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Overview

A Motivation for 39 generation searches

A ATLAS direct shottom searches
I JHEP10(2013)180 leptons + b-jets +missingO
A blueprint of an ATLAS SUSY analysis
T 1404.25002 samesign / 3-leptons + @3 b-jets +missingO NEW
I ATLASCONR2013061 0-1 leptons + >=3-jets +missingO (published 2014)

A ATLAS direct stop searches Only in backup slides
1403.48532 leptons + )jets + missin@®

ATLASCONFR2014014 stop inb, T andgravitino

ATLASCONR2013037: 1 lepton + 4(Db-)jets + missin®

ATLASCONR2013024: O lepton + 6 (b-)jets +missingO

ATLASCONR2013068: 0 leptons + monget/ cjets +missingO

1403.52227 + b-jet + jets + missin®

All analyses use the full 2012 datase¥ ¢ ™EA,\T Y4 A.6
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Motivation and roadmap

A 1 M mixing large for 8 generationsquarksdue to large top Yukawa
couplingA lighter massesompared to , 2'd gen.squarks

A Naturalness? light top/bottom squarks (higgsinosgluino)
A Study simplifiedt Y2 RSt 4 ¢ Y
I assume only sbottom / stop pair production
I simplified decays; depend & (stop,chargino/ neutralino)
I 100%branching fractiorto the given decay

s =0,
Am = mit, ) - m()("n

=0,
mxy) A : - ,
[GeV/c] o8 R
. o) v D Ay
m(f,) < mXy) D o E < AP
'.‘, x ',‘ AN \ ','
v R AN
X' NS , X Q
L A S N
100 4 N 2 e X X
4', l\\ .“ “ \
/ , - / 5 il 2
\\ \\ ".' \\
LR L -
S At = b+ X
0+ ey e . >
0 m{W) 100 ™ 200 300 ’"(fl) (GeV/c?
5May 2014 Alexandru DafincaPhenomenology 2014 Symposium UNER A U\ VERSITY OF

OXFORD



ATLAS DIREGBOTTONSEARCHES
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JHERO(2013189: Direct Sbottom
b SRA SRB

p> b 4% 0 e/’ veto
- 1

- MissingO > 150GeV > 250GeV
; ‘f" X1 Jetln >130GeV > 150GeV
p
, Jet2ny > 50GeV > 30GeV
; Jet 3 veto if >50GeV > 30GeV
2
mep(vr, vz) = [ET[(UIE +)ET(022] " == 2bjets J1, 32 32,33
— |Pr\U1) — P (U2 ,
(0910.0172 a > 200GeV
N > 150, 200, 250. )
> 300,350 GeV

00 endpoint at 1355eV
A - < 50GeV

. . mA(b)—m? (7)) O
signal: mer = m(b) l : v, low Y& ah..
Targeting | largeYa oh.. ISR DOOStED

O N
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http://link.springer.com/article/10.1007/JHEP10(2013)189
http://link.springer.com/article/10.1007/JHEP10(2013)189
http://link.springer.com/article/10.1007/JHEP10(2013)189
http://link.springer.com/article/10.1007/JHEP10(2013)189
http://link.springer.com/article/10.1007/JHEP10(2013)189
http://link.springer.com/article/10.1007/JHEP10(2013)189
http://arxiv.org/abs/0910.0174

JHEP10(2013)18€Direct Sbottom

> Cr T T T T T T ] > . T T
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. 3 B
A Define CRs enhanced in=- E-E

a particular background: =- Q CRA

i 'Q CRAMD
i QM ‘CRAZ+HF

! 5 5 of ﬁ' T T{VH;

i 1L CRAOOW+HF  § ¢ o R
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A Profile likelihood fit of MC yields to data in CRS; - ) Vo

I Extractbckg normalisations / signal strength

I Pin down nuisance parameters: effect of Jet
Energy Scale / Resolutiom-tagging
uncertainty on event yields
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http://link.springer.com/article/10.1007/JHEP10(2013)189

JHEP10(2013)18®irect Sbottom

Sbottom pair production, 51 —=b io
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Analysis also has sensitivityd® @ ... ,... © ®° ... ,verylowYd ... h..
A . 5 ) 5 5 . .
T Analyses targetingp® 0 ... andw©® w ... in backup slides.
L
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NEW/And
improyved

