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3"~ gen. searches and its motivations NI EF
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SUSY is an elegant theory that aims to explain physics beyond the

Standard Model

t is the main contributor to the Higgs’ mass regularization

= t

Naturalness motivations + exp.

exclusions = relatively light ¢, b,

heavy u,d, §, ¢

A Natural Spectrum.

General "bottom-p” viewpoint

“Distant
1Tev . Cousins”
The “Nuclear Family”

of the Higgs

500 GeV. / i 3 Kez Search
L ()
=

] (+)5

B

«— Closeness to Higgs

L. Hall (LBL Workshop, 21-Oct11)

Priscilla Pani Nikhef

At /s = 8 TeV with 21 fb™! of
data, ATLAS is getting more and
more sensitive to 3rd generations
squarks direct production
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3"! generation sparticles

The focus of this talk are the ATLAS searches for SUSY partners of top
and bottom quarks (stop, sbottom) direct production.

o 61 = b)zo (] t~1 — t)N(O
o 61 = t)?i q (] 51 — b)N(i .
< Wx < Wx

For all analysis: (unless otherwise stated) o >~(0 detected as E%ﬂiss

e R parity conserving decays
e simplified models:
e particles’ unknown masses are

e (-1- 2 leptons allow access to
different final kinematics

free parameters * Many Earameters (mg, TE’ -
e cach decay is assumed with Am(x ,)ZO), Am(t/b, X /)20): 3
100% BR chirality) determine the

kinematics of the final state.
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? N>
L General SUSY search strategy N |.'E F
e L=

TFs

CR bkg 1 SR

var 1

CR bkg 2 VR

TFs

var 2
All analyses are made of few common steps:

©® Definition of a set of Signal Regions (SR)

® Definition of a set of Control Regions (CR), estimate MC norm from
data in CR.

® Estimation the bkg. norm. CR—SR with transfer factors (TF)
@ Validation of the TF in the Validation Region (VR)

® Unblinding — check whether an excess is observed (p-value calculation)

® If no excess is found the results are interpreted in terms of limits on
selected models.
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Looking for sbottom

ATLAS-CONF-2012-165/ATLAS-CONF-2013-001 - 13 b1

Selections for 3 SRs
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2b + B signature

b%bf(

° tly 2 leading jet ~
te))ff:gg};d (li?gkllni:rj(z ) (re-interpreted for & — bx™*)

e tightening cuts of

con-transverse mass mgr’ 8 K _ Ism I
& [ ATLAS Preliminary ® Data2012
% 10 f Ldt=12.8 6", 1s=8 TeV/ % mﬁ‘
e hard ISR (anti-tagged) jets + & £ toppracton
2 softer b-jets (low Am) [ W production

- z producﬂon
= (600,1) GeV

Backgrounds Strategy 7 7

Z(vv)+HF — 2L (ee/pp)) CR %

dileptonic ¢t — 1/2 L (ep) CR s 2f 7

W+HF — 1lep CR E 1;,,,,,4,,,;,///////{%// ,:

Multi-jet — data-driven o F 7 ,:
950 200 250 300 350

mer [GeV]

'mer(v1,v2) = |Er (1) + Er(v2)|” — |Fr (1) — pr(v2))?
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b5, production, b, b}

= 700 T T S
> = Observed limit (+10puny)
8 ATLAS Preliminary

oo - oo Expected imit (+10,,)
E A 3195% L

Lot=1280",15=8TeV  mum coF 265"

E 00521 e
500 “seeees ATLAS 2.05 fb, 15=7 TeV

—— ATLAS 4.7 fb", 157 ToV

400 - -

0 L
100 200 300 400 500 600
m,

b-b production, b, i m(E’) = 60 GeV

B N R R
600|- ATLAS Preliminary

Ldt=2071", 15+8 TeV

%

m_. [GeV]

2 same-charge leptons + jets
500 [ == Obsorved imit(+1 0,25
“aex Expociod it (+10,,)

3-loplons, 2 4 ots, 13.01b", \5=6TeV.
At 1955 CL

)

"Numbers give 95% CL excluded model cross sections (fb]

P | SR B S U A 4 0 AP R B
300 350 400 450 500 550 600 650
m; [GeV]

Priscilla Pani Nikhef

Legend:

Down:

%

m.. [GeV]

600

500

100 Lt

3

b — bx°

OL bb + Emiss
(ATLAS-CONF-2012-165)
b— txT

2 Same Sign lep
(ATLAS-CONF-2013-035)

Slikinsadihing 2
ATLAS Preliminary
Lat=2071", 158 TeV

2 same-charge leptons + jets
‘== Observed limit (+105257)

