A
X

K

— Supersymmetric

e "shadow " particles

ATLAS SUSY STUDY
FROM IHEP

Xuai Zhuang (EF %)

xuai.zhuang@cern.ch
IHEP, Beijing, China

= 4 Nov. 3 2017 G| FHHNES
¢ @ % D UGk fi YO H S thA % BHUE A

Institute of High Enerygy Plysics S ,
s - CIEARES Institute of High Energy Physics Chinese Academy of Sciences
Chinese Academy of Sciences




SM and Beyond

Higgs boson observed, SM fits the
experimental data very well = big
success in EW scale

While has problem in Planck scale:

— Naturalness and “hierarchy”
problem

— Unification of gauge coupling

— Dark Matter

B Need a more fundamental theory in
which SM is only a low-energy
Frangois Englert Peter W. Higgs approximation = New Physics

(f’@ The Nobel Prize in Physics 2013
% Francois Englert, Peter Higgs




New Physics beyond the SM

Big Questions

Compositeness,
Extra dimensions

Extended
Higgs Sector

Top
Partner

w/zZ

Minimal
Dark Matter

Hidden
Sector

Multiverse

Snowmass new physics working group report

B If SUSY is at TeV scale, it will be produced copiously at LHC
B SUSY search is one of the most hot topic at LHC and beyoncsl



SUSY Introduction

B A symmetry which unified fermions (matter) and
bosons (forces) —> A fundamental theory

B Conserved R parity (RPC): (originally introduced for
stability of proton) 3(B—L)+2s| | R=t1 (SM)
R = (-1)*®-D+ R=-1 (SUSY)

— SUSY particles produced/annihilated in pairs
— Lightest SUSY particle (LSP) stable (DM candidate)
— Typical signature: jets/leptons/photons + MET

B Violated R parity (RPV): no Dark Matter candidate

Standard particles SUSY particles

~()

X1,2,3,4
Neutralinos
X1,2
Charginos

T l<2
a2 <2
s Nl

4
@ -
< P
g H
o e
@ =
B -]
2
O
]

¢ (o2
=



Delivered Luminosity [fb™]

Since 2010, ATLAS&CMS have invested huge efforts
in SUSY search @QLHC : Great Luminosity recorded

ATLAS Online Luminosity
e 2011 pp  Vs=7TeV
— 2012pp Vs=8TeV
m— 2015pp {s=13TeV
2016 pp Vs =13 TeV
2017 pp Vs =13TeV
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~ 35 pb1 7 TeV data (2010)

Vs 2 L8 M T ~ 5 fb? 7 TeV data (2011)
' | ~ 20 fb' 8 TeV data (2012)

The results are based on 36 fb-1 § Run2:

@ 13 TeV (RUN2 2015-2016) ~3 fb" 13 TeV data (2015)
~ 33 fb-1 13 TeV data (2016)

~ 43 fb' 13 TeV data (2017)




SUSY Search Topics @ IHEP

Strong production: targeting gluino| ®m *Analysis Contacts

and squarks (Inc. 3@ gen. squarks) B very wide coverage on
O Generic signatures : SUSY search from IHEP:
Multi -jets + n_lepton/n_photon(n=0,1, strong + EW
>2) + large E{™'ss (OL,1 L, >=2L)
LPCC SUSY c WG

d IHEP topics:
@ *1L +jets +MET (Run1+Run2)
@ SS/3L +jets +MET (Run2)

Weak production: targeting
charginos, neutralinos and slepton
d Generic signatures: O R | -
. L 10" 500 S0 600 /800 1000 1200 1400 1600
|OW—Jet muItIpIICIty + 2 2|ept0nS + MSYsparﬁclemass[GeV]
large E;™ss (2/3/4L, >=2tau)

d IHEP topic: A /%

vents in 20 fb

410 2

NLO(-NLL) o(pp— SUSY) [pb]

@ *>=2tau+MET (Run1 + Run2) / E




[1] EWK-2tau SUSY search K

B Charginos and neutralinos are superpartners of the EW
gauge bosons and Higgs bosons

B Naturalness suggests charginos and neutralinos should
be light, could be the dominant SUSY production in LHC

B I[HEP member firstly proposed the search for gaugino
and stau with final state: 2tau + MET, which is also the
first search in LHC experiment.

