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Introduction & motivation

%k Most elegant TeV-scale theory to solve Ssaderd partiolee SUSY particles

Hierarchy problem, natural mechanism for
EW symmetry breaking, neutralino as LSP is

an ideal dark matter candidate w

*k Light 3rd generation within current LHC reach s G [

favored by naturalness arguments
strong production

®k Large cross-sections

O, Pb]: pp = SUSY

tOt

**  Expect final states
with many jets, bjets
and leptons

VS =8 TeV

Most recent ATLAS results B

~Same-sign leptons+ijets, 2| fb- ] ATLAS-
CONF 20|3 007

\

- < OL+3 b |ets I3 fb | ATLAS CONF 20I2 14

200 400 600 800 1000 1200 1400 160(@3 3L+]ets+MET |3fb | ATLAS CONF-2012- |5|
[GeV]

average
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Targeted 3rd generation models

Simplified models - BR 100%, interpreted as boundaries on masses of involved particles

SS+jets aim only at final states with tops
OL+3bjets analysis is sensitive to all scenarios (but no interpretations for all

G — I8

2 leptons + 4 b-
jets + 8 jets +
Etmiss

OL + 3 b-jets :
4 b-jets + |2
jets + Etmiss

Gg — ttt5ty (ty of f shell and t; — tx") OL+3bjets, SS+ijets
Gg — tttit (51 on shell,t; — t)Z(l) and mgo = 60 GeV) SS+jets

Gg — tttity (t1 on shell,t; — bXT ,mgo = 60 GeV and mg+ = 120 GeV) SS+jets
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Targeted 3rd generation models

Simplified models - BR 100%, interpreted as boundaries on masses of involved particles

§§ — tbflgl .
. 2 . |
(t1,b1 of f shell,degenerate mgo, m_=) SS + jets:
X 2 leptons + 4 b-
jets + jets +

Etmiss

OL+3bjets, SS+jets

OL + 3 b-jets:
4 b-jets + jets +
Etmiss

GG — bbbibt (by of f shell)

OL + 3 b-jets : 4 b-jets + Etmiss
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General analysis approach

All analyses performed in trigger plateau and with good
data quality

MC samples used to optimize event selections, data is
kept blinded in the signal regions until analysis is mature

SUSY signals acceptance and efficiency simulated with MC ///' lidati \\ |

regions |
Backgrounds / i/ for bkg \\ \
A/ estimates)\ '

O  Reducible: due to fake or mis-identified objects, usually fully
data-driven approach

/ control
Irreducible: usually estimated with , l’ regions to

‘ * approach (shape from MC and . derive bkg
normalization in signal regions using background dedicated A
control regions), if minor, purely MC y

y!
\1'.]‘ good preselected data

® TFs = systematic uncertainties (partially) cancel-out
Y,

’ r- ’:.. "/,,’
¥ /

. "'
.*'l '
-

%  ‘Open the box’ - if excess N
if not, then interpret results for different models
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sk Bas,’c event se’ect,'on: ; -t 7' L Gluino-stop(hl’.;')degenerate(mh .m._) e
2 same-sign (SS) leptons + jets + MET b7 | Gluino-stop (b7) on-shel

Gluino-stop (t7") off-shell (m; <m. +m,)

O SS = sma" backgrounds | AT Gluino-stop (t7") on-shell (m; > m. +m)

Gluino-stop (bs) RPV

O Large lepton multiplicity expected §-a43 . W7 Gluino-squark (via W)
from top quark decays in 3rd generation e |
squarks production

~ Gluino-squark (via slepton)

direct sbottom (L7, ) fixed m_

**  Dedicated signal regions for exclusion and

direct sbottom (L7, ) varied m._

discovery cases, and aiming at different models
and SUSY particles mass hierarchy

» fyv v
* vy
q—q 7,

~ direct squark (via slepton)

Signal region Nyp_jes  Signal cuts (discovery case) Signal cuts (exclusion case)

b-jets, large MET and
Meff for large mass
splitting regions

SROb Njers 2 3, E.’“i“> 150 GeV Njess 2 3, E.".’i""> 150 GeV, m> 100 GeV,
my> 100 GeV, mdf>400 GeV bmned shape fit 1 n Megy for Mgy >300 GeV
Njers 23, E.’['.““> 150 GeV Njess 2 3, E.’['.“S"> 150 GeV, m1>100 GeV,

small MET, mt for mr>100 GeV, meg>700 GV binned shape fit in meg for meg>300 GeV

compressed regions

Niets 2 4 Niets 2 5,
- E""“< 150 GeV or my< 100 GeV

Mepy = pr” + 7" + mz = 2B piT (1~ cosAg(lep, B ™))
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SS + jets : backgrounds

