*_HIF.h ML .r O

‘:'.}H' H"'\i;r
.""-H L T-1 -\.._:l'_p
“/ THE \*
| ROCKEFELLER |_
= UNIVERSITY |~

L#]
AN "{*‘://-'?'
O o

o, ";I.I .'u--'-" s

Search for SUSY Signatures with jets and photons
I ——
Anwar A Bhatti
The Rockefeller University
For the CDF Collaboration
SUSY09
Boston MA, USA
June 6, 2009



*_h:;.ﬂlt.- -r."_"d'
C
_:I_.f THE "?°" ) Iﬂ-
.| ROCKEFELLER |_
=\  UNIVERSITY [~

o /o
PN ‘<*~'L'/e
G'ir\‘u*-u._ — \.‘-"\
"Huma®

®  Introduction

= Searches using jets
e  Squark and Gluino Search
«  Sbottom Searches
e  Stop Searches

= Searches with photons
e Single Delayed Photons
 Diphoton+MET

=  Conclusions
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* Proton-antiproton Collider
Vs = 1.96 TeV
o Integrated luminosiy
> 6.8 (5.6) fb! delivered (on tape)
e Typical initial luminosity
330103 cm= st
Integrated Luminosity/week (month)
74 pbt (260 pb1)
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Powerful multi-purpose detector
High quality identification for electrons, muons, taus, jets, missing
energy, photons, b’s etc.
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The CDF Detector

Central HAD Calorimeter

Powerful multi-purpose detector
High quality identification for electrons, muons, taus, jets, missing
energy, photons, b’s etc.



* Space-time symmetry

Q|Fermion> = |Boson>
Q|Boson> = |Fermion>

Hierarchy Problem

e Dark Matter Candidates

O ~ boson o~ fermion
- + =0
)l-.

gauge

" hoson

EO—
2

g

Cancellation of loop corrections as susy
particles contribute with opposite sign.
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partiches

SM particles have super-symmetric partners which differ by 1/2 unit in spin
o Sfermions (squarks, selectron, smuon, ...): spin 0
e (Gauginos (chargino, neutralino, gluino,...): spin ¥

=  Two complex Higgs doublets
e H=H,H, ) H=(HL H;")>HhO A H*

= Charginos W% H*= Zfz

= Neutralinos V\70, |§0’ HS’ |:|3=> 110_4
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i Gluinos and Squark Production

1"'t1_ﬂi

Qs

_______

q
S
g o
.iﬁ)

$n_‘j_"."“;._’fl.,
o *
a -
..?/ ‘\,

P Egol

“f THE
ROCKEFELLER | |

A\ UNIVERSITY ]

1 f
o
-4\\ it o
(- P
ﬂph el
"Huma®

Three optimized analyses
>2 jets + MET
>3 jets + MET
>4 jets + MET

Anwar Bhatti

SUSY09



Egel

g&® Gluino and Squark Search

2| UNIVERSITY )2
_F.'. 5 "'
&}\ SELE /_{é

'V O
)

1 J
J I 1~4 -

= Event Selection Cuts
MET > 70 GeV + cleanup cuts

At least two/three/four jets with ET > 25 GeV and n[<2.0
At least one jet in central region |n| < 1.1

Jet EM Fraction < 0.9

Ae (MET-jet)> 0.7, first two/three leading jets

e Incase of 2-jets region, A (MET-3rd jet)> 0.2, if a third jet Et>25 GeV, n|[<2.0 is
present

e Incase of 4-jets region, Ae (MET-4th jet)> 0.3
*  No reconstructed Z bosons / No isolated tracks with A¢ (MET-track)< 0.7
= Verify accuracy of simulations in the control regions
e QCD Enhanced Regions  MET aligned with the one of the jet
e Electron Enhance Region JetEMF > 0.9
Muon Enhanced Regions Z boson or tracks Pt-track>10 GeV, Ap(MET track)<0.7

= Using Simulated Events to predict SM backgrounds in signal region

Anwar Bhatti SUSYO09 June 06,09 9
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SUSY and Background Cross-Sections e
(i QCD BG Fraction

— 2-jets  25%
3-jets  36%
: iz, Ajets  32%

sSUsY
== T Systematic uncertainty is dominated by
DES"—_“l jet energy scale.
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| 2jets | 3jets | djets

Selections H; > 330 GeV H>330 GeV H,>280 GeV
EtMiss>180 GeVV  EtMiss >120 GeV  EtMiss>90 GeV

QCD 4.4 13.3 15.25

EW/top 11.6 24.15 33.19

Expected SM 16£5 37+12 48+17

Observed in data 18 38 45 —
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0
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For gluino masses below 280 GeV/c2, arbitrarily large squark masses are

excluded at the 95% C.L., while for mass degenerate gluinos and squarks,
masses below 392 GeV/c2 are excluded at the 95% C.L.
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@ Process strongly dependent on the
g cross section production

@ Test in the SUSY region

mt, Mg+ = My = Mo

@ § — bb, b — bi° with 100% B.R.

