvement w.r.t. 000 ]
Run-1 at lower lifetimes - §
— Strong production: Reaching to 1.4 (1.1) TeV in A Production ]
chargino mass for lifetimes of 1.0 (0.2) ns 6001 1.0 ns ]
tanB =5, u >0 4001 “
'z‘ 1OEI | L L J.~l. T T LI F\_ T IBI | T Il'l; T ] : ;f :
'_H' i TS 3 ] ;' 200 N | I| ——+ I —— I 4 l } |I { |' —— || —— |I ——t ]
G gk ] ) | - Observed 95% CL limit (1 o, y) i
al i 0 - -...... Expected 95% CL limit (+1 6, -
) j: 600= ATLAS (13TeV, 36.1 fb™", EW prod. Obs.)
B 7 = m.=m_. -
Sl T =
18 EW Production E - ATL@: z’/re;":;n;f{ Strong ]
- i 1200 00 Production -
g'g' . i rr ) ~ 0.2ns .
LT il 10001 : -
0.2+ ’./,.— -----.....:’.:‘. ............................... - C ]
ok ATLAS Preliminary _ 800[~ -
S Vs=13TeV, 36.1 fo' ] - , 1
- - Observed 95% CL limit (+1 6, . ) - 600 | 7
0.04F 7 ... Expected 95% CL limit (+10,_) 7 k ]
0.03 - ——— ATLAS (8 TeV, 20.3 ib™, EW prod.) | 400 ]
002, .. Theory (Phys. Lett. B721 252 (2013)) L \ i
ALEPH (Phys. Lett. B533 223 (2002)) r Ny 7
0.01 | | 11 1 1 | 111 1 | 111 1 | 111 1 | 1 11 1 | 111 1 200 y l " I —— I ~— I g I . l —
100 200 300 400 500 600 700 800 1000 1200 1400 1600 1800 2000 2200
m.. [GeV] m; [GeV]
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Putting it into context

Status: March 2017

~t A~ :""0 ~ 0
W] = e R

18.4-20.3 fb™', Vs=8 TeV

Pixel dE/dx Eur. Phys. J. C (2015) 75:407
Disappearing track Phys. Rev. D 88, 112006 (2013)
o Stable charged JHEP 01 (2015) 068

36 b, Vs=13 TeV

Disappearing track (pixel-only) ATLAS-CONF-2017-017 .

- ©O- - Expected limits
—e— Observed limits

95% CL limits.

o3YSY not included

theory

= ATLAS Preliminary T
= i e
- Ll g
— 1 1 QO
- - HE ]
: 1 1 1 )
— 1 |1||; Lol I| 1; e
107 1 10 ;
(r for n=0, By=1) i Inner Detector i Calo iMS;| = [ns]
IIII[I| | Iilllllll | | IIIIIII: | | illlli |
1072 107" 1 10
ct [m]
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Summary & Outlook

« Thanks to the fantastic performance of the LHC ATLAS has carried out an extensive
search programme for SUSY leading to currently 20 public results using the full
2015 + 2016 dataset of ~36 fb-1 at 13 TeV

* No significant deviations from the SM

- Significant boost in sensitivity excluding gluino masses in some scenarios beyond
2 TeV!

* More interesting results to come in
particular for electroweak searches.

« An additional ~43 fb-! of data from the
2017 campaign are ready to be
analysed.

- Stay fine-tuned for further news!
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The ATLAS Experiment

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr electromagnetic calorimeters
Muon chambers Solenoid magnet Transition radiation tracker

Semiconductor tracker
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ATLAS Inner Detector (ID)

* Consists of three subsystems:
- Pixel detector
- Silicon Microstrip Detector (SCT)
- Transition Radiation Tracker (TRT)

« Coverage up to |n| < 2.5
 Immersed in 2T solenoid magnetic field

Solenoid magnet

Transition
Radiation Tracker

Pixel/SCT
detector

- Reconstruction of charged particle
tracks (e.g. from electrons, muons,

hadrons)
Vertex reconstruction
Particle ID (TRT)

N2\%
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ATLAS Calorimeter System

 Electromagnetic and Hadronic
Calorimeters

« Coverage up to |n| <4.9

- Electrons and photons deposit their energy
in form of electromagnetic showers in the
electromagnetic calorimeter.

