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Introduction - Motivations

LPCC SUSY c WG

@ SUSY offers a natural solution to the
hierarchy problem and a dark matter
candidate

=
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@ Due to large Yukawa coupling and
gr — gL mixing , the third generation
squarks are expected to be lighter
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3rd Generation

% 10
P @ Naturalness of the Higgs mass prefers stop/sbottom
= ’ squarks at the TeV scale.
g HIGGS . .
£ jud @ They can be strongly produced and within the
= discovery reach of the LHC.
:;—T 0.3
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http://arxiv.org/abs/1302.6587

Approaches to 3rd generation searches

o Simplified Models: @ pMSSM Models:
o Either a stop or a sbottom pair o Complicated final states
is produced e stop/sbottom have many
o Decays into well defined final allowed decay modes
states _ @ Limits interpreted on the phase
o Focus on a process of interest space of the free parameters of the

with a small number of particles
model

@ Limits interpreted on the masses
of SUSY particles

LY
\
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QOutline

o Direct b; searches

o Direct t; searches
o Assuming no ¥i in the decay chain
o Assuming presence of {7 in the decay chain

o Direct searches for 1,
pMSSM interpretations

New 3rd Generation searches results

The results shown in this talk can be found in arXiv:1506.08616, paper
summarising the results on 3rd Generation searches with ATLAS if not
otherwise stated

Talk will focus on main results and combinations.
Check the details of the analyses in the backup!



http://arxiv.org/abs/1506.08616

Direct sbottom searches results

Direct sbottom searches results
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@ First two processes discussed in the talk. Check backup for by — bx2
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Direct sbhottom searches

b,b, production, BR(b, - b
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@ In the by — b2
-Compressed scenario (tc-M): ISR
mono-jet + Er.,'.1iss
-Bulk (bOL) : 0 leptons + b-jets + ETss,
use of boost-corrected contransverse mass 300
meT arXiv:0910.0174
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http://arxiv.org/pdf/0910.0174v3.pdf

Direct Stop Searches - assuming no {7 in the decay chain
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Direct Stop Searches - no {7 in the decay chain

A(

) < mw + mp

@ t—cy and tﬁ\bff
o If AGE ) 2 my

- Monojet-like SR using p1 cut on ISR

jet, f1 pair undetected
- c-tagging algorithms

- Signature characterised by soft leptons

@ Varying BRs at fixed values of
A(my, mig) = 10,80 GeV
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Direct Stop Searches - no {5 in the decay chain
A(%* i?) > me

i, production, ;- 110
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2 a0 ) . mm Expected it (¢10..) @ t — tX7: Combination of 0- and
£ V5=8 TeV, 20 fb exp 1-lept SR
350 -lepton S
t0L/t1L combined Al limits at 95% CL

@ tOL either targets:
- Fully resolved top pairs (> 6 jets)
- Boosted topologies and large-R
jets
- tt, W+Jets, Z+Jets, multijets as
main bkgs.

@ tlL targets large variety of possible
final states
- =1/, > 2jets and large Er.,'Jiss
- 9 Total Signal regions optimised to
target the full phase space - Both
energetic and soft leptons
signatures.
- tt and W+jets
- Asymmetric stransverse mass
(am2)
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Combination extends the exclusion limit of 50 GeV w.r.t. single analyses. Stop
masses up to 720 GeV are excluded for massless neutralinos Jg/



http://arxiv.org/abs/hep-ph/9906349

Search with 2/ in WW non resonant event

200 GeV

E mili ~ + th— bW)'Z(I)
mgs — mgo ~ 10 GeV

g ST YA

mw + mp < A(E,%9) < m;

@ Soft decay in b)"(it or 3-, 4-body decay

@ SR with 2 OS leptons; bkg dominated by WW production:

estimated in dedicated CRs
Higher boost and more E?iss
AX = pz(h)+pz(l2) R2 _ Er')"‘i"

V(s) T EPEtpr(h)+eT (k)
SRs in terms of m, and 0.

0, =angle between direction of motion of the 2| system
and the beam axis in the com frame of the 2|
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me [GeV]
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Exclusion limits up to mz, ~ 720 GeV for massless %2
my, down to 170 GeV are still not excluded.