2222 Expocted limit (+1,,,

3leplons, > 4 jets, 13.01b", 15=8TeV.
At at98% CL

‘Numbers give 95% CL excluded model cross sections (fb]

P B
550 600 650
m; [GeV]

P U W A A |
00 350 400

23 April 2013

6/17



e 0L + E¥(focus on i — tx° (?))
ATLAS-CONF-2013-024

e 1L + (>4) jets (1/2 bjets) + Emiss

P
ATLAS-CONF-2013-087
e 2L + ERSS(focus on  — bx®)
P ATLAS-CONF-2012-167
o 21,(3L)+b-jets+ E {5y prod.
ty — Zt1, t1 — t>~<0)
P

ATLAS-CONF-2013-025

0Lt — bxi results can be found in ATLAS-CONF-2013-001
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OL T 1x°

ATLAS-CONF-2013-02/ - 21 fb~*

OL Strategy

Z+jet CR
— 1 CR per main background ”

ATLAS Proliminary

- g
t, j i-j & ; ® Dpata
(tt, Z(vv)+jets, Multi-jets) L {5:.,,;::;;;:‘: gy
I =:

:

—  reconstruct the top mass, 2-bjets

—  dedicated Multi-jets rejection cuts

—  Final discrimination: ET'°

=
3 e %/ //
\_ g - // W/ % / Z

S . . . . o7 Asa
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1L 7 1y

ATLAS-CONF-2013-087 - 21 fb~*

1L Strategy Shape-Fit 125 < Er° < 150 GeV

E ATLAS Prefiminary
fe-aTeV, | Ldi-207 157 S8 Standard odel (SM)

— 1 CR per main background
(tt, W+jets) 1oL hope =

Events
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! I ti+v. single top, muttet
o5, =150 GeV] [ Z+ et
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—  exploit shape fit for small Am(Z,t)
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Data/sM
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Summary of t — tx°

npr-=»

- FRN Assumptions:
Lt production, = %, Status: March 26, 2013
= B e e RN B s s e B e s s e e e 100% BR
S [T 1 I I I ]
0] 50—, i — .
10} 350-ATLAS Preliminary Ly =~21 15" 1528 TeV L, =47 16" 1527 TV | e mostly right-handed
o == oL it7 OLCONF-2013-024 0L [1208.1447) - stop.
E ool =mILI-13 ILCONF-2013-037 1L [1208.2590] =
N - 21 [1209.4186) ]
— Observed limits Observed limits (-10,,.,) ==+ Expected limits 1L results:
250 | i producton i+ 11, m - 50 Gev
BYE ATLAS Preliminary i su s cossscion
< [t
gl JLemm07 T ey — et sty s

expacted mt fpusy ropf)
THepton + jets + E7* abserve i purely slop i)

200/

Alimits at 95% CL
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102 =
P P - - |
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Assumption: L-R stops
m(x%) = 50 GeV
OL results are not
™, [GeV] significantly affected.
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Additional free parameter (m(x%)):

Assumption Motivation analyses
m(f(i) =2m(x°) gaugino universality 1/2 lep
2 lep

m(t) — m(xF) = 10 GeV

m(x%) — m(x°) = 5/10/20 GeV

m(x*) = 150 GeV

m(x°) ~ 0

mass degeneracy
natural scenario
(higgsino-like XT ,x9)
fixed chargino mass
(above LEP limit)

massless neutralino

0 lep (2b++EFss)
1 lep

2 lep
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,—l 1L Strategy I S

top CR / W CR

2 b-jets / tight b-jet pr

Mg, aMr2 (vs had-T top)

3 SRs - loose, tight, very tight to
address different mass ranges

L 4Ll

Data/sM
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Interpretation: m(x™) = 2m(x°) Interpretation: m(x¥™) = 150 GeV

T, production, T, ~ b4y, 7y - WOah m, =2eme TR, production, T, —» b+, = W47 150 GeV
F T T T T T T T T T

< =F — —— s AT
%72407 ATLAS Preliminary Expected limit (+15,,) S ATLAS Preliminary xpected limit (=1 ) |
€ T-tepton + jots + ET* Expocted limit (HCP12) | 27 oo Hopton + ots + £ i Erpocod it (HCP12) |
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2L, Strategy

— 1 CR per tt, WW and VZ

i ¢

p,’ = p™ + pf + p7

—  (boost of WW or xtx~
system)

