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@ Stop in dilepton signature
@ Stop in top-like events
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SUSY

Supersymmetry (SUSY) is the most promising extension of the SM.

New spin-based symmetry relating fermions and bosons:
Q|Fermion >= |Boson >
Q|Boson >= |Fermion >

Mirror spectrum of particles X () , - (1
-+

CCCCCCC

rrrrrrrr

RP — (_1)25+3B+L

1 for SM particles, -1 for super-partners @ Dark Matter candidate (LSP)

Under R-parity conservation = @ The SUSY particles are
produced in pairs

SUSY must be broken J
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SUSY I

@ The breaking mechanism determines the phenomenology and the
search strategy

@ t and b are good candidates for being the lightest s-quark state

gw“ - Tevatron Cross sections (Ys=1.96 TeV) " .

7 1o e D s Assuming large tang

(=% o E——Bottom

° @ the mass of third generation squarks
wE i, could be really low ~ 200 GeV/c?
106:1nb susy
BE s e e ™™ @ Under these assumptions Tevatron is
‘°:Z Processes | an excellent place to find SUSY!!

Most of the searches in this talk are signature-based and the goal is to
optimize the selection to reduce backgrounds

Tools like heavy flavour tagging are crucial
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Heavy Flavour Tagging

The goal is to enhance the presence of signal in the sample by
identifying HF jets in the final state J

@ The tagging algorithms identify
vertices from long lifetime B hadrons

Displaced tracks

Decay lifetime

@ The decay distance is Lyy ~ 500 zm -,

Primary vertex .~/

»
Z
//%econdary vertex

v
4

@ The algorithms are based on ey Al
properties of the secondary vertex
and the tracks associated to it

SecVtx Tag Efficiency for Top b-Jets
0.7,

@ Different requirements depending on
the flavour of the tagged jet: Qj
@ bjets 03
o CjetS o2 B Loose SecVix
0.9 B Tight SecVix

0
20 40 60 80 100 120 140 160 180 200
Jet Et (GeV)

Miguel Vidal (CIEMAT) EPS HEP09 16/07/09 5/20



Sbottom direct production (I) w

Constraining of the inclusive search for squarks (previous talk)
= looking for b-jets only J

DO Run Il Preliminary (4 fb™)

@ Direct shottom production means: 3 A
. q Q g 104 — Total background|
2 b-jets + Missing Et from the LSP = L2y
21  Zbb,zcT
™ c Z+light jets
3 Wﬁ%‘éﬁ

iy

Diboson
. Multjet

-
o

-

100 200 300 400
E; (GeV)

The b-tagging is the main tool to enhance the sensitivity
(events containing sbottom quarks) J
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Sbottom direct production (II) w

DO Run Il Preliminary (4 fb™)

> T T T
Main background before optimization: 8ot = o igans
QCD-Multijet from data g 0 Clony
g WEE'erY«c;%(s
- q q u Diboson
Optimization based on cuts in 1 = ot
kinematic variables:
10"
@ Missing Et

_ 100 200 300 400
@ Lead jet Et E; (GeV)

DO Run Il Preliminary (4 fb™)

o HT 3 T T T T T
= %3 packground
. 0..q . . 2 102k = #?p(zzo GeV)
Two different optimization depending on P o
the mass difference m(b)-m(x°) & 1 Wk
= Multiet

Good agreement with the SM 1
expectation

I
300 400
jett

E; (GeV)
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Sbottom direct production (lII) w

% 120, —D0 Run IT Prelumnary (4 b 1) —Observed —:
g - --Expected
o 100~ .
(7]
o I 1
= sof ]
o = 4 0B & =
£ i 1 95% C.L. limit on m(b)-m(Q)
S 601 .
£ : ] plane
[) L 4
z 40 j i . .

r 1 New analysis coming

201 ] soon at CDF!
0 L 1l {F I | IS ] 1 ]
(] 50 100 150 200 250

Sbottom Mass (GeV)
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Sbottom from gluino decay (1) *

If sbottoms are light enough, they will be produced via gluino decay J

For similar masses, gluino cross section is much larger than the
sbottom cross section
b

P [
o OF Eavories ' ©° P
3 E [ Light-flavour jets
= OToP
d>) [ EWK Bosons
w 10g
@ \ery clean signature : :
(4-bjets + Missing E1) 'E ’H
@ Complementary to the previous search [ Ilhh :
@ QCD-Multijet background estimated 050 100 150 200 250 300 350 400
from data as tag-rate Er [GeV]
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Sbottom from gluino decay (I1) *

CDF Run Il Preliminary _[L dt=25m"

Two inclusive b-tags

N
3
T

N-Events

Missing E1 > 70 GeV and double b-tagging
required in all events

N
S
T

— Signal M(@)=335, M(b)=260
. CSF Dala(g) (©r

[0 EWK BOSONS
I TopP

3 Mistags
3 Inclusive Multijets

=)
3
T

@
3
T

@
3
T

Optimization Process:

