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Need to search for direct top
squark production

* 5 new ATLAS analyses with 4.7 fb-' of
‘c}=§ma:sm{??s ﬁ?ﬁ“r‘nm- data

g mass

L=4.7 fb”, 7 TeV [ATLAS-CONF-201
v |

L=4.7 b, 7 TeV [ATLAS-CONF-2012-084]

548 Gev | M" scal

TeeGe. M® scale (m, <100 GeV, veck
{m, < 100 GeV, tensor D!
L1 |

10"

*Only a selection of the available mass limits on new states or phenomena shown

‘e
1

» Talk will focus on these new results

But first, a brief discussion on stop
physics

e



Supersymmetry (SUSY))

* SUSY postulates the existence of a - Many free parameters and different
partner particle for every existing SUSY models
particle - Each often needing its own analysis
-« SM fermion <  SUSY boson » Mass of SUSY particles are unknown
* SM boson <«  SUSY fermion « A top squark (stop) mass under ~1 TeV is
- Many new particles to search for favored by naturalness arguments

- So far, no new particles found * A good place to start

Standard particles SUSY particles

Higgs Higgsino

| Quarks . Leptons . Force particles Squarks Q Sleptons O SUSY force
particles




Direct Stop Production

» Several possible ways to produce stops

* Many are very model dependent p
* Pair produced “Direct” stop shown on right
* Cross section for direct stop production

depends almost entirely on the stop mass

 Search is therefore largely model independent

* Cross section drops rapidly with increasing stop
mass P

* High mass stop (Heavier than ~350 GeV)

« Easy to discriminate between top/stop at high
mass

* Few events left

* Low mass stop (Lighter than ~200 GeV)
* Larger cross section, many events
 Harder to distinguish from ttbar

* Very low mass stop (Lighter than top)
« Different kinematics entirely

* Different stop decay modes for different mass  10?
hierarchies

* Need specialized analyses to cover the whole
range of masses 10°
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Stop Decay Modes

* Decay of stop depends on mass
hierarchy

- Stop lighter than top + LSP b + chargino c+LSP

* b + chargino
- c+LSP
« Stop heavier than top + LSP
« Can decay into:
* b + chargino
*Cc+LSP
*t+LSP

b + chargino c+LSP




Stop Decay Modes

* Decay of stop depends on mass
hierarchy

- Stop lighter than top + LSP b + chargino c+LSP
- Can decay into: -
* b + chargino
- Cc+LSP
« Stop heavier than top + LSP
« Can decay into:
* b + chargino
- c+LSP
*t+LSP
* Final states with charm are hard to
identify
« Start with t + LSP and b + chargino
* Branching fractions unknown
» Assume 100% to a specific final state b + chargino c+LSP

* Plan to study mixed scenarios in 2012
data




Stop Signal MC Samples

« Several choices in parameters left
» Three sets of samples (grids) created
» Light stop: two grids
 For stop — b + chargino: three parameters to set
« Stop, chargino, LSP masses
* Other SUSY masses > 2 TeV

« Vary stop and LSP masses to make a 2D grid of points
* Fix chargino mass in one of two ways
» Chargino = 106 GeV (just above exclusion limits)
« Chargino = twice neutralino mass (gaugino universality)
* Heavy stop: one grid
* For stop — t + LSP: two parameters
« Stop and LSP masses
* Other SUSY masses > 2 TeV
» Stop mass 200-600 GeV
* LSP mass < stop - top




2011 Stop Analyses

* 5 new analyses to study these cases
* CONF notes released for ICHEP
» Papers in progress
» 2 analyses for b+chargino
» One optimized for very light stop
* One optimized for stop mass near top mass

3 analyses for t+LSP
« Split by top decay modes: 0, 1, 2 leptons (e/mu)
Analysis CONF note
t, — b+chargino: 2-lepton, light stop |[ATLAS-CONF-2012-059
t. — b+chargino: 1-2 lepton ATLAS-CONF-2012-070
t, — t+LSP: 0-lepton ATLAS-CONF-2012-074 |kl A
CERN-PH-EP-2012-201
t, — t+LSP: 1-lepton ATLAS-CONF-2012-073
t, — t+LSP: 2-lepton ATLAS-CONF-2012-071
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-059/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-070/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-074/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-073/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-071/
http://arxiv.org/abs/1208.1447

Aside: the ATLAS Detector

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker




Aside: Leptons, Jets, EtMiss

» Stop decays into top + LSP
* top decays into W+ b-quark
* W decays into hadron pair or lepton+neutrino
* Look for events with:
- Hadrons — Shower into “jets” which are measured by the calorimeter
* b-quarks — Form b-hadrons and shower into jets
« Can distinguish from other jets some fraction of the time (60-75%)

