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Outline

* Supersymmetric particle production was not an early LHC discovery

- if all squarks are similar in mass, this raises limits on the squark masses
- a priori, this is by no means a fair assumption however
- SUSY with a light third generation is well motivated, but dedicated searches are required

« ATLAS has performed a variety of searches sensitive to third generation squark production
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* Main focus of the next 15 minutes
/“multijet search (5 fb-1) (arxiv:1206.1760)\
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 Several searches covering:
- different final states
- different mass ranges

Same sign dilepton (2 fb-1)(Phys. Rev.
Lett. 108, 241802

0/1 lepton + 1/2 b (2 fb™") (Phys. Rev. D

direct stop production (5 fb-1) Ry / \
\_ : 85, 112006) Y,




Direct stop production

 The stop cross section falls rapidly with increasing stop mass

- dedicated searches must concentrate on reducing the large top background
- stop pair production cross-section is smaller due to differing spin

» There is a rich variety of decay modes, though the final states are often similar
NEW ATLAS 5 fb™' results (direct stop)

Cross section and total uncert.
CTEQ NLL cross section
------ CTEQ scale uncert.

____________ Te0 conte s oo ancert » Stop — b chargino (for m (stop) < 200 GeV)
CTEQ scale @ POF & v ncert - very light stop search (2 leptons)

MSTW NLL cross section

...... MSTW scale uncert - m(stop) ~ m(top) (1 and 2 lepton(s))

I vsTW scale © PDF uncert.

Cross section [pb]

« Stop — t neutralino (for m (stop) > 200 GeV)
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- both tops decay hadronically (O lepton)
Ly — - one top decays leptonically (1 lepton)
180 190 290 .
m; [GeVic’] - both tops decay leptonically (2 leptons)
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Top pair production cross section

* Let's review the latest ATLAS results in order of increasing stop mass...




Light stop analysis

« Search for stops with m(stop) << m(top) in the dilepton final state

4 3 N I
m(t) > m(t;) > m(Xy)
51 — b-v:ll:
Xi = WHxY
. /

» Background estimation:

» Look for:

- two low p_ leptons, veto on leptons with high p_
- no b jet requirement

- semi-data-driven estimate using top and Z/y*

control regions

* Dominant systematics: jet energy scale, jet energy
resolution, theory errors on top estimate
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All limits at 95% CL
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115 120 125 130 135 140 145 150 155 160
m: [GeV]

ee et L all
Total 6166 | 189821 | 190+ 19+31 | 440 £ 21 +£43
Data 48 188 195 431
Tyis (exp. limit) [fb] 4.9 11.1 16.2 22.0
O yis (0bs. limit) [fb] 3.3 10.9 16.9 21.0




m(stop) ~ m(top) search

* 1 and 2 lepton analysis looking for stop — b chargino, with m(stop) ~ m(top)

o _F amaspreimnay @ oaon
- Use b tagging, place upper cut on a new variable vs__ SUO) 0 T fLamarmt e
% 10 -lepton, , N0 IS, cu — Muﬂﬁt
2 o iy
» Main backgrounds are top, W (1 lepton) and Z (2 lepton) ~ ~ __ o
?~1 t, production, t—> b+x m =2" m.o 10
=3 ST L " ! ‘— Observed limit (£165527)
S [A LASPrellmmary """"""" e 1
I_?;S o 4 T|e---- Expected limit (£1 cexp)
= J.Ldt 4710 to=7 Tev Alllimits at 95% CLg =
85 :_L ptons + b-jets combined , - %
80 :— & o _: .00 60200 500400 500 500 760 800 860 21000
¥ S 44 \: ] Vst [Gev]
75 - N N -
70 E— ,i —E Process ILSR 2LSR1 2LSR2
- / ] Top 24+£3+5 89+6 10 36£2+£5
65 = B W +jets 6x1x2 n/a n/a
C ] Z+jets 0503203 | 11+x4+3 3+ 11
E E Fakes T2 12511 | 6x4=4
55 N A Others 030101 | 27209207 | 09x£02£05
120 140 160 180 200 220 Total SM 337 115£8 £15 46427
m- [GeV]
E Data 50 123 47
mi = ITDGEV.:J:E-LJ:TGGEV W0x4+10 M7 £9 4457
m; = 180 GeV,mp = 20GeV | 1835 53£5%5 3746
o, (exp.) [1b] 4.2 9.7 5.3
ATLAS-CONF-2012-070 oruis (0bs.) [fb] 6.6 [ 54