B IHEP play a leading role: contact person &
editor/approval talks




Results

2 SRs targeting different scenarios and
mass parameter regions: 1 for low-Mass
and 1 for high-Mass
Main backgrounds:

— Fake tau: W (normalized MC to data in WCR)
and multi-jet (ABCD method)

— Real tau: Diboson (MC simulation)

ABCD method:

— Extrapolation performed from A to D

through TF (D = A * C/B)

— Validation Region (Multi-jet VR-EF): used
for validation and systematics

Good data/SM estimation in validation
regions

No significant excess in SRs, so set
exclusion limit

lllustration of “ABCD” method

Used for nominal
ABCD method

Events / 20 GeV

Data/SM

T=C/B

CR-A ) SR-D

VR-E

CR-B

T=CB
[

VR-F

CR-C

Used for validation
and systematics

SR-highMass

tau-id and charge
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Exclusion Limits arXiv:1708.07875
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B The results arXiv:1708.07875 have been submitted to EPJC and
showed at LHCP2017 conference

— C1N2+C1C1 production: C1/N2 mass up to 760 GeV excluded for
massless N1

— Wino-like Chargino (C1C1) production : C1 mass up to 630 GeV
excluded for a massless N1

B Direct stau search for 13 TeV data is still going-on, first sensitivity at
95% from LHC by end of 20177 9




The CLs significance as a function of x
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b)

When only C1C1 production is considered, the benchmark
scenario with large mass-splitting (600,0) can be excluded for x up
to 0.75. For larger values of x, the pT spectra of the tau from the
chargino decay become very soft.

The compressed benchmark scenario (250,100) can only be
excluded for the extreme cases with x = 0.05 or x = 0.95 since the
mT2 requirement is more effective for models with large mass-
splittings between C1 or the staus and N1.
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The CLs significance as a function of x

arXiv:1708.07875
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B For combined production of C1C1 and C1N2, the same general
features are observed, but due to the higher signal yields with
respect to C1C1 production alone, both benchmark scenarios
can be excluded for all considered values of x.
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ATLAS Simulation Preliminary
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B The direct stau search sensitivity has been studied for HL-
LHC (14TeV 3000 fb-') at last year (ATL-PHYS-PUB-2016-021)

B For a massless LSP, the 50 discovery sensitivity (exclusion)
reaches up to 500 (700) GeV in stau mass (30% syst.).

B The ditau trigger for upgrade study will complete soon, which
will contribute to upgrade TDAQ TDR (end by mid. of Dec.)
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[2] 1L SUSY search e

B Search for gluinos/squarks decaying via charginos and
neutralinos with 1l + jets + MET - hot topic for first data due
to large xsec and low bg from lepton requirement

q T q q q W+

q ¢« g W
B 5 SRs defined targeting different search scenarios :

— 4 exclusive SRs targeting the gluino/squark one step models.
— 2J SR (compressed), 4J high-x SR (LSP=60, x~1), 4J low-x SR
(LSP=60, x~0), 6J SR (x=0.5)

— Each SR binned with b-tag/b-veto and meff, simultaneous fit for
28 bins

— 1 SR (9J SR) targeting gluino two step model and pMSSM.

B Main backgrounds: ttbar and W+jets, normalized MC to data in

TCR and WCR, and validated in VRs 3



Results
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B Good data/MC agreement in VRs

B No significant excess in all SRs = Set exclusion limit



Exclusion Limits

arXiv:1708.08232
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B Gluino (squark) masses up to 2.1 TeV (1.25 TeV) are excluded
for low neutralino masses ( <900 GeV or < 500 GeV)

B |[HEP made a leading contribution (contact person/ contact

edito

r)
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[3] SS/3L SUSY search Run2

B Search for squarks/gluinos via long decay chain in SS/3L final states
— Sensitive for a wide range of models

— Very clean channels with only tiny SM bg (mainly top+V, diboson,
triboson) = A good tag for new physics

B 13 RPC+6 PRV SRs defined, targeting specific scenarios

B Main backgrounds:
— diboson and ttV: estimated from MC simulation, validated in VRs.
— Fake background and charge flip: estimated in data

q

7 w
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Results
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B No significant excess observed in SRs
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scenario.

GeV in RPV scenarios.