Summary of direct searches assuming no ¥7

Very similar kinematics to
SM top pair production
Top Spin correlation
analysis:

- Use of Ag(/l) from
dileptonic tt decay

- 2/, > 2 jets (1b).

- Z+jets suppressed by
m(Il)

tt production cross section
- B = 0, H - bW

- 1 would have an impact
on the measured o,z

- ey events + 1-2 b-tag.

Ju/zz




Direct Stop Searches - with ¥7 in the decay chain

Foproducion, - b7 WOR

'Z: ATLAS‘ rtH‘TQVZDm‘
@ A set of pMSSM configurations & [ omneme
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@ Assumptions on mex, stop mixing
1
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Direct Searches for %

Direct Searches for 1
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Limits on pair production
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tt-like) oo B
° Z‘Z N ’Z'l Z 300~ 77 Total Big unc.
- High / multiplicity, cut on p+(/l) =F
(] hi‘z — Elh e
- Based on ttH analysis ref 5 ous }
- High b-jet multiplicity, large E?iss E - S § om | IR B .

. z
lep et; H oridew O (e
_ Hno — ) i [Emiss ™ [Gev]
T . Zl pJT + T ATLAS \s=8TeV,20 1"
- tt main background

T, producton, T, — 2, H, 5

oy s = o - = T T4, product T.0= -
- Split in tt+LF,tt + cc, tt + bb o asoaien : : A, %) = 180 GOV, T, ~ 7
e 0 3 ATLAS |__ e
@ trh — tX]_ E(_Aou— - E gommamz = = * Expocted 2412
. ssob. Bsrev. 20 — Owenatmt ] Obsorved2th = = * Expectod 21th
- tOL and t1L Combined O i e ik Obsrved O11L comb. - + Expacad L comd
wob imsassect ohi, )
)

m; =500 GeV/

1
250 m. =120 GeV

my, < 630 GeV excluded at 95% 200
CL fOl’ m).([l) = 180 GeV 150

100

Particular scenario still not excluded
with (m;z, mi?) = (500,120) GeV

L L L4 L
300 400 500 600 700 800
m; (GeV]  BR{, - )

= 0
BR(L, ~ t%,)

14 /22


http://arxiv.org/abs/1503.05066

Interpretations in pMSSM models

Interpretations in pMSSM
models



Interpretations in pMSSM models

o Simplified models fail to
encompass features on scenarios
with complex t and b
phenomenology

@ Exclusion limits derived in the
context of pMSSM models

@ Additional constraint on pMSSM
models:
- Naturalness-inpired (left)
- Well-tempered LSP (middle)
- h/Z-enriched (right)

The combined exclusion countour is determined choosing the SR with the
smallest expected CLg

b, T pair production: Natural pMSSM b, Tpair production: pMSSM with well tempered LSP B, Tpair production: pMSSM with M:=100 GeV, M,=1000 GeV'
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New 3rd Generation searches results

New 3rd Generation searches
results



Search for t into 7; - NEW

b v
P / T
L. 2%~ ¢

;\\ —i~<" G
.

b v

@ Final state with 27 + b-jets + Eis

@ Use of stransverse mass as main
discriminant

@ Split by 7 decay mode to maximise
sensitivity
- Had-had: 20S 14.4 +
> 2jets(> 1b-jet) +Emiss
- Lep-Had: 17p.4 +
> 2jets(1 — 2b-jets)

- Lep-Lep: Reinterpretation of 2L SR:

JHEP06(2014)124

> T T
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L e Expected limit ( ) 3
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£ At arsssct 3]
400 [ Combination 4
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To be submitted to EPJC
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http://arxiv.org/abs/hep-ph/9906349
http://link.springer.com/article/10.1007%2FJHEP06%282014%29124