- Hadrons deposit their energy in form of e
hadronic showers in the hadronic
calorimeter (reconstructed as “jets”)

romagnetic
rimeter

Solenoid magnet

Transition

Pixel/SCT
detector

- Muons leave small energy
depositions in the calorimeters

" g g - Neutrinos escape undetected but
. the missing transverse energy
E+miss IS reconstructed.
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ATLAS Muon Spectrometer (MS)

Precision tracking and trigger chambers
Coverage up to |n| < 2.7

Immersed in toroid magnetic field Mo

Chambers

Muons leave a track in the muon
spectrometer

Hadronic
Calorimeter

Proton
Neutron| /
L. S 4

romagnetic
rimeter

\
Solenoid magnet \\Photon :

Transition

/ Radiation Tracker \ 3
Pixel/SCT y
ixel \\

detector
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RPV 1¢ Search — Overview

» Search for new physics in lepton + multi-jets (up to 212 jets) final state
 Defining feature: No m; or E; ;s requirements
- Final state has been actively asked for by the theory community, e.g. [arXiv:1310.5758]

+ RPV SUSY simplified models with gluino and stop pair production used as benchmark:

/ 1-lepton + multi-jets selections

« 1e/pu>30GeV with tight ID and isolation requirements (to counter fakes)
- 3 analysis streams with jet p; > 40/60/80 GeV
« Events in each stream categorized:
® Niets: 9-7 jets used to build background model only, 8 - 212 jets used as
signal regions
@ Np tags: 0,1,2,3,24

= J
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RPV 1/ Search: Backgrounds

«  Dominant backgrounds: tt+jets @ high Ny et and V+jets @ low Ny, > data-driven estimate
Basic concept: Parameterised extrapolation of Ny, spectrum from medium to high N,

I

N b-tag N b-tag N b-tag b-tag

[ trjots

* Initial shape from 5-jet selection + evolution to higher N, para- * From MC for each
meterised with fixed probabilities of additional jets to be b-jets Nie slice

* N evolution predicted with parameterised model based on combination of staircase and
(extended) Poisson scaling of N, ratios r; = N;,4/N; with scaling parameters c;

ri=|col+|c1/(J +C2J

-  Simultaneous fit of shape & normalisation in all considered bins:
- Discovery setup: Only N, ., ==0, 23 bins considered as SRs. Orthogonal bins with small
signal contamination used to constrain background model.
- Exclusion setup: All N, / N, ,, bins used to constrain model.

Normal-

«  Other backgrounds: multi-jets (data-driven matrix-method estimate), diboson / single-top / tt+X (from
simulation - mostly < 10%)
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RPV 1/ Search: Validation

« Scaling of N

jets
tt di-lepton selection (data validation)
tt di-lepton selection (MC closure)
tt+jets + lepton (MC closure)

0.8
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o o o
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o

|

ATLAS
Vs=13TeV
36.1 fb”!

tt + jets
Data dilepton

jet P, > 40GeV o
jetp.>60GeV o MC dilepton
jetp,>80GevV O MC l+jets

Parameterized scaling

tt+jets validation
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normalisation validated in data and simulation:

v’ ytjets control selection (data validation)

v' multi-jets selection (data validation)
v’ WH+jets / Z+jets (MC closure)

[~ T T T T T T .|
= ATLAS — jetp,>40Gev ® Datamultiets |
E (5=13TeV jetp, »60Gey ® Data yeiets 3
— 358nbT-36.1 b7 ! 4 MCWsjets — —
= o= 3o —— jetp, >80GeV ¢ MC Zijets =
= Parameterized scaling =
e i =
- R S . ]
el - Sl ST ETPE R EEE :----4—~—|1 ----T ----- =]
E | | | | 3
G e TG S 3
E‘ -t ———1 N = :
= —— 1 —
= T -
e T S R =
e Y L — A : - T ey, e =
E = '_‘é_‘“—tls % |
b _ﬁ_:ézp L
Vi .._o—v—|_{7_. t | _
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RPV 1/ Search: Results
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RPV 1/ Search: Results
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RPV 1/ Search: Interpretation

Limits on 4 RPV SUSY
models

Up to ~2.1 TeV
gluino mass
depending on
model

Up to ~1.25 TeV
stop mass

Limit on SM 4-top
production of 6.5 x
SM (9.1 expected)
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Displaced Vertex Search - Overview

« Search for long-lived massive particles in the lifetime range O(10-2) — O(10) ns
« Split-SUSY inspired simplified model as benchmark

q
long-lived q . :
p * Long-lived gluinos form bound
I-— < >~<(1) colour singlet states with SM

g
aggglﬁlf’g7 particles (R-hadron) - decay

QQQ% . Jecoupled at high mass in the inner tracker volume
g -

=0
<
) [ Large-R tracking ]
long-lived q /
q T T T T T T T T T T T T T T T T T

- ATLAS Simulation
125 5o13Tev

- Split-SUSY Model, §—qa %
1__ R-hadron: m§ =1200 GeV,

{=100GeV,t1=1ns ]

« Experimental signature: Displaced vertex (R
~ 1-100 mm) with high track multiplicity (=5)

:.t... L 4 Standard Tracking

Vertex reconstruction efficiency
o

and high mass (>10 GeV) + Eqiss '8:_: + +*++*+++ } Standard + LRT
0.6 4 } -
« Use of specialised large radius track 0l +,+ +++++++ } i ++ ++ + E
reconstruction with extended d,/z, windows T $t ++ \ ++++ +++ 1
to reconstruct displaced vertices within R,|z| < 0.2 ++++++ ; t e
30 cm i (0 |+ pattoretier atett o oue ud ..+ .+ . +!;
[ Standard tracking f 100 18020 250R >0
[mm]
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Displaced Vertex Search - Backgrounds