IHEP mainly contributed

background estimation in data.
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IHEP contributions and publications

B FElectroweak SUSY search with taus: contact person/editor
— [contact editor] Run2 signature paper: arXiv:1708.07875 (submitted to EPJC)
— |contact editor] Run2 CONF NOTE: ATLAS-CONF-2017-035 [LHCP17]
— [Ongoing] Run2 direct stau analysis: aiming for Moriond 2018 paper/CONF

— [Ongoing] Run2 Wh analysis: aiming for summer 2018 CONF/end run2 paper
— [Ongoing] Direct stau upgrade study: aiming for upgrade TDAQ TDR
— [Ongoing] Run2 2tau signature analysis: aiming for end of run2 paper
B Inclusive SUSY search (+EWK) with 1 lepton: contact person/editor
— [contact editor] Run2 signature paper: arXiv:1708.08232 (accepted by PRD)
— [Ongoing] Run2 analysis with EWK-1L2Jets: aiming for end of run2 paper

— [Ongoing] Run2 signature analysis: aiming for end of run2 paper Paper
B Inclusive SUSY search with SS/3L: editor/approval talks CONF note
— Run?2 signature paper: JHEP09 (2017) 084 Ongoing

— Run2 CONF NOTE: ATLAS-CONF-2017-030 [LHCP17]
— [Ongoing] Run2 signature analysis: aiming for end of run2 paper

B Performance work at next slide

® Published 3 paper, 2 CONF notes in 2017, contact editors for 3 of them
® Ongoing 7 analyses aiming for 2018 paper/CONF or end of run2 paper ,,



Performance & Roles in ATLAS

B Tau performance: 3 students + 1 postdoc + 2 staffs

— Institute commitment on tau (agreed by tauCP conveners, details are in discussion)
— Tau substructure measurement (preliminary recommendation is ready, talk in WS)
— Tau AFII recommendation (first study from tauCP group)

B MET performance: 1 staff +1 student

— PU suppression in CST; jet pt optimization in MET
B Pixel performance on track efficiency monitoring : 1 postdoc
O HistFitter expert

— HistFitter serves as the official statistical analysis tool for the whole ATLAS SUSY
group and is widely used by many other analyses. The expert is called for the
software development and user help.

O SUSY signal/HEPdata contact

— Taking care of the signal cross-section /Feynman diagram/ HEP data for the whole
ATLAS SUSY group.

O SUSY EWK subgroup convener (Apr. 2015 — Mar. 2016)
OO0 CB Chair Adversary Group member (Jan. 2016 — Dec. 2017)