* Leptons:

 Electrons and muons are easily detectable by the EM-calorimeter and muon
detectors

 Taus are tricky when they decay into hadrons
* Look very jet-like and are usually identified as such

* Neutrinos/LSP

» Don't interact with the detecter at all
* Only visible as an imbalance in the total energy: “missing energy”
» Can't distinguish between the two

S 12



Aside: Limit Plots

* SUSY limit plot legend:
* Navy blue line: Expected result
* Yellow band: +/- 1 sigma bands (experimental uncertainties only)
* Dark red line: Observed limit

-1 sigma band is the limit quoted by ATLAS papers

Not Excluded

-
— ~.
. —— " —
" —
- — =~

Excluded




Light Stop: 2-Lepton
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Light Stop: 2-Lepton
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. At least 1 jet: P; > 25 GeV ‘o ;_ }=160 GeV, m(7)=55 GeV
- Di-lepton mass: )
* At least 20 GeV. Veto at Z-mass for same flavor 1
* EtMiss > 20 GeV. EtMiss significance > 7.5 GeV"? - :..s ;-a ] %F "% ’/,

% 10  rrenomaa | o Missing ET Significance:
2 | Lat=a71" % standa I
N iy EtMiss/Sqrt(H.)
E ; Esn@e
12k, : :
g8 \Vhere H_is the total energy of all jets/leptons.
10 gt
i

Useful as less sensitive to “fake” missing energy than
EtMiss directly

Data/SM
o —
cuI_.mN
I |
§+ ; - g
L 1 1= _.- - : :

10"

%%{/}%g I v CV

.c; 50700 150 200 250 5300 * Minor baCkgroundS:
leading p p_[GeV] « Single top, diboson, W+jets, Z—tau
« Estimate from MC
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Light Stop: 2-Lepton

i ~0.

-- m(t)=112 GeV, m(x1)=55 GeV

> 3 L L L L L L L DL L L L L
* 2 leptons: 5 - ATLASPreliminary ~ —* Daia 2011 (1s=7TeV)

e B -1 Z andar ode

- Electron p. > 17 GeV and Muon p. > 12 GeV = 103|=_de1=4.7&) %% Standard Model
o = ee channel th

° Lepton pT <30 GeV E — .Singletop, dibosons, W+jets

. . LU 2 Ziv 4
- Oppositely signed 1°F Ozrvsiets

- Atleast 1 jet: p. > 25 GeV

* Di-lepton mass:
* At least 20 GeV. Veto at Z-mass for same flavor 1
- EtMiss > 20 GeV. EtMiss significance > 7.5 GeV'?

‘o <=+ m(t)=160 GeV, m(¥)=55 GeV

LF|

rII

10"
%104__ S B B B R
© = ATLASPreliminary " Data 2011 (1s=7TeV) 3 = g-_ T
o ~ J.Ldt=4.7 " %Standard Model ] % '1-_ b 77
% 103I§_uu channel th = ‘D“ 05— T“ |47
-.E ; .Single top, dibosons, W+jets E OO 5‘0 160 150 260 250 >300
w 102k, DZ/YN*"J'“S - leading e p_[GeV]
27 - - m(t)=112 GeV, m(¥;)=55 GeV 3
- --+:m(t)=160 GeV, m(%))=55 GeV ]
10t _ R . - K
3 - No b-tagging: very inefficient for low p_ b-jets
1K} » Main backgrounds:
o Rl L 27 . . .
o E S an ' « ttbar — control region with 1 b-tagged jet
) L e L - | « Z+jets — control region with z-mass veto reversed (81 <
% 1.515% o ||£| N m, <101 GeV)
B osf :
[ - ‘ ) ) ) ‘ .
oO 50 100 150 200 250 >300 ¢ Mlnor baCkgroundS

leading i p, [GeV] « Single top, diboson, W+jets, Z—tau
* Estimate from MC
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Entries / 0.5 GeV'’?

Data/SM

Light Stop Results

tneory)

m. [GeV]

