ATLAS searches for 3rd
generation squarks and direct

gaugino/slepton productions
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“Natural” scenario

If SUSY has to solve the gauge-hierarchy problem, the 3™ generation particles are bound to be

relatively light and the gluino not too far away
Looser constraints are imposed to the gaugino sector A
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Direct gaugino/slepton production

N = =
. s
- @ Low cross sections: weak \
S production

A

@ Make use of leptonic final states
-  toreduce backgrounds (in
general, low branching ratios)
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Searches for 3rd generation and gauginos

challenges

Moving from signature-based to model-based

Gluino-mediated stop/sbottom production

t.b

@ Large cross sections (strong
production)

@ Large number of (b-)jets and
leptons

Direct stop/sbottom production

@ Low cross sections: isolated squark
is 1/12 of the “squark” cross section
and suppressed t-channel
contribution (need b-/t-quark in the
initial state)

@ Large backgrounds: need dedicated
analyses per topology.

This talk cover R-parity
conserving searches only
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Large (increasing) activity

2 SS leptons + jets (2.05 fb™") 3 b-jets (4.7 fb™")

1-lepton + b-jets (1.03 fb™") PRL 108 (2012) 241802 N ATLAS-CONF-2012-058
ATLAS-CONF-2011-130 e | (arXiv:1203.5763 [hep-ex]) : http://cdsweb.cern.ch/record/ 1453786
http://cdsweb.cern.ch/record/1383833 i :

: 3 b-jets + 0/1-lepton (2.05 fb™") Multijets (6-9 jets) (4.7 fb™")
O-lepton + b-jets(0.83 fb™') : | PRD 85 (2012) 112006 foncfennsssssssssennns Submitted to JHEP
ATLAS-CONF-2011-098 3| (arXiv:1203.6193 [hep-ex]) (arXiv:1206.1760 [hep-ex])
http://cdsweb.cern.ch/record/1369212 ;

5 2-lepton + jets (very light stop) (4.7 fb™)
0-/1-lepton + b-jets (0.035 fb™") A ATLAS-CONF-2012-059
PLB701(2011)398 | . http://cdsweb.cern.ch/record/ 1453787
(arXiv:1103.4344 [hep-ex]) EE R

— e N o ——%-— | b-jets + 1-2 lep. (light stop) (4.7 fb™")
o 7} ATLAS Onl|ne Luminosity i.!_ 7 TeV =51 ATLAS-CONF-2012-070
2 b-jets (2.05 fb™") = o -,_HC Delivered 1 | http://cdsweb.cern.ch/record/1460267
PRL 108 (2012) 181802 fwseeeeees g6 T AAS Racordad -
(arXiv:1112.3832 [hep-ex]) £ S % | 2-leptons + jets (heavy stop) (4.7 fb™")
g 551 iotal Delivered: 5.61 fb d....] ATLAS-CONF-2012-071
0 -1 1 = | Hiotal Recorded: 5.25 fb . - - -
Z + (b-)jets (GMSB) (2.05 fb™') g i 3 | http://cdsweb.cern.ch/record/ 1460268
Accepted by PLB ‘§ ........................ .
(arXiv:1204.6736 [hep-ex]) B = | 1-lepton + jets (heavy stop) (4.7 fb™")
= 3----1 ATLAS-CONF-2012-073
S = http://cdsweb.cern.ch/record/1460270
Legend: . E
: 1 | O-lepton + jets (heavy stop) (4.7 fb™")
ino- i s bt ke ATLAS-CONF-2012-074
g:gz&gg&g&ed stop/sbottom 09103 01/05 01107 31/08 01111 http://cdsweb.cern.ch/record/1460271
Direct stop 3-leptons (2.05 fb™') Day in 2(?11 3-leptons (4.7 fb™")
Direct gaugino/slepton PRL 108 (2012) 261804 B ATLAS-CONF-2012-077
(arXiv:1204.5638 [hep-ex]) http://cdsweb.cern.ch/record/1460274
4-leptons (2.05 fb') (RPV-targetted)| | 4-leptons interpretation (2.05 fb') |i [ 2-leptons (4.7 fb™)
ATLAS-CONF-2012-001 -1 ATLAS-CONF-2012-035 (RPV-targetted) |1 ATLAS-CONF-2012-076
http://cdsweb.cern.ch/record/1418920 https://cdsweb.cern.ch/record/1432202 http://cdsweb.cern.ch/record/1460273
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_General strategy
Some common variables:

Technique v EtMiss

@ Most analyses follow cut & count approach v HT: scalar sum of jets _
v m_: scalar sum of EtMiss and jets

Background strategy
@ QCD multijet backgrounds: data-driven

=% O-lepton: smearing technique with jet resolution function

== >=7-lepton: matrix method (“loose”-->"tight” with
efficiencies taken from dedicated regions)

@ Major backgrounds: semi data-driven

=% Define a control region (CR) for each of the backgrounds
to test MC performance

== Control region kinematically close to signal region (take

into account signal contamination)
== Normalise MC yields to data SR = (CRdata'CRother_bkgs)

== Transfer factor from CR to signal region (SR) subtracting Transfer factor (TF)

other backgrounds in the region (validation is

also performed)

=% Systematics reduced due to ratio SR/CR

@ Minor backgrounds: MC-only estimation
Interpretation

@ Reduced spectra -> simple models (different combinations)
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ATLAS searches for gluino-
mediated stop/sbottom
production

Prospinoé. |
T 1T 1T 13
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Many different decays considered:

On-shell: g-bb / g-tt
Off-shell: g-1tbx,~ / g-1tx° /g-bbx°
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Gluino-med. t/b: 0-/1 -lepton

SRO-A1: 21 b-tag, m_>500 GeV

Two channels D O-lepton --> sbottom dominated decays

considered SRO-B1: =1 b-tag, meff>700 GeV
¢ =3 jets and dedicated QCD removal cuts | SRO-C1: 21 b-tag, m_>900 GeV
& © 6 SRs defined (mass differences) SRO-A2: 2 b-tag, m_>500 GeV

SRO-B2: 22 b-tag, m_>700 GeV
SRO-C2: 22 b-tag, m_>900 GeV

1-lepton --> stop dominated decays

@ >4 jets with at least 1 b-tag
¢ m_(lepton,EtMiss)>100 GeV SR1-D: m_>700 GeV

& 2 SRS deﬂned (mass diﬂ:erences) SR1-E: EtMiss>200 GeV and meﬁ>700 GeV

Main backgrounds: ttbar

> FE- T T T T T 1T T 1T T 171" L= 10" T T T LA B L B B L B R L

and W+ hf (heavy fl avou r) 8 104:_ ATLAS , ® Data20rt ] E = ATLAS ® Daazon E

S g IL dt~2051" js=7TeV % z“:;";:'wion 3 S i J.Ld“ 205" \s = 7TeV é M otal ]

— C W production 7 = 1 1op production ]

ttbar estlmated US| ng 1 - E 103_? 0'|9Pt°”! SROAT =Z,dibosonprcduction ?_ % 10 E 1-muen, SR1-D = W produton E

S £ multi-jet production E > — Cthers 1

lepton and low m_ (other ¢ ¢ e ] & F e - catn, 21061 ]

0% s =800 GeV, m:.;:GOOGeVE_ | . ;=700 GeVm, = 100 GeV |

cuts the same) and Ny |« ] “E

defining transfer factors 10g E - i

C 7 1E- —

. . 1 = 3

Multijets: smearing or E. bR ; ]

H o E ‘ ] a =

matrix method 5 ;/;;::::::::;i Y O E

I R NPy 777, 7 A ] . IE7777 S E

| - g i ) :

Theoretical uncertainties : ‘ . ‘ . ) ] AAAa 77/ et A
d . S?00 600 800 1000 1200 1400 1600 1800 800 800 1000 1200 1400 1600 1800 2000 2200

ominate m,; [GeV] m,, [GeV]
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Gluino-med. t/b: 2-leptons

Targetting gluino-mediated stop production

(2 > 4jets (pT>50 GeV)

Expected 4 tops in the final state --> same-sign (SS) leptons -< @ 2 SRs defined

Main backgrounds:

v “Fake” leptons from jets: estimated using matrix method

v Charge misidentification: use SS Im(ll)-mZ| < 15 GeV

SR1: EtMiss>150 GeV
SR2: EtMiss>150 GeV and
m_(lepton, EtMiss)>100 GeV

.

v ttbar+X: from MC (dominant background and dominates the uncertainty)

(X=jets, W, Z, bbbar...)