0 Editorial Board member: stop 1L paper, CONF note; stop to stau conf note; .



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

88, )(1—>eev eyv/yyv dISpI ee, eu/yy

May 2017 \/—=7, 8,13 TeV
Model &MT,Y Jets ET™ [Lanmd™] Mass limit V5=7,8Tev [W5=13TeV Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 G,8 m(3)=m(g) 1507.05525
4, §-4%, 0 2-6jets  Yes  36.1 m(P2)<200 GeV, m(1% gen. §)=m(2™ gen. d) ATLAS-CONF-2017-022
@ G—gi) O(compressed) mono-jet  1-3jets  Yes 3.2 mg}-m(ﬂks GeV 1604.07773
4= 88, 8—qqX 1 0 2-6jets  Yes 36.1 m(¥1)<200 GeV ATLAS-CONF-2017-022
g 28, 5oqghE —qqWRD 0 26jets  Yes  36.1 m(¥?)<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
3 gg, g—>qq(t’t’/vv)¥? 3eu 4jets - 36.1 m(%})<400 GeV ATLAS-CONF-2017-030
© g—agWZhy 0 7-11jets  Yes  36.1 m(¥}) <400 GeV ATLAS-CONF-2017-033
% GMSB (¢NLSP) 1-27+0-1¢ 02jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 ¢r(NLSP)<0.1mm 1606.09150
S  GGM (higgsino-bino NLSP) Y 1b Yes 20.3 4 1.37 TeV m(#7)<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 13.3 m(¥})>680 GeV, ct(NLSP)<0.1 mm, 1>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2 jets Yes 203 4 m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 | FY2scale 865 GeV m(G)>1.8 x 107 eV, m(z)=m(g)=1.5TeV 1502.01518
s S 23 5-obbl) 0 3b Yes  36.1 m(£1)<600 GeV ATLAS-CONF-2017-021
> 55, 5tit" 0-1e,u 3b Yes  36.1 m(t?)<200 GeV ATLAS-CONF-2017-021
~ & 88 8- %)
00 28, §obit] 0-1eu 3b Yes  20.1 1.37 TeV m(¥1)<300 GeV 1407.0600
= bbb —>bx1 0 2b Yes  36.1 m(¥})<420 GeV ATLAS-CONF-2017-038
% S bbby —»m 2,1 (SS) 1b Yes  36.1  275-700 GeV m(¥})<200 GeV, m(¥;)= m(¥))+100 GeV ATLAS-CONF-2017-030
§ S nh, hobiT 02e,u 1-2b  Yes 4.7/133 117-170GeV | 200-720 GeV. ¥5) = 2m(8}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
@ g A, ,1_,Wb)(1 or i) 0-2e,u 0-2jets/12b Yes 20.3/36.1 90-198GeV | 205-950 GeV m)=1GeV 1506.08616, ATLAS-CONF-2017-020
q:; S 7R, fock) 0 mono-jet  Yes 3.2 m(f)-m(¥?)=5GeV 1604.07773
S8 ii (natural GMSB) 2e,u(2) 1b Yes 203 150-600 GeV m(EY)>150 GeV 1403.5222
Y5 hh.hoh+Z 3e,u(2) 1b Yes  36.1 | 290-790 GeV m@E2)=0 GeV ATLAS-CONF-2017-019
hoh, hof +h 12epu 4b Yes  36.1  320-880 GeV mE2)=0 GeV ATLAS-CONF-2017-019
FrlLR, T80 2e,u 0 Yes  36.1 meE)=0 ATLAS-CONF-2017-039
)?f)?{,)?f—»?v(t’ﬁ) 2epu 0 Yes  36.1 m(P)=0, m(Z, 7=0.5(m(¥5)+m(¥})) ATLAS-CONF-2017-039
)‘(1)2 1S, T —tv(a), Fa—Fr(v) 27 - Yes  36.1 m(P)=0, m(7, #)=0.5(m(¥;)+m(¥5)) ATLAS-CONF-2017-035
> g )(1)( —»t’ngLt’(w), EBLL(V) 23;,;1 . 2o . Yes gg.: m(if)=mk?g(/)\;t mw‘f();o, m(gb T/)=0.E_:(m¢\7f)+m(/??)) :Iazgg:zg:;ggg
s X]X SWZE) -3 el Jets  Yes X m(¥T)=m(X2), m(¥1)=0, £ decoupled - -2017-
S piy —>(1)2V)(1h)(1, h—sbb/WW/tT|yy ey 02b  Yes 203 270 GeV i Tﬂﬁ)::_nwg), m({(‘f):o, 7 decoupled 1501.07110
KXok, X33 —ERE dep 0 Yes 203 635 GeV mE)=m(E3), m(¥3)=0, m(Z, 7)=0.5(m(¥3)+m(¥3) 1405.5086
GGM (wino NLSP) weak prod., Pt —yG lep+y - Yes 20.3 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥] —yG 27 - Yes 20.3 590 GeV cr<imm 1507.05493
Direct X7, lif prod., long-lived /\71 Disapp. trk 1 jet Yes  36.1 mEFE)-m(E})~160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2017-017
Direct X1¥] prod., long-lived X7 dE/dx trk - Yes 184 495 GeV m¥;)-meE))~160 MeV, T(¥;)<15 ns 1506.05332
B o Stable, stopped g R-hadron 0 1-5jets  Yes 279 850 GeV m(E9)=100 GeV, 10 us<7(2)<1000 s 1310.6584
= Stable g R-hadron trk - - 3.2 1606.05129
SE Metastable g R-hadron dE/dx trk 32 meP})=100 GeV, 7>10 ns 1604.04520
S 8 Gmsgstable 7, 471 h - - 19.1 mgm 537.6tv - h - 0< * 2 T v I41 1.6895
38 SR édfi6hical scenarjos, sensitivity is achieved to.. glisnos,
- - 20.3 1.0 TeV 1504.05162
- 0 ¥ -