" ATLASProliminary | Dee RN (57T 3 5 [ ATLAS Pleliminary | v )
104 |=_I Ldtz a7 %Standard Model — 8 B y = o
= : I:I _ E = - del 4.7 fb As=7TeV == Expected limit (£ 10,,,)
— all channels t ] Elx— 90__ B CDF 95% Exclusion
103€ .Singletop, dibosons, W+jets — | Al limits at95% CL,
= ]z +iets E L BR(t— by;) = 100%
- . S (x )_106 GeV
102'5_ -- m() 112 GeV, m(x)55GeV_EI 80_—'
- . ()_180 GeV, m(x1)_55 GeV -
10 i
- 701
1 B
10'1_E 601
2r— ' - o
1-51: % 50
0.5 il |||||||||||m |||‘|\|‘.||’r"i.|||||||||||||‘
8 9 10 11 1213 14 =15 115 120 125 130 135 140 145 150 155 160
E_rpiss,sig. [Gev1/2]
ee el L all
it 4 +4+5 139 +7 £ 22 1118+ 10 293+ 12+ 34
Z]y*+jets 5+1+2 23+2+8 48 + 16 £ 27 76 + 16 £ 27
Single top 3+x05+1 12+1+£2 12£1+£2 28+2+5
W +jets 3+3+3 5£2+1 6+2+1 13£3+3
Diboson 4+04x05 9+07x2 10£0.7 1 22+1+£3
multijet 20432+£22[20+£14+03|3.0+£28+03 | 80+3F+23
Total 61+6+6 189 £+ 8 £ 21 190+ 19 £ 31 /] 440 £ 21 £+ 43
Data 48 188 195 431
yis (exp. limit) [{b] 4.9 11.1 16.2 22.0
yis (0bs. limit) [fb] 3.3 10.9 16.9 21.0
m{erB}—(l]Z,S‘i)GE:V 44.1 £4.8 137+ 8 140 £ 8 322+ 13
m(t, Y1) = (160, 55) GeV 88+1.5 31.4+27 36.5+29 76.6 +4.3

R emsss————— e



Stop Mass ~ Top Mass (1,2-Leptons)

5 1
\/_(5“[)) _ 2 T 2 + \/ miss)2+ Enliss 2\" miss 22
Smin® = m(sub) pT(sub) (m ( T ) - pT(st))—l_pT

> LS B B L SN LN L > S I S IS R I L S LS B B
[0)] ATLAS Preliminary ®  Data2011 8 = ATLAS Preliminary ®  Data 2011
& 10° . #5554 SM Total - - B 56444 SM Total
T} JLdt=4.7fb,|‘s=7TeV  — o 10t - J.Ldt=4.7fb ,Ns=7TeV ™
& Ny
(sub) | R Q = B Z el Yan
E 104 1-lepton, SR, no Is; ~ cut oo < = 2-lepton, 30 <m <81 GeV O] Fakes
= —/ Multi-jet o 10° B [ others
2 o] (.7, )=(170,140,70) GeV E el e %, %)) = (170,140,70) GeV
wm E e, ((,7: %,)=(180,140,20) GeV E & e, (t, %, %,) = (180,140,20) GeV
107 102 E
10 10
1 —
E
. W7 M|
= 2 ] e i R RERRRE =
o 1.5 % L] e 7 777 e P A VAR, A=
o o i
© 3 ® E
Q 05 8 o5 ;//
00 100 200 300 400 500 600 700 800 900 >1000 0O 100 200 300 400 500 600 700 800 900 >1000
~_(sub) [(sub) GeV
Is, .~ [GeV] \'s ., [GeV]

1 lepton selection

* Electron (pT > 25 GeV) OR muon
(pT > 20 GeV)

*mT(lepton, EtMiss) > 30 GeV
At least 4 jets (pT > 20 GeV)

* At least 2 of which are b-tagged
* EtMiss > 40 GeV
* Upper cut on hadronic top mass
VS _ (%) <250 GeV

10°

2 lepton selection

* Exactly 2 opposite-sign leptons
.30 GeV <m, <81 GeV
At least 2 jets (pT > 20 GeV)

* At least 1 of which is b-tagged
* EtMiss > 40 GeV
* Upper cut on hadronic top mass
NS _ () <225 GeV (SR1)
NS, <235 GeV and m < 140

GeV (SR2)

Events / 10 GeV

Data / SM

L LN L B A IR B
ATLAS Preliminary ®  Data201

5 , #4444 SM Total
10 J-Ldt=4.7fb',|‘s=7TeV ™
w
1-lepton, >= 2 bjets ==
10*
[ wuttijet
------ (1, %)=(170,140,70) GeV
10° ey
llllllllllll (t,.X, X ,)=(180,140,20) GeV
10K
10 E
1E
2
1.5
1 E
0.5~
00 50 100 150 200 250 300 350 400 450 > 500

m™ [GeV]

Control Regions

* Top pair production

« Select on top mass window and
relax VS_ 4 cut

* W+Jets (1 lepton)

* Select top mass > 250 GeV and
m,, <50 GeV

- Z+Jets (2 lepton)

« Select for 81 <mll <101 GeV
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Events / 25 GeV

Data / SM

o h
o o L o N
TTTTTTTTT

O

Stop Mass ~ Top Mass (1,2-Leptons)

2 = (P EF) (b +21) |

\/Smin(SUb)

Choose a subset of final state objects (sub), assume the rest come from ISR/pileup.
2 lepton subset: 2 leptons + 2 leading jets