2 lepton search

 Search for stops decaying to top quark, both tops decay leptonically
- look for either same flavour (SF) or opposite flavour (OF) leptons

- Dilepton final state, m_, used to suppress background

exactly 2 leptons 0
> 1 jet with p_ > 50 GeV X1

2 2 jets with p_ > 25 GeV
m_, > 120 GeV

for same flavour candidates: 20 GeV <m < 71 GeV orm > 111 GeV
> 1 biet ! ! ATLAS-CONF-2012-071
SF DF ?1?1 production, Nt} - i?t

- s MO T 1 T L B L
Z[y*+jets 1.2=05 - ® - S e
(Z/v* +jets scale factor) (1.27) - %P{ 120 - e Obeerved Ml (10
i 0232023 | 04203 ek « Epectedimi 10,) ]
(7 scale factor) (1.21) (1.1 100 - @\“ ' N i
tW + tiZ 0.11+0.07 | 0.19+0.12 - : i
Ww 0.01°292 | 0.19 +0.18 sl =
WZ+ZZ 0.05+0.05 | 0.03 +0.03 . e ATLAS Preliminary]
Wt 0.00+017 0.10+0-18 60 - T 7]
Fake leptons [}.{}l}fgﬁ D.ﬂﬂfgﬁ E ’ ‘\ I Ldt=4.71"Ns=7 TeVE
Total SM 1.6 =06 0.9+06 40 |~ 2 “i 2 leptons DF+SF —
Signal, m(7,) = 300 GeV, m{ff?): 50 GeV 2.15 3.73 C ' \ ]
Signal, m(T) = 450 GeV, m(Ap)= 100 GeV 3.10 5.78 20 -' “\ ]
Observed 1 2 ZIII;’:{_‘ .5'\""....l.::'il'n..l....|....|:
95% CL limit on o™ [fb] 0.86 1.08 0 250 300 350 400 450 500
95% CL limit on o [fb] 0.89 0.79 m; [GeV]




1 lepton search

» Search for stops decaying to top quark, one top decays leptonically

ATLAS-CONF-2012-073

exactly 1 lepton :
> 4 jets with o, > 80, 60, 40,25 GeV Reqllqlrement SR A|SR B S.B; C|SR D[SR E
_ ET™ [GeV] > 150 | 150 | 150 | 225 | 275
2 1bjet B A GV s 7 | 9 | 11|11 | o
130 GeV <m, <205 GeV mr [GeV] > 120 | 120 | 120 | 130 | 140
Define 5 different signal regions using further cuts

. . . . > SRR U S S
« Main backgrounds estimated using dedicated control 8 g ATLASIPre"minarv é?ﬁ%ﬁdi?;(yz;?sﬁ?) N
. uN) Ldt~4a7 fb_1 multijets (data estimate E
regions = =y ]
g 8 1 02 2-lep TR =¥:{/e,t;n\g/;\lle top 3
5 o oni i o
- single leptonic ttbar, dileptonic ttbar and W+jets 10 erichamnels 3
- simultaneous fit performed to all three control 1 4
regions, plus one signal region at a time 10"
* Main uncertainties are top theory uncertainties, JES, JER S : 7
and b-tagging uncertainties S T vl M0 6 44 #
150 200 250 300 350 400 450 500
ET™ [GeV]