ATLAS Vs=13TeV,L=3281b"
e

* Hadronic interactions with detector material - 300 T e e =
Produces displaced vertices: Ezoo: ! S
c - @
— Background significantly reduced by removing i L L £
- - " . . | >
material-rich regions from fiducial volume (maps 100 3
. . . . ' i b
based on minimum bias data) - Discards 42% of L 3
detector volume -
: I : : e -100 A 2
— Residual contribution estimated with exponential fit - I T
. . - O
at low mp,, + extrapolation to high mp,, 200 % o
. . _300:‘ L T I R 1
+ Close-by short-lived SM particle decays > Merge —300 -200 -100 0 100 200 300
into common vertex thus passing N, and mp,, cuts x [mm]
— Estimated by merging vertices from distinct events 20oATLAS (5= 13 TeV. L2328 1"
= [ TR G 0 B gy
randomly [ 3
T 2500 10° 8
« Accidental crossing of low mass vertices and tracks a 5
: : , 200 2
—> Used in vertex reconstruction thus passing N, and : g
mpy requirements 150 10 3
I—— [«}
— Estimate by adding pseudo-track to vertices in a 1005 S
control region - 10 2
50 o
- Several dedicated signal-depleted validation regions I ‘

Ol v b v b b e
-300 -200 -100 O 100 200 300 1

Z [mm]

used for cross-checks

03/11/17 Moritz Backes 61



Displaced Vertex Search -Results

o Am"\'; T omsimit(m =14 Tew)
. . . c I S= _ - xp limit (£1,2c ]
« No event is observed in the SR: Consistent S rogle=iaT e;’gg;féff“ Zb‘;'“mitt‘(n: zzegiev)—;
with the background expectation of 0.2 + 0.2 & [ Goad, m, =100 GeV 2224 ey imit (41,26,,,) ]
e AT =
events S
(&} L i
S10'F E
* Exclude long-lived gluinos up to 2.3 TeV with E O (PP-T3), my=1.4 TeV -
lifetimes of ~ O(10-2) - O(10) ns 50 F E
g8 i ]
(mé, m., T§)=(1400 GeV, 100 GeV, 1 ns) :)10,3 L Oniomu (PP—Q), m=2.0 TeV B
X, g E
= 102 - ' ] 3 a r ]
Q) JTLAS : : _9 1074%— 1 1 llIIIII 11 IIIlIII 1 1 llIlIII 1 1 lIllllI 1 1 IIIE
O, S=13TeV, L = 32. Sﬂ 1 % 10 102 10 ] 10 102
Z 50 | 1 1 > © [nel
e 40 : i ° %‘4000_""|""|""""|""|""|""|'_
: L - ATLAS .
30F o B | S {1131 8 S . Fieiatev, Lszsmp — Obsimit (o35 3
171 ; . e 1= - All Ilmlts at 95% CL ===+ Exp limit (¥16,,)
20 L 314 1 1 i . > : geqqx m —100 GeV ]
512 3 ' . Z 3000~ =
s21 BB : R Vertex Yield C N
" 185 + 4 - _
| 1126 4 . g oo | 4 25001 —
10 5 & . 10 s e —— ]
[ 1573 4 T L ]
[ 1700 4 ’ 2000|577 —
1734 5) - ™
5F 1831 7 L .
4F 1872 3 w1 . 1500 .
jeze 4 [ I . . . 1 0—2 - .
2 3 4 5 6 1 O 20 30 1 ooo 2I 1 I_I I I5 11 I_|1I 1 I_Iol tl_) 1 1 1 OI 111 IOI5I 1 1 1 .11 111 I-| I&—)I

log (t/ ns)
DV r]Tracks "
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Inclusive 0-¢ Search: Overview

+ Final state: 2-6 Jets + E;,,.c (no leptons!) Hy = Zp°,

meff = HT + ET,miss

- m.4-based Analysis Stream ~

* 24 inclusive SRs using the effective mass as final discriminant:
- 22/3 jet regions - direct squark decays
- 24/5 jet regions - direct gluino decays
- 25/6 jet regions - gluino/squark decays via x* with W bosons
- 22 large-R jets & gluino/squark decays with boosted W bosons
> Scans of My, E;iss/Meg; OF ET,mis,sI\/HT to cover variety of mass

. spectra )

not orthogonal but
complementary

v

— Recursive Jigsaw Analysis Stream ~N

* 19 inclusive SRs based on the recursive jigsaw reconstruction
technique:

- Impose specific decay hypothesis on event and assign four-
momenta to invisible states.