1 lepton subset: lepton + 4 jets (2 tagged) that maximize YSmin(sub) 10140206

W, %;)=(170,140,70) GeV

First term: Built from subset objects
Second term: Assume ttbar — invisible mass = 0GeV

For ttbar will have a peak at twice top mass o
E Signal peaks at a lower value

450 > 500
i _(sub)

1™ [GeV] S " N e m* [GeV]
1 lepton selection 2 Iept(.m °c lection Control Regions
Elect T > 25 GeV) OR * Exactly 2 opposite-sign leptons _ _
(p_erC;gg ((F;ev) eV)ORmuon .5~ \/ < m, < 81 GeV » Top pair production
. i * Select on top mass window and
- mT(lepton, EtMiss) > 30 GeV Atleast 2 jets (pT > 20 GeV) ol NS o ot
. * At least 1 of which are b-tagged min

*Atleast 4 jets (pT > 20 GeV) - EtMiss > 40 GeV W+Jets (1 lept

- At least 2 of which are b-tagged - Upper cut on hadronic top mass ets (1 lepton)
* EtMiss > 40 GeV

 Select top mass > 250 GeV and
_ NS, &0 <225 GeV (SR1)
* Upper cut on hadronic top mass

m,, <50 GeV
-\VS,_, 6% <235GeV and m, < 140
. (sub) min J « Z+Jets (2 lepton
VS, s < 250 GeV G (SR2) i (2 lepton)

« Select for 81 <mll <101 GeV
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Stop Mass ~ Top Mass (1,2-Leptons)

5 1
\/_(5“[)) _ 2 T 2 + \/ miss)2+ Enliss 2\" miss 22
Smin® = m(sub) pT(sub) (m ( T ) - pT(st))—l_pT

> LS B B L SN LN L > S I S IS R I L S LS B B
[0)] ATLAS Preliminary ®  Data2011 8 = ATLAS Preliminary ®  Data 2011
& 10° . #5554 SM Total - - B 56444 SM Total
T} JLdt=4.7fb,|‘s=7TeV  — o 10t - J.Ldt=4.7fb ,Ns=7TeV ™
& Ny
(sub) | R Q = B Z el Yan
E 104 1-lepton, SR, no Is; ~ cut oo < = 2-lepton, 30 <m <81 GeV O] Fakes
= —/ Multi-jet o 10° B [ others
2 o] (.7, )=(170,140,70) GeV E el e %, %)) = (170,140,70) GeV
wm E e, ((,7: %,)=(180,140,20) GeV E & e, (t, %, %,) = (180,140,20) GeV
107 102 E
10 10
1 —
E
. W7 M|
= 2 ] e i R RERRRE =
o 1.5 % L] e 7 777 e P A VAR, A=
o o i
© 3 ® E
Q 05 8 o5 ;//
00 100 200 300 400 500 600 700 800 900 >1000 0O 100 200 300 400 500 600 700 800 900 >1000
~_(sub) [(sub) GeV
Is, .~ [GeV] \'s ., [GeV]

1 lepton selection

* Electron (pT > 25 GeV) OR muon
(pT > 20 GeV)

*mT(lepton, EtMiss) > 30 GeV
At least 4 jets (pT > 20 GeV)

* At least 2 of which are b-tagged
* EtMiss > 40 GeV
* Upper cut on hadronic top mass
VS _ (%) <250 GeV

10°

2 lepton selection

* Exactly 2 opposite-sign leptons
.30 GeV <m, <81 GeV
At least 2 jets (pT > 20 GeV)

* At least 1 of which are b-tagged
* EtMiss > 40 GeV
* Upper cut on hadronic top mass
NS _ () <225 GeV (SR1)
NS, <235 GeV and m < 140

GeV (SR2)

Events / 10 GeV

Data / SM

L LN L B A IR B
ATLAS Preliminary ®  Data201

5 , #4444 SM Total
10 J-Ldt=4.7fb',|‘s=7TeV ™
w
1-lepton, >= 2 bjets ==
10*
[ wuttijet
------ (1, %)=(170,140,70) GeV
10° ey
llllllllllll (t,.X, X ,)=(180,140,20) GeV
10K
10 E
1E
2
1.5
1 E
0.5~
00 50 100 150 200 250 300 350 400 450 > 500

m™ [GeV]

Control Regions

* Top pair production

« Select on top mass window and
relax VS_ 4 cut

* W+Jets (1 lepton)

* Select top mass > 250 GeV and
m,, <50 GeV

- Z+Jets (2 lepton)

« Select for 81 <mll <101 GeV
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Results