1403.4853 2L +1Ip)jets + missin@®
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http://arxiv.org/abs/1403.4853
arxiv.org/pdf/hep-ph/0304226

1403.4853 2L +1p)jets + missin@®
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http://arxiv.org/abs/1403.4853

5*0 0 ... ,bon-shell 5DF / 4 SF SRs with
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ATLASCONR013037 1L +4(1b-)jets+ missingD

A SRs based on:

T MissingO

I (b-)jet multiplicity
I my my, ¢ variables
.

|

Sty

meff
reconstructed top mass

A Acceptance sensitive to stop
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oo’dominant background assumed in plots)
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ATLASCONR2013024: OL + 6 (d-)jets +missingO

t —
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p i . W > 6
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ATLASCONR2013068 0L + monget/c-jets +missingO

Alfa@ a(.) a(@ & o ,0° @ ...canbe dominant decay mode.
A First LHC seardbr this challenging scenario.

Lepton vetoes: no isolated electrons (muons) with py > 20 GeV (pr = 10 GeV)
Monojet-like selection M1 | Charm-tagged selection C1

At most three jets with pp > 30 GeV and || < 2.8 | At least three jets with py > 30 GeVand || < 2.5

‘:(1) (in addition to the leading jet)
-0 b-veto for second and third jet
X1 medium c-tag for fourth jet
Ag(jet, p!}’jss] > 0.4 Ag(jet, ]),'}’iss] > 0.4
minimum leading jet py (GeV) 280 270
minimum ET" (GeV) 220 410
Jjet to boost theotecay products.
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1403.5222 7+ b-jet + jets + missin@

mproved
A Ifa (D a(© a(..), difficult to distinguishod® from oo
A Look instead foo*© &* @

Z Final state targeted:
t ;
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' - -—‘"— X - N\
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Also interpretation in a GMSB scenario exists.
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http://arxiv.org/abs/1403.5222
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t.t, production

Conclusions

Status: Moriond 2014
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1404.2500 ATLASCONR2013061
Sbottom to top W+ ..~ Higgan sbottom decays
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B - i 18 00O fF- - —
r 2same charge leptons/3 leptons + jets 18 - o 50 GoV All limits at 95% CL =
600 [~ = Observed limit (+10,.5") —8 500 - om(X, )= e . 3
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ATLASCONF2014014 stop inb, T and gravitino iMpteved

A Reinterpretationof stop 2L 1403.4853 basedon
leptonicmy,,,

A No sensitivity for small stopfaumasses

New SR:

A 2 OS leptonse(or ¢ from T decay)
A Angular variables between jet, MET, lepton

A m.,. ¢ plug in (lepton + jet) 4 momentum from
each decay leg
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ATLASCONF2014-014: stop inb, T andgravitino

Preselection

pr leading lepton
prt sub-leading lepton

> 25 GeV
> 10 GeV

m(€e) ep : > 20 GeV
ee,pp 20 <m(6) <71 GeVor m(£6) > 111 GeV
Ag(p™*, closest jet) > 1.0
AP, py) < 1.5
Small m%{, selection
jets with pp > 20 GeV > 2
b-jets with pt > 20 GeV > 1
If?i:}; <70 GeV
Hr/meg <04
E%“SS/( E%“S’* + lepton momenta) > (0.45
|Ax]| < 0.04

24 (p + pP)

V(s)