Search in 2b-jets, 1/ and ET (Top-Bottom) - NEW

3
8
&

than stop (or sbottom)

b — bY3,b1 — tXF

7 S0 1 -+
both N1 and C1 lighter [ t = tx7,t = by
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Data/SM
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soft fermions.
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>
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I
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Bkg dominated by tt and single-t:
Likelihood fit on dedicated CRs

amTo constructed depending of
the value of mp(n), the invariant

mass of the n" b-jet and the
lepton

X

m
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Summary

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
St ly 2015 \5=7,8TeV
T,y Jets Ep [Laqm) Mass limit Reference
0 Yes 201 b 100-620 GeV 1308.2631
264(8S) 035 Yes 203 B 275440 GeV 1404 2500
12eu  12b  Yes 47203 | 7 IAGEAGHGEV 230460 GeV. 1202102, 1407.0583
026 02jels/12b Yos 203 |d 90191 GeV. 210700 GeV 1506.08616
0 mono-jetic-tag Yes 203 i 90-240 GeV 1407.0608
2eu@ 16 Ys 203 |i 150.580 GeV 1035222
3eu(2) 15 Yes 203 ) 290-600 GeV 14035222
=
V5=7TeV Vi=8TeV 10 1 Mass scale [TeV]

@ Despite our best efforts, no evidence for SUSY 3G in Run 1

@ Latest results and exclusion limits combinations in the context of simplified
models have been presented

@ m;, excluded up to 700 GeV under the assumption of )Zit not in the decay
chain

@ Still non excluded regions in the scenarios with mz, — Mmgo ~ My

@ More complex phenomenology when )'ﬁ is in the 1 decay chain and in some
scenarios, mz, down to 200 GeV still not excluded

@ Exclusion limits on three classes of pMSSM models have been set.




First Look at Run 2

T T T T T T T T T
LAS Simulation Preliminary Discovery reach in 0-lepton, 2 b-

Discovery p

Intensive preparation for Run 2

@ Expect considerable improvement
in sensitivity

5 fb~! will be sufficient to reach

30 evidence for b; at 730 GeV, or e

set exclusion limits up to 790 GeV 00000070 E00 B0 90090 om0 00

ATL-PHYS-PUB-2015-005

b, production

- b %, mE&)=1 Gev
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First look to the 13 TeV
data shows a good
agreement in the 0/1L tt
al and W CRs
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https://cds.cern.ch/record/2002608

Conclusion

Thanks for the attention
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Introduction - Atlas Detector

Muon Detectors Electr

\gnetic Calorimeters

Forward Calorimeters

End Cap Toroid

@ Inner Detector in 2T solenoid
magnet: tracking and p
measurement in |n| < 2.5

@ LAr high-granularity
electromagnetic calorimeter:

In| < 3.2

@ Scintillator-tile hadron
calorimeter || < 1.7

@ LAr hadron and em calorimeters
for endcaps and forward regions: 5
15< |n| < 4.9

@ Muon spectrometers providing
trigger coverage (|n| < 2.4) and
muon ID and p measurement
(Inl<2/7)

@ March-December 2012 dataset
with \/(s) = 8 TeV. 20.3 fb~1,
with 2.8% of associated
uncertainty

T T

T T T T T T
[ ATLAS Preliminary \s=8TeV
[ [ LHC Delivered
20/~ [_JATLAS Recorded
[ I Good for Physics

Total Delivered: 22.8 b
Total Recorded: 213 fb"
Good for Physics: 20.3 fb”"

Total Integrated Luminosity [
=)

114 116 118 1110 112
Day in 2012 24 /22



General Analysis Strategy

@ Signal Selection (signal region SR):
Optimisation on a set of variables to
discriminate between a specific SUSY
model and SM background

@ Background estimate:

o Irreducible background: use of
MC simulation for modelling
and use of data in CRs (control
regions) to constrain the
normalisation

o Reducible background: use of
data driven method

@ Validation Regions (VRs): regions
statistically independent but
kinematically close to the SRs used to
check the validaty of the background
estimates in CRs in the SRs