- Compute kinematic variables in the frames of the intermediate

hypothesized particles

\_ _J
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Events / 200 GeV

Data/ MC

Events / 200 GeV

Data / MC

Inclusive 0-¢ Search: Backgrounds

» Dominant backgrounds estimated in 4 CRs for each SR - extrapolation to VRs/SRs with transfer factors (TFs)

add Y to pT,mi_ss

+MC TF

Events / 200 GeV

Data / MC

jet resolution

treat £ as jet

+MC TF

SR (Meff-4j-2200)
1oL ATLAS Preliminary O opEmomndznie ]
15=13TeV, 361" [ wajots E
Meff-4j-2200 [ ] t(+EW) & single top ]
10° — [ Z+ets =
[ Diboson E
e B Muttjet 1
102 2 % - - gg direct, =
E | . m(g, 2%)=(1800, 800) 3
L b
10 3
i ﬁ| I%
Jll..il....l...l .\.JE

1

o

RN

=

.,y/m///y//‘y//‘//,g/,,/y/*/ % %/% %
.5

7000 1500

A

L L B e L N
10 E ATLAS Preliminary o Data 2015 and 2016 E
C 4 — SM Total ]
10t 's=13TeV,36.1fb [ v+iets _
E CRy for Meff-4j-2200 [ Warjets E
r e [ tt(+EW) & single top |
103? . [ z+jets 72
;. J’ ‘u,ofL."L. 7] Diboson E
1% A E
E o7 E
C 7.'71‘, . ]
$:
T T,
B fupd, M
#:E;‘?E\:::‘.:E...J.....'—
2 E|
15E i
?W/Mm’/f///ww}% ////f/ M,ﬁf %/ é
05 3
=600 1500 2000 2500 3000 3500 4000_
my(incl.) [GeV]
E ATLAS Preliminary e Data 2015 and 2016 E
104 A —— SM Total -
E s =13 TeV, 36.1 fb B Muttet 3
CRQ for Meff-4j-2200 [ Waets ]
10°E [ Jtt(+EW) & single top —|
E L2 [ z+jets E
L [ Diboson ]
10 3
L ]
10 || E
i3
" / / Ok / .
1

0

A
1000 1500 2000 2500 3000 3500 4000

my(incl.) [GeV]
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smearing

2000

2500 3000 3500 4000

Ame,f(incl.) [GeV]

Events / 200 GeV

Data / MC

Events / 200 GeV

treat £ as jet

T
4 — —
10°E ATLAS Preliminary e Data2015and 2016 3
E q —— SM Total E
F 1s=13TeV,36.1 fb [ Wiets ]
10°E CRW for Meff-4j-2200 , [ Jtt(+EW) & single top —]
F [ z+jets 3
C /7’70‘1 [ Diboson ]
1022 '7L. Il Muttijet _
wafbgggg ;
1 E %:’—/ 1 -
Eol i1,
2
vof
1?/#////»#/%/&/#)/1’/ /%W/
0 1000 1500 2000 2500 3000 3500 4000
mg4(incl.) [GeV]
L B e e B AR
E ATLAS Preliminary e Data 2015 and 2016 E
1045 4 —— SM Total _
E1s=13TeV,36.1fb [Jt+EW) & single top 3
£ CRT for Meff-4j-2200 [ Weiets 3
103:_ — [ Z+jets -
E e [ Diboson 3
L I ””"L Il Muttijet ]
102 £ il -
[ » ]
0= ! E
I B = 2%

+MCTF
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Data/MC
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1000 1500 2000 2500 3000 3500

4000
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Inclusive 0-¢ Search: Results

ATLAS Preliminary Vs=13TeV,36.1 fb
Meff-2j-1200 [0 IE)U; Sy 15 T - 114 |-g.d IU(5U6 TT1 b
1 H : Meff-2j-1600 [0:2 - 1.7 pos - 1.2 07 06 137
- Background estimates validated in large amount e 3200 (07 sagwy Lyor KO8 - o o8 e M =
sff-2j- i - 04 - 104 04 02 - 3
. . . . Meff.2-2400 [F0:3" -0Y RS 10 - 09 07 07 -— 2 &
of validations regions for the major background ol 212500 (08 o8 § WS3 o5 © oo 0o w05 | <
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2000 [0 08 02 07 09 08 06 06 01 -
. = gn . . Meff-4j-3000 [0 ¥ ¥ -0.7 -09 -08 06 -06 -0 -
* No significant deviations from the Standard Mef-511600 [=2 04 10 08 100\ 08 08 02 o1 | —-1
Meff-5j-1700 [ 0.9 -0.4 - -04 05 - 05 -09 00 -
H H Meff-5j-2000 [F0:3 1.6 - 16 101 - 01 -06 -0.1 -
Model expectation in both streams Mot oro000 (04| 12 - 12 |04 | |04 44 09 -
Meff-6j-1200 [0-9 §Ostwy - pOdgm 12 - 0.7 00 01 - 2
Meff-6j-1800 00 1.8 p=00m 13 1.2 po2ge 04 -02 02 -
Meff-6j-2200 [-0.7 07 ‘04 10 14 '-03 -08 04 12 -
Meff-6j-2600 [F1:8 104, 04 | 13 12 ;02 0.5 04 po2gy - 3
N o o = o o [ © ey _
£ 2 £ 8 2 B £ & € ¢
n>: n>: D>C S > >
,2 T T T T T T T T T T T T T T E T T T T T T T T T T T T T T T T T 3
g 10° imi ¢ Data2015and 2016 = imi ¢ Data2015and2016 3
z 10 ATLAS Preliminary S SM Total . ATLAS Preliminary ’va.T?tal
. S RS Vs=13TeV, 36.1 fb’' 0 Wiets S RS Vs=13TeV, 36.1 fo'! ‘:]‘:' ﬁ(ﬂf\,\s,) & single top
10 m Strea m [ tH(+EW) & single top . . . 3 Z+jets
[ Z+jets 10" J g (=3 Diboson =
. eff =3 Diboson = recursive jigsaw =i :
H Multi-jet 10° = Strea m -
10? C .
10° =
10 0 -
! 1
o 2 :_
5 3 E E
Co2s 156 —+— | =
o | % 154 ///////,////’r// //‘///,?/, ,,,,,,,, /,,////é /4 ///7/.///_—/./_/7’777’/_/%7’_/_/{_%
B 1t TR \e*«wx-«-\‘*‘\\\\\ 15 o EP AN RWANN 055_ Z E
o 5 N )_ N A 5E E
. oF E
e 2 s ssssscsssssssssss8zszszszsz3 ¥ 38388888358 4848488°83
?98$§$$?§?$$3$383?88$3ﬁ3 2 2z 2 2 & EECdd ;LT LoE g g
NN NN NN DD FFFTFFTFTOLLD DS TS T ¢ 2 & & @ @& € 2 & @& & &
o« RJR Signal Region
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Inclusive 0-¢ Search: Interpretations