Final discrimination:

stransverse mass mmr2

Interpretation: m(x°%) ~ 0

1, producton, , - '

m.. (GeV]

ATLAS Preliminary Vasessy’
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500 550
m; [GeV]

L L L L L
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det ~130f"

(b) different flavour

Events /5 GeV

Data/MC

Interpretation: m(f) - m(g*) = 10 GeV

i production i, 0
300

ATLAS Preliminary niiyniz)- 10 Gev
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= T T
8 500/ ATLAS Preliminary
—_ F—Ma=ma+ 5GeV
Sad - ™= 105 Gev
= | E=m.=150Gev
L os=ma=m- 10 GeV

Summary of the t — by™

T, production, T, — b+, wt 'ﬁz‘

{i N U'(*) v

Status: March 26, 2013

400|— ERM=2xm;
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[~ === Observed limits == Observed limits (-lo,,,) *==* Expected limits -

L,=1321 0" =8 TeV L, =47 1" fo=7 TeV
OLATLAS-CONF-2012171 -
- 2[1208.4305), -2 [1208.2109 -
AL ATS-CONF 213087 -

2 ATLAS CONF 2012967

1L ATLAS-CONF-2013.037 12 (1206 2108
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ty - Final states with Z
ATLAS-CONF-2013-025 - 21 fb~ 1

npr-=»

to — Ztl, t1 — tX
—  2/3 Leptons signatures
VA exploit Z mass and high
i —
2 - boost
PR S jzﬂ
i L b-tag and high jet multiplic-
— .
. ity (3,4,5)
\ v
1T, production, ,- 7T, talx
3 ; : RPN S VR 450
K] ATLAS  Preliminary mﬂ :‘Qr:}vmﬂ ) 3 5 ET T T s Observed limit (1 ogygy)
8 Ldt=207%" 3-lepton SR3L1 éi'\f o ﬁ CATLAS Preliminary .
3 EI o =400 S Expected limit (+10,,,)
H "““}"asev‘mfmaf E 3 ILdtzzmm", NE=BTey | Allmisatos%cL -
C ] m, = e+ 180 GeV. ]
= | 300F -
"" L 200 3
g E\‘\\\ \\\}\\\ \\\\{\\\\\\ \\\\\\ \\\% 1501 b *;
50 200 Er oo 100; é
soF- E
.. S RSN PSRRI BE 1Y /€ 10 IR BRI
No excess above SM prediction X0 oo s w0 70
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@ Impressive results have been achieved in spanning the parameter space

[GeV]

< 500

m_o

400

300

200

100

T, production Status: March 26, 2013
00

Summary of stop searches

| e
L

=13-21 10" V5=8 ToV

ATLAS Preliminary L= 4715 57 Tov

— Observed limits

.. Observed limits (-10,.)

.. Expected limits

of 3" generation squarks direct production.

® challenging signatures might still hide in these 21 b~ of data.

® and if nothing is found, still, we will look forward to LHC running at

design /s!
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Thank you
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SS leptons searches

ATLAS-CONF-2013-007

npr-=»

Signal Regions based on
e jet and b-jet multiplicity

e my lepton - Ep

o EX™and effective mass (mq)

Signal region Ny o, Signal cuts (discovery case) Signal cuts (exclusion case)
SROb 0 Nies 23, EF> 150GV Njew 23, EPS> 150 GeV, myr> 100 GeV,
my> 100 GeV, meg>400 GeV  binned shape fit in meg for meg >300 GeV
SRIb >1 Nios 23, EF*> 150GV Njwg 2 3, EF> 150 GeV, mr>100 GeV,
m1>100 GeV, meg>700 GeV  binned shape fit in meg for mea>300 GeV
SR3b >3 Niew 24 Ny 25,
- Ef**< 150 GeV or mr< 100 GeV/

Priscilla Pani Nikhef

Entries / 300 GeV

Data / Exp.

T T T T T
ATLAS Preliminary SROb Signal Region
® Data

X SM Total
Ldt=20.7f,\s=8TeV [ I
[ Diboson
e ipon
rge fip
gg > qqqqmmfx“ + neutrinos
(m(x) = 505Gel m@) - 1065GeV)

gl b b,

2&&\ — \\\\&

400 O 1000 1200 1400

My [GeV]
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bb+ B

SR defini

tion

ATLAS-CONF-2012-165/ATLAS-CONF-2012-001

L Signal region
Description
SR1 SR2 SR3a SR3b
Trigger E' trigger > 99% efficient for Ef™** > 150 GeV
Event cleaning ‘Common to all SR
Lepton veto No e/u with pr > 10 GeV
Emiss > 150 GeV > 200 GeV > 150 GeV > 250 GeV