SR1 SR2
tt +X 037 £ 0.26 0.21 = 0.16
Diboson 0.05 = 0.02 0.02 = 0.01

Fake-lepton 034 £0.20 < 0.17
Charge mis-1D|0.08 £+ 0.01 0.039 £ 0.007
Total SM 0.84 = 033 0.27 = 0.24
Observed 0 0

% : T I T T T -1l ‘I T T T T l T .I [I)a{a |2()I1 1I T T I T T T T :
(D | L dt = 2.05 fb ,\,"IS = 7 TeV ;&SM Background ]

o - .
©w | ATLAS Bl Z/v*+jets [Jti+X |
o 10 = Il Diboson [ Fake-lepton 3
% - - - Signal ]
o e —
Ll —
1 E

107

1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 \ \\\\\
0 50 100 150 200 250 =250

E¢iss [GeV]
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Gluino-med. 3 b-jets

Exploit presence of b-jets to reduce backgrounds

(not many SM processes with 3 b-jets)

v Cuts to be above trigger threshold and
reduce QCD multijets.

v 3 b-tags with different Operating Points (OP)

vDefined 5 SRs: EtMiss and m__

Background strategy

Common criteria: lepton veto, p{,-l > 130 GeV,
> 3 brjets, E™S /meg > 0.2, A@pin > 0.4

SR

Ny

miss
ET

Meff

b-tag OP

SR4-L
SR4-M
SR4-T

> 4
> 4
> 4i

>160 GeV
>160 GeV
>160 GeV

>500 GeV
>700 GeV
=900 GeV

60%
60%
70%

SR6-L
SR6-T

>6j
> 6]

>160 GeV
=200 GeV

=700 GeV
=900 GeV

70%
75%

SR4-L

SR4-M

SR6-T

CR4-L

CR4-M

CRo6-T

Validations:

MC-driven Transfer Factor (TF):
from 2 to >=3 b-tags

CRs: same cuts as in SRs but

EtMiss>160 GeV, meff>500 GeV
and exactly 2 b-tags

CR

tt+jets

others

SM

data

CR4-60

329 + 92

66 £ 26

395 + 115

402

1) Procedure repeated requiring 1-lepton (mT<1 00 GeV)

CR4-70 | 489 £+ 125

102 £ 37

590 = 160

515

2) Use a data-driven method (~matrix method with b-tags)
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38 £ 11

73

45 +13

46

CR6-75

40 £12
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50 £ 15

52
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http://cdsweb.cern.ch/record/1453786

Gluino-med. 3 b-jets: results

E C Camas | Prelminay e omamn ]
SR ff+jets Ol'hers SM Clata 8 102 — jL dt ~ 4.71 fb'1, {s=7TeV % SM Total -
{MC) ~— E SREL I:I Top production E
] 333+79 | 11.1+49 | 444+100 ]| 45 o [ D 5 procucton ]
bR-il-L _ c L Git: m_=800 GeV, m ,=50 GeV |
(326 :l: ].5‘-1) O>') e— Git: ms =600 GeV, m —200 GeV
SRAM 16.4 + 4.1 6.6 +29 23.0+54 14 w10 ' =
" (16.1 = 8.4) C ]
. 9.7 +2.1 38+ 1.6 13.3 +2.6 10 i ]
SR4A-T | . .
(11.4 + 5.4) L i
- 10.3 + 3.3 24+4+14 12.7 £ 3.6 12 E 3
SR6-L | - e
(10.0 + 6.2) I —— -
3 R . . 9.9 . ) e i R Eeel// /) ) ) 7
CRET +24 | 1.6%1.1 +26 | 8 I S o
(7.9 £ 5.3) m SRR /
g 'E / /z
200 600 800 1000 1200 1400 1 600 1800 2000
m_. [GeV]
> E L L T T T T T T T T 5 o
8 - ATLAS Preliminary , ®  Data 2011 . > S — ‘ R ——
o - Ldt~4711" /s =7 TeV 4444 SM Total - [0) ATLAS Preliminary ® Data 2011
S : A ! S 10%E . =
~ 10°E gpat [ o procucton — o - IL dt~4711" \s=7TeV 555 SMTota 3
; E - tt+bb production 3 .9 C |:| Top production ]
£ - Gbb: ;=950 GeV, m. =50 GeV > - SR6-T [ 455 production 7]
Q L Gbb: =700 GeV, m_ =400 GeV = - Gt m_-800 GeV, m =50 GeV |
L 10 “ g 10 . Git: m =600 GeV, m . _2ooe Al
= = ] 3 ' - 3
'E E 13 E
- R N L N 2 22 2 N e B p C ]
a - ; E. 1.1 . . " /I =
x R R R Y sl e e fut LT x Q o R
A ] R S s sss s/ A . 3 P (R RN A A7/ 7
© R R R O syl sl s i i i s sty sy sl S AR 3 =~ o 7
T f - g F A
© R L L A i 1 1 s sy f AR 3 3 ! LN /ﬁ
200 600 860 1 000 1 200 1400 1600 1800 2000 9(;0 600 800 1000 1200 1400 1600 1800 2000
m. [GeV] My [GeV]
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Gluino-mediated limits

g-g + 5 B production, b — b+;”(° L"=4711b", {s=7TeV §§ production, § — bB+%°, m(@) >> m() L™ 2 471 b, (s=7 TeV
; TTT I | TTTT I TTT I I T I T I LELEL I TTTT I TTTT I TTTT | T | TTTT - 1200 LI T T 1T T T 17T ! T T 17T T T 17T T T T 7T T T 17T T T 1T LI T T T1
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Re 1000 — ] - Alllimits at 95% CL -
r ~ T, N 800 [— It —
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O [ |cDFbp 2651 o i - , ]
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ATLAS searches for direct
stop/sbottom production

Prospinog.|
]{] §| LI | LI | LI I LI {-\! LI | LI I LI | LI |§
o, [phl: pp — SUSY % \“‘\\ VS = T TeV 3
B - T Hﬁ\"‘-\.% N o
| = ; H"‘-. E -
- . 3 .
: ', ’ .'\-. : e f]_h]
0L R _
3 . i
5 “ £y, by
B .
)t N
10
IDE el el ||||||||‘|.|I:TJI:+|E|:|||||| L
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Direct sbottom production search

: Exploiting the “boost-corrected Expect endooint at:
- contransverse mass’ m__variable: P P '
P — — = — — T 32 =042
7050500008007 mtr = [Er(bn) + Er()f ~ 57 (b) — pr(e)] e DL
B

G. Polesello et al, JHEP 03, 030 (2010) The higher the LSP. the lower

W—*w the endpoint (ttbar: 0135 GeV)
10 g
b - ATLAS e Data 2011

> e
G - .
a Require exactly two jets with p_>50 GeV § F Jra- 20510 i\8 =7 TeV éf“:TWth'f 3
(leading: p.>130 GeV) % 10F "pt” e — 3
' » 77 ]
@ EtMiss >130, EtMiss/meff and min. Ad(jet, EtMiss) P E
- 1k <
| - : -
@ No leptons P ) ;
am_>100/150/200 GeV Control ttbar and W+hf in e A
cr 1-lepton region (low mT) 0 50 100 150 200 250 300 350 400 450 50(
v 40 met [GeV]
> e N B
i} _ -~ 3 355_ ATLAS Data 2011 E
Dominant backgrounds: (\L: = ILdt: 2.05t " Ns =7 TeV %4 SM Total .
L tthar = £ 7% 2tepton 21 g Qe o .
ow m__: ttoar o 2sf Ez”‘f ttbaf contamination
- Oters subtfacted from
High m_.: Z/W+hf and ttbar _ - nd 20 = sidebands
~ ~ - 15 - E
Control Z+hfin 2-lepton 10F il ,1 E
region (Z mass peak) 56 ' =

90 50 60 70 80 90 100 110 120 130 140
Implications Workshop, 13-7-12 Searches for 3rd ger m, [GeV] ~Portell 13