7 <c'r(X1)< 740 mm, m(g)=1.3TeV

aaMzz AN 0 figpl vixHigls o oo HPG = 1 \ TeV 1504.05162
LFV pp—vr + V-r [l/e‘l' ‘l' ep,er, od & - . 1, A132/133/233=0.0 1607.08079
Bilinear RPV CMSSM 26,u(SS)  03b Yes 203 1.45 TeV m(@)=m(g), ctzsp<1 mm 1404.2500
XX~ W X —eev, e, ppv depn - Yes 133 mp\:{?)>4OOGeV~, 1220 (k= 1,2) ATLAS-CONF-2016-075
XX, X WAL X —>11ve, etve Beu+t - Yes 203 mE))>0.2xm(¥}), A133#0 1405.5086
n>. 88, 84999 0 4-5large-Rjets - 14.8 BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
32 599801 - gaq 0 4-5large-Rjets - 14.8 %)-800 GeV ATLAS-CONF-2016-057
2, g_,;p(?, 5 qqq 1e,u 810jets/0-4b - 36.1 meE))= 1 TeV, 411220 ATLAS-CONF-2017-013
88, g—ht, —bs le,p 8-10jets/0-4b - 36.1 m(f)= 1 TeV, As3#0 ATLAS-CONF-2017-013
f17, iiobs 0  2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
i, f—bt 2e,u 2b - 36.1 BR(7 —>be/)>20% ATLAS-CONF-2017-036
Other Scalar charm, —c¥) 0 2¢ Yes 203 |& 510 GeV l m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or ) ! ! — ! —
10 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Strong Production (summary)

May 2017
>'_' 2500/ T T | T T T | T T T | T T T | T T T | T —F
D [ ATLAS Preliminary \s =13 TeV, 14.8-36.1 fo'
g ge qqx O-lepton, ATLAS-CONF-2017-022

ge qux O-lepton, ATLAS-CONF-2017-022
g—> qux 1-lepton, ATLAS-CONF-2016-054
ge quZ” > 7-11 jets, ATLAS-CONF-2017-033
g—> quT SS leptons, ATLAS-CONF-2017-030
ge ttx SS leptons, ATLAS-CONF-2017-030
g—> ttx > 3b jets, ATLAS-CONF-2017-021
g— bbx > 3b jets, ATLAS-CONF-2017-021
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B Exclusion for m(~g) < 1.6-2 TeV for massless LSP

B exclusion up to m(LSP) ~1.2 TeV 23



3rd Generation (summary)

[GeV]

Mo

700

600

500

400

300

200

100

tt, production, t—> b ff %, /t,—>cX. /1> Wb¥X, /t,—> tX, Status: May 2017

revised September 2017

L 1 1 1 I UL I L | L I LI | | L | | L I UL | L I I 1
[ ATLAS Preliminary Vs=13 TeV —]
[ i t%, /> Wby, OL 36.1 fb' [CONF-2017-020] ]
e ;z:’ /T— Wb ’;2‘1’ /T—>bff z:’ 1L 36.1 fb' [CONF-2017-037] N
— BEli-t% /i>Wbx, /{>bffy] 2L 36.1 fb' [CONF-2017-034] —]
— B iocx Monojet 3.2 fb' [1604.07773] -
[ ——— {s=8 TeV, 20 fb" Run 1 [1506.08616] _
[ = Observed limits ===~ Expecte%limits All limits at 95% CL ]
: SN 6\$/ // - == :
4 i
= bff S —]
[ .
— 4 L—
/_/</V b% -“ ‘\‘_.
_I 1 1 4 || I 11 1 1 I 1 1 1 I 1 I'. | I | I I | I 1 || I | T
200 300 400 500 600 700 800 900 1000
my [GeV]

B Exclusion for m(~t1) < ~950 GeV for massless LSP,
exclusion up to m(LSP) ~350 GeV
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EWK Production (summary)
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May 2017 ATLAS Preliminary  Vs=8,13 TeV, 20.3-36.1 fb™

Observed limits All limits at 95% CL

L === Expected limits
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[ X1 Xq via ‘-I,'_/ v 2l, ATLAS-CONF-2017-039, arXiv:1403.5294
N — via |/ v 2l, arXiv:1509.07152
| — via T,/ Vv, 2t, ATLAS-CONF-2017-035, arXiv:1407.0350
| - Via WW 2|, arXiv:1403.5294
— X;Xs —— via /¥ 20+3l, ATLAS-CONF-2017-039, arXiv:1509.07152
: — via WZ 21+3l, ATLAS-CONF-2017-039, arXiv:1403.5294
B via Wh Ibb+kyy+I"I"+3I, arXiv:1501.07110
~r ~F )
X1 X X2 via %/ ¥, 2t, ATLAS-CONF-2017-035
(0] ~
"X';is — Via g 3l+4l, arXiv:1509.07152
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Exciting times
are ahead of us
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Summary from IHEP SUSY Group

