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Supersymmetry and 39 Generation

« Extension of Standard Model
= Superpartner for every SM particle

s Offers a solution to hierarchy problem, + lightest sparticle is a dark matter
candidate

The Standard Model Supersymmetry

» Large Yukawa coupling
and gp — g; mixing mean
3'd generation squarks are &
expected to be lighter than =
other squarks ‘
o < TeV-scale is favoured
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Supersymmetry and 39 Generation

« Extension of Standard Model
= Superpartner for every SM particle

= Offers a solution to hierarchy problem, + lightest sparticle is a dark matter
candidate

LPCCSUSY o WG

 Large Yukawa coupling
and gp — g; mixing mean
3'd generation squarks are
expected to be lighter than
other squarks
o < TeV-scale is favoured

e Good news for LHC

o Lower x-section but
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ATLAS Run 1 3@ Gen Search Results

 Limits from 20.3 fb-' \/s = 8 TeV data
o 959% CL lower limits —

28§ bbb —bi) 0 2b ves 201 |§ 100-620 GeV
g B bbb =it 2e,u(S8) 035 Yag 20.3 B 275-440 GeV
Rué fif), i —bi) 1-2ep 1-2h  Yes 4.7/20.3 | 7, 11I0SI6TGEV 230-460 GeV
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Hadronic Stop Search in Run 1
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All hadronic final state

s Largest branching ratio

s Signal is hard to distinguish
» Lots of high-p; jets, E;™ss... + g

Main backgrounds: * I

o tt, single top, V + jets, ttV + jets

s Z(=> w) + jets is very dangerous

q

Signal regions (SR) defined to contain signal-like events, low bkg
Use control regions (CR) to estimate background
= Extrapolate from CRinto related SR
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Control Region Definitions
tt CR W+Jets CR Z+Jets CR

 Targets semileptonic « Similar to tt CR  Exploits Z-2 ee/uu
tt events « Enhances W+ heavy events to model Z=2 w
 Essentially a looser SR flavour jet fraction events
= Requires a single - Requires leading « Requires 2 leptons
lepton reclustered R=1.2jet to = Dilepton mass at Z mass
s Lepton mass + EMiss be low mass - Lepton p;added to ETmiss
must be in Wmass > i.e. < 40 GeV to mimic neutrinos
window
3 [ amas T w13 [ aias e e ] - 7R
2 r J.Ld1=2o.3fb", \s=8 TeV %%MTNH‘ ] 2 10 L dt=20.3 b, 15=8 TeV 5545 SM Tolal % 10 L di=20.3 fb™, {s=8 TeV 4455 S\ Total
© [ CfcRrsRAl i 12 Wjets CR [SRB] - g Z+jets CR, 24 jets -
@ 100 @ single Top @ 1t 3 1
ch - [ ERY - 5 s
g b = 1 &
— -Z - .Lul—
50;  — ; g
2 1ﬁz%ﬁﬁ’ZZZIi:::Z:Ijj':f;;_ W//; 3 13:” ,,,,,,, % 3
§ osf- o L LT ’é § 05;'+—+— —————————————————————— .1 /g §
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Signal Region Definitions

« Three signal regions:

T T T T T T T T S
ATLAS @ Datazoi2

. . . L dt=20.1 b, 15=8 TeV 5% EM ol
= SRA: nominal signal region, targets fully o

Events / 25 GeV

resolved top decays
« > 6 jets, two high mass reclustered jets
= SRB: targets events with partially resolved top

decays
=
« 4-5 jets, exploits top candidate asymmetr <O I SN,
. P P Y y § L et A
u SRC: targets tl - WbX’vj(-) events 0.0% 100 200 300 400 b min [G \?-]DO
- =5jets (enhances sensitivity to )“('I—’ — 73 splitting),
uses angular variables to further reduce bkg 3 [ amas . o
o | it =204 5" 45 = 8 ToV %EMTOH
« Number of observed events goes directly into ol JS:;;,;A;’ ? ot
. o fe c L o
significance E B Cogeon |
. . | — (1%,)=(600,1) GeV |
» No excess observed - set limits! I
5_ —
Top right: m;>™": transverse mass of bjet closest in @ i
to me"SS, common selection L
Bottom right: £;7s5 in SRA I e
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ATLAS: JHEP 09 (2014) 015 ET™ [GeV]
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t1, production, B(t, — ti?):‘IOO%
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t1, production, B(t, — ti?):‘IOO%
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Stop Discovery Potential at 13TeV

Min. bias [Nl
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VH | 13 TeV with 2.2 fb™!

07 Téiﬁ | - potentially more sensitive
1 (09Tev) 1 than 8 TeV (19.8 fb1)
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Hadronic Stop Search in Run 2

« Can improve on Run 1 limits with just 5fb™' of datal!
» Big R&D effort to improve every aspect of the analysis
s Top reconstruction, tau veto, y + jets studies...