1st NN to remove the QCD-Multijet background
2nd NN to remove the top-pair background

IS
=)
T

N
S
T

o
&
& HC
o bl
°

0.5 1 15

- NN Output
Optimization Regions: COF Run i Preiminary [ Lav25v”

Two inclusive b-tags

— Signal M(g)=335, M(b)=260
«_ CDF Data

B EWK BOSONS

N-Events

Large Am = m(g) = 335, m(l:)) =260
Small Am = m(g) = 335, m(b) = 315

Good agreement with SM prediction in a high
Missing E1 environment

E]1.5 -1 -05 0 05 15
NN Output
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Sbottom from gluino decay (Il1)

95% C.L. limits on Cross Section and m(b)-m(g) plane J
= F E] T F K
2 T COF Rﬂ':;‘iﬁ W — ~>".’ 8901 CRF Runll:2.5.18 5 - Bb (100% BR)
o imit (m[b]=: e! r o imi % -~

5 R Expected limit O 5% CLImil 45 5-> b (100% BR)
k3] E = 95% CL limit (m[R]=300 GeV/c?) =300
3)) o ™y, - Expected limit uwa L
> - ] N M) = 60 GeVic®
8 o §— bb (100% BR) = 250 M(§) = 500 GeVic?
5 107E b - bi" (100% BR) g [

E £ [

i 3 200

— -1
- pp— 3 at \s=1.96 GeV F Shotiom Pai Poduction
-2 Excluded Region
10%E E=PROSPINO NLO (CTEQEM)
E = B M)
F M(@)=500 GeV/c?  M(7)=60 GeVic? -
| T S S KT S T TN R TR TR TR S N
250 300 350 400 200 250 300 350 400
M(@) [GeV/c?] Gluino Mass [GeV/c?]

Phys. Rev. Lett 102, 221801 (2009)
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Stop decaying into charm and neutralino (1) *

CDF Run Il Preliminary IL dt=26"

) ) 3 10k . .
When the stop is the next-to-lightest ° St
i ; 2w Sl
SUSY particle, the main decay channel s B ook bosons

is to charm and neutralino

@ Final state: 2 c-jets + Missing E+ !

T 0 50 100 150 200 250 300 350 400

Z" B, [GeV]

R CDF Run Il Preliminary _[Ldt:z-m'1
f o £ 2 e
c b (@ Light-flavor jets
. . B Crectomank bosons
@ QCD-Multijet background estimated — Shnal =118 mig=ropto
from data as a tag-rate sl
@ NN against QCD-Multijet, the main
background

0.5

NN Output
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Stop decaying into charm and neutralino ()

Challenging from the experimental point of
view due to charm tagging

A dedicated flavour separator for this analysis:
Charm Hadron Analysis-Oriented Separator (CHAOS)

CHAQS is a NN with a two dimensional output
optimized to enhance the sample with c jets J

070170203°04°05 08 07 0809 1
SNNS Output 0 (anti-ight)

0701020304705 0807 0809 1
SNNS Output 0 (antilight)

001702030405 06 07 0
SNNS Output 0 (anti-ight)

Good agreement with the SM in the final
discriminant
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Fraction of objects [%]

Events

Sum of network outputs

16
ma — Charm
| Bottom
12F :
Light+Taus
10F
sF
sk
JF
sF
Y
%8 1 12 14 16 18 2

Sum of outputs

CDF Run Il Preliminary IL d=26"
45

+ CDF Data

[ HF Multijets

[ Light-flavor jets

[ Top-quark

[ Electroweak bosons

— signal m({f)=125, m()=70

— Signal m()=135, m(7)=70
Signal m(f)=115, m(¢)=70

% 0.102 03 0.4 05 06 0.7 08 09 1
NN Output
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Stop decaying into charm and neutralino (I11) *

95% C.L. limits on Cross Section and m(¥°)-m(t) plane J
CDF Run |l Preliminary ILd|=2.efo" CDF Run Il Preliminary J'—dt=2-6 n’
2 10° £ 95% Exclusion limit fromf,— o, % [ — Observed Limit (95% CL)
Food > 120 e i
5 . — Observed{m(z=a0 Gevic? ‘3 120: Expected Limit (+15)
8 3 =% Expected (+10) ';' F
(2] » 100
" 10p g T
2 E = N :
5 2eop S
L g [
1k g 80r
E . =z L L
F i N 3
[ — PROSPINONLO (GTEQeM) | /£ | 401 LEP6=56" K coF 205 po
F H=p=mity) Vi [ —LEP8=0" B oo 995 b
[N S P PPN PR PR IO PO (/4 (4 ) IR B R/ I PR PR
90 100 110 120 130 140 150 160 170 60 80 100 120 140 160 180
m(t) [GeV/c?] Stop Mass [GeV/c?]
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Stop in dilepton signature (1) w