qq production, B(g — q %T)=100%
;‘ 1 400 B T T T I T T T I T T T I T T T I T T T I T T T I T T T H ;‘ 1 800
3 [ ATLAS Preliminary B Obs. limit (+16,.5") - 3
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. B Vs=13TeV, 36.11b" Al limits at 95% CL. ] o:._ 14
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B theory: - LO)
|| - Exp. limits (+10,,,) ] g 1.2
C ] d
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- Al limits at 95% GL.

T T T T T
I I
SUSY,

theory

Exp. limits (+1 Gexp)

Exp. limits MEff

Exp. limits RJR

OL obs. limit (3.2 fo", 13 TeV)

1 I 1
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Inclusive 0-¢ Search: Interpretations

qq production, B(g — q %T)=100% gg production, B(g — qq %?)=100%

;‘ 1400 B T T T I T T T I T T T I T T ;‘ 1 800 [ I T T T T I T T T T I T T T T I T T T T ]
@ | ATLAS Preliminal 1 il o [ ATLAS Preliminar preee imit (£16505Y .
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Multi b-jet Search: Overview

 Defining feature: 2 3 b-jets + 0/1 lepton + E; .., final state
* Main benchmarks are gluino-mediated stop/sbottom production

M 10 Inclusive signal regions optimised for discovery:

- Selection: 2 3-8 jets using Ny 1,q; Mg, M1, Exisss ZMiargerjets
to target compressed, intermediate, & large mass splittings

@ Binned orthogonal signal regions optimised for exclusion: P

- Selection: Ranging from low to high (m & N,.) to cover
broad range of mass spectra

— Combined fit over all bins to enhance exclusion power

b
A o
OAv— i ?0’(\0\ zssz :
R\ :
%5 A“W“C oo Ng =9 OL-HL i OL-HI ;
A\ g H H
. - Neez8|  ALHL | ALHI
- e ; i OL-HH :
e oL-IL oLl |
B 7=Ng=<8 T e P 1L-HH
------------------ R 5
; 6=Ng=7 1L-IL : LI
A Boosted 4=<N,=<6 5 . OL-LH :
OL-LL ; oL-LI &
P Lowm Intermediate High m Low m Intermediate High m
m(@) o Mot 9 Mo o Mo 9 Mo
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Multi b-jet Search: Backgrounds

L10° &= T T T T T T T T —
. - 5 § ATLAS Pre"minary e Data === Total background §
° — =t [ Single top -
Dor_nlnant bac.:kground. tttjets & © oisrevsein mmiox Swiee 3
driven approach in dedicated M Control regions 3
1-lepton control regions + $ : 7
. . . 10 = -
extrapolation to validation and = =
signal regions u =
18
= L P — r ! . |
° Other backgrounds (tt+x’ § 2_ ................ I ................................................. ............. ]
Z+Jets’ Slngle_top’ dl_boson) % 1_—( ................ _ ................. .............. _
from simulation = o f 5 : 5 ' - : 5
CR-ISR CR-LL CR-LI CR-LH CR-IL CR-ll CR-HL CR-HI CR-HH
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negligible W {s=13TeV, 36.1 0" Emi-X  CWsets -
- [ Z+jets [ Diboson —
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background mis-modeling in A N A\
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1 =
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’?g 0 u ............. —— —]
":‘,, 2 e ........... ........... S SR erreeeneaad L U —]
c° . l//w"n;b/ Vg, I//? s /9,,, GVH b HG”OLjG”OLgG’TOLHbe,qRbe /?be /?beo

fac L4 - Git.y, j” L, s’"" "Gy, g . 5’"” G Lo
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Multi b-jet Search: Results