Ax
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Events / bin

Data/MC

z

ATLASCONR2014014: stop inb, T andgravitino

channel CRTb CRZ VR
Flavour eu ee and pu e
m({l) > 20 GeV 71 GeV < m(ll) < 111 GeV < 80 GeV
jets with pt > 20 GeV >2 >2 >2
b-jets with pt > 20 GeV > 1 0 0
m?" no requirement < 15 GeV < 15 GeV
’”%2 80 GeV < HFJTZ < 100 GeV no requirement  no requirement
HT[meﬁ . <04 no requirement no requirement
ET™/(EF™ + lepton momenta) > 045 no requirement  no requirement
|Ax]| < 0.04 no requirement  no requirement
Observed events 315 277557 3879
Fitted bkg events (*) 315+ 18 277557 £ 500 6100 £ 500
o L L B N B R BRI VAR T £ s U A RN R WV T
10 z; jL dt~20.3f", \s=8TeV ot ng Background % 2 10 JL dt~2031b" \s=8TeV oot ng Backaroure %:
- [ Z+jets — i) [ Z+jets —
4l = il 5 4 = l
10 E  CRTb: different flavour =§in3‘egzln = 10 CRZb: same flavour =§ngle};p 5
10° _ -O:;{El:sm G::37 305) GeV _ 10° -0:;1;?-237 305) GeV :
E? mET'T'g (155,117 Gev EE m%::;j Sa.117) Gev EE
10° = 10° =
= 3 ATLAS Preliminary 3
10 10 =
1 :g 1 N
10 L 10"
1.5F - - ' ' O 15F 7
i %;W»w 7R
0.5k 4/‘{ . M N 7)) / 30.5'—////,4=‘ iac 7
0 150 250 300 350 400 0 100 150 200 250 350
T2 [GeV] 2 [ eV]
J CRT2 DF | CRZ: 2 SFOS |
eptons eptd
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ATLASCONF2014-014: stop inb, T andgravitino

channel CRTb CRZ VR
Flavour eu ee and e
m(£e) > 20 GeV T1 GeV < m(ll) < 111 GeV < 80 GeV
jets with pt > 20 GeV > 2 > 2 > 2
b-jets with pt > 20 GeV > 1 0 0
m?ﬁ no requirement < 15 GeV < 15 GeV
"”%2 80 GeV < mfrf < 100 GeV no requirement  no requirement
Ht/meg <04 no requirement no requirement
ET™/(ET™ + lepton momenta) > 0.45 no requirement  no requirement
|Ax| < 0.04 no requirement  no requirement
Observed events 315 277557 5879
Fitted bkg events (*) 315+ 18 277557 £ 500 6100 = 500
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ATLAS‘:ONF2014014 stop |nb Tandgravmno

'_% l . Dalazmz § _% l . Dalazmz I§
-~ ~ = SM Back d — -~ ~ = SM Back d —
@ jL dt~20.31" ,\s=8TeV g Zﬂﬁg“ groun - @ jL dt~20.31b" ,1s=8TeV g Zﬂﬁg“ groun -
q:_) , . 3 Reducible n UCJ . ) [ Reducible 7]
o 10 same sign, same flavour -fgge’:) era0sGev S g 10° same sign, different flavour -ﬁ:ge:-:) coraoncey S
svnim(f,7)=(153,117) GeV = o m(i,7,)=(153,117) GeV =
10 —= 10 =
ATLAS Preliminary ATLAS Preliminary
1 = 1 =
10" = 10" —
N et
o 15 — O 15F R . 17 / " i =
s s Wi 8 Y7 -
3 05 - : 4 | S o5k : : "W/«/// /% . i
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L, [GeV] ml, [GeV]
£ 5 LU B B B B L UL B T £ LU L B L L DL R L A
S 10 p @ Data2012 e} 105 p @ Data2012
~ Ldt~20.3fb,1s=8TeV #5454 SM Background ~ Ldt~20.3fb,1s=8TeV #5454 SM Background
£ ) z+jets 2 ) z+jets
& 10* = 5 10°* =
> SR: same flavour @ Single top E > SR: different flavour @ Single top E
w 3 Reducible 3 w [ Reducible 3
5 - others — 5 - others —
10 =+ m({,,)=(337,305) GeV —= 10 =+ m({,,)=(337,305) GeV —=
m(l,y) =(153,117) GeV 3 m(l,y) =(153,117) GeV 3
107 = 107 =
ATLAS Preliminary 3 ATLAS Preliminary 3
10 = 10 E
1 1 2
© 10 Aéér‘é
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: v
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©
(]