If the t is light and the # is also light, the dominant decay channel
contains charged leptons

@ Signature similar to the tt production in the dilepton channel
Softer leptons in the final state
@ Kinematics also different because of the large mass of the &

| missing E; ] [E=
Y]7
P>‘mrm’m \
P

@ The eu channel is the most sensitive one

D Run Il Preliminary, 3.1 fb" -

et 4 B

—pa

e

it - F
N ¥ 0 % B
i : + E
Xy 1 ) J

events/2 GeV

—a— Dzero data

— M[110,80]

00|
e M[150,50]




Stop in dilepton signature (I1) w

Optimization via:

Main backgrounds:

" @ Missing E1 cut > 18 GeV
@ QCD multijets issing E1 cu .

@ Angular cuts: leptons (e and p) not

DZ =y aligned with Missing Et

Remaining backgrounds: WW and tt |

[ electron p_ ]

=, [ MUON P |

DZ Run Il Preliminary, 3.1 fb"

D Run Il Preliminary, 3.1 fb"

events/3 GeV/c
events/3 GeV/c
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Stop in dilepton signature (111) w

95% C.L. limit on m()-m(t) plane J
D Preliminary Result
s 140 —— ej+ee Obs (1.1 fb) Scalar top in the Dilepton Channel: f-1¥b
é I\ - - - eysee Exp (1.1 fb) - 130F .
g N —womaim) S 10f Jorwvmeon; COF Preliminary
g 12011 - <= v Exp @ 1 . [0} F Run I, 1o
s | I O 110F
£ N AN 0y > E
= L, Yy LY 100
= J00) g =
& ‘ / Y 90 -
\ 2 S 80F
80 A g .
R 70F 7 :
E g CDF Expected
60F — CDF Observed -
50 D@ Run Il 1 fb”

40f R Y
60 80 100 120 140 160 180 200
M. [GeV/c®]

il
140 160 180 200
Stop mass (GeV)

40

i
80 100 120

6

Also new CDF result with 1 fb—1 )
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Stop in top-like events (1) *

If the 1 is the lightest squark and is more massive than the lightest {*

t — byt — blyy°

Final state: 2 b-jets, Missing Et and 2 opposite-sign leptons )

@ Decay very similar to the top quark = main background top production
@ Good agreement with the SM predictions (mainly tt)

Reconstructed Stop Mass, B-Tagged Channel

B-Tagged Channel

> = | 3 T T T
3 M—155 GV ~ ofhumiEnibey 216 "IN o % 25* M=138.3 Gavic?  COF Runl Brelminry (27 ') - data (2.7 b ]
8 25 M =125.8 GeV _ ] M,=105.8 GeV/c*
2 M =43.9 GeV - Stop (DIL BR =0.16) g I M.=66.2 GeVic® - Stop (DILBR =0.25) |
o = 220
Z 20 - Top (M=172.5 GeV) § - Top (M=1725 GeVic?) |
2T ]
: I 2+ Heavy Flavor | 1s) [ 2+ Heawy Flavor B
- - | Z+ Light Flavor 1 r [ 2+ Lignt Flavor ]
10" [ oivosons 1 10— I oivosons 3
E I oies 1 ]
—1
150 200 250 150 200 250
TMass (GeV) Reconstructed Stop Mass (GeVic?)
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Stop in top-like events (Il) *

95% C.L. limits on Cross Section and m(¥°)-m(t) plane J

Lepton + jets final state
Observed 95% CL

a)
CDF Run Il Preliminary (2.7 fb™) s a0 4 .
85 m1;zf)=105.s Gz 2 12 D@ 0.9 fi5' == predicted
80/~ BR(T 7, v1)=1.0 BRE,~7'b)=1 67100

75 C
bl §
% BRE(X!%X1\'|)—D.50 8f
5 70 F
@
3 [
< 65 6
&= 2t 0 [
E 60 BR (x|—>;(1vl)=0.25

o
2]

o
[=]

BRZ()E‘;—);E‘:VIFD.H

luded by.LEP
e SO

45 SN NN O\I\Il
120 130 140 150 160 170 180 130 140 150 160 170 180 190
m(t,) GeVic? m, [GeV]
DO limit in cross section = Phys. Lett. B 674, 4 (2009) J
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Summary

@ Tevatron and experiments are performing really well

o ~ 7 fb~! delivered
o ~ 6fb~1recorded

@ No evidence of third generation squarks
in more than 4 fb—! of data

@ The SUSY search program is continuously producing new results
(and improving limits)

@ New tools under development to increase sensitivity

Tevatron is already where nobody has been before
and we will stay there for a while !!! J

More information:
http://www-cdf.fnal.gov/physics/exotic/exotic.html
http://ww-d0.fnal.gov/Run2Physics/WWW/results/np.htm
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