Leading jet pr(j1)

>130 GeV, [n] < 2.8

>60GeV, |n| <28 | >130GeV, n| <28

>150GeV, ] < 2.8

Second jet pr(j2)

>50GeV, |n| < 2.8

>60GeV, |n| <2.8

=30 GeV, < 110 GeV, |q] < 2.8

Third jet pr(j3)

veto event if pr(ja

) >50GeV, [n] < 2.8

>30GeV, || <28

AP(EF™, j1)

- >

25

jet b-tagging (|n| <2.5)

Jjiand j; tagged

J1 anti-tagged, j» and j; tagged

Admin(r) >04(n=2) >04(n=3)
EF' megi(j1, j2,J3) >0.25

mer > 150, 200, 250, 300 GeV > 100 GeV -

Hy - <50 GeV,x=2 < 50GeV,x=3

Priscilla Pani Nikhef
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Priscilla Pani

bb+EX**SR definition

ATLAS-CONF-2012-001

51 production

= 600 T T L B = 5
% b b, production,b,— by, ---expected
o, ATLAS Preliminary | ATASCON201216  — observed
[ I  production, (. bx ---expected
1S 500 . 4 Am& i )=5Gev — observed
B Ldt=128fb ,1s=8TeV |} A, producnon [ bx‘ --- expected
L Am(x x,)=20 Gev — observed
B Al limits at 95% CL, caﬂf; not included
400
300
200
100
m; or mB‘ [GeV]
Nikhef
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OL ¢ — tx°

ATLAS-CONF-2013-024 - 21 fb!

Signal tf CR Z+jets CR Multijet CR
single two

Trigger Emiss electron (muon) electron (muon) Emiss
Niep 0 1 2 0
P <10 (10) > 35 (35) > 20 (20) <10 (10)
e - <10 (10) > 20 (10) —
mee — — 81 to 101 —
Nt =6 =6 26 26
p-{-ﬂ > 80,80,35,..35 > 80,80,35,..35 > 80,80,35,..35 > 80,80,35,...35
Np-jet >2 >2 >2 >2
my 80 to 270 0 t0 600 80 to 270 —
EFSS > 200,300,350 > 200, 300, 350 >70 > 160
Epissrack >30 >30 >30 > 30
AQ (ERiss EFek <n/3 <x/3 <m/3 >n/3
(£, £ — 40 t0 120 — —
A (jet, ET) > /5 >x/10 >n/5 <z/5
mr(bjet, EF) > 175 — > 175 > 175
Tau veto yes no yes no

Priscilla Pani Nikhef
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OL ¢ — tx°

Main Systematics:

Uncertainty SR1 SR2 SR3
Total 18% 33% 45%
Background sample sizes 10% 17% 21%
Jet energy scale and res 10% 10% 25%
1f theory 10% 19% 2%
Z+jets theory 4% 8% 8%
it + W/Z theory 5% 8% 10%

ATLAS-CONF-2013-024 - 21 fb!

f, production, £, > t7(BR=1)

m.. [GeV]
»
&
g

T T
ATLAS Preliminary

T

Ldt=205b", is = 8 TeV

All hadronic channel

All limits at 95 % CL

00

= No excess seen, limits are extended.

400

——— Observed limit (+1

~-=—. Expected limit (+10,,)
-~ Expected limit (2011)

sus,
Sineory

700 800
m; [GeV]

Limits on visible xsec, number of signal events and p-value

Signal region (e0)%[fb] 893 ngp CLp
SR1 0.49 10.0 10.633 0.39
SR2 0.17 3.6 53132 0.20
SR3 0.19 39 4.5%49 027

Priscilla Pani
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A 1L stop analysis

L ATLAS-CONF-2013-037 - 21 fb~*

S
Requirement SRtN1.shape  SRtN2 SRIN3 SRbC1 SRbC2 SRbC3
Agp(jet,, ﬁ%“iss )> 0.8 - 0.8 0.8 0.8 0.8
Agp(et,, ﬁ{“i“ )> 0.8 0.8 0.8 0.8 0.8 0.8
ET5 [GeV] > 1000 200 275 150 160 160
Emiss ] HT [GeV1/2] > 5 13 11 7 8 8
mr [GeV] > 60 140 200 120 120 120
meg [GeV] > - - - - 550 700
amr; [GeV] > - 170 175 - 175 200
my, [GeV] > - - 80 - - -
mjj; Yes Yes Yes - - -
Niso—tk — - - - Yes Yes Yes
Number of b-jets > 1 1 1 1 2 2
pr (leading b-jet) [GeV] > 25 25 25 25 100 120
pr (second b-jet) [GeV] > - - - - 50 90
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1L stop analysis