1 lepton search: Results

t:t: production, t:—> if

R L U BN 300 | T I T I T I T I T I T | T I T

> —
[ D t 2011 7 TeV > =
8 10° - ATLAS Preliminary s S;r?dard I\/S)?:Iel (SI\;’) ) 8 L o —— Observed limit (+1 6:123;;) 12
o 5 JL dt~a7f" [Jmuliijets (data estimate) = ATLAS Preliminary o 2
g 10 : O £~ 250/ ) — — Expected limit (£10,,,) | -%
n @@ V+jets, VV 1-lepton + jets + ET ]
Q1 o* -tt+V single top L Al limits at 85% CL, 19
= m, =500 GeV, mzu—1 GeV f Ldt=4.7 fb’1, Vs=7TeV 072 0.16 0.12 0.10 g
w 10° 1—400 GeV, mp=1GeV 200 —1s
5 Electron Channel L 4 E
10
0.08 3
150— —3
10 E
15 100l 0.08 B Cém
107" B i |8
% 15 f_ 50 / 0.07 B S’
k| . e 18
5 e | E
() : 3 2I2.3 1.?6 | O.rIO 0. fO 0, 14 | ':0. Qi . OPQ | 0.?7 | pd
0'5 IIIIIIIIIIIIIIIIIIIIIIIIII 0 200 250 300 350 400 450 500 550 600
50 100 150 200 250 300 350 400 450 500 m; [GeV]
ET'** [GeV] 1
. ATLAS-CONF-2012-073
» Exclude a wide range of stop masses
Regions SEA SR B SR C SED SRE 2-lepTR 1-lepTR I-lep WR
Total background 42+ 6 314 13+2 64+14 18x0.7 118x10 42120 228x15
Signal benchmark 1 (2)  25.6(8.8) 23.0(8.1) 17.5(6.9) 13.5(6.2) 7.1(45) 1.7(0.6) 23(0.6) 0.4(0.1)
Observed events 38 25 15 8 5 118 421 228
Po-values 0.5 0.5 0.32 0.24 0.015 - - -

Obs. (eXp.) Mymyona s < 15.1(17.2)  10.1(13.8) 10.8(9.2) 8.4(7.0) 8.2 (4.6) - - .




0 lepton search

» Search for stops decaying to top quark, both tops decay hadronically
- expect 6 high p_ jets

- kinematic reconstruction of both tops is possible (no missing momentum)

Selection Criteria ~

1 tight b-tagged jet OR 2 loose b-tagged jets

Efl'l“iss'[m‘:k > 30 GeV and [Ad (ET, Err"iss't'a‘:"‘} <
min |A¢ (jet’ %, ER)| > 0.2x
80 GeV < m;'”, m}ﬂ. < 270 GeV
Veto events with a  candidate based on mt {r candidate, E1’1"i55} ATLAS-CONF-2012-074
Events with 1 tight b-tagged jet: min |mr {jetﬂ'3,E,r1!‘j55} = 175 GeV

Ld]5

Events with 2 loose b-tagged jets: my (bm.inl Ag(b.ET=)]: E [ll}iss) > 175 GeV

Signal Region | Signal Region 11
EF"™ = 150 GeV ET"™ = 260 GeV

 Top background estimated using CR
* SM theory, jet energy scale and jet energy resolution are dominant uncertainties




0 lepton search: Results

Events / 50 GeV

10

200

7

300

T T T T | T T T T | T T T T
it B
B single Top

V (V) + jets
- j i
iy |

(7777 Bkg Syst Error i
SM Exp. +

(m?,mwn) = (400,1) GeV
x

® Data 5011

ATLAS Preliminary 7

: ...... E __

]
400 500 600

ET'sS [GeV]

ATLAS-CONF-2012-074

_ SRA SKHB

ET™ = 150 GeV = 260 GeV
tt 92+ 27 2324061
tt + W/Z 0.8 +£ 0.2 039+0.12
Single top 0.7+ 04 0211028
Z+jets 1.3+ 11 094107
W +jets 1.2+ 1.3 048+ 042
Multi-jets 0.2+ 02 0021002
Total SM 132+ 49 44 16
SUSY (mg, .mi?} = (400,1) GeV 148 £ 4.0 89 +13.1
Data (observed) 16 4