Direct sbottom: results

Implications Workshop, 13-7-12

150

200

Searches for 3rd generation and gauginos

= 50_'"'I'"'|""|""|""|""|""|""|'_"_'| """""" | N R R B
R : ATLAS 1 e Data 2011 ]
§ 403_ _[L dt ~2.05fb ' Ns=7TeV _3_ % i’::ﬁ:f _
'% 2-jet exclusive :_ Bz ]
“ ok T . T others _ Close to diagonal is
R T 7777300100 GeV challenging: jet p_, EtMiss,
20F :,/4 ] b-tagging and m__limitations
[ 7z ]
10p 1P : i : ! .
: ] T "y ] Excluding up to
ok i, -~ ik : I 390 GeV for low
0 100 200 | 300 400100 200 300, 400 500 | LSP masses
|
S w0 E T o T BB i L E )
O] C ! ’ ------ CL, Expected Limit (95% C.L.)
GOOd agreement between data and I_?;{-— 300 - e CL, Expected Limit 110 =
expectations in all the signal regions E C Ml CDF 2651 | T ToNOscalene ]
250 [ | _|pos.2p’ ATLAS I =
- -@6‘?5\— | _[L dt=2.05fb"Ns =7 TeV -
200 PR R S
mct (GeV) | top, Whb Zbb Others | Total SM | Data - ok 4
0 67+10 23+8 36+15| 9416 96 150 | o -
100 36 +£10 23+9 31+£16| 62=+13 56 E T e ]
150 12+5 12+6 27+09 | 27+8 28 100 |- S
200 32416 39+32 10+09 | 81+£35 | 10 50 " E
1 I 1 1 | 1 | 1 1 1 -I.-: I 1 1 1 !“ I Iéi 1 |:

250

300

350

400
mB1
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Stop phenomenology

Rich phenomenology:

2 =
f o v Mass difference: stop and LSP
T v Presence of other sparticles
400 (e.g. charginos, neutralino2,
sleptons...) in between.
300 Stop decay preference (general):
@ top+LSP if kinematically allowed
200 (and gauginos not around)
@ chargino+b ifchargino is present
100 uralness @ virtual W /f chargino is not present
Region
| | | = @ charm+LSP as a /ast option, via loop
200 400 600 Stop Mass

(GeV]

Other options (not represented) are also possible if sparticles available: chi02, sleptons...

Some theoretical models offer different phenomenology: GMSB...
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General strategy for 4.7 fb"'

The large number of topologies require a dedicated strategy to cover the maximum number of
possibilities in a coherent way.

g 103 §_ I ——— Cross section and total uncert.
Chal |enge Iarge g - mtcp —— CTEQ NLO+NLL cross section
SM background 3 0 I ------------ CTEQ scale uncert.
and soft obiects 10 "/ e CTEQ scale ® PDF uncert.
J % r CTEQ scale ® PDF @ o uncert.
o] |

—— MSTW NLO+NLL cross section

2-lepton + jets (very light stop) (4.7 fb™") 3 10 -
ATLAS-CONF-2012-059 = %y, T IO
http://cdsweb_cern_ch/record/']453787 " I (I MSTW scale @ PDF uncert.
1
- |
107 = I
- |
10-2 = ‘ I I ! I I I Il ! I I I Il ! I I I I ! I I Il I ! I I Il I ! I I I I ! I Il I I ! I I I I
50 200 250 300 350 400 450 500 550 600
m. [GeV/c’]
E\%jﬁ\t; éoklg IZ%q-Z(é)i?ggt stop) (4.7 fb™) Challenge: signatures
http://cdsweb.cern.ch/record/ 1460267 mimic ttbar decay

2-leptons + jets (heavy stop) (4.7 fb™")
ATLAS-CONF-2012-071
http://cdsweb.cern.ch/record/ 1460268

O-lepton + jets (heavy stop) (4.7 fb™") 1-lepton + jets (heavy stop) (4.7 fb™)
ATLAS-CONF-2012-074 ATLAS-CONF-2012-073
http://cdsweb.cern.ch/record/1460271 http://cdsweb.cern.ch/record/1460270
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Very light stop: 2-leptons

Explore very light stop masses.

Assume: AV t For light stop and fixed chargino,
~ N +(*) ~() - small b-jet p_ (b-tagging is very
tl — bX — lew — lelV Y X inefficient) and soft products
100%1 100% 6% I N T eesennansansasnsrrnessanas
Fixed at 106 GeV (just 1 (95 § Lt 47:?)71|m|nar %4 Standard Model
anveaLEP ||m|teS) (Jus (no hadr taUS) 5 10 Ig_p.pchannel I:Itf
(s Use dileptons: e (p.>17 GeV) and p (p.>12 GeV) & mzé Ej/(yj':12j:():;v
' Use m” 10;"‘ ---m(D)=160 GeV, m(¥")=55 GeV
< @ >=1 jets: p_ >25 GeV 1.
a Upper cut on the lepton p_ (<30 GeV) and m >20 GeV 10; | ] E
- .
© 1.5¢
@ EtMiss>20 GeV and EtMiss significance > 7.5 GeV'/? £ O_E-‘ : Z
\. % 50 100 150 200 250 >300

leading P, [GeV]

Main backgrounds: ttbar and Z+jets

Minor backgrounds: @ Top CR: same cuts but require at least

v single top, diboson, W+jets and Z to emu one b-tagged jet
(from taus): Estimated directly from MC | _ o
v Multijet: template fitting method ? Z.CR' require ee and up within Z mass
C window (81<m <101 GeV)
(Chegligible) I
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Very light stop: results

o L L R L I NN BN BN BN
— Results 3 = ATLASPreliminary ~—* Da2011 (1s=7TeV) -
_ ee et joe. all g 104 Lat= a7 £2 standard Model —
1 4445 139+£7 £22 11T£8+£10 | 293+ 12+ 34 o E all channels i =
'Z/y*ﬂ'ets S+1+2 23+ 2+ 8 48 + 16 + 27 T6 + 16 + 27 s 103 _E -Single top, dibosons, W+jets ?_
Single top 3+05+1 12+1+2 12+1+2 282 +£5 = = [Jziv+ets E
W+jets 3+£3=x3 5+£2=x1 6x£2=x1 13£3+3 t 102:_ - m(;)=112GeV,m(,~<?)=55GeV_:
Diboson 420405 9+07x2 10£0.7 %1 22+1+3 = <. ({1160 GeV, m(7’)=55 GeV =
multijet 20832422 20+14+03|30+28+03|80+3.7+23 -k .
Total 61+6+6 189 + 8 +21 190+ 19 £31 430 £ 21 £ 43 10'§_
Data 48 188 195 S 431 -
Oyis (exp. limit) [fb] 49 11.1 16.2 22.0 =
Uyis (0bs. limit) [fb] 3.3 10.9 16.9 21.0 -
10 E
100~ 1 g
- | TT TTTT TTTT TTTT | TTTT |III T | TTTT | TTTT | TTTT =z -
%_) B A LAS Prellmlnary —— Observed limit (+ 16;:’5;) -g o ;_
G, L I _ oy Expected limit (+ 1o,,) o “2F ‘ , , , , ‘ ‘
T [ JramarmiaserTev o BeedssintC i, § 9 10 11 12 13 14 =15
= 90 KX CDF 95% Exclusion
L All limits at 95% GL_ E"wSS Sl [Ge V”z]

BR(1— biq) = 100%
m(x ) =106 GeV

80% — = =— — = — = —p Reachingthelow p_regime for the
lepton (neutralino closer to chargino)

70

60 Lepton p_is similar to the top and the cross
- — =] = = section is lower

o0~ ]

3 NS
5, .
S ey
A
5
3
..
S “,
S .,
i | |m AN l |1
bl N e v bvaa By

115 120 125 130 135 140 145 150 155 160
m- [GeV]
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Light stop: 1-/2-lepton channels

Explore stop masses below and around the top mass

Assume:
AM

~ o . (%) ~
b= by = bW = bl |
100% 100% [P6% AM 1

(no hadr taus)

@ Only 1-lepton: e (p,>25 GeV) and p (p,>20 GeV)

@ Top mass objects: >=4 jets (2 b-tagged) and EtMiss

1-lepton

a m_(lepton, EtMiss)>30 GeV

@ Exploit hadronic top mass (upper cut)

@ Exactly 2 OS leptons: ee, uu, en
@ Top mass objects: >=2 jets (1 b-tagged) and EtMiss

2-leptons

@ Exploit m(lljj) distribution (upper cut)

Main backgrounds: top and boson+heavy flavour
Controlled in dedicated signal-suppressed regions