B S HEEFTSUSYSELG/NAA:
O ERNENELHCEEIE A iFHITRFIRTFIESUSYfZRAYSEIE /A (3B ER
I, 1528t E, 58MxE) , eAaRENERES .
O B\ GREERESERIBEEERAE, EAF—EHNEMRAZE:
ATLAS SUSY EW YIIEZHB & A
— ATLASE{EAZRSMIEILAR 5

—  ATLAS SUSY{=S LA
— ATLAS HepData BX& A

— ATLAS HistFitter TZREEE A
—- Z/MREEiBYcontacts: EWK-2tau, 1L, direct stau upgrade
- Z/MREAKJEd Board: Stop 1L; Stop to stau,

B AR TINARLIRER, BE2MRENHKRAN, 3IMNoHTH%RE, XFEE
RFTRIBIE, 2B CONF NOTEs, 71 EPFRLSIIRE

> EF2015+201653£ENAY36 b1 13 TeVEI#IE, EAATLAS SUSY
A AT 145 paper , ZEIRAFE3 R P = S = E 5Tk
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Plans and Future Work

B Physics

O Before end of 2018: aim for the challenge signatures with
compressed scenario, small cross section, RPV scenarios ...

- Direct stau Run2 study: summer paper 2017

- C1N2->Wh(tautau): spring paper 2018
- VBF scenarios with hadronic taus: spring paper 2018

- RPV scenarios: summer paper of 2018
O Using whole run2 data, working on Benchmark scenarios for above
4 topics
B Upgrade TDR: direct stau upgrade study
B Performance and OP:
— Tau substructure measurement

— MET performance study

— Pixel performance study
29



Cross Section [pb]

Direct stau upgrade study

SR Definition

> 2 OS taus
loose jet-veto
Z-veto
AR(71,72) < 3.5
ETS > 280 GeV
mry > 40 GeV

My + mpen > 480 GeV

i N I I L L EEUSLLELEY B
10°F o Vs = 14TeV S
F Followed prescriptions in 1310.2621 [hep-ph] . pp 22 ]

- pp— Tk ]

10! -
1072 E
107 \\ 1:
104F E
105 E
ST IR R B - [

100 200 300 400 500 600 700
m [GeV]

> 104'I'"‘l'"'I""l""l""l""
] = ATLAS Simulation g Way
o 3 ~  Internal B ttbar
© 10°E Vs=14Tev,3000fb" ©  diboson
7] = N Zrx
c B ---- (m, m_) = (100, 0) Ge
g 10°% -+ (mS, m) = (300, 0) Ge
w - (m;. m*) = (500, 0) GeV
10 B
1 L
10
10
400 500 600 700 800 900 1000
mT1:1+mTt2 [GeV]
B LA LA B L L IR NN BRI RN
- ATLAS Simulation Internal Oy =30% ]
500[— Vs=14TeV, L =3000 fb", <u>= 200 —
: combined, 5 ¢ discovery :
[~ e combined, 95% excl ]
400 - -~ 1,7, 50 discovery -
N 1,7, 95% excl ]
~ — Tip Sodiscovery et “. .
300 — Tatp 95%exel —
200 o =
100 .
B L ' ' l ' 1 1 1 l L L L L [ A ' A ' 1 l:: L L I 1 1 §l A [ gl 1 1 a
9 00 200 300 400 500 600 700 800

m. [GeV]
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“~ Direct stau MVA study Runt

S10°Famas  eoma  Zroasw 3 o SmeifedModelT % 02x 7 | Phus Rew.,D.93,.052002.(2016)
> 53 \s =8 TeV, 20.1 fo! [ multi-jet -Topquarkf §10_ —e— Observed 95% CL 3
§"0F - doson T T W
Tigtp 2TMVA ....m:frtr;)=(109,0)eev g

10° E .

10° = _

10 = 1_

TE. o floo8 o« R 2 3 10*1;—
S 7 N7 K :
§ 1: _________ /'é/ ﬁWM{W% Z 1; 10_2;‘ mE)=60 GeV _

0:6 08 06 04 05 0 K-BS'TZSCO; 100 150 200 2?3[32\(}]100 150 200 25{?1-[&(9)3]100 150 200 25&[823]

B 12 input variables used in MVA with good signal/bg separation:
MET, Meff, mT2, m(tt), mT(z1), mT(z2), t1_pt, t2_pt, Ap(tT), AR(T7),
Ap(t1,MET), Ap(t2,MET).