S | arXiv:r410.1280 I
SR (| SR2
° i
| v | s

\ / i
CR NPl

ERS1 |VRS
CRD [===="1 :
observable 1

ATLAS
15=8 TeV, 20.1 fb’!
Soft lepton(s) Validation Regions

(nobs Nored) / Oy
N L O LN W

& R

| | 1 | | 1
T S S S
B £ g 8 8 2 £ 8 g 82 I
T e o 2 22 =28 8 8= & £
1. 8 S5 5 £ 8. 8 >4 5 £ 4.8
T T P TS T I - T T
T2 £ B S e £ B + g g X
® E 25 g 59 E 26 538 E 2
4 8 = 9 5 22 8 =9 §5 2 £ 8 £
= £ = 5] = £ = k] ® E 5
£ 8 - £ 3 £ 8 - £ 5 4 £ 2%
I3) pol B B S 2T B S -
= 92 B o 29 B b 5 5 s
L > [E— > S &
_ @ = o w = £ 7
- = - = [
9

arXiv:1501.035555
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Systematics Uncertainties

@ The systematic sources are analysis specific, but they follow similar
structure
o Detector response systematics: JES, JER, MET resolution...
o Analysis specific systematics: normalisation on the data driven
background estimate,..
o Theoretical uncertainties: ISR/FSR, cross sections,...
e Background normalisation (Control Region statistics dependent)
e MC statitstics

@ Many systematics cancel during the CR — SR extrapolation
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SUSY Fine Tuning Formulas - Slide from T. Lari

% The derivation of upper bounds on the different SUSY particles from naturalness
was first discussed in a paper of Barbieri and Giudice in 1987 (Nucl. Phys. B306, 63)

% After the 2011 LHC results pushed limits on squark and gluinos around 1 TeV, lots of
discussion on naturalness-based susy spectra. In slide X I used the formulas in
Papucci, Rudermann and Weiler, arXiv:1110.6926v1

A-1\ 12
<200 GeV (120 GeV) (W%) Tree-level Higgs mass relation to Higgsinos. Very simple, just solve for delta.

One loop Higgs mass relation to stops. The

3
I S 2R 20 ( )
i lsop 8m? Y (mQ3 s ) RENNTe vV minimum fine tuning for a given lightest stop mass

e sin B log (A/ TeV) 71/2( oy A —1/2 O}TC\‘lrs‘fOId?llflb ‘1 n((i) ‘m11xu(11gé an((li rlntr =mt2. I put
Vmd +m2 < N 5 12[JCeV) 20% these conditions and solved for delta.

A
2 = 2
Omi, |gtuino = ol ( ) |Ms[* log? (T V) Two loop contribution from gluinos. The minimum

o g2 fine tuning for a given gluino mass occurs for sinb =1.
1\~1/2 g & g
Mj < 900 GeV sin 3 (w) (1 2;2‘6\/) (ZAT%) I put these conditions and solved for delta.
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Direct Sbottom Searches: OL (JHEP 1310 (2013) 189)

@ bOL Signal Regions

e Z+HF, W+HF, ttbar main bkgs

@ mcr(vi,v2) =

[ET(v1) — ET(v2)? = [Br(v1) — Br(v2)]?

Description

Signal Regions

SRA

SRB

Event cleaning

Common to all SR

Lepton veto

No e/p after overlap removal with pr > 7(6) GeV for e(u)

Ep'= > 150 GeV' > 250 GeV

Leading jet pr(j1) > 130 GeV > 150 GeV

Second jet pr(jz) > 50 GeV, > 30 GeV

Third jet pr(js) veto if > 50 GeV > 30 GeV

As(p™, 1) >25

b-tagging leading 2 jets 2nd- and 3rd-leading jets
(pr > 50 GeV, |n| < 2.5) (pr > 30 GeV, |n] < 2.5)

Mpjers = 2
Admin >04 > 04

fme(2) > 0.25

Mefi(3) > 0.25

mer > 150, 200, 250, 300, 350 GeV
Hrg < 50 GeV'
may > 200 GeV

@ Bkg normalisations obtained from
simultaneous fit in CRs

o di-lepton side-bandes used to
control Z4+HF contribution

@ Normalisation fits in agreement
with MC predictions

T T T T T T T

ATLAS CRA_SF
* Datas=8TeV,203 "

SM total

top-quark production

M Z production

Others

Events /5 GeV

Data/SM

11;0 -
m, [GeV]

120
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Direct Sbottom Searches: SS and 3L (arXiv:1404.2500)