11—t1 production,?1—> b+i1i, mf=1 06 GeV

1111 production,?1—> b+i1i, mf=2*m§u

1 |yl 95 T T T T T T 'I !
> T D T T gpcernved limit (£168Y5Y) > - | ' | s Observed fimit (1550
0] B . T =1 Ytheory B H e IR — “theory
O 100 ATLAS Preliminary |-~ Expected limit (+1 0,,) S 00 -_ATLAS Er?||m|nary _____ Expected imit (415, )
iy _J.Ldt=4.7fb'1 \s=7 TeV [C1CDF Runll g°  [)Ldt=47Mb1s=7TeV
£ _ ’ ATLAS Liah . B All limits at 95% CL
| Leptons + b-jets combined - ight Stop dilepton - Leptons + b-jets combined ; -
Al limits at 95% CL 85— =
: 80 :— Q}\ f"'\\ _:
— C ' P ]
1 [ Lo .
B P N
] - X i
_ 70 ] ~
L ! -
: ] 65 |- -
- 60 [ =
] - 7 ]
A I RNNNT! A BN R 55 L “120"' : |14|,0| : '1‘; | 1'$ro : '2(')0' : '2'20
120 140 160 180 200 220 . N A
Chargino =106 GeV grid m. [GeV] Charglno =2 L%P grld m; [GeV]
Number of events
Process 1LSR 2LSR1 2LSR2
Top 24+3+5 89+6+10 36t2+£5
W +jets 6+14+£2 n/a n/a
Z+jets 0503403 | 11443 3141
Fake leptons 7142 12£5+£11 6t4+4
Others 03£0.14£0.1 | 2.7+09+£0.7 | 0.9£0.2£0.5
Total SM — | 38437 115£8+15 | 46 £ FE7—
Data ~—_ 150 123 47
mr‘l:l?OGeV,mi{):?OGeV 26+£2+6 57+3+6 36t+2+4
m; = 180 GeV.mzo =20 GeV | 20+2+4 414+3+5 274243
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Light Stop Summary

£, production: T, — b+, 7.~ W"+%] (BR=1)

T J’_ T [ T T I
~ ATLAS Preliminary 7
L 2-lepton (mf =106 GeV) _
—J Ldt=47 fb'1 {s=7 TeV ____ 1/2-leptons + b-jets (m =106 Ge¥)

m 1/2-eptons + biets (m = 2xm,o) ]
%, -

X

SUSY
theory

|~ — Observed limits (nominal)
- - Expected limits (nominal)

All limits at 85% CL_

_— Observed limits (-1c

m_, I_L-.ier
S
o

—_

N

o
|

- - kA& ]

100 2"
80 -
60 -

40
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Heavy Stop

* Three analyses to look at decay chain:
Stop - LSP +top - LSP+W + b

* Minimum stop mass ~200 GeV

» Split into three orthogonal searches
depending on number of final state
leptons

 Consider lepton to be only e/mu in splitting
final states

* Very different kinematics, need separate
optimization for each final state

* Plan to combine results at some point




JL dt~47f" Vs=7TeV

f
same favor B WW+ZZ+WZ

[ Fake leptons

0 tTW-FZ+ Wi
..... "‘? %.) = (300,50) GeV
— m(T.AY = (450,100) GeV

ATLAS  Preliminary
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Q
Q)
0
~—
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c
[}
>
L

[ ]
o
=N
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n
o
=
s
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Data/MC

i
ﬁ
1

180 > 200
my, [GeV]

120 140 160

Event Selection

 Exactly 2 opposite sign leptons
-m, > 20 GeV

- Same flavor leptons: m <71 GeV or m > 111
GeV
- At least 2 jets with p. 50/25 GeV

» Same flavor leptons: at lest 1 b-tagged jet
- Value of m_, > 120 GeV

> | | | T T T T I T T
[0 104 o ® Data 2011 %
O JL dt~4.7fb Vs=7TeV st SM Background 3
0 I Z+jets =
” ; — 3 B
% 1 03 different flavor B W22+ WZ —
g [ Fake leptons 3
w 0 {TW-EZ+Wi 7
----- m(t,% ) = (300,50) GeV
102 _ m%f,A’) = (450,100) GeV —=
ATLAS  Preliminary I
10 =
1
10"
&) 2 ' '
= 1.5
3 1R 2e R NN,
8 0.5 e g i
0 20 40 60 80 100 120 140 160 180 =200
my, [GeV]

« Main variable m,, defined as:

{ 4 IS¢ . { 14
mrapy . pE. P = min {max[ mr(py. qr). mr(pf.rr) 1)
a—

* Minimization over all decompositions of pTMiss
* For ttbar, mT2 has a sharp endpoint at the W mass