« Start with simplified model, but alternate model
interpretations are also being studied

s DM+tt search, Gtc decays, pMSSM

Invisible
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Conclusions

» Supersymmetry is a good candidate for BSM physics
» ATLAS has a rich programme of SUSY searches
* In Run 1, 34 generation squark searches placed limits
up to 700 GeV on stop mass
= Strongest limit came from £; — t§7
» Run 2 has great discovery potentiall
s Hadronic stop search is still developing
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Stop OL signal region definitions

Common selection SR A (fully resolved £; - t7?)
Trigger Episs | SRA1 | SRA2 | SRA3 | SRA4
é‘ng T >02 anti-k;, R = 0.4 jets > 6, pr > 80,80, 35, 35, 35, 35 GeV
-tagged jets = o]
T S TroceT ", < 225 gex [50,250] geg
Ad (jet, pi=) S /5 My | < 250 Ge [50,400] Ge
S r—— min|mr (Jet%, p%lss)] - > 50 GeV
A¢ (pT ' PT ) < 77/3 7 veto yes
mpy ™" > 175 GeV  Ems > 150 GeV [ > 250 GeV [ > 300 GeV | > 350 GeV
SR B (partially resolved £; — t7?)
| SRB1 | SRB2
anti-k, R = 0.4 jets | 4 or 5, pr > 80, 80,35, 35, (35) GeV | 5, pt > 100, 100, 35, 35, 35 GeV
A, < 0.5 > 0.5
POT,jet R=1.2 - > 350 GeV
Mo Ri2 > 80 GeV [140,500] GeV
milet R=1.2 [60, 200] GeV —
MLy R—o.s > 50 GeV [70, 300] GeV ~ + ~0
i > 175 GeV > 125 GeV SRC(ty » by > bWyxi)
mr (jetd, p%iss) > 280 GeV for 4-jet case -
B/ Hr _ > 17 GeV [ SRC1I | SRC2 | SRC3
Ems > 325 GeV > 400 GeV - -
anti-k; R = 0.4 jets 5, pr > 80,80, 35, 35,35 GeV
1A (b,0)] > 0.2r
my ™ > 185 GeV | > 200 GéV | > 200 GeV
my > 205 GeV | > 290 GéV | > 325 GeV
ATLAS: JHEP 09 (2014) 015 T veto yes
s > 160 GeV [ > 160 GeV | > 215 GeV
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Stop OL control region definitions

CRs for only SRA are shown; only requirements different from common
selection are shown.

tt CR Z + jets CR | Multijet CR

Trigger electron (muon) | electron (muon) same
Niep 1 2 same
pS > 35(35) GeV > 25(25) GeV -

p%? same > 10(10) GeV same
Mg - [86, 96] GeV -
Er:[II‘liss,tra,ck . . same
Aqb (p%ﬁss, p$1ss,track) - - -

A¢ (jet, piss)| > /10 — < 0.1
mo > 125 GeV - -

mr (¢, piiss) [40, 120] GeV — —
min[mr (jet’, ppiss)] — — -
mgﬂ. or m;” < 600 GeV — —
ERes > 150 GeV < 50 GeV > 150 GeV
(Emiss)’ ~ > 70 GeV ~

ATLAS: JHEP 09 (2014) 015
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Stop OL Event Yields

Background estimates taken from profile likelihood fit; statistical, detector and
theoretical systematic uncertainties included

SRA1 SRA2 SRA3 SRA4 SRB SRC1 SRC2 SRC3
Observed events 11 4 5 4 2 59 30 15
Total SM 158419 414£08 41409 24407  24+0.7 68 £7 34+5 20.3 £ 3.0
tt 106+£1.9 1.84+0.5 1.1£0.6 0494034 0.10 T 55 3244 129+£20 6.7+£1.2
tt+W/Z 1.840.6 085£0.29 082£0.29 0.50+£0.17 047+£0.17 32408 19405 13404
Z + jets 14405 063+£0.22 12+£04 0.68+£0.27 1.23+0.31 157435 90419 61413
W + jets 10405 0464021 0214019 006790 04940.33 844 18422  28+12
Single top 10404 030£0.17 044£0.14 0.31+£0.16 0.08+£0.06 7.2429  454+1.8 29414
Diboson <04 <013 0324017 0.32£0.18 0.02+£001 1.1+£08 06757 0.6 97
Multijets < 0.001 < 0.001 < 0.001 < 0.001 <0.001 0244024 0.06%0.06 0.01%0.01
Ois (0bs) [fb] 0.33 0.29 0.33 0.32 0.21 0.78 0.62 0.40
Ovie (exp) [fD] 048752 020700 020750 0257003 024700 1037032 07303 05502
N9 6.6 5.7 6.7 6.5 4.2 15.7 12.4 8.0
N9 97733 58728 597128 50126 47726 20780 a7TSE 110739

Expected and observed 95% CL upper limits on cross sections and event yields shown

for each SR

ATLAS: JHEP 09 (2014) 015
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Useful references

« Stop OL Run 1 paper:
o ATLAS: JHEP 09 (2014) 015
» Sbottom Run 1 paper:
o http://arxiv.org/abs/1308.2631
- 3" generation SUSY search summary paper:
o ATLAS: Eur. Phys. J. C (2015) 75:510
* pPMSSM reinterpretation paper:
o http://arxiv.org/abs/1508.06608
* First look at Run 2 data (squark/gluino inclusive search):
o https://cds.cern.ch/record/2037905/
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