T1Y1 production,?1—> b

;‘ 300 T | T T T T | T T T
& ATLAS Preliminary
Eﬁ’x‘ ~ All Hadronic

200

100 —

IL dt=47f" \s=7TeV Al limits at 95% CL,




All exclusion limits on one plot

T, production: T, — b+, %, > W"’+x:’ (BR=1, m_ <200 GeV); T, —>t+x (BR=1, m_ > 200 GeV)

> 200 = ATLAS Prefiminary NI (losusyy | . b AR " (m, <200 GeV)
Q) y —— Observed limits (nominal) filzer;:og;bfz ((B:V)_ 106 Gev) —
'_Q' _ 1 80 J. Ldt=4.7 fb s=7 TeV ---- Expected limits (nominal) . Iegtons . bjets (mx g
EIH Status: ICHEP 2012 All limits at 95% CL, = % 2
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Gluino mediated stop/sbottom production

« Search for gluino mediated stop/sbottom production in the 0 lepton channel with 5 fo™' of
ATLAS data

Common criteria: lepton veto, p}l > 130 GeV,
> 3 b-jets, E2* /g > 0.2, AQin > 0.4

SR N; ET" Mg b-tag OP
SR4-L | = 4j | >160 GeV | >500 GeV 60%
SR4-M | > 4j | >160 GeV | >700 GeV 60%
SR4-T | = 4j | >160 GeV | >900 GeV 70%
SR6-L | = 6] | >160 GeV | >700 GeV 70%
SR6-T | = 6) | >200 GeV | >900 GeV 75%

» Multi-b jet final states enhance the sensitivity

« Various signal regions are optimised for a variety of pMSSM scenarios:

- models with both stop (or sbottom) production and gluino production
- models with the gluino lighter than all squarks, with gluino pair production only

ATLAS-CONF-2012-058




Gluino mediated stop/sbottom production: Results and Interpretation

* No evidence for BSM physics!

» 95% confidence limits are set using the CL_

prescription

ATLAS-CONF-2012-058

g9 +?1—?1 production,?tﬁ b+21t " =4711", (s=7TeV
;‘ 900 _I T T T I T T T T | T T T T I T T T T | T T T T I T T T T I T T T I_
& I CL, Expected limit + 10, ATLAS Preliminary ]
g 800 :_ CL, Observed limit + 1 cf#::y 3 b-jets channel _:
r i -1 .- ]
700 - 1 lepton + b-jets 2.0 fb ‘,‘\ 3
- SS dilepton, 2.0 fo'! i ]
600 |~ All limits at 95% CL i =
C £ ]
500 - m(%,) =60 GeV, m(d ,)>>m(§) .- ! =
- - .
400 .
C S / s ]
- T 3
300 LN 3
- 9o .- < § .
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Summary

* A variety of analyses targetting third generation squark production have been presented
- most use 5 fb” of ATLAS data

* No analysis has shown evidence for BSM physics
- further work to probe the remaining corners of phase space is ongoing

* Analyses are now turning their attention to the 2012 8 TeV data

- much more to come!
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Light stop analysis cuts

« Search for stops with m(stop) << m(top) in the dilepton final state

4 - . 7\ - Assume top decays to a b and chargino with BR 100%
m(t) > m(t1) > m(x7)

- b;‘gi" » Chargino decays leptonically through off-shell W

\_ ). Expect: Soft b jets (not tagged), soft leptons, low missing E._

» Background estimation:
- semi-data-driven estimate using top and Z/y* control regions
- multijet contribution taken from data using a template fitting method

« Dominant systematics: jet energy scale, jet energy resolution, theory errors on top estimate

Requirement ee channel eu channel pu channel
Signal Region
lepton pr > 17 GeV > 17(12) GeV for e(u) > 12 GeV
highest lepton pr < 30 GeV < 30 GeV < 30 GeV
ny; > 20 GeV and Z veto > 20 GeV > 20 GeV and Z veto
jet pr = 1 jet, pr > 25 GeV > 1 jet, pr > 25 GeV = 1 jet, pr > 25 GeV
Emiss > 20 GeV > 20 GeV > 20 GeV
o > 7.5 GeV'/? > 7.5 GeV'/? > 7.5 GeV'/?