B, production, b, 1", mG’) = 60 GeV
T

@ 5 signal region with either SS or 3 leptons in the final E " ATLAS i
state £ 700 fLm:zcau: | \s=8TeV ]

2 same-charge leptons/3 leptons + jets

600 [~ = Observed limit (+10,")
@ prompt (W or Z decays), "fake" leptons and charge = |
[ === Expected limit (1 0g)
mis-measured electrons (high-pT of the brem =) S00[- At o oL !
400 [ 4
SR Leptons  Np-jeis Other variables Additional requirement : .
on mer a0 i |
SR3b SSor3l >3 Niets > 5 Me>350 GeV : / ]
SROb SS -0 Niets > 3, EZ> 150 GeV, Meg>400 GeV 200 i 1
mr> 100 GeV 1
SR1b SS >1 Njets > 3, EFs> 150 GeV, Meg>700 GeV' 100 U P | Liodil .
300 350 400 450 500 550 600 650 700
mp>100 GeV, SR3b veto m; [GeV]
p . P ~ miss V. NV o~ '
SR3Llow 3L Niets > 4, 50 < EFi< 150 GeV, Mer>400 Ge' 5,5, pmduc.wn b m(y)_zm(“)
Z boson veto, SR3b veto < 40 ’ e
SR3Lhigh 3L - Niews > 4, B> 150 GeV, SR3b veto Mer>400 GeV 8 ATLAS
. R i . g‘-' 350 det:ZO.S fbo' ‘, \s=8 TeV -1
T N T S L B B N B

2 same-charge leptons/3 leptons + jets

300 [~ = Observed limit (+10}c)) !

ATLAS

0| ATLAS

20

=== Expected limit (1 0)
250 [ Alimis at o5 oL 9

Events / 300 GeV.
Events /400 GeV

200~ B
150 |- E 3
100 { B
=L 59 . . . Lol . .
[ ) W0 60 800 1000 1e0 1400 300 350 400 450 500 550 600 650 700
e (GeV] s Gev] eV]
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~

Direct Sbottom Searches: 51 — bY»

>
°
o]
0
&
2
£
2
i

T T T
ATLAS Preliminary o ouaaorz

107 [Lat=201 G =8 Tov % swoul E
[ recucsosgom 3

0-epton baseline selection

Iducicl bkg (MO
Tiets > 30 GeV, = 3 brets > 30 GeV O ks (MO

("] Z)]_ — bx2 ()Zg — h)zl)
- Up to 6 jets in the final state
- 4 jets with p1 > 30 GeV (3 b-tagged)
- Large ET"* - Large
Mer = >0 ply + Efpiss

baseline 0-£ selection: lepton veto, p/} > 90 GeV, Ef* > 150 GeV,
> 4 jets with pr > 30 GeV, Age > 0.5, EF'™ /mf > 0.2, > 3 brets with pr > 30 G

...... G @) (1300, 100) GeV x 10

Ty
sl

i 2
% >hex

‘min
Niets (pr [GeV]) | EF™ [GeV] m.“f [GeV] Ep/ H%J IvGel 150 200 250 300 350 400 450

SR-0£-4j-A > 4 (50) > 250 mf; > 1300 - ET [Gev]

SR-0¢-4j-B >4 (50) > 350 m. > 1100 -

SR-0¢-4-C* >4 (30) >400 | m¥ > 1000 >16 1100 BBLproscton B4 L7 =201 1", 158 TeV

SROLTFA | >7(0) >200 | mig' > 1000 - 3 [ ATLAS Prolminary | - s imi <10,

SR-067;B >7(30) >350 | mil > 1000 - 2% E gana 1tpton +3bits chamels 2 Opserve it = 1 o]

SR-06-71-C >7(30) >250 | mi! > 1500 - SO () -s0cev Allmits at 9% CL E
800 [~ o -

@ No statistical evidence of any excess

@ 95% CL limits assuming 100% BR of
by — )22:

8k
H

=5 L
200 300 400 500 600 700 800 9 00
V1

3
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Direct Stop Searches in OL channel (JHEP 09 (2014) 015)