—Determines the b-jet p_

— Determines the lepton p_

Final d

It is th

iscriminating variable:

2
\/{E{ﬂ?‘b) = [(w.';mgub - pz.r_,sub N ‘l(/m?m'ss + Egl'lm‘lsf-)

1/2
- (pT,_EUb + pT,miss)2:|

P. Konar et al, JHEP 1106:041,2011

e global minimum mass

compatible with the hard-scattering
(built from Mandelstam variables)

Expec

v Mm
v m

Implications Workshop, 13-7-12 Searches for 3rd generation and gauginos
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Light stop: results

- Results
Number of events

Process 1LSR 2LSR1 2LSR2
Top 24+3+5 80+6+10 36+2+5
W+jets bt1+2 n/a n/a
Z+jets 05+03+03 | 11+£4+3 3+1+1
Fake leptons T+1+2 12+5+11 6+4+4
Others 0.3+01+£0.1 | 27£09+0.7 | 094+0.2£0.5
Total SM 8+3+7 115+8+15 46+4+7
Data 50 123 47

The sensitivity of the two analyses is combined

?1—t1 production,71—> b+i1i, mii=106 GeV

1
T

> 'IOSE----|----|----|----|----|----|""l""|""l""§
3 E ATLAS Preliminary ®  Data 2011 E
s : 4 54444 SM Total .
N 1045 Ldt=47fb", \Vs=7TeV e -
2 = 2-lepton, 30 <m < 81 GeV N - Drel Yan 3
s F pom =D=My < ) ke =
i 3 : Others
10 E . {770 = (170,140,70) Gev
- T Pa (t,%,.%) = (180,140,20) GeV
10°E-
10 E-
=
P e RS RERE =
T
s 1
oE 7 ) ) ) ) . ) o
0] 100 200 300 400 500 600 700 800 900 =>1000
~ o~ . ~ — . i (sub) GeV
t;t, production, t,— b+, m_.=2"m_ N'Sin [GeV]
| T T T I T T T

>

Ldt=4.7 o', {s=7 TeV

-

eptons + b-jets combined

TLAS Preliminary

Observed limit (+1c6,.57)

Expected limit (z1c_ )

exp

All limits at 95% ClL g

% P _' '_ ' " |22 Observed limit (+1 Cinaony)
G, 100 | ATLAS Prellmlnary --- Expected limit (+1a,,) o5
& ‘I Ldt=4.715", \s=7 TeV [CJCDFRunll =
i Leptons + b-jets combined — ATLAS Light Stop dilepton S,
I Al limits at 95% CL 3.0 90
80 =
. i 85
A Complementary
o to the prévious 80
o analysis 1 75
s | —
L ¥ i 70
- § E Sensitivity
2T 1 around the
-1 E 1 stop mass ¢&°
0 i 1 1 . 1 1 1 ‘ 1 | | | E:' \'? | 1 | 1 1 1 | | 1 1 |
120 140 160 180 200 220 5
m, [GeV]
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Interpretation in
the gaugino

unification case
(m_. =2*m

charg_ LSP)

Searches for 3rd generation and gauginos

5P 7 See backup slides for
Il :' p . L | | I 1 1 | ! .»i"‘“. ‘;"':;uf/ 1 1 1 | 1 1 L] relaxed unlflcatlon
120 140 160 180 200 220 condition
m. [GeV]
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Heavy stop: O-lepton

Explore stop masses above top with O-lepton
Assume:

it — N0t AM I

Exploiting the fact that exist two hadronic top
decays with significant EtMiss

a >= 6 jets (p,>130 GeV and 30 GeV) ( >=1 b-tag)

@ Several topological cuts applied (EtMiss angles,
tracking vs calorimeter information, mj,-,---;L R

@ Reduce taus with tracking information and m_

iﬂ production,?1—> t+i?
S L e
450 Al Hadronic

400F IL dt=4.71" Vs =7 TeV

2 SRs defined: 350
A: EtMiss>150 Ge\y %°F  ATLAS Preliminary

250

. : 200F
B: EtMiss>260 GeV ol B

100F-
50F
0

X

m., [GeV]

200 250 300 350 400 450 500 550 600
m: [GeV]

— Determines the p_spectrum of the

xlo final state

Backgrounds:

Minimum AR Dominated by ttbar (esp. taus)
technique

(Controlled with lepton: A
v 6O<mT(I,EtMiss)<1 20 GeV

v >=b5 jets
\Y Assume leptonisajet )

> __ T T T I T T T I T T T I T T T | T T T __
& 30F ATLAS Preliminary T3 .

L I single Top 1
e o5l I Ldt=4.7fb " Ns=7 Tev [V (V) +jets E
- - [ RS ]
2 B [7777] Bkg Syst Error B
o . veenn. (MM_) = (400,1) GeV ]
£ 20 ik .
L 7 ® Data 2011

eeeeeeeia...

............... >

0 20 40 60 80 100
my(t candidate, p7"*°) [GeV]
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Heavy stop: O-lepton results

200

3t

B single Top
BV (V) +jets
iy

F-2224 Bkg Syst Error
SM Exp. +

(m,m_) = (400,1) GeV
[

® Data 2011

ATLAS Preliminary T

: J Ldt=4.7f ' Ns=7 TeV ]

~ 500 600
EMs® [GeV]

r
L
L

400

150 GeV 260 GeV

No significant excess found.

Systematic uncertainties are challenging.
Dominated by theoretical uncertainties in
ttbar (large jet multiplicity)

- Results .
SRA SRB = 10k
ERss > 150 GeV > 260 GeV (O] -
i 92+27 23 + 0.6 B I
iF+ W/Z 0.8+02 04 0.1 w8
Single top 0704 02 * 93 I= i
: )
Z+jets 1341, 09 * 08 b -
W+jets 12418 05 +04 61
Diboson 0.1*9+ 01 * 92 -
Multi-jets 02+02 0.02+ 0.02 al-
Total SM 135437 44 * 17 i
SUSY (g, mgo) = (400,1) GeV 148 4.0 8.9 + 3.1 .
Data (observed) 16 4 2 B
1t production,?—> t+7~¢? \ / B
;‘300I |11I T T T I 1I. I. T T I T T T T | T T T T 100
3 - ATLAS Preliminary .
Ex— - All Hadronic == Expected limit (£106) - \ /
' = Observed Limit (10357 | \ /
200 __ IL dt=4.7tb", Vs =7 TeV  All limits at 95% CL, __ ttbal’ |S the On |y
i 1 significant background
100 (-
- bs“
te&'\
-
1 | 1 1 1 1
200
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Heavy stop: 1-lepton

Explore stop masses above top with T-lepton

Assume: p
tr — }"Zflltﬂl:llt AM I —_— [?etermlnes the p, spec.trum of the
o 50 final state. Lepton provides extra
100% Xy handles.
@ One lepton (veto a second) Increase thresholds o
a >= 4 jets p_>(80/60/40/25) GeV (>=1 b-tag) Requirement SRA SRB SRC SRD SRE
. _ E‘T“iss [GeV] > 150 150 150 225 275
@ Ap(2 leading jets,EtMiss)>0.8 Bviss I [GeVI2) > 7 9 1 1 1
mt [GeV] > 120 120 120 130 140

a Require 130<mm<205 GeV

\\i 2~  Minimum AR
o q .
VA O\ technique
" ,,-_;---—;:;;l; ﬁDerform simultaneous fit in three \
T ] regions to normalise:
Backgrounds v Top 2-I: with relaxed jet and m_
criteria
ttbar

v Top 1-1: with 6O<mT<9O GeV
W+jets \v W: anti-b-tag
Multijets, Z, ttbar+X (minor)

J— y

Implications Workshop, 13-7-12

[GeV]

M-y

Searches for 3rd generation and gauginos

et

;_ ATLAS Preliminary

g det =4.7 bt vs=7 TeV
250

350

300

200F
150
100f
50f

of

200 250 300 350 400 450 500 550
m;, [GeV]

Dominating systematics:
theory uncertainties on
ttbar modelling
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Heavy stop: 1-lepton results