Generally good
agreement between
data and prediction in
discovery and
exclusion signal
regions

Small deviation in O-
lepton high-mass signal
region ~ 20

>1OO—‘I‘Il‘II‘l“I‘|I‘II‘Illlllllll‘ll‘ll‘lL> 9:—01|||fl\|\|\Ill\|\[IIII|\I\I‘I\II|II\$—:
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Multi b-jet Search: Interpretation

gg production, g — b5+%?, m(g) >> m(g)

;‘ 2000 [ T T I T T T | T T T | T T T I T T T | T T T _]
I - ATLAS Preliminary ------ Expected limit in 2015 .
O] 1800 [— Vs=13 TeV, 36.1 fb™' ——— Observed limitin 2015 ]
- - Multi-bin analysis £-== Expected limit (+10,,,)
1600 - o Ar Ob;grreg L|imit (1 ciEf,Yy) E
~ — N imits at 95% T
E 1400 __ A((\ﬁk\“_.—' ]
C A\ YPde .
1200 [— ey —]
1000 [ AN -
---------------------------- N .
800 RN 7
- %\ .
600 — b 3
— \} —
400 ,5 —
200 f— E n" —f
C 50 ]
C o L PR R T N S ! i' I I ||' R

1200 1400 1600 1800 2000 220!
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- Sensitivity extended in g>bb+X? analysis
extended by ~100 GeV w.r.t. 14.8 fb"
analysis — observed beyond 1.9 TeV

;‘ 200 | T T | T T T I T T T | T T T T T T I T T T | T T T ]
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gg production, g — tf+)~g?, m(q) >> m(g)
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- Sensitivity extended in g>tt+X° analysis
extended by ~200 GeV w.r.t. 14.8 fb-"
analysis — observed limit beyond 1.95 TeV
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Stop Z / Higgs Search: Overview

Search targeting direct stop production with a Z or Higgs bosons in the decay chain:

-7 4 - %
\,v\\ { ~0 \,v\\ Xg ~0
t2 ~~<’ X1 t1 X1
p S @
to = Z/h+ 1 @ t =t + X3 t
B t+ %0 X3 — Z/h+x3

Searches for t, can improve sensitivity in the regions my, ; ~ m; + m gp > Difficult to
access due to similarities with Standard Model tt production

2 analysis streams with 3 signal regions each to target large, intermediate, small
mass differences:
— 3-L + 1 b-jet stream (targeting Z->¢*¢ decay): Use of Z boson with p“
requirements

— 1/2-L + 4 b-jets stream (targeting h->bb decay): Use of p;®> and m,, ~ m,,
requirements
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Stop Z / Higgs Search: Backgrounds

3-L + 1 b-jet stream:

tt+Z & multi-boson
(dominant, dedicated CRs),

multi-jets (subdominant -
data-driven matrix-method),

tt+W/H & rare SM
processes (minor, from
simulation)

1/2-L + 4 b-jets stream:

tt (dominant, dedicated
CRs & VRs)

single-t & tt+H & rare SM
processes (minor, from
simulation)

03/11/17
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Stop Z / Higgs Search: Results

> I e e LN A L A
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Stop Z / Higgs Search: Interpretation

2
2
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L, production, t, - t,+ Z, T, > t+ ., m(t)-m(7,) = 180 GeV
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's Search: Interpretation
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Stop RPV Search

* Motivation: If stops have R-parity violating decays (e.g. stop = jj) no / little sensitivity
from E; ss-based searches - stops could still be light

» Dedicated search for 2 resonances in 4-jet final states targeting decays of stop to a

pair of jets
- 12
312 >\323 > ABURAR ARRRERERE
8 ATLAS Slmulat|on Prellmlnary 1
D 3’12 : 323 = 0.5_— s=13TeV [CIm=250 GeV 5
-~ B J [1m=500 GeV
[2] t
T C |:|mT=750 GeV b
g 0.41 [ m,=1000 GeV
Signal region selections ® f [CIm,=1250 GeV
( g g _ _ o \ S g4l COm=1500 GeV ]
« Two resonance candidates built by pairing the §
four leading jets (p; > 120 GeV) according to g 0 2:_ E
their angular separation = e i
* Inclusive and two b-tag selection (one b-tag 0 1i_ ]
in each pair) T :
« Final discriminant: Average mass of candidate 00 A ]
\ resonances: m,,, = 0.5%(m, + m,) / 500 1000 1500
Mayg [GEV]
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Stop RPV Search - Backgrounds

Major background: Multi-jets production

Reduced by further requirements using e.g.:
— mass asymmetry: A= |m,-m,| / (m,;+m,)
— Angle 06* of jet pairs with beamline in rest-

frame

“ABCD-method” in A and |cosB*| to estimate
shape & normalisation in a data-driven way