[ SRA1 | SRA2 [ SRA3 | SRA4
antik R=0.4 jets >6, pr > 80,80,35,35,35,35 GeV
mp; <225GeV [50,250] GeV
m), i <250 GeV [50,400] GeV
; ; H miss min[my (jet', pf*™*)] >50 Gev
» Final state with OL + 6 jets (2b) + ET Tveto Ves
» Bkg: ttbar, W+Jets (missed lepton), Z+jets, ttZ _Ef™ >150GeV [ >250GeV [ >300GeV | >350 Gev
=2miss
» bjet closest to pT'* — mT > 175 GeV — =
» SRs exploit R=1.2 reclustered jets antik R =04 jets | 40r5, pr > 80,80,35,35,(35) GeV | 5, pr > 100,100,35,35,35 GeV.
. . i, <05 >05
> Multijet from Jet Smearing P erra - 350 Gev
M re12 >80 GeV [140,500] GeV
E Famas” pramiay _ o My k12 60,200] GeV/ -
g welomu S~ S S o Ry
2 ! 8 wof AT et it e ipin > 175 Gev > 125 GeV
] B et onions 01—y (jot’, pF) > 280 GeV for 4et case -
o ES - > 17v/ GeV
a00E Allimis at95% CL £ > 325 GeV > 400 GeV
,,,,, 20
= SRC1 [ SRC2 [ SRC3
5 oo antik, R = 0.4 jets 5, pr > 80,80,35,35,35 GeV
;WW ////// //77%7 o 186 (5,5)] > 02n
B e mby™n > 185GeV | >200GeV | >200 GeV
mhym >205GeV | >290GeV | >325GeV
T veto yes
Eiss >160GeV | >160GevV | >215GeV
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Direct Stop Searches in 1L channel (JHEP 1411 (2014) 118)

T, production, T+ b1 /T, Wb T+t

- . + 3 AT‘LAS ! ! —' Observed‘hmn (=1 uiﬁ;; 4
@ Search targets the processes t; — tf(‘l) or t1 — bX7, & flasmpliony oo EoccedimiGlo |
with Xit — W+ LSP 300 T-lepton + jets + E** Alimits a 95% CL ]
@ 9 total Signal regions with 1/, large ET?%, 2nd / veto. =9 ’ ]
Target the full phase space 0 ]
@ tt and W main bkgs, constrained by normalisation fits . ]
to CRs. 1005 1
@ Use of transverse and stransverse mass, Tp,4 veto and o 1
topness 0 R R TR )
m; [GeV)
%‘s"A‘n‘.}As‘  Eaamama e ;mjﬁwwmm‘?-a;vi-ww;mv-ﬂ'.
3 D 18 ATLAS —— Observed imit (+1025)
35 larias | ! AP g 18 \s:aTe\afLu\:zocb“ ﬂm i f | fraemsiion == Bpcedinteio,)
2 30| \s:BTEV,fLm:ED ! Ot 2 14F tNbC_mix [CIW+jets 4 Zso‘ .
2 bCd_hight Sles 1 8 2 - %'r; AN | viosonsies o rr——
§ 25 m{t,x;#9)= (650,300,150) GeV  EATotal SM | @ - m{f,oc;13)= (500,300,150) GeV i m\
Yo m(E¢: %)= (600,200,100) GeV E 10 ) E| |
i 8 1 | [
150
6 |
1] T/
2L ) 7 7
JI - AT f——t = | &
100 150 200 250 300 350 400 150 200 250 300 350 400 450 100 600
amy, [GeV] E7™ [GoV] GV

@ CL set on direct production of #; pairs under various BR and me+ assumptions
1
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http://arxiv.org/pdf/1212.4495v2.pdf

Direct Stop Searches in 2L channel (JHEP 1406 (2014)

7, production, BRI, — 77b) = 1

TLAS !
E [Ldt=203m" is=8Tev

T
»#

T T
mE)mGZ) =10 Gev

) [GeV]
o
8

0,
1

@ Search targets decays f; — b)'&gt or 3-body decay
?1 — blv or ’{’1 — t)zg 200

@ Signal regions based either on stransverse mass
(leptonic or hadronic) or on MVA techniques

@ Prompt bkgs fem SM processes (tt, VV, Wk, ...) 1
from MC. Fake and non prompt leptons estimated by 50
data driven techniques

m(x.