* 3 types of background:

O  lrreducible (tt+Z/W, ZZ+jets,W.Z+jets):
estimated with MC

Charge mis-measurement (e-channel -
breemstrahlung + asymmetric conversion,
dileptonic tt): Data-driven with OS — SS
probability in data from Z events

O  Fakes (tt) : Data-driven with a Matrix Method

Backgrounds checked in validation regions for all
same-sign channels (ee + eJ + JUH) separately

Good agreement found

Systematic uncertainties:

O jet energy scales and resolution, lepton energy
scales and resolution, b-tag, pileup and theoretical
uncertainties on MC backgrounds

Number of events

Number of events / 20 GeV

Same Signe e

ATLAS Preliminary -@-Dawa
NN SM Total
Ldt =207, 15«8 TeV (] Charge flip
[ Fake leptons
(] Dibeson
.V

QRN

.
OOREN TR

W\\\\\\ \\\\\\\

Number of jets wnh p,>40 GeV

e E e ey
Same Signu p
ATLAS Preliminary _._’°°"°‘5

Data
) SN SM Total
I Ldt=20.7fb", 1s=8 TeV @ Fake leptons
[ Diboson
- t+V
) Charge flip

'lll‘ll 1 1111l

NN

1 1 l'llll‘

| '\l\';

g

| di
[ b

% 200 250 __ 300
Transverse mass m, [GeV]

111 'l
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>S + jetS : results ATLAS-CONF-20I3-OO7j

* No excess observed in the signal regions = Exclusion limits

| A) Discovery case

| U
Observed events

; ‘Expected background events

Expcctod tf + V events

T I —r—TTr—Tr—Tr—7 r
ATLAS Preliminary SA1b Signal Regio
® Data
. S SM Toral
Ldt=20.7fb ,\s=8TeV iy
:, ] Diboson
-Fuv oplons
= Charge fip 2
cee g Y (M(E 200GV, migi«1100GeV)
cee b, s 1} (M(E }=150GeV, mpb |=450GeV) —

Expected diboson events
Expected fake lepton events

Entries / 400 GeV

Expected charge mis-measurement events

B) Exclusion case

| Observed events

| ' Expected background events

Expcctcd tf + V events

Expected diboson events o | - ; ’ *‘\ SOOINNN \\\\ \\\\\\\\\\\\%

4 1
Expected fake lepton events ;i : 5 ; g > aoo 600 800 1200 1400

Expected charge mis-measurement events . : . . : . M,y [GeV]

Po
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SS + jets :interpretations s conp

-g production, g— tb+')2?, m(t) >> m(g), m(i?) = m(i;)

1TII|IIIAIII.I]|II Il]yllllllnfll LI IIAII_

w?

g-g production, g— ﬁi?. m(t) >> m(q)

TIII.TI[I,TIITITII,‘ITI[T-IIITTTTI 1]7[ T

— ATLAS Preliminary

I Ldt=20.7fb" \s=8 TeV

1100

1000 ATLAS Preliminary

Ldt=20.7f", \s=8 TeV

TVrIrT

| |

900 2 same-charge leptons + jets

—— Observed limit (+10,"")

---- Expected limit (10, )

—— O-leptons, = 3 b-jets, 4.7fb”, . \s=7TaV.
All limits at 95% CL

2 same-charge leptons + jets
= Observed limit (+10,_")

---- Expected limit (+10,_)
0-leptons, = 3 b-jets, 12.8fb™", \s=8TeV
2-SameSign-leptons, = 4 jets, 5.8fb", \s=8TeV

—— 3-leptons, = 4 jets, 13.0fb", 1s=8TeV 600
All limits at 95% CL

800

700

T ] T 1 l Y |
1 l 11 i l 11 |

I1TITT I‘IIITI ITTTIT1TT

500

| l |

IITYII

400

‘.l'l llll;llllll llllLl lllllllllAl L1

|
‘I-l TYT]‘

|

300 —

1

Numbers give 95% CL excluded model cross sections [fb]

i 200

: | :
N EEERE AR FEEEE AR 4 i!,lelztllllinld 100P'Lll“!ll‘l’l"111" : i :

m. [GeV] m. [GeV]

llll;l;l‘

1
L
)
4
’
I

-

Qg — tbgl 61

e Tk Tx (] Ny ~0 -
gg — tttit] (t1 of f shell and t;1 — tx7) (f1,b1 of f shell, degenerate m