- Results
Regions SR A SR B SR C SR D SR E
tt 36 £ 5 27 + 4 112 49+ 1.3 1.3 +0.6
tt + V, single top 2.9+ 0.7 2.5+ 0.6 1.6 +0.3 09+03 04+0.1
V+jets, V'V 2.5x1.3 1.7+ 0.8 0.4+0.1 0.3+0.1 0.1 0.1
Multijet U-4jg:i D.Sjg:g U.Sig:g U.3jg:§ U.Utg:g
Total background 412 + 6 31 =4 132 6.4+1.4 1.8+ 0.7 . ) .
Signal benchmark 1 (2) 25.6 (8.8) 23.0(8.1) 17.5(6.9 13.5(6.2) 7.1 (4.5) Diagonal: getting
Observed events 38 25 15 8 5 closer to ttbar
topologies
po-values 0.5 0.5 0.32 0.24 0.015
tt production,tN—> ic‘)
;‘ 300 1|1 T I T ! I T | T I T ql T | T I T E
% :I rrr|rrrrjrrrrrrrr|rrrrprorr o3 8 B ATLAS P l % O served ||m|t (i1cﬁ12§;) _&
N I e Data 2011 (s =7 TeV) ] = _ reliminary b2
O ek ATLAS Preliminary .5 ool o Model sM) ] & 50| " — — Expected limit (+10,,,) | &
8 = [ multijets (data estimate) 3 1-lepton + jets + ET"** / 3
- - J-L dt~ 4.7 1b-1 th - = Alllimits at 95% CL 14
3 o ' @ V+jets, VV 7 _[ Ldt=47f" \s=7TeV o072 0is 012  0f0 S
= 10°F @ tf+V, single top = 2001~ / =
LICJ - SRA m; =500 GeV, my=1 GeV 3 B 1€
v m£=400 GeV, n&$=1 GeV 0.08 B
10 e+l channels E 150~ BE
IIIIIIIII + z 7 : - Cos — jm
1 - " SCIN. B — 100— _(\g
s 3 i 1
101 o <R —; 50— I %
L ml 1 T..l..lav“j'E _: 1 4 ". 3 l _g
150 200 250 300 350 400 450 500 550 0 S S S N S R ] S i LA Lo
. 200 250 300 350 400 450 500 550 600
ET™® [GeV] m. [GeV]

Implications Workshop, 13-7-12

Searches for 3rd generation and gauginos

Xavier Portell 72 4



Medium stop: 2-leptons

Explore stop masses above top with 2-leptons

Assume: p
frf — i?tﬂ?f AM I - Determines how soft is the final state
0
100% X
Exploiting the m_ variable: mry = qumiss{max[mr{pl;‘_ 3. ”’*’T'[F'ITE' LG}
G +47=P7

v Signal: kinematic edge around the stop-LSP mass
difference

A. Barr et al, J. Phys. G29 (2003) 2343-2363
v Background (esp. top): sharp edge around W mass) arreta ys ( )

2 >=1 b-jet

game Flavod! P am <71 and >111 GeV
@ Exactly two leptons with m(l1)>20 GeV % I
am_ >120 GeV

@ Two jets with pT>(50,25) GeV
Diﬁ% am_ >120 GeV

€rent Flavo ¥ (DF)

ttbar: same selections but 85<mT2<1 00 GeV

Backgrounds J Z+jets: use Z mass peak Systematics dominated by theory

QCD multijets: matrix method uncertainties. Larger in the DF
: case because top relative
Diboson and ttbar+X: MC-only contribution is kfrger_
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Medium stop: 2-leptons results

Result S gt T T Theaont =
[ €eSults ] IL dt~4.7fb" V\s=7TeV 4544 SM Background E
SF DF - - =T .
S— - _g 103 different flavor B W27 WZ —
Z[v* +jets 1.2+05 3 [0 Fake leptons 3
(Z/y*+jets scale factor) (1.27) - - = i 0 50) Gev
i 023+023| 04+03 10° L (450.100) GeV
(7 scale factor) (1.21) (1.10) ATLAS  Preliminary 3
W + tiZ 0.11 007 | 0.19 £0.12 10 e
WW 0.01+092 | 0,19 +0.18 -
WZ + ZZ 0.05+0.05 | 0.03 +£0.03 1
Wr 0.00+0-17 0.10+0-18
Fake leptons 0.00°00% | 007008
p YU g 00 M p00 10"
Total SM 1.6 0.6 0.9 +0.6
Signal, m(ﬂ) = 300 GeV, m(,??): 50 GeV 2.15 3.73 %
Signal, m(T) = 450 GeV, m(Ap)= 100 GeV 3.10 5.78 |
Observed 1 2 a
05% CL limit on crﬁf [fb] 0.86 1.08
95% CL limit on o *[fb] 0.89 0.79
?1?1 productiom,?1 aﬁ?t
;‘ 140 _I T I T T T T I I T T T I T T T T I T T T T I T T T T I ]
& C ’ = Observed limit (£16525) ]
éﬂx— 120 — —]
) ) r &S Expected limit (£10,,,) .
The SF and DF categories are combined to 0| T —
maximise the sensitivity S .
80— - —
- e — ATLAS Preliminary
60 — ,.f.-'-,"lh”."'"""--..__,-_-\ __
; y f Ldt=4.7 fb'Ns = 7 Tev
40 — 2 leptons DF+SF ]
20 —
Note: signature is identical to T (spin 2 partner of the top quark). - .
Interpretation also in this theory. Better limits in these scenarios due to 6 o — L
. : : 400 450 500
times larger cross sections due to spin effects (see backup). m. [GeV]
t1
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Stop searches: summary

The different dedicated strategies developed help covering most of the stop mass range for
which there is reasonable sensitivity.

The absence of significant excesses is translated into observed 95% CL exclusion limits.

t, production: T, —>b+x . wt +x (BR=1, m. <200 GeV); {, —>t+x (BR 1, m. > 200 GeV)

g ACtual quoted

— L O B B B | | T \r | | _I_ \ =T 1 Iullll"‘T‘" T F"'1|""|'"'f"""l|lm| L Obsel’ved
D 200 ATLAS Preliminary - Obsenvedlimis (103 | - e e e
Q) — —— Observed limits (nominal) [ ] 24epton (mx =106 GeV) —
— L _ -1 _ - . __ 1/2-leptons + b-jets (m_, = 106 GeV) _|
- Ldt=4.7fb s=7 TeV ---- Expected limits (nominal) % "
S 1 80 L 1/2-leptons + b-jets (mwt =2xmg) _|
E | Status: ICHEP 2012 All limits at 95% CL %, W]
L [ t+x (m > 200 GeV) —
1 60 - - = 0 Iepton -
I // / — 1-lepton ]
140 j --.\ B8 2-lepton —
120 :— A —:
[m.>m. (=106 GeV) 5;/ ]
100— e —
L > ]
L - ]
L - 3
S T A ‘l -
o+ /4 A 4 ‘ ]
0 : L d It Y -' L ]

150 200 250 300 350 400 450 500 550
mf1 [GeV]
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ATLAS searches for direct
gaugino/slepton production

10 R R
VS =7 TeV 3
i Benchmark for direct gaugino:
1 E 3-lepton
; . Benchmark for slepton:
10 2-lepton

But 2-lepton is also important
for direct gaugino searches

700 800 900
m [GeV]

Fverage

4,
IIIIIIIIIIII|ITI
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Direct gaugino/slepton: 2-leptons

Explore scenarios with sleptons
(BR to leptons enhanced)
Many different possibilities:

Signal Region

Targeted Process

Two Lepton Final States

EIF — {.-‘if?] + [.-“_rf'i"J SR-mit,
vier = Evid) + (Fvi%) | SR-mry, SR-OSjveto
v = EEPD + (g7 1Y) SR-2jels

Three Lepton Final States

Pt — FI0) + (Fvi®) | SR-OSjveto, SR-SSjveto

~

(" SR-SSjveto
v 2 SS leptons

v No jets
v EtMiss®*'>100 GeV
\
Emiss _ El;‘ljss if Ap 2 7/2
Trel = | EMSS.ginA¢  if A¢p < /2

Implications Workshop, 13-7-12

(SR-mT2

v 2 OS leptons

v Z-veto

v No jets

v EtMissR*'>40 GeV

(mT2>90 GeV

~N

J

(" SR-OSjveto

v 2 OS leptons

v Z-veto

v No jets

v EtMiss®®'>100 GeV

\

(S R-2-jets

v 2 OSSF leptons

v Z-veto

v >=2 jets (no b-jet)
v EtMiss®¢'>50 GeV

v m_.-veto

~N

J

Searches for 3rd generation and gauginos

i
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2-leptons background validation

Different techniques used depending on the background:

@ Top background and Z+X (X=jets,W,Z) is normalised to data in the CRs. Used
transfer factor.