2 Onserved it (+102%)
<2 Expectediit (+10,,)
A 2195% CL

T T T T

YA i

0 L L L L L
150 200 250 300 350 400

450 500 550
m(i) [GeV]

fLm:zn:Hb‘

‘same favour

10Gev.

Events /bin

2lotsp, > 10050 GaV.

[ "veen,

DataMC

| =
L) oo o o o oo vl o o1
Evonis 10,08

Data/MC

Data/MC

2040 60 80 100 120 140 160 180 - 200 0

%050
my, [GeV] mi* [GeV]

@ CL set on direct production of #; pairs under various BR and mex assumptions
1

BDTG classifier response
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Monojet Searches (arXiv:1407.0608v2)

@ Search targets compress spectra
of by — b)"(‘l) and {H — C)"(‘l) and
four body decay

@ SM bkg Z(— vv) +jets, tt and
W(— Iv)+jets. Fit to data in
CRs

Selection criteria

Preselection

Primary vertex
B> 150 GeV

Atleast one jet with py > 150 GeV and || < 2.8
Jet quality requirements

Lepton vetoes

Monojet-like selection

‘Atmost thre jets with pr > 30 GeV and [n] <28
Ad(jet, p™) > 04

ANIGE]™ [Events/GeV]

Signal region M1 M2 M3
.. R Minimum leading jet pr (GeV) 280 340 450
@ Multijet events estimated by Minimum £ (GeY) 20 0 450
JetSmearing
o' amas " Signal Region 1| "3 SoF aras T " T
g ] ~ o
- maw - 5. w2036 T pocon, 887 o)1
o Jlo=203m E=8Tev 2ol [l-203w! 60Ty < w0 B ; ;
@ .. 3 ATLAS Jras23n! Grotey
Zones P S a0 vt s w126 3
10§ I (+X) + single top Yo
o g E
1= hd
T 3
r
" z
: g
Qe L
s iz o < ) e
ET™ [GeV] m; [GeV]
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@ Similar to the mono jet searches, left compress
@ Multivariate c-tagger trained against b jets and

@ c-tagging uncertainty below 3% in the SRs

sce

LF

narios.

jets separately.

“Atlcast four jets with pr > 30 GeV and [ < 2.5
80(Get,pF) > 0.4
AN four jets must pass loose tag requirements (bjct vetoes)

At least one medium charm tag in the three subleading jets

Signal region

c1
290
250

c2
290
350

i, production, BRE, - ¢ 7,) = 1
T

.
>
5
2]

ctagged selection: C1, C2

- Observed lmit (+1055)

S22 Expected mit (=
LEP (0=07)
COF (26 107)

Al limits at 95% CL

T T
JLa«:Qoam", fs=8 Tev .

1 1 1 1
0 150 200 250 300

@
@
3

m; [GeV]

Presalection
ATLAS * Daw20n2

J Ldt=203 " i5=8 Tev 5+ Standard Mode!

b3
S
]
€
3
S
i}

Data/SM

T
Third leading jet log(P/P,)

3

Prosaloction ) ' "
* Data2012 ATLAS

4444 Standard Model JLat=203m",

- cets }

[0 tightjots $ MC based

B biets

Events /0.5

[0 mtts data driven)
7= (200, 195) Gev.
il %) = 200, 125) GeV

Data / SM

o 2 3
Leading jet log(P, / P,)
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Direct t, — t;Z search (EPJC74 (2014) 2883

SR2A  SR2B  SR2C CR2A CR2C SR3A  SR3B
Nieptons 3 N sr2A srzB sR2C
pr(ty) [GeV] >40  >60 Data 10 1 2
dilepton flavour SF SE Fitted total SM 08417 24409
[mee — mz| [GeV <10 <10 Po 0.50 0.50
Fitted té L4207 24404
21 21 Fitted single top 0234017 0107013
55 >5 0.144006  0.16:£0.06
> 40 027+0.21  0.15+0.12
o iz 0384018 0.6540.23
- Fitted non-prompt < 0.05 <0.01
5200 > 160 > 60
S60 >80 S MC oxp. total SM 116 30 18
A [rad] <15 <15 - - \4( exp. t 8.1 2.0 3,
oxp. singlo top 0.1 024 0.14
Dcairiven 7 jorn 088 013 018
MC exp. diboson 048 028 015
- - MC oxp. iV, 12 10 0.38 0.66
@ Bkgs from fake/non-prompt leptons: use of
Matrix Method -