B There is around 20-100% improvement on sensitivity at low stau
mass region.

O

The results have been published at Phys.Rev.D 93, 052002 (2016).
Direct stau upgrade study is at next slide.

31



1L SUSY search (RUN2)

Table 2: Overview of the selection criteria for the signal regions used for gluino/squark one-step models.

SR pA | 4] high-x 4] low-x 6J
N(‘ =1 =1 =1 =1
¢ > 7(6) for e(u) and

pr [GeV] < min(5 - Ny, 35) > 35 > 35 > 35
N, >2 4-5 4-5 >6
ET [GeV] > 430 > 300 > 250 > 350
my [GeV] > 100 > 450 150450 > 175
Aplanarity - > 0.01 > 0.05 > 0.06
ET™ Im.g > 0.25 > 0.25 - -

Nj_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]
m.e |GeV] (exc + [> 1900] + [> 2000] + [> 2000] + [> 2300]
mes [GeV] (disc) > 1100 > 1500 > 1650(1300) > 2300(1233)

for gluino (squark) for gluino (squark)

Table 3: Overview of the selection criteria for the signal region used for pMSSM and gluino two-step models.

SR 9

Nf = 1

P4 [GeV] > 35

Nie >9

EF™ [GeV] > 200

my [GeV] > 175

Aplanarity > 0.07

ET'SS [\[Hy [GeV'/?] >8

m.g [GeV] (excl) [1000, 15001, [>1500]

m.g [GeV] (disc) > 1500 32




1L SUSY search (RUN2)
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1L SUSY search (RUN2)

g9 —>qqquWx x m(y ) 60 GeV 3 —>quWX x m({ ) 60 GeV

/; - I I l | I I I | I ! I I ! I I | I I I | ' [ I — o~ | L | | I | I | I [ | L | L | L | L | L
) —ATIAS = o susy 4 - - -
E 1 .4 B ATLAS — Observed limit (+1 G ) ﬁA:blerz(\jl 32fb i Eix 1 .4 _—A TLAS -'"""-- Observed limit (+1 6SUS:’) ATLAS 8 Tev, 203 fb1 —
Izm B E=13 TeV, 361 fb-1 expected N 1 - r_13 T V 36 1 fb1 Observed ]
E - T Dpectedimi(t1o,,) 16,0 LOL Epectediimit (o, ) P .
= 12T eprjers 7 musetsvan’ 1 Eoq2b o e 10y 7
~ - Al limits at 95% CL [ observed 4~ B Alliits at 95% CL ]
1 e 1 5% b 3,045 i
E £ N T S ‘-ﬂ—, T —
i TR‘_ : \\ O N :
1 o ‘-. -
=4 = i
1 X — ! .
__ 0_6 _— ,l —
__ 0-4 __ x"‘ ““““ ]
— 0.2 = e ]
|_ s ‘-|--|"|1I1|T|||||||||||||||||_

0 o LT ) " | 0 / et .
1000 1200 1400 1600 1800 2000 220 600 700 800 900 1000 1100 1200 1300 1400
m; [GeV] m; [GeV]

34



SS/3L SUSY search (RUN2)

g g production, § — qax_, % — lqq g g production, g — tt%?, %? — uds
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Long term prospects |arrivsrus2012-010

B ATLAS studied long term prospects for the (HL-)LHC with 300, 3000 tb"'@14 TeV

B Discovery potential up to 2.5 TeV gluinos, 1.3 TeV squarks/sbottom and 800
GeV Electroweakinos

= gg,p.rocliu?tlo.n .g?,qq‘x. ——— q ¢4 production, g qaqx (Herwig++), m_>>m,
> L = R B .“H“.‘.w.,.
2500 [—
e — ATLAS  Simulation Prellmlnary & 250 — ATLAS Simulation Prellmlnary Oty = 10% 4
12 — - - _ E
€ - J L et =300, 3000 &, {5 = 14 TeV g N J-Ldt 300,3000 fb”, is=14TeV .~ q
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| ATLAS 203 6™, (s = 8 TeV, 95% CL. 2000 — §
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