 WW from MC
Every SR has an
@ Reducible background (W+jets and multijets): matrix method associated CR. Just
showing 2 examples
Electron-muon [0S], N=2,N, __>0,|m -m,|>10GeV,E]**'*>40GeV sl
> 104 = — ]. e e  E e e o Di-muon [OS], ET "T>100GeV, Niel=0, |m"-m2|<1 0GeV
) = 3 > L L A B
O] ~ ATLAS Preliminar —e- Data 2011 (vs=7TeV) - o | ATLASPrelimina Data 2011 Ns=7TeV) _
= f T gveeca 4G Y b
6 103 = J-Ldt= 4.7fb — P = ;; 10 E_ JLdt: 471" %%ﬁijlsgons _E
= = @ Single top = @ - N ]
g - [ Diboson . = B = Single top .
B N UCJ B [ Diboson ]
10° = 10 | =
g Top CR: e- - ke Z CR: pu -
10 3 i r v, -~ |
e e 2 7 =
: ; % ;
1 — - A —
= 10 e 3
] - / Z 3
&) 7 A &) 2r i ]
= 15y 7 Z S 15} ]
s 1 WMW 2 1@ 7 I
S 0.5F 7 7 8 05 .
o /.-’ . ()] i . . |
80 100 120 140 foo 150 200 350
My, [GeV] E;”'ss're'-[GeV]
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2-lepton: results

All Channels

[OS]N_=0, |m -m,|>10GeV

3 10° | T
5] ATLASPreliminary  —e— Data 2011 Ns=7TeV) E
= 44 Monte Carlo 4
-~ 10* J.Ldt= 471" [ Fake leptons
8 [ Ziy*+ets
E T
UCJ 10° = [ Single top =
' l__:_ir?m"l_f%g%ev,mfzoeev 3
102 _ wF1goGev,mi,%=100Gev =
1032, . =
G e
Q
=
8 2
o
o Y2t . . ) . ]
% 50 100 150 200 250
my,[GeV]
%‘ _III|IIIIIII|IIIIIIIIIII|IIIIIII|IIIIIII_
O, 120~ ATLAS Preliminary === Observed limit (+1cp007) —
2 - J' i Eoo= ] Expected limit (£164,,)
g L Ldt=4.7 o' \s=7TeV LEP it exciuded i
<100 | |—>|*i?|'zfc) , _
' @<\ / ]
80 Q\\ // ]
& A 1
L K\/ / §
60— O /?‘k\ll
OQ Yo
- y
&
Q;\éb - 4 g v\l
,\’ 2O||||/|||||||||||||'|1f\|\|\\|\||\|'r.||:‘l"’-\|
\(o 0 20 40 60 80 100 120 140 160 180 200
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Tmass [GeV]

=
[«}]
(O]
S
8
5
Detailed results
for all SRs in the
backup
(& ]
=
3
[4+]
(=]
>
S,

Interpretation in
simplified/pMSSM
models

All Channels [OS] Nlm:D' ]m”—mz]>1 0GeV
7

j Lat= 4.7t

===

ATLAS Preliminary

“£4 Monte Carlo
[ Fake leptons
[ Z/y*+jets
I 7

[ Single top
[ Dibosgn

—
—e— Data 2011 (\5=7TeV)

mi-_=9?.5(ie\f,
mi.'=52SGeV, m

SR-OSjveto

m_=27.5GeV
*-425GeV

x

350
E?iss,rel.[GeV]

500 :I T | LU | LI | LI I LI I T T T T I T T T T | TTrTT | T 1T I:
450 ATLAS Preliminary ™ Opserved limit (+1 Con) 1
400 f Ldt=4.7 " \s=7Tev == Expectedlimit (+1o.,;) 4
- - ]
C ~t o~ T~ ~0 7 .
350 )(1;(1—>2><Iv(v|)—>2><|vx1 / ]
- e ]
300 vz - =
- mom, =05 ]
o X, / .
250 e -
o // ]
200 —
- A 3
o /,é‘@\ ]
C o~ -
150F P -
C y ]
100 —
> N ]
50F =
O :I 1 1 : - 1 I 1111 | 1111 | 111 |:
100 150 200 250 300 350 400 450 500
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_Direct gaugino: 3-leptons

Explore scenarios with sleptons
(BR to leptons enhanced)

4 @ Exactly 3 leptons (at least one OSSF pair) Many different trigger

-+ 561,5{2 sle i - _ combinations used to
pton in the middle between - o
the gauginos. Including @ EtMiss>75 GeV maximise sensitivity
] sneutrinos (50% BR)
2 (" SR1a \ (sRib \ ((sr2 )
1 ) - v Z-depleted (no OSSF with v Z-enriched (OSSF within
v i:sespvlveiiﬁidn(?g 85\8/2?/2?1 mass within 10 GeV of Z) 10 GeV of 2Z)
v 0 b-jets v 0 b-jets v lepton p_>10 GeV
v lepton p_>10 GeV v lepton p,>30 GeV v m_>90 GeV
v m_>90 GeV On-shell Z decays
; N\ )

\ Low mass splittings ) \ Large mass splittings )

Two main types of backgrounds:

Reducible: a jet is misidentified as a lepton Matrix Method (leading lepton to be real)
(top, WW or W/Z with jets/photons) > Efficiencies and rejections in dedicated regions

Irreducible: all three leptons are real » Estimated with MC if minor. For WZ, semi data-

(WZ, ZZ and ttbar+W/Z) d\g\i‘%en approach (fit in a CR)
\
\)('\’0] © CR (W2Z): 3-leptons (at least one OSSF compatible with
%00/0O Z), EtMiss<50 GeV, no b-jet and m_>40 GeV
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http://cdsweb.cern.ch/record/1460273

3-leptons background validation

Selecticln VR]_ VR2 VR3 2} 103 __l LA B I [ B B B By O B B |__
iz 0.17:0.14  0.12£0.10 1.1+0.9 v 3-leptons 5 E 1s=7TeV  [Lat=47m" —e= Data 2011
W 0.6+0.5 0.7+0.5 0.10+0.08 . (I _ ATLAS Preliminary %5% Total SM ]
AWW 0017+0.014  0.022+0.017  0.0023+0.0019 v OSSF compatible 2L [JReduc.bigd |
7z 17415 0.1020.05 3.940.6 with Z : e -
WZ 46+8 . 0.93+0.29 (9812 ) v 50<EtMiss<75 GeV E iy ]
Reducible Bkg. \ 50+28 / (1317 ) 3."1'1”_‘5*{:'"’; \ ) 10 - - - SUSY ref. point =
Total Bkg. 114232 157 10613 : E
Data 126 8 lﬂy WZ dominating | ]
1Te E
: 10
r p\ (" ) .
0 20 40 60 80 100 120 140
v 3-Ieptons v 3-Ieptons E-P;(pi) 3" |eading lepton [GeV]
: : v No OSSF
v OSSF not compatible with Z mass) .
30<EtMiss<75 GeV v EtMiss<50 GeV
\V < t ISS< e ) \ ) _.2 [ T : T | T T T I T T T I T T _I‘1 | T T T I T T T | T T T I I_
) . 9 Is=7TeV |Ldt=4.7fb —e— Data 2011 i
= E LU 2 imj| # Total SM —
§ {s=7TeV |Ldt=4.7fb" —e— Data 2011 7 . 10 g ATLAS Preliminary % Roejuc_ bkgd 3
W 2L ATLAS Préeliminary %% Total SM - Reducible - @ wz ]
E\F/‘V?UC- bkod 3 background -y Bz 7
102 0zz _j dominating 10g -tSTL\J/SY o 3
B v E - --- ref. point 3
---susyref.point 1 \W/ and i ]
10 g Drell-Yan . |
1 dominating - .
1 = B -
§ ] 10-1 §_ _E
10 ------I--§ . demdabdamdahdaedaleiaes s d
5 20 100 55" THo 0 20 40 60 80 100 120 140

ES(PY) 3" leading lepton [GeV]
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Good agreement in all validation regions
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3-lepton: results

j Ldt=4.7",\Ns=7TeV

m; = (sz + mX:)/2

Observed limit (+1oy257)