@ ttbar and ttbar+V: CR constrain Data . 2

" wwtia 1ezos
H . T Po 0.50 0.30

@ Z+jets: Jet Smearing method T o
. . . hoem, wboson 01 £01 013 01

@ Final state with several leptons: p(/l) and SFOS g{;;yﬂ i G " g1k01 oot koo

Ap(Il) cut

T, production, T+ 2, T~ 17"
o fatoseton e Ze

s )
s 3 7
8 == Omsenegimit (125 | S
& T Ecsdimeton) £ Lat=2031", fs=8TeV
2 T T Al imits at 95% CL | N tT Al imits at 95% CL.
3 ATLAS *  Data 2012 (18+8 ToV)
S UE[uai=2031" 2iepon Sh2A 1 0 E
P 500
I
400 3
1
! 300 3
10 200 |
L.
i 100 Est
i 200 300 400 500

800
m; [GeV] 36 /22



Summary of Stop Searches with {5 in the decay chain

i, producion., -~ b, R~ WOR

S T T T 7
8 ok 3
5 ot b e , ; At a95% . é
@ — t1 — bxy — bff X1 g ]
@ Either use of lepton veto or single N3 E
soft lepton requirement ol

@ Stop masses up to 620 GeV with 1
mgo = 150 GeV are excluded 3 3
B Lo Lo Lvv v Lo a 1o d
B m; [GeV]
A(m;l,mii):IOGeV 3 F o T
-1 = 3s0— 4
£F 1
Sy ——— 3007_ B — ]
covered by SRs targeting soft leptons a0 E
(i.e. WW) anf- E
@ At high my, high-pr leptons: use of =t E
2L final state SR “E E
@ Stop masses up to 490 GeV with low N A A ‘7
neutralino masses are excluded om0

m; [GeV] 37 /22




Signal regions summary

Analysis name and Analysis . q .
comresponding reference acronym Original signal region name Model targeted
Multijet final states tOL
~ bCa_low, bCa_ med bCb_med1,
One-lepton final states tiL bCb_high, bCb_med2, bCc_diag
_bCd_bulk, bCd_highl, bCd_high? _
,,,,,,,,, body
tNbC_mix
‘Two-lepton final states 2L __L90,L100, L110, L120, HI60 __
Mi-4 t| = rX‘
Final states from compressed stop to Mi-3 f,/b, — anything with mp, ~ Mg
decays Cl1-2 i o)
5 . SR2A, SR2B, SR2C, . _
Final states with a Z boson ©2t1Z SR3A, SR3B 5, > f,Zandf, > f}h
Final states with two b-jets and E*** bOL SRA, SRB b - b)(l and 7} — by} with Mgs ~ Mg
le?a.l staleslwnh two leptons WW SR17 t - b)(l 0w1Ll1 my: =mj — 10 GeV and
at intermediate mry 7, — bévg) (three- and four-body decays)
Final states containing two top quarks -
and a Higgs boson L B hohh
Final states containing a top and a b-quark tb SRI-5 i, — by with
A g mgs ~ my and pMSSM models
SR-0¢-4j-A, SR-0¢-4j-B, SR-0¢-4j-C, gluino-; medlated ’1 and bl production,
Final states with three b-jets g3b SR-0¢-7j-A, SR-0¢-7j-B, SR-0¢-7j-C, b —>)(2b —r)(lhb
SR-1£-6j-A, SR-1¢-6-B, SR-1£-7j-C
Strongly produced final states SS3L SR3b, SROb, SR1b, Generic gluino and
with two same-sign or three leptons SR3Llow, S3Lhigh squark production, Tzl - t);l*
Spin correlation in sc _ 7 — 1) with
tf production events mi ~m + my
tf production cross section Xsec — t'l - r/\?‘f, three-body decay
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