Light stop search:

results and interpretation

ATLAS-CONF-2012-059

ee el i all
t ME4+6 | 139£7+23 | 111+£8%10 | 203+ 12+ 34
Z /" +iets 5+142 23+2+8 | 48+16+27 | 76+ 16427
Single top 3+05+1 124142 124142 28+245
W +jets 4£3+4 3+142 154£943 234948
Diboson 4£04£05 | 9£0.742 10£07+£1 | 24143
QCD multijet 29132 4£92220+14+03(30+£28+03|80+37+23
Total 62+6L£6 | 188£8%21 | 199+£21+31 | 450 £ 23 £ 44
Data 48 188 195 431
avis (exp.) [fb] 49 113 16.9 228
ayis (obs.) [fb] 3.4 11.3 16.3 19.8
Po 0.89 0.52 0.55 0.64
m(f, ) = (112,55) GeV | 44.1+£4.8 1378 140+8 322+ 13
m(t, 13) = (160,55) GeV | 8.8+ 1.5 314427 36.5 4 2.9 76.6+ 4.3
S AT
« Observation is consistent with SM background O
E 90

* 95% confidence limit is set in the stop-neutralino
mass plane, assuming a fixed chargino mass (106

GeV), using the CL_prescription

 The results extend the previous limit set by CDF

« Particularly interesting for MSSM electroweak

baryogenesis scenarios...
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ATLAS Prellmlnary
j Ldt=4. 7fb \s=7TeV

----- Expected limit (+ 1o,

@ CDF 95% Exclusion
Al limits at 95% CL
BR(E—) bx )= 100/
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lhry
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m(stop) ~ m(top) search

* 1 and 2 lepton analysis looking for stop — b chargino, with m(stop) ~ m(top)

- Use b tagging, and a new variable vs__©"

 Two variables are used to reduce the top background

> 10° L L LS B I S I B
0] ATLAS Preliminary ®  Data2011
() 5 , #4444 SM Total
o 10 JLdt=4.7fb’,|‘s=7TeV [
~ 10° 1-lepton, >= 2 bjets . v
2] 0
c T Multijet
g JFE ™M, (5,2}22):(170,140,70) GeV
o 10 e Wy (1,7, %,)=(180,140,20) GeV/ =
10° €
10 E
1K
2 =
& 15E
s
8 osf
00 50 100 150 200 250 300 350 400 450 > 500

m™ [GeV]

m ™ Invariant mass of hadronic top

decay products
\ Generally smaller for stop eveny

Events / 25 GeV

ATLAS-CONF-2012-070

Data/ SM

AEELEAR AL UL L L
ATLAS Preliminary ®  Data2011
10° , 544544 SM Total
J-Ldt=4.7fb',|‘s=7TeV [
. ! _(sub)  m—
10 1-lepton, SR, no \s;, cut R o