Control Regions
» Control region for ttbar
- Select for 85 <m_, < 100 GeV

« Control region for Z+Jets
- Select events with 71 <m, <111 GeV




g 104 ® Data 2011 % g 10* .,...,...,...,...,...,....D,at;éoh,......%
0] JL dt~47f" Vs=7TeV st SM Background E Q) JL dt~47f" Vs=7TeV st SM Background =
0 I Z+jets = 0 I Z+jets =
; 3 same flavor — i 7 ; 3 different flavor — i 7
c 10 B WW+ZZ+WZ — c 10 B WW+ZZ+WZ —
g [ Fake leptons 3 g [ Fake leptons 3
w = 1 t'W+t§Z+Wt - w I t'W+th+Wt -
----- t.%. ) = (300,50) GeV ====-mit,¥ ) = (300,50) GeV
102 —mE'IlA’) (450,100) GeV —= 102 —mE'IlA’) (450,100) GeV —=
ATLAS  Preliminary 3 ATLAS  Preliminary 3
= 10 =
1
10"
O 2
= 1.5
8 1
. - . o 0.5 P e
For tt_bar decaying into a pair of Ieptons_and B T R T TS L R e TR
neutrinos, try to un-entangle each neutrino's m.., [GeV]
pT - Main variable m_, defined as:
mra(py . pi2, pi miss) min _{max[ mr(py', qr). mr(py.r1) 1)
. . . qr+rT=P7
Take all g, +r. combinations and pick the one o
that minimizes m., (numerically) * Minimization over all decompositions of pTMiss

* For ttbar, mT2 has a sharp endpoint at the W mass

For ttbar, there is a very sharp endpoint at the Control Regions

W mass. Much flatter for stop. Control region for ttbar
- Select for 85 <m_, < 100 GeV

Control region for Z+Jets
- Select events with 71 <m, <111 GeV




JL dt~47f" Vs=7TeV

f
same favor B WW+ZZ+WZ

[ Fake leptons

0 tTW-FZ+ Wi
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— m(T.AY = (450,100) GeV

ATLAS  Preliminary
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Data/MC
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180 > 200
my, [GeV]

120 140 160

Event Selection

 Exactly 2 opposite sign leptons
-m, > 20 GeV

- Same flavor leptons: m <71 GeV or m > 111
GeV
- At least 2 jets with p. 50/25 GeV

» Same flavor leptons: at lest 1 b-tagged jet
- Value of m_, > 120 GeV

> | | | T T T T I T T
[0 104 o ® Data 2011 %
O JL dt~4.7fb Vs=7TeV st SM Background 3
0 I Z+jets =
” ; — 3 B
% 1 03 different flavor B W22+ WZ —
g [ Fake leptons 3
w 0 {TW-EZ+Wi 7
----- m(t,% ) = (300,50) GeV
102 _ m%f,A’) = (450,100) GeV —=
ATLAS  Preliminary I
10 =
1
10"
&) 2 ' '
= 1.5
3 1R 2e R NN,
8 0.5 e g i
0 20 40 60 80 100 120 140 160 180 =200
my, [GeV]

« Main variable m,, defined as:

{ 4 IS¢ . { 14
mrapy . pE. P = min {max[ mr(py. qr). mr(pf.rr) 1)
a—

* Minimization over all decompositions of pTMiss
* For ttbar, mT2 has a sharp endpoint at the W mass

Control Regions
» Control region for ttbar
- Select for 85 <m_, < 100 GeV

« Control region for Z+Jets
- Select events with 71 <m, <111 GeV




2-Lepton Results

ﬁ production, ? —>iot

P00 110 120 130 140 150

160 170 180 190 200
My, [GeV]

110 120 130 140 150 160 170 180 190

SF DF %‘ 140 _| T I T T T T I .I T T T T T T T T T T T I T T T T I ]
Z/)’* +jets 1.2+0.5 - G, B m—— Observed limit (+1 GSUSV) ]
(Z/y* +jets scale factor) (1.27) - g 120 = ]
i 023+023| 04+03 - sS EE Expected Imi (£10ee) 1
(¢t scale factor) (1.21) (1.10) 100 [~ & Alllimits at 95% CL | -
ttW + tiZ 0.11+0.07 | 0.19 £0.12 C 7
wWw 001*88? 0.19 £0.18 80— ]
Wt 000+O]7 0 10+0|8 60 — 5
Fake leptons 0.0075 8 ‘]R 0.00* 80 ‘ég : J Ldt=47f"'Ns=7 TeV-
Total SM @36__0_@ 40 — 2 leptons DF+SF ]
Signal, m(F]) = 300 GeV, m()??): 50 GeV 212 373 C 4 7]
Signal, m(T) = 450 GeV, m(Ag)= 100 GeV | 310 __1__5.78 20 — , —
Observed w : ,‘" " ]