%0 Migk)
Increased reach in low mass splitting

) Increased reach in low mass splitting regions
regions compared to OL channels

compared to OL channels

Exclude misp~600 GeV up to mg~1 TeV Exclude misp~500 GeV up to mg~0.8 TeV
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SS + jets :interpretations s conp

gttt - b, m(t) < m(3). m(i?) =60 GeV, ¥ = 118 GeV

L L ] 3 R T I | TR B B | ] | I TRN I 7 171 [ g-0—0-8

production, g— tTZ? m(t) < m(g). m(i?) =60 GeV

ITYI1TIT]’I1:I]TIT:ITTI1II.TT

ATLAS Preliminary

J- Ldt=20.7fb " 1s=8 TeV

Qe
T Qe

.

— ATLAS Preliminary

- Ldt=207fb" 1s=8 TeV

- 2 same-charge leptons + jets
— == Observed limit (+10, ")

theory

---- Expected limit (+10,,,)
All limits at 95% CL

1200

1100

L

1000 [~ 2 same-charge leptons + jets

= Observed limit (+10,..")

---- Expected limit (+10,,)
All limits at 95% CL

ITTTT]’ITII[TIIT

900 |-

800

|
radag

1
Numbers give 95% CL excluded model cross sections [fb]

700

600

500

Numbers give 95% CL excluded model cross sections [fb]

400

L AT

1000 1100 1200 1300 Sprm N il R IR

m; [GeV] 700 800 900 1000 1100 1200 1300
m, [GeV]

IIIITIIIIIIIIIIT]I111}

llllllllllllllllllllll

300

T
-

gg — ttglgl
(t1 on shell,t; — b)}f,
me+ = 120 GeV and myo = 60 GeV)

X1

Gg — tttity (t1 on shell,t; — tx) and mgo = 60 GeV)

Exclude m¢~800 GeV up to mg~1 TeV
Exclude m¢~800 GeV up to mg~1| TeV
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SS + jets :interpretations

ATLAS-CONF-2013-007

-g and t-t production, g— tt, t (RPV)— bs

IIIIIIIIIIIIIIIll:ill‘ll]fl[_II'EIIIII(II

ATLAS Preliminary

Ldt=207fb", 1s=8 TeV

'l Q?

Ll

2 same-charge leptons + jets
= Observed limit (+10,."")
---- Expected limit (t10,,,)

All imits at 95% CL

Gluino-stop (bs) RPV model

gg — tttt

750

700

650

)
1
1
1
|
1
1
'
]
L
)
1
1
J
]
- ] .
: R
J
!
]
)
\
1
]
1
\
1
]
1
]
1
\
)

600 Final state: 2 tops + 2 b-jets + 2 LF-jets

+ moderate MET
Excluded up to mg~0.9 TeV

550

Numbers give 95% CL excluded model cross sections [fb]

500

ITIIIIIYIITITIITIIIIT.IIYIIIIIIIYI]IIT]ITII]I[Y

;lllllllllllllllllllll llllllllllllllllllilll

450"11111111111111111' lllllllll:ill l?‘lll'll
600 650 700 750 /800 850 900 950 1000
m, [GeV]

leptons come from top
quarks, limits ~independent
of stop mass
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: : 13!
OL + 3 b-jets : event selections . .cconaomis]

* gtt model with O leptons: 4 b-jets + |2 jets + large MET
** gbb model: 4 b-jets + large MET

* At least 3 b-jets and large jet multiplicities = small backgrounds

**  Dedicated signal regions for each model and different kinematic regions

Loose/Medium/Tight
Signal Regions
binning in Meff (with 4
or all jets) provide
sensitivity in regions

with different mass 4 harder jets for gbb at least 6 jets for gtt
splitting

Common criteria: lepton veto, p{' > 90 GeV, EF > 200 GeV,
> 3 b-jets, EMS /m3. > 0.2, A¢S > 0.4

min

jets

SR Ny (pr > 50 GeV) | pr b-jets Mg
o __ PR |
pr SR4-L/M/T > 4jets >50GeV | m% >900/1100/1300 GeV

SR6-L/M/T > 6jets >30 GeV | m™' > 1100/1300/1500 GeV

all jets
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OL + 3 b-jets : backgrounds

ATLAS-CONF-2012-145

L B L N
ATLAS Preliminary . Data 2012
' ¥ SM total
J- Ldt=128fb ,1s=8TeV [ top production