Expected limit (1 cexp)
Y  SUSY ref. point

ATLAS 2.06 fb"' 3 leptons
| Alllimits at 95% CL

Preliminary

+ 0
%, %,

STVITEWITIIE V)

SIvE VYR

G
- Results <500
% E
Selection SRla SRIb SR2 Close to the 8 4o ATLAS
SUSY ref. point___ 8.0+0.8 6.5:0.6 0.46=0.05 diagonal soft < F
iz 0.06£0.05  0.025£0.023 0.6+05 objects (plus 400 £
W 0.36+0.29 0.100.08 0.09::0.08 sleptons in the  sso &
TWW 0.010£0.008  0.0023+0.0019  0.004:0.004 ddle..) -
zz 0.67£021  0.09:0.08 0342017 miaaie... 300 - m.-m,
WZ 13.5+3.2 1.1:0.28 9.3+2.2 b
Reducible Bkg. 10+5 0.35+0.34 0.5%19 g
Total Bke. 2546 1.6+0.5 10.9+2.4 200 -
Data 24 0 11 g
150 —
. : . . 100 £
Interpretation in pMSSM scenario: M1 :and M2: common -
gaugino masses 50
u: Higgs mass parameter =
0 100

Large mixing (SR1b)

tanf: ratio of Higgs vevs

;‘ T T T | T T T T | T T T T ;‘ I T T T | T T T | T T T . . Ob d I t (+1 SUSY)
D 2\ . DA 1 @ oo - ] served limit (+1cy .
3 ATLAS Preliminary N ‘ N, 4 & ATLAS Preliminary | _ Expected limit (+1 c:xp) ’
_ -1 \ . 4 == ~t
= J-Ldt =471 N 1 = J-Ldt a7 - LEP2 ¥, (103.5 GeV)
300 {s=7TeV \\\\ ) N 300 " ey All limits at 95% CL g
] s=7Te T
pMSSM, 3 leptons SN pMSSM, 3 leptons 1
tanf =6 ] ~ M, = 250 GeV| tanf = 6 i
250 m; = (Mo + M.o)/2 — 250 m; = (Mo + Mg)/2 =
R 4 » | R X1 X2 .
=——— Observed limit (+1cy.57) ] ]
..... E ted limit (+1 A1 H - _
xpected It (1 0o, y Mixing is small:
200 | —— ATLAS 2.06 fo' 3 leptons — 200 d—
[ LEP2 ¥ (103.5 GeV) ] more compressed
All limits at 95% CLg B scenario —
150 S, 150 —
100 - c 100
100 200 ~T50 300 350 100 120 140 160 180 200 220 240
. GeV u [GeV]
Small mixing (SR1a)" @Vl
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200 300 400 600 700

sz [GeV]

~

v G: increases with M2 and p
v Mixing: increases at low
M1; decreases at low M2

and large u

\Vtan[i: almost no impact /

mterpretation guide:
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Summary and conclusions

@ With large datasets, searches for 3" generation SUSY particles are becoming
more popular given their role in the “natural SUSY spectrum”

@ Larger datasets also opens the door to scrutinize the SUSY electroweak sector.

@ ATLAS has defined a comprehensive strategy to cover different scenarios and
limits extending previous constraints have been released:

fmmEEm EEEsmEEEmsEsEEssEEE s s m e e e s m e e m kS .

G—bby" (virtualb) : Olep + 172 b-j's + Eqis

g—b ;%_wrtual b) : 0lep + 3 b+'s + Eq e
g—>b (realb) Olep+3bys+E

g—>[r (wrtualt)_ Tlep + 1/2byj's + E

(wrtualt) 21lep (SS) +j's + E iss

g—>tfx gwrtualt) 0 lep + multi-j's + E e

g—:» 1 {Vlrtualt) Olep+3 bJ s+E

g mass (m(, %) < 300 GeV)
g mass {m{x %) < 400 GeV)
g mass (mG.) = 60 GeV)
gmass [m{x ) < 150 GeV)
g mass (m, %) < 210 Gev)
g mass (m(; ) <100 GeV)

g mass {m{x ) < 50 GeV)
g mass (mix ) 60 GeV)
- b mass (me; ) < 60 GeV)
tmass (mi ) 45 GeV)
L=4.7 b, 7 TeV [CONF-2012-070]  120-173/GeV| t mass {m{x % = 45 GeV)

T.miss

T.miss

T.miss

............................ T Amiss -

bb, b—)bx 0Iep+2bJets+E
it (very Ilght) t—>bx 2lep+E
tt t (light), t—by : 1/2 Iep + b-jet + E

T.miss

T.miss

T.miss
tt (heavy), t—>Ex Olep + b-jet + E; . |L=47 ", 7 TeV [CONF-2012-074] 380-465 t mass (m(x % =0)
~a miss 4
it (heavy), tty, : Tlep + bjet + Ep e, [L=477 7 Tev (conF-2012.073 230M4016eV) t mass (m(x) 0)
t (heavy), t—>tx 2 lep + b-jet + E jics |L=47 7 7 TeV [CONF-2012-071) 298-305 GeV | t mass (m( ) 0)

____________ t E@_M%?)_‘_Zu(ﬁll) thijet+£ . _ tmass (115<m@) < 230 GeV)
Y I—)Ixﬂ- 21ep + Ep e [L=47®7 7Tev[CONF2012076)  [GEBOIGEWA | mass  (m(i) = 0) -

J%w 1~ (V)—=ivy 21ep + Ep e, [L=47 b, 7 TeV [CONF-2012-076]  120330GeV . mass (mG)) =0, m(lv)—-(m(x )+ mé Bl
L=4.7fb", 7 TeV [CONF-2012 x mass {m{x 5= m(x ) m{x ) D m(lv) as above)

................................ T .miss -

—~

.

¢ Don't get dlsappomted too fast: the different searches are currently on-going...
The Higgs has already been found and now is the turn of SUSY!
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Backups
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Gluino-mediated: O-/1-lepton

SR Top W /% multi-jet / Total Data
di-boson
SRO-A1|705 £ 110248 £ 150 53 £ 21 ({1000 £ 1880|1112
(725)
SRO-B1| 119+ 26 | 67142 | 7.3 £ 4.7 190 = 50 197
(122)
SRO-C1| 22+8 16 =11 1.5=x1 39 1+ 14 34
(22)
SRO-A2| 27252 | 23 £ 15 21 =12 316 = 54 299
(212)
SRO-B2| 47 £ 10 453 | 28X+ 1.7 541+ 11 43
(37)
SRO-C2| 85X3 08x1 | 0504 9.8 = 3.2 8
(6.6)
SR SM background[[Data
SR1-D (e)| 39X 12 (39) 43
SR1-D (p)| 38 £ 14 (37) 38
SRI1-E (e)| 8.1£3.4 (7.9) 11
SRI-E (u)| 6.3 +4.2 (6.1) 6

Implications Workshop, 13-7-12
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Direct stop in GMSB

First search for direct stop @ LHC 3553
y ~+ ~Or £ ~0
t1 = bx; — bW — bxilv 8 O 6 .
1 X1 X1 X1 u (\_5, G Emiss 50G eV 80GeV
The LSP is the gravitino 643477 348 150
top . . . .
@ NLSP higgsino-like: decays via Z or Higgs and chargino L P
decay products very soft (mass degeneracy) E'Sthﬁm 12112 06L06
@ Use decay products from Z or Higgs Data (2.05 fo—1) 86 43
Total SM 02419 40.7 £ 6.0

@ 2 jets (>=1 b-tag), 2 opposite-sign same flavour (OSSF)

leptons within 86 and 96 GeV and large EtMiss
@ Two signal regions: EtMiss>50 and 80 GeV

Large EtMiss but low

f b-jetp_
stop pair in GMSB Natural model 2

> 4 E T T 7T | T T T | T T T 7T | L | T T T 7T | T T T 7T | T T T 4 ;‘ 350 T T T T | T T T T | T T T T | T T T T ' T T T .I . | T R T T T ]
8 10 = ATLAS e Data 2011 E (CB u ATLAS == CL observed limit (95% C.L.) ]
o E ) 4454 SM Total E ~, o J‘ B - --)CL, expected limit (95% C.L.) ]
S L jL dt= 2051 " Ns=7TeV  [Jiop a E“’a{ 300 N .!Expected CL, limit +1o ]
2 E Emiss > 50 GeV :I Z+ht § C * Reference points / ]
g ) L T D fake-lepton _ 250 — "'_.» e . -
Lﬁ 10 E . 9thers E r et .
c — t 250GeV, 7’ 100GeV J - -
i |l 7 250GeV, 7 220GeV _] 200 =
10 m 2 = C ]

E ! FITTeT E - - .