Np = N, * Ne/Ng

|cos(67)]
I

Validation with
Ng = Ng * Ne/Ng

0.05 0.15

tt background dominant in two b-tag region >
taken from simulation

0.15

Fraction of events

0.1

0.05

o
Y
[$)]

Fraction of events
o
—

0.05

ATLAS Prellmlnary _:

- Js=13Tev, 36717 D@ :
3 - m=500 GeV B
:: —m,=1500 GeV :
=1 {
Fl_ E
- '—W_L ‘‘‘‘‘ _
oo, ®ece e ° E
3 TES _:
- i ® E
- o _:
L V L_I :
3 LA E
y e

% 02 04 06 08 1

A= |mem, |/(mg+m, )

C T T T | T T T | T T
— ATLAS Preliminary
~ Vs=13TeV, 36.7 fb"

—
—— ——

® Data ]
- m=500 GeV
—m=1500 GeV
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Stop RPV Search - Results

No evidence for
resonances in
average di-jet mass

Stop decays to
two quarks
excluded between
100 - 410 GeV stop
mass

Stop decays to bs
quark pair excluded
between 100 - 610

GeV of stop mass

03/11/17

ATLAS Preliminary
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Events / 10 GeV
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T IIII|||
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Inclusive Selection
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=== observed 95% CL limit
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expected = 1o
expected = 20

ox BR [pb]
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0-¢ + multi-jets: Analysis Strategy

- Target final state: 0-lepton + 2 7-11 + low / moderate E; ...

* Key feature: Use of E ;s significance (instead of E;s) as discriminating variable:

Efrniss/\/HT , where: Ht = Z ;tj

J

- Analysis also sensitive to scenarios with lower E+ . (including RPV models)

+ Benchmark scenarios for inclusive gluino & squark production (RPC):

Long decay chain (= 7-11 jets)

‘PMSSM’” model 't t ! Two analysis streams (27 inclusive regions):

Z/h

Heavy-flavour channel ‘ Jet mass channel

5 Criterion
X1_| Jet [n]

ET.miss e.g

Jet pr
Njet

<20
>50GeV | > 80GeV > 50GeV
>8910,11 | >7,89 >8,9,10

Lepton veto

No preselected e or y after overlap removal

b-jet selection
Large-R-jet selection

pr > 50GeV and || < 2.0
pr > 100 GeV and || < 1.5

Nb-tag 2 0’ 1’ 2 2 0
> () >0 > 340,500 GeV
—p  EMS/\Hr > 5GeV!/2

(YMF = 3ot
J

03/11/17 Moritz Backes




0-¢ + multi-jets: Backgrounds & Results

Number of Events / 4 GeV'?

Data / Pred.

: ?-:).l .
o

10*

Q)
@]
2
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i 9
2
o
> ]
1010_.. T T LB B e e e e e T —
ATLAS e Data
'S =13 TeV.136.1 fb %4444 Total background |
R [ Multijet 7
10° R-7}50-0b ] fEoqll ]
W > v +jets 1
I Other —

- 2-step benchmark —

pPMSSM benchmark
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14 16 18
E_FPISS/ VWT [Gev1/2]

» Data-driven method for dominant multi-jet background
(including fully hadronic tt):

- Ermiss/ VH; template extracted from data @ lower Nigt
& normalised @ low Eq e / VHy in SR

» Leptonic backgrounds (tt, V+jets, single-top, diboson):
- 1-¢control regions (tt / W+jets) & simulation (others)

- No significant deviations from the Standard Model
expectation in both streams

—1
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@10 E
S E Multijet - W — v + jets ® Data 3
> ) I
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1) [GeV]

m(x

0-¢ + multi-jets: Interpretation

pMSSM: M=60 GeV,, tanp=10, <0, M,=3 TeV, m(G)<5 TeV, m(T}=5 TeV

aoo_‘|‘...‘."lz‘_”“‘..w‘.w.wl‘.._
L v \vi ]
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C . ]

C \_ ]
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2-L (same-sign) / 3-£ Search

Target final state: 2 same-sign leptons (e*e*, e*u*, u*u*) or three leptons (e/u without flavour / charge
selection)

Key feature: SM backgrounds in same-sign final states small while rich SUSY / BSM phenomenology
- Can apply much looser kinematic requirements in this channel to discriminate signal from background
- Sensitive to large number of models (including e.g. compressed / RPV models)

Benchmark scenarios for inclusive gluino & squark production (RPC):