CR4 B tt+b/bb production
O  Main reducible component (tt+LF jets): shape BB ¥ production
from MC, normalization from data in control : | 3 giboson

regions with a likelihood fit

** 3 types of background:

Events / 100 GeV

© Irreducible (tt+b/bb): MC

O  Minor reducible (W/Z+jets, dibosons): MC

Control regions for tt+LF defined with 2 b-jets
events, relaxed Meff cuts and same jet

requirements as in corresponding signal regions

ATLAS Prellmmary . Data 2012

¥%% SM total
I Ldt= 128" 15 = 8 TeV (] top production

CRs @ ti.bbb production

B W production
Excellent agreement between data and MC . 2 producr
oson

Events / 50 GeV

Common criteria: lepton veto, p} > 90 GeV, EF'**> 150 GeV,
=2 bets, E™ /m3. > 0.2, A¢> > 0.4

CR | Nj(pr>50GeV) | pr bjets Mgy corresponding SR : '5; %/4 / // /
CR4 > 4jets > 50 GeV | m} > 500 GeV | SR4-L, SR4-M, SR4-T sE-

CR6 > 6 jets > 30 GeV | m > 600 GeV | SR6-L, SR6-M, SR6-T v 7
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OL + 3

b-jets : results

ATLAS-CONF-2012-145

Events / 50 GeV

-
—
r

‘rlrvr

P :
ATLAS Preliminary

" L 2 L L . ] L2 . T . ] L2 . T L 3
e Data 2012

%455 SM total

] top production
B ti+b65 production
B W production
B Z production

[ diboson

« . Gbb: M. « 1000, m , « 600
]

dex: 128" 1s=8TeV

Events / 100 GeV

lIITIIIIIIIITIIITIII\'IIU.‘

-T‘[iTIITTl’]"lYT‘IIITI’TT

~llllllllllllllllllllllll

700 80 19
ET* [GeV)

TY‘ITTY]TYT]'-

ATLAS Prelimina

T A S e e o A
e Data 2012

%55 SM total

] top production
B 1055 production
B W production

B Z production

[ diboson

eee. Oft:m = 1000, m, « 400
!

I Ldt=1281" 15=8TeV
SR6-L

Alllllllllllllllllllll

Gn.m.’- 1200, m , = 1
i

lLlJJllllLLl;

00 2400
m" [GeV]

channel

SR4-T

Observed events 38

8 4

46+ 10
(44 +17)

Total background events
(MC prediction)

29+1.0
(2.7+1.3)

10.7+£2.9
(10.3£4.6)

channel SR6-L

SR6-M SR6-T

Observed events 20

4 2

1846
(18+9)

Total background events
(MC prediction)

22413
(2.2+1.8)

6.3+2.4
(6.3+3.4)

excellent agreement in SRs too ....
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OL + 3 b-jets : interpretations

13 fb-!
ATLAS-CONEF-2012-145

a3 production, g — b5+2?, m(q) >> m(g) L™ = 1281, \s=8 TeV

1 I I ] 1 I L ] 1 I ] 1 1 l L 1 1 I ] 1 1 I 1
— ATLAS Preliminary --~- Expected limit 1o,

L 3 b-jets channel

-

SUSY

—— Observed limit + 1 O rhocey

—— 3 b-jets, 4.7 fb'at 7 TeV
All limits at 95% CL

&
=

lllllllllllllllllllllll

lll}lllllllllllllllllll

F-'.'_?..‘,Wﬂ‘ N

11|,.|§.11

800 1000 1200 1400
m; [GeV]

GG — bbbiby (by of f shell)

Big gain from 7 — 8TeV and increased
luminosity

Exclude misp~600 GeV up to mg~1.2 TeV

gg production, g — li+i?. m(q) >> m(g) L™ = 128", \s=8 TeV

llllllllllllllllllllllllllllllllllllllllllllll'll

---- Expected limitt1o,

_ ATLAS Preliminary

p—

3 b-jets channel SUSY

—— Observed limit + 107, "

—— 3 b-jets, 4.7 fb'at 7 TeV
All limits at 95% CL

llllllllllllllll

lllllllllllllllllllll

800 900 1000 1100 1200 1300 1400
m; [GeV]

GG — tteits (4 of f shell and t; — tx3)

Increased reach in high mass splitting
regions compared to SS+jets analysis

Exclude misp~500 GeV up to mg~1.| TeV
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Summary and conclusions

g-g production, g— tff(?, 1s=8TeV Status: Moriond QCD 2013

g llll

21000 | 95% CL limits. 0$YSY not included.