W&%; %))
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ATLASCONFR2014014: stop inb, T andgravitino

channel

Observed events

p —~
t -
t
P
1,BRE 1 G) = 1

Fitted bkg events

Fitted Top events
Fitted Z(ee, uu, T7) events

MC exp. SM events

MC exp. Top events
7 contribution

MC exp. Z(ee. uu. 1) events
7 contribution

MC exp. Wt events

MC other backgrounds

data-driven exp. misidentified/non-prompt lept 10.0 £ 3.5

SR .
50 tt, production, BR(t — T,bv) =
C =y T T 11 T T T 1 T T 171
59 E = ATLAS Prellmlnary
5310 & 450 :__[Ldt_ao.Sfb,m_aTev
4 [ == Observed limit (+1 cslsifv)
26+ 5 00 Eo---- Expected limit (+1a,, " )W
14+7 350 — [ LEP limit
300 E All limits at 95% CL
54+ 14 —
29+ 8 250 |-
32% 200
12+7 -
25+20 100 |
+0.51
0.47 —0.39
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Events / 20 GeV

Data / SM

Events / 20 GeV

Data / SM

Direct Sbottom: CRB/SRB

10° g T g
E ATLAS e Data\s=8TeV,20.3f5" I
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1 1
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120
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Direct Sbottom

Channel CRA_1L. CRASF CRADF Channel CRB_1L. CRB_SF
Observed events 135 68 75 Observed events 437 48
Fitted background events Fitted background events
Total SM 135 £ 11 68 £ 8 HE9 Total SM 437+ 21 A8+ 7
Top-quark production 91 + 17 100 +£1.3 == Top-quark production 403 £27 16.2 £2.2
Z production 0.46 +0.12 58 +8 0.07 50 Z production 0.26+0.15 3147
W production 40 £ 20 < 0.1 06 £0.03 W production 32+ 20 < 0.1
Others 3.8+£20 044£0.18 037013 Others 1405 1.0+£05
MC expected events MC expected events

Top-quark production 100 11.0 82 Top-quark production 370 15
Z production 0.44 54 0.07 Z production 0.32 38
W production 42 < 0.1 0.07 W production 32 < 0.1
Others 3.8 0.44 0.37 Others 1.4 1.0

Channel SRA, mct selection SRB

150 GeV 200 GeV 250 GeV 300 GeV 350 GeV

Observed 102 48 14 7 3 65

Total SM 944+ 13 3916 15.8 £2.8 59=x1.1 25x0.6 64 + 10

Top-quark 11.1+ 1.8 24+14  0.444+0.25 < 0.01 < 0.01 41+7

Z production 66 + 11 284+5 11.4+22 4.74+0.9 1.9+04 13+4

W production 13+6 49+2.6 21 +1.1 1.0+0.5  0.46 +0.26 8+5

Others 43+15  34+1.3 1.8406 0.1240.11 0107315  2.0+1.0

Multijet 021 £0.21 0.06x=0.06 0.02+£0.02 < 0.01 < 0.01 0.16 £0.16
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JHEP10(2013)18®irect Sbottom

Sbottom pair production, b, — b % Stop pair production, T, — b ', m(’)-m(%’) = 5 GeV Stop pair production, T, — b ¥, mE@’)-m(%.) = 20 GeV
1 1 1 1 1 1 1 1 1 1

;' 800 LA I L L B B . SUSY ; 500 Frprrrrp oo — . SUSY ; 600 LA I L I . SUSY
8 ATLAS === Observed limit (15, ") {% 550 E_ATLAS === Observed limit (+1a, ") 8 L ATLAS == Observed limit (+15, ")
—3;(— a |- Expected limit (1 6,,,) l_c;;; E. |- Expected limit (+16,,,) l_=;. 5 L. |- Expected limit (+16,,,)

£ 500 " | Ldt=20.1f>", is=BTeV 1 Eeno ;I Ldt=20.11b", 15=8 TeV < E 500/ | Lat=20.11b" 15=8 Tev =

B cor 26510 1 F ] r 7

Al limits at 95% CL [ Doszi! ] 450 Allimits at 95% CL B [ Allimits at 5% CL ]
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Direct Sbotton Further exclusions

Stop pair production, T, - b ¥, m(f,) = 300 GeV

Stop pair production, t, - b %/, m(¥,) = 150 GeV

o L L T T LI " 250 T 1 T 1 I I I 1 I I
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1404.2500 Sbottom to top W + ...
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