N — T ] 150 |- aw EtMiss
E | - -
- B 4%‘ . ]
B 100 —
107 E L4 /’// e © ]l
e E— I i I L L I 1 %J_'_'_: 50 C 1 1 1 1 | 1 1 1 1 | 1 1 I1 1 1 1 1 1 1 l 1 1 1 1 J 1 1 1 1 :
0 50 100 150 200 250 300 330 100 150 200 250 300 350 400

ET'® [GeV] my [GeV]
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min

sgrt(s) . variable (light stop)

Main discriminating variable: sqrt(S)min(S“b)

Y,

Eﬂ_:uﬁ]'! F{: uh)

»  Minimum mass compatible with subsystem
http://arxiv.org/abs/[1006.0653v |

» Subsystem defined from tt decay products
M = 0 due to neutrinos

ﬁiﬁ}) expected to peak at ~ m(tt) = 2m(t)

(per 15 GeV bhin)

{sub)
Er.|'.|:i.|:|

AN /dv

Reco level:
a7 1
Subsystem: tE=bbl 1" E,
1'] ejets 7 M=0 GeV |
800 - L
- |7 L=05 fb~
2 highest
Py jets
00 "?:v’_ S

200

200 400 G600 800
Vb (Gev)

Expect to exclude below the top
and above the top if mass of
neutralino is high (peak shifted to
the left due to M =0 )

n:I:fj ‘/“/I { (\/Mﬁqnh} + P%’[snfr} +y 9/:[2 i J ( T(sub) +m }
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Light stop: extra information

= B B e o R EaAS —_
0] ATLAS Preliminary ®  Data2011
O 10° , %555 SMTotal
7o) _[L dt=4.7fb,Is=7TeV o
[9\)
. ! - (sub) s R
; 10 1-lepton, SR, no \s, " cut B otes
c ] Muttidjet
g 1P ({7, %3)=(170,140,70) GeV
L (%, %,)=(180,140,20) GeV
10°
10
1
2F
> 15F
s i
S 05F- ‘
00_ 100 200 300 400 500 600 700 800 900 >1000
'sub,
15 [GeV]
min
> LI B L R R R LR R | T T T T T T T —
& - ATLAS Preliminary ®  Data2011 3
o = y 5554 SM Total ]
STy - Ldt=47f", Vs =7TeV [ ™ —-
0 = Z + Drell Yan =
= - 2-lepton, 30 <m < 81 GeV [ =
o C I [ Fakes ]
L 103 | : Others _
E P =
= eee e (%7 = (170,140,70) GeV 3
o T Tee (t,%,.%,) = (180,14020) GeV
102 &= =
10 TE
1
=
n
~
3]
g
©
]
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Events / 10 GeV

Data / SM

T
@®  Data2011

#5554 SM Total

e e
ATLAS Preliminary
_[L dt=471" \s=7TeV

1-lepton, >= 2 bjets

- Others.
[ Muttiset
.

v ([, 29)=(170,140,70) GeV

(1,7, %.)=(180,140,20) GeV

2E
15F
1
0.5
O —="50 700 750 200 250 800 350 400 450 » 500
m™ [GeV]
Tﬁ‘ production,?—) b+i1i, rr%=180 GeV
;‘ 180 LI ‘ UL | TTTT | T ; T I T
[ L .. Observed limit (+1c522")
o . FATLASPreliminary o e
== 160 [—| R Expected limit (16, )
E’* :J- Ldt=4.7 b, \s=7 TeV
- All limits at 95% ClLg
140 —Leptons + b-jets combined
120 C A\ ]
L O _
Co= 7 N
100— © —
L5 _
L 3 _
80~ A ]
L E i
L & _
60 — 2 —
[E— _
L 5 _
Lz _
40— o —
- ]
20 |- —
0 1111 ‘ | . | | \\I 111 ‘ 1111 | I|'I 11 | 1111 I 1111 I 111 I_
90 100 110 120 130 140 150 160 170 180
m.: [GeV]
1
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Medium stop: 2-leptons

Extra interpretation on T (spin Y2 partner of the top channel)

TT production, T — At

50

;‘ B I I I I I I I I I I I I I I I I I -VI-.__.‘I:..“l‘. I I I | .| I sIUSYI I |
& 300 —ATLAS Preliminary o Observed it (£10ygyy) - —
jc = T daaes Expected limit (+10,,.) -
- SN -

= 250 __j Ldt=47fb'\s=7TeV —— ATLAS T lepon .04 15" ]
— 2 leptons DF+SF L —— CDF .

B LW‘ All limits at 95% CL _ i

200 — AQpe ]

- ((\'\ —

150 — —
100 fzd -

0 :
300 400 550 600
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2-lepton direct gaugino/slepton

SF‘.-\J‘H[:
ete T i all 5F
Z+X 32211217 0301 02 36213217 7117221 |6B=17£2.1
WWw 23x03=204 4504107 350305 06+06+ 15580409
(f, single top| 2.6+ 1.2x13 21629 41x13=16 129+24+46|68=18£23
Fake leptons | 1.0+ 0.6 = 0.6 L1£06x08 |-002=001 00522200214 10206+06
Total 92+ 1825 124+ 1.7 =31 11.2=19+30 |328+32+63(204x26+39
Daia 7 9 8 24 15
-rr:!’_:"“-:"ifhi 1.6 (1.9) 1.7 (2.2) L7 (21} 26(3.8) 2002.7)
SRE-0O5jveto
ete e " all
E+N 45+ 12212 300905 ENEIRE W 122=18x1.8
WWw BEx1B=x44 W9+x26x62 13321933 43037122
tf, single top | 211 £23+4.2 (477 +34+205 | 275+x25+90 962 +4B+295
Fake leptons| 29+ 12= 1.2 BOx]18+26 040603 03=22x41
Total 372+33+x64 |TB5+47+209 ] 4509234+904 161.7 =67 £ 308
Data 33 66 40 139
if.;m‘?'ifhi 3504 B.1(%.6) 430510 114 {14.1}
SE-2jels
ete T i 5F
F+X 3Ex132£27 — 53x16x39 06+2.0+5.1
WW 6.4+035£43 — B4x06£57 148 =07 £9.9
(T, single top | 148+ 19292 — 221 £2.1 £20.7 9 +£29+29.6
Fake leptons| 25+12=15 — 1.7+ 1308 421+ 1.B+23
Total 215+2.6x 106 — 3930210 653 +40+31.8
Daia 39 — 39 78
-r.l':!-':""“?:iﬂ'.lfl T.10(3.1}) — 9.7 (9.6) 15.6{13.9)
SE-55jveto
ete s [Tl all
Charge flip [0.49 £ 003 =17 |034 £ 0.02 = 0.1 — DE3 =004 £0.1E
Dibosons (062 =013 =008 (193 023 =036 094016 £0.26 FS0+£031 £0354
Fake leptons| 3.2+09=17 290919 06+06=03 66+ 14+38
Total 4300217 511019 1506204 1Ho=15£39
Daia | 5 3 9
-rr:!?’“?'ifhil 0.8 (1.2} 1.5 (1.5) 1.3 (D.8) 2042.3)
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b-tagging in ATLAS

—_—
o
(%3]

T TTTIT

ATLAS Preliminary

Light jet rejection
3 3

—_—
o
(%]
T IIIIIII|

10

tt simulation,\/s=7 TeV
pr'>15 GeV, If*|<2.5

JetFitterCombMN

= |otFitterCombNMNC

smnem [P3D45V1

L AT

6.3 04 05 06 07 08 09 1

Implications Workshop, 13-7-12

b-jet efficiency

A —
=

—
]

b-Tag efficiency

=
[ "

0.6

0.4
0.2

ATLAS Preliminary L5 b
e Data p'TE' (stat)
o Data p'TE' (stat+syst)
o Simulation prTE' (stat)

@W

JetFitterCOMBNNG0

20 40 60 80 100 120 140 160 180 200
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Jet P, [GeV]
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