- Ten inclusive signal regions to target the various scenarios:
Signal region leéﬁfoaxlls Npsjets | Niets p];t Emiss Mo | ESmeg Other
[GeV] | [GeV] | [GeV]
Rpc2L2bS >28S | =2 [ 26| >25 [ >200 | >600| >025 -
| Rpe212bH >28S | >2 | >6 | >25 — | >1800 | >0.15 —
Rpc2Lsoftlb | > 2SS >1 [ >6 | >25 | > 100 - > 0.3 20,10 <p%,p%2< 100 GeV
Rpc2Lsoft2b | > 2SS >2 | >6 | >25 | >200 | >600 | >0.25 | 20,10 <p“,p2<100GeV
Rpc2L0bS >28S | =0 [ 26| >25 | >150 - > 0.25 - «
Rpc2LObH >28S | =0 | >6 | >40 | >250 | >900 — -
Rpc3L0bS >3 =0 | >4 | >40 [ >200 | >600 - -
Rpc3LObH >3 { >4 | >40 | >200 | > 1600 - ‘ -
Rpe3LIbS =3 z1 | =4 ) >40 1 >200 1 > 600 - ‘ No specific targlet model — generalisation
| Rpe3LIbH 23 | =1 | 24| >40 | >200 | >1600 — || of Rpc3LOb to 2 1 b-jet final states ]

03/11/17 Moritz Backes 83



Events

ATIJ43 Vs 413

Illlllll | IIIIIIII

N

Dominant background: Rare processes with prompt leptons
(mainly tt+V & diboson): Simulation + validation regions

Fake and non-prompt leptons (FNP): 2 data-driven methods
(loose-tight matrix-method & normalisation of FNP contributions
in data control regions)

Electron charge mis-measurement (dominated by hard
bremsstrahlung conversion): Charge flip probability eitimated
from Z > ee events

e

Results: No significant deviations from the Standard Model:

2-L (SS) / 3-L: Backgrounds & Results

>

S

|||\ III|II§§“|III|II\|III

T
ATLAS
Ys=13TeV, 36.1 10"
>, 2 2j, E:‘5=">5o GeV

i

—e— Data l
Yty Total SM
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[ Fake/non-prompt

CJtw, tiziy
[ Rare, tiH, 4t
[ Charge-flip

W FNP: matrix method

T

Data / SM

OO RD

OO0 A
[T

w

TeV,

—l— Datla |
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-

Total SM  [Jill Charge-flip
O ttw, ttz/y*

ﬁ[

Data/SM

e

DCQL

Ao

Boe B
s o,«,CiLSo f[giLo

Regions relevant for

L

—
AT

|

Number of jets (pT > 25 GeV)

Signal region targeting R-parity
violating and 3 generation squark
production models. See
contributions by Federico Meloni
and Yang Liu.

_|

Roe

inclusive gluino search
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2-L (SS) / 3-L: Interpretation

«?
—

production, g— tti?, m(t) >> m(g)
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[arXiv:1602.09058]
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Putting it into context

May 2017 ATLAS Preliminary Vs=8,13 TeV, 20.3-36.1 fb
7|Il\ll||\ll|||||||||\||||\|I||||\||II\I|II\I|IIII
Xx7 via WW 21, arXiv:1403.5294 - - - Expected limits |
—— Observed limits —|
50 via WZ 21431, 8 TeV, arXiv:1403.5294

—— via WZ 21+3l, 13 TeV, ATLAS-CONF-2017-039 Al limits at 95% CL
via Wh Ibb+lyy+FF+3l, arXiv:1501.07110
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May 2017 ATLAS Preliminary {s=8,13 TeV, 20.3-36.1 fb"
> N N N
) - === Expected limits = Observed limits All limits at 95% CL
9.1 200 | X{X; ——via /¥ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294
— LY~ .
o — ~ via I/ v 2l arXiv:1509.07152
1 r —— via T/ ¥, 2t, ATLAS-CONF-2017-035, arXiv:1407.0350
£1000 [ X;Xo —— viaT/¥ 21+3, ATLAS-CONF-2017-039, arXiv:1509.07152
:ijif/ﬁ via %/ ¥, 2t, ATLAS-CONF-2017-035
800 ":i: ——via T, 3k4l, arXiv:1509.07152
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Other 3™ generation results (selection)

» Bino/Higgsino mix model: Tf, + 515'1 production, Am(ig, )”(?) =20-50 GeV
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Multijet Background Estimation

Multijet background:

jets misidentified as leptons
real leptons created as part of a jet (heavy flavour, decay in flight)
photons converted to electrons

- very small due to high E; s selection

Data-driven matrix method:

Define sample of preselected (“loose”) leptons that pass or fail the signal lepton:
o T oy - - .

-_y
” ™~ -~
N, pass — €real Vreal T €misid. NVmisid. Ie N, Iizsls \ / NII;I?SSIS 4 N )
real — T pass fail g€misid. = ass “fai
Nfail = (1 - 6real)]\freaml + (]- - emisid.)Nmisid. \ Nreal + Nrgéll\ - NrIr)lisid. + Nrfr?iléid/

Solve system of equation:
Ntail — (l/ereal - 1)-vaass
1/6misid. - l/ereal

pass _
Nmisid, = €misid. Vmisid. =

Measure from data

Measurement of €,;:
— Tag & probe with Z - Il events
— Separate measurement in bins of |n|

Measurement of €, .:

— Di-jet sample (same-charge, same-flavour, outside Z-mass window) where both jets are mis-
reconstructed as leptons
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Recursive Jigsaw Reconstruction




g-2 and smuon masses

ATLAS pMSSM: % LSP
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