L 1 I :’I.‘ 1 1 ;"" 1 1 1 1 | 1 ll 1 1 | 1 1 1 1 I 1 1 1 1 I
0 250 300 350 400 450 500
m; [GeV]
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& Vo [ | Z_+1913 4 & 7 | Z_+jets -
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Event Selection
* Exactly 1 lepton

* At least 4 Jets with pT 80/60/40/25 GeV
* At least 1 of which is b-tagged

* AD(2 leading jets, EtMiss) > 0.8 radians
- Hadronic top: m;, formed by picking 3 closest jets

* Require 2 jet pair mass > 60 GeV
+130 <m, <205 GeV

+ 5 Signal regions defined with 3 additional cuts:

Requirement SRA SRB SRC SRD SRE
EMS [GeV] > 150 150 150 225 275
Ess [ \[Hr [GeVY2] > 7 9 11 11 11
mt [GeV] > 120 120 120 130 140

Control Regions
* Di-lepton ttbar control region
» Exactly 2 leptons
* No EtMissSig or mT cut. EtMiss > 125 GeV
* No mjj cut
* Single lepton ttbar
- Same as SR A except 60 <m_ <90 GeV

* W+Jets control region
- Same as SR A except 60 < m_ <90 GeV and b-jet veto

10°g—

> L I L I L L L =
) i e Data 2011 (\s 7TeV)
C ATLAS Preliminary 2 o dard Model (SM)
o JL dt~4.7 fb_1 [ multijets (data estimate)
- 104 ’ tt .
) @ V+jets, VV
2 E @B it+V, single top
< 10 — & e m;=500 GeV, mo=1 GeV
] ----m;‘:400 GeV, mz‘u:1 GeV
102 e+ channels
10
18
10"
= 15F }
R b 1,
S ipsssissemte UL L
[m] E
0.5 +
. . . v o 1Tl A
0 100 200 300 400 500
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> 2L B B A B L N AL B
) F i e Data 2011 (Is=7 TeV) ]
ORI ATLAS Preliminary . » o " ard Model (SM)
UN) JL gt~ 4.7 fb_1 [ multijets (data estimate) E:
- ’ tt -
] 3 V+jets, VV 7
q:) 107 2-lep TR @B it+V, single top 3
el 7 e, m;=500 GeV, me=1GeV 3
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1 p

= R P b U
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Event Selection
Transverse mass: mT

m. = 2 p,'* * E_miss * (1-cos(A®) )

Assumes massless neutrino

For ttbar, peak at W mass

Requirement SRA SRB SRC SRD SRE
EMS [GeV] > 150 150 150 225 275
Ess [ \[Hr [GeVY2] > 7 9 11 11 11
mt [GeV] > 120 120 120 130 140

Control Regions
* Di-lepton ttbar control region
» Exactly 2 leptons
* No EtMissSig or mT cut. EtMiss > 125 GeV
* No mjj cut
* Single lepton ttbar
- Same as SR A except 60 <m_ <90 GeV

* W+Jets control region
- Same as SR A except 60 < m_ <90 GeV and b-jet veto

10°g—

> L I L I L L L =
) i e Data 2011 (\s 7TeV)
C ATLAS Preliminary 2 o dard Model (SM)
F_D IL dt~4.7 fb_1 |:|tnf1ultijets (data estimate)
w10t 03 V+jets, W
2 E @B it+V, single top
= 103 -------- m;=500 GeV, mo=1 GeV
L ----m;‘:400 GeV, mz‘u:1 GeV
102 e+ channels
10
18
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Event Selection
* Exactly 1 lepton

* At least 4 Jets with pT 80/60/40/25 GeV
* At least 1 of which is b-tagged

* AD(2 leading jets, EtMiss) > 0.8 radians
- Hadronic top: m;, formed by picking 3 closest jets

* Require 2 jet pair mass > 60 GeV
+130 <m, <205 GeV

+ 5 Signal regions defined with 3 additional cuts:

Requirement SRA SRB SRC SRD SRE
EMS [GeV] > 150 150 150 225 275
Ess [ \[Hr [GeVY2] > 7 9 11 11 11
mt [GeV] > 120 120 120 130 140

Control Regions
* Di-lepton ttbar control region
» Exactly 2 leptons
* No EtMissSig or mT cut. EtMiss > 125 GeV
* No mjj cut
* Single lepton ttbar
- Same as SR A except 60 <m_ <90 GeV

* W+Jets control region
- Same as SR A except 60 < m_ <90 GeV and b-jet veto
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1-Lepton Results