Broad program in ATLAS to attack o) 0-lepton, 6-9 jets L -58y - Expected
. . I ATLAS-CONF-2012-103 — gbseét\f:
3rd generation SUSY particles £ |odepton, = 3 biets L, =128 0 EXPe

ATLAS-CONF-2012-145 = Observed

800 . B} 4 ----Expected
. 3-leptons, = 4 jets [L =1281b")
Excluded gluino masses up to | TeV ATLAS-CONF 2012151 . = Obeerved
. . . _ -4~~~ Expect
and beyond for several simplified 2-SS-leptons, [0-8] bjets  [L,, =20.7107] S

ATLAS-CONF-2013-007
models

LSPs excluded up to 600-800 GeV
depending on the scenario/analysis

Significant work going on to extend
current searches

- | ATLAS Preliminary L . 1"; N
S%QU %MMQd A 500 600 700 800 900 1000 1100 1200 1300
m; [GeV]

More SUSY results
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Backup slides




ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
: |

Toroid Magnets Solenofd Magnet SCT Tracker Pixel Detector TRT Tracker
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3

L + jets + MET

**  3rd generation with tops in the final state

**  Main backgrounds:

O  processes with two real leptons and a fake lepton
(Z+jets, tttjets) - Estimated from MC with
corrections from fake rates measured in data
separately for electron and muon events

O  irreducible (WZ,WW) from MC

** Three control regions: Z,low MET and tt

* Good agreement between data and MC

Z-boson CR low-E™'S CR tf CR

Z+jets and Z+bb+jets 630 150 (520) 460 *2¥ (520) 56 *20 (54)

i
Wt

WWw,

2842 (17) 45 *1° (28) 103 3} (64)
1x1 (1) 52510 81305
WZ, and ZZ 1500+120 (1500) 452435 (452) 145+17 (145)

tr+V, it+WW, and VVV 31+12 (31) 714 (7) 18+9 (18)

Total SM 2190 *550 (2070) 970 *2,” (1010) 330 *3; (287)

Data

2358 959 310

Data/Predictions

Events / 25 GeV

Data/Predictions

T 1 1 T
ATLAS Preliminary Z-boson CR
n -® Data,\s=8 TeV

OwWw, Z2Z WZ
-tW, ttww, vvv
l Z+jets
[ R
-l Wit

o 1 2 3 a4 s
Jet Multiplicity
. 4 v Y 4 ' 0 4 2 v Y ' v ' a4 2 t . \ 2 . Y ‘ Y 2 4 2 4
; imi tft CR
ATLAS Prelumm1ary 53,‘:}5"}§=?N§’V
det=13'o o BV, EWW, VVV
'..-_-_ B Z+ets
- I
. Wt

1!111111[ LLLL Ll

EcTnlsa [GGV]
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3L + jets + MET

3u

1€2SSy

1€20Sy

2SSelu

20Sely

Z+jets and Z+bb+jets

tt and Wt
WW, WZ, and ZZ

t1+W and t7+Z, and VVV

0.7+0.8
0.7 fgﬁ
0.3£0.2

0.5+0.5

0.2 +0.2

1.5 +0.9
=05
0.6+£0.5

1.0
0939

0.3+0.2

1.0 40.9
= =0.2
0.4+0.3

Total SM

1.8+1.0

0.8+0.5

2.9+1.2

1.2

+1.1
1.7 ~10

Signall
Signal2

1.3 53
09203

0.3
1203

+0.3

D +0.6
5 0 +0

=06

32 j§:3
1.4 04

{15

X fgg

2.0+0.6

T T T T T T T

ATLAS Preliminary Signal Region
1 4 Data,\s=8 TeV
det=1 30 fb DWW. 2Z.WZ

B v, ttww, VvV
B Z+jets
I
Bw
— b500, 7°300, %°150

Data 1 2 3 1 4

llllllllllllllllll

@-g production, g— ti)"(?
L] L] . L] L] L] L] L] l L] L]

L™ = 13.0 fb"' \'s=8 TeV
l | 1] 1} 1] L L) 1

]
ATLAS Preliminary

L] l L] ] ' L]
Observed limit (1 0yes.)

Expected limit (x10,,.)

—— QObserved 7TeV data
Expected 7TeV data

Jet Multiplicity

All limits at 95% CL . L: .
Data and SM bkg within one sigma

1000
900
800
700
600
500
400

Exclude gluinos up to 0.9 TeV and
LSPs up to 400 GeV for gtt off-
shell model

200
100

llllllllllllllllllllllllIllllllllllllll'lllllllll

llllllllllllllllllllllll|llll|llll|l[llllllllllll

L A ' L

0
400 500 600 700 800

-
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