@7 7)=(170,140,70) Gev
({7, Z=(180,140,20) GeV

700 800 600 >1000
- (sub,

157 [GeV]
min

: Minimum mass compatible with

“subsystem” of top/stop decay
products (see backup)
arXiv:1006.0653




m(stop) ~ m(top): results and interpretation

11 production, T,— b+, m_,.=2*m_o . .
';‘ 95 1 1| prT ulc Ioln |1_)| +|X1 |mx‘| |mx‘ tt production, t— b+if, mit=106 GeV
[} C e = Observed limit (+1 GShUSY) gy LI I R B B B B g T —
o FATLASPreliminary S e s | o 2 Observed limit (£10p07)
EO’*F 90 :_ P Expected limit (+15,,) % ]00 | ATLAS Pre'lmlnary - - - Expected limit (+1 cexp)W
C ) ) All limits at 95% CLg i ‘J. Ldt=4.715" Vs=7 TeV [ JCDFRunll
85 - Leptons + b-jets combined - — E L eptons + b-jets combined — ATLAS Light Stop dilepton
C J i Al limits at 95% CLg
80 - ; -~ J ]
C N i ] .
[Elw N - - -
C N . ] i
- ' L . il
70 ] =21 b N e ]
- S / ] _|
65 - — ]
60 - - i
R SIS . _
55 Cova#  01 | £ |{ I BT R :
120 140 160 180 200 220 : ; Lol
m; [GeV] 120 140 160 180 200 220
.~ . i m. [GeV]
tt, production, t,— b+x, m;=180 GeV !
— 180 T
> _I TTT I TT T | TTT7T | TT T 1T I T B ] ] SusY
- . = Observed limit (+16..)
R - ATLAS Preliminary o e ATLAS-CONF-2012-070
=160 [— P ISP Expected limit (10,
EIX C| Ldt=4.7fb,\s=7 TeV
B _ _ Al limits at 95% CL
140 _—Leptons + b-jets combined .
120 | it -
C > 7] . . . . .
100 & = » Observation is consistent with SM background in all
- m -
. o -
80— . = channels
. E i
s0F § -
L o . . . . .
Lo i (o)
wf & & * 95% confidence limits are placed on a variety of mass
L 3 N . ‘g
sl - hypotheses using the CL prescription
- ] S
0 :I 111 I 1111 | 111 |\I 111 I 1111 I ||'| 11 | 1111 I 1111 I 111 I:
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Florida Variable

800 | |
Eup)s Pup)  Subsystem: tt >bbl1' 17 E,
1"l ejets 7 M=0 GeV ]
600 -
B L=0.5 fb™!
2 highest
E(sub)> Prous) pr jets
400

true

1, Ve

gm

=00

dN/dVsSE® (per 15 GeV bin)

200 Ik.ll 400 IIII 600 o 800
VsEP (GeV)

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

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

\/Eﬁf) expected to peak at ~ m(tt) = 2m(t)

1
2 1
Vonin' )= (\/ M)+ Prisun) +V e U%Z) ~ (Prisu) +?_>@2 2




m(stop) ~ m(top) selection cuts

Two final states are considered

1 lepton selection

- One signal electron (muon), p_> 25 (20)

GeV
- 2 4 jets with p_> 20 GeV, two light, two b

tagged
. ET””"SS>4O GeV

- m (I, E ™) > 30 GeV
e m™ <y - 0.50 (from Gaussian fit to top

mass)
. \/smin(S“b) < 250 GeV

Main backgrounds: top, W + jets

2 lepton selection

« 2 signal leptons:
ee: p, > 25, 20 GeV

pu: p. > 20, 10 GeV
eu: p, (e) > 25 or p_(u) > 20 GeV
. 2 2 jets with p_> 20 GeV (= 1 b tag in leading

two)
. ET’"’“>4O GeV

- 30 GeV <m <81 GeV
- Two signal regions with different vs__* cuts:

SR1: \/smm(S“b) < 225 GeV
SR2: \/smm(S“b) < 235 GeV, m,, < 140 GeV

Main backgrounds: top, Z + jets

Main backgrounds are estimated from dedicated control regions in both cases




T2

Top background: the lepton-neutrino transverse mass obeys
b
‘ M (,v) = \[2p, (D)p, (v)[1—cos(d,—9,)] < m(W)
W

........ obviously, it is true on both sides:

m[mr (h,v1).mp (v, )] <m(W)

t
’ ~ We do not have the direction of the two neutrinos, but we can
| W Ay 3
T -------- try out all possibilities and take the minimum:
+]

M3, (., pr™) = min{max[m (1, v),mi (., v,)]}

Minimum is over all possible decompositions ﬁ;—aﬂj = pr(v))+ fjg- (v,)

it's M, < m(W) for top pairs, and also for Wt and WW




ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and

' i | forward calorimeters
A / Pixel detector

Toroid magnets LAr eleciromagnetic calerimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

* Inner tracker: 2 T magnetic field providing precision tracking of charged particles
« Calorimeter systems: Liquid argon or scintillating tiles provide energy measurements
* Muon spectrometer: Surrounded by air-core superconducting magnets providing a

magnetic field strength varying from 1 to 8 T. The muon spectrometer provides trigger and
high precision tracking capabilities.
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