= 300
Regions SR A SR B SRC SRD SRE 8
it 36+5 27 + 4 11+2  49+13 13+06 1—250
tt+ V, single top 29+07 25+£06 1.6+0.3 09+03 04=+0.1 E
V+jets, V'V 25+13 1.7+ 0.8 04+0.1 03+0.1 0.1=+x0.1
Multijet 0.473% 03793 0.3793 03793 0.0792 200
Total background <A x6 31+4 132  64+14 18+07
Signal benchmark 1 (2) 25.6(8.8) 230N _T175(69) 135(6.2) 7.1(4.5)
Observed events 38 25 15 8 5 150
Po-values 0.5 0.5 0.32 0.24 0.015 100
Obs. (exp.) Noeyona—sm < 15.1(17.2)  10.1 (13.8) 10.8(9.2) 84(7.0) 8.2 (4.6)
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Event Selection

* Lepton veto

- EtMiss > 150 (260) GeV for SR1 (SR2)
- At least 6 jets with p. > 30 GeV

- Leading jet p, > 130 GeV

* At least 1 b-tagged jet
* AQ(leading 3 jets, EtMiss) > 11/5 radians
> 30 GeV

EtMiss) < 11/3 radians

» Reconstruct two hadronic top quarks

» Add 3 closest jets — each top quark
- 80 GeV < m;, < 270 GeV for each

* Veto on tau-like jet
- m_(jet,EtMiss) > 175 GeV

* One tag case: use jet from leading 4 that
minimizes m,

- EtMiss__,
- AQ(EtMiss

- Two tag case: use b-jet that minimizes m_.

Track’
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Control region for ttbar
E * Main background is semi-leptonic ttbar where
: the lepton is a hadronic tau

» Select events with exactly 1 lepton

* Require mT(lepton,EtMiss) < 120 GeV
+ Orthogonal to 1-lepton analysis

* Treat that lepton as a jet for all subsequent cuts
* Same selection as SR except for cuts to
remove ttbar
* No top mass cut
+ No m_(jet,EtMiss) cut
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Event Selection

* Lepton veto
* EtMiss > 150 (260) GeV for SR1 (SR2)
- At least 6 jets with p. > 30 GeV

- Leading jet p, > 130 GeV

* At least 1 b-tagged jet
* AQ(leading 3 jets, EtMiss) > 11/5 radians
- EtMiss_ . > 30 GeV
« AQ(EtMiss___ ,EtMiss) < 11/3 radians

» Reconstruct two hadronic top quarks
* Add 3 closest jets — each top quark
- 80 GeV < m;, < 270 GeV for each

* Veto on tau-like jet

- m_(jet,EtMiss) > 175 GeV

* One tag case: use jet from leading 4 that
minimizes m,

Track’

- Two tag case: use b-jet that minimizes m_.

Events / 25 GeV

Distributions in ttbar control region
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For ttbar, endpoint at top mass
Require m. > 175 to reject ttbar



Event Selection

* Lepton veto

- EtMiss > 150 (260) GeV for SR1 (SR2)
- At least 6 jets with p. > 30 GeV

- Leading jet p, > 130 GeV

* At least 1 b-tagged jet
* AQ(leading 3 jets, EtMiss) > 11/5 radians
> 30 GeV

EtMiss) < 11/3 radians

» Reconstruct two hadronic top quarks

» Add 3 closest jets — each top quark
- 80 GeV < m;, < 270 GeV for each

* Veto on tau-like jet
- m_(jet,EtMiss) > 175 GeV

* One tag case: use jet from leading 4 that
minimizes m,

- EtMiss__,
- AQ(EtMiss

- Two tag case: use b-jet that minimizes m_.

Track’
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Control region for ttbar
E * Main background is semi-leptonic ttbar where
: the lepton is a hadronic tau

» Select events with exactly 1 lepton

* Require mT(lepton,EtMiss) < 120 GeV
+ Orthogonal to 1-lepton analysis

* Treat that lepton as a jet for all subsequent cuts
* Same selection as SR except for cuts to
remove ttbar
* No top mass cut
+ No m_(jet,EtMiss) cut
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production,i—> t+§{°

O-Lepton Results

?1?1 production,?1—> t+i?
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Final Results

Tf, production: T, - b+x, ¥:— W' +%. (BR=1, m. <200 GeV); T, t+1, (BR=1, m. > 200 GeV)

— |||||||||||||||||||||||||||||||||||||||||_
%’J 200 ATLAS Preliminary = Observed limits (-103.5Y) f,— b+, 7> Wy, (m; <200 GeV) —
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b - -1 — - . _1/2- Ieptons + b- -jets (m =106 GeV) _|
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* Five new SUSY results from ATLAS
* First limits for stop with mass > top
 Current best limits for stop with mass < top

* Hopefully the first of many direct stop results
over the next several years

e 37



Thank You

Tf, production: T, - b+x, ¥:— W' +%. (BR=1, m. <200 GeV); T, t+1, (BR=1, m. > 200 GeV)
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