ATLAS-CONF-2013-037 - 21 fb~* NI

T T T
ATLAS Preliminary

—e— Daz0t2
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= 8
5 N B
k4
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£ [Gev] > T T T T T T
- ] ATLAS Preliminary oamz012
> LAPSALAIAAs At Assesassassesss senn aanseanne Q Vs=8TeV, | Ldt=20.7 " <
Kl ATLAS Preliminary e Oaazorz El o S standard Model (sM)
g 1otk ts-atev, [ Lat-ornt P SRbC2 S
2 Pt S sincar e 514 2 B R I
2 ™ =500, m,, =200(GeV] [ ¢ 5 1,600, m_-300,m, - 150 (GeV] |
g meesnm =sole) g [ viets, v
107k ) [ v, singie top, muttjets
[ R i
10 e+t channel e+t channel
1
=
L=
10"
2
e =
g 2
b4 Y
a @
' I 8
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cross section limit for left or
right-handed stop

t — tx\": different assumptions

Assumption: m(x°) = 50 GeV

1L results. OL are not significantly
affected.

i, production, f— t 7}, m , = 50 GeV
p

=10
e e
= ATLAS Preliminary %7, pairprod. cross section
© — expected limit (mostly stop-right)
j Ldt=20.7fb", Ys=8 TeV = observed limit (mostly stop-right)
107 expecied limit (purely stop-left)
Tlepton + jets + E™** observed limit (purely stoplef)
10

All limits at 95% CL

10°H

1 |
300 400 500

i, producton. 17
s T
3 ATLAS Preliminary —
8 BR-100%
& J‘Lm:zusm \s=8 TeV BR=T75%

400 BR- 60

All hadronic channel

350F- Observed Excluded Branching Ratio at 95% CL

300

250

200

150) 082 07

100F- W7 0ss oo E

50 057 065 o 095

%0 300 400 500 600 o

o 00
m; [GeV]
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Branching Ratio:

vary the stop BR in tXO

OL results

Assumption: other decay modes are

- a1

23 April 2013 26/17



" ->

Outlook

N
and perspectives NI EF
Y

ATLAS SUSY Search 95% CL Lower Limits (Status: March 26, 2013)

. Loann s e s come-dnc-nl ! | T
R - Lnute
T e — ATLAS
LB TuV |ATLAS-CONP-201; Prefminary
: arm -
M ILUI:(dﬂ-ZDTJ o
s fE=78Tev
& TaV. all 2012 data
i P
- L
_B6,b Dlep + 2 7 TeV, all 2011 data
B+l : 2 5Sep +
-
300 Sev :
ev ‘
X = : L8 TaV
i
atev
338 604
e s s s I
1 10

Priscilla Pani

Mass scale [TeV]

Nikhef

23 April 2013 27/17



Stop - Final states with Z

ATLAS-CONF-2013-025

npr-=»

No excess above SM prediction

3 T arias Pty @ o
- - - s = -0 R
tato prod. to = Zt1, t1 >t H ower
202 2 1, t1 2
] D rake-iepion
SR2LIA | SR2LIB | SR2L2 SR3LI | SR3L2
Nepion 2 >3
Imee—mzl | <5GeV | <10GeV [ <5GevV | <10 GeV
NP >1 >1
NI 3,4 [ 55 >5 [ { t
Ppr(et;) > 30 GeV > 50 GeV | > 40 GeV. 3P \\\\\;\\\\\\\\4\\\\\\\\\\\\\\\\\\\\\\\
priety) > 30 GeV >30GeV | > 40 GeV ° o B e
EZS > 160 GeV | > 200 GeV | > 160 GeV > 60 GeV
pr#6) | >80GeV | >160GeV | >80 GeV - [>75Gev
A <15rad - 1,1, production, t, 2%, Tt
pr(ér) >25GeV >40GeV | > 60 GeV. < 4 B e o
> C . sz Observed fimit (+105usy)
© [ ATLAS Preliminary
e e Expected limit (+15,,,)
£ =
ssob- J Ldt=207 10" NesBTey | Allmisatess oL B}
F m=mg,+180GeV 3
300 3
- 250 =
fy _ . g ]
. = 200 E
X E ]
1 150/~ E
t 100~ =
50— 3
P N RN L Y /10 BRI AR

300 400 500 600 700

m. [GeV]
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