@ Pros:
e Distinctive signature
@ Assumptions:
@ 4 b-jets e M(g) = low enough to be

~ produced at Tevatron
@ MET (from " i}
( ) e M(g) = larger than M(b)

Final State:

Anwar Bhatti SUSYO09 June 06,09 14



* Selection cuts:
*MET trigger (L1,L2,L3 25,35,45 GeV)
*MET >70 GeV+clean-up cuts
*At least 2 Jets

E;>25GeVand n| <2.4

Leading Jet E; > 35 GeV

1 Central Jet |n| < 0.9

Jet EM Fraction < 0.9

* > 2 b-tagged jets
* Use exclusive one b-tagged jet events

as a control region.
Two Neural-Networks to remove BG

1. QCD (trained on 1-tag sample)
2. Top (trained on MC events)

Both NN use the same variables.

~nN

L‘arge Am = m(g)—m(b)
m(§) = 335 Gev
m(b) = 260 Gev
m(y.)= 60 Gev

Small Am = m(§) — m(b)
m(§) = 335 Gev
m(b) = 315 Gev
m(;(f) = 60 GeVv

Anwar Bhatti SUSY09
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N-Events

Neural Network outputs

N-Events
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QCD higthm

7

Z Two inclusive b-tags
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) Background Error
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[ Mistags
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-0.5 0 0.5 1

(TP

Top high Am

I Two inclusive b-tags

— Signal M(§)=335, M{b)=260
& CDF Data

[ EWK BOSONS
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= Inclusive Multijets

NN Output
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Limit on Shottom

A N L
r"HUMJ"."

-1
CDF Run Il Preliminary J.Ldt=2.5fb_‘I CDF Run Il Preliminary J Ldt=2.5fb
o = 95% CL limit (for m[5]=250 GeV/c?) ~, 350 Observed 85% CLlImit
R Expected limit g [ Expected 95% CL limit ,/ 9 = BP (100% BR)
c S 2 #7% b b, (100% BR)
o | == 95% CL limit (for m[b]=300 GeV/c?) ® B M(p 60 Gevie . N o '
= 1E e O 300 M@ =500 Gevic? &4
Q N e Expected limit S~ 5 NP
0] C 1) [
% - g — Bb (100% BR) ] - 4
% - b — b, (100% BR) = 250
= AL £ B
o 107 3 S [
- = -
- _8 200
[ "B G5 = w D@ Run Il 310 pb’
PP— 99 at \Jg 1.96 GeV - Shottom Pair Production
oL - Excluded Limit
10° E ——PROSPINO NLO (CTEQSM) 150
- he= k= M@ C CDF Run | excluded
s M(G)=500 GeV/c> M(¥)=60 GeVic> [ Hin T excitde
IIIIIIIIIIIIIIIII 100|||||||||||||||||||||||||
250 300 350 400 200 250 300 350 400
—~ 2 .
M(G) [GeV/c?] Gluino Mass (GeV/c?)

*Good agreement with SM.
* No hint of SUSY in gluino decaying into sbottom dedicated search.
* Cross section limit ~40 fo for m( g ) = 350 GeV.

Anwar Bhatti SUSYO09 June 06,09 19



1

-
: THE 7" \z
- | ROCKEFELLER |
3\ UNIVERSITY )3
- et 3

For 3 gen squarks, large mixing in the L- N SN
and R-handed weak eigen states could lead % m<

to one of the stop and sbottom quark to be Sg t

light = Large cross section.

. . - SN, :
*Final state has large MET and HF jets ;;@< >.'m~§<
S > q t

* SM backgrounds : W/Z+jets, Di-boson, top,

QCD multi-jets CDF PRD 76, 072010 (2007)

UI\I‘

3§

TTT
[ — Ob

[T T T T T[T T[T I AT T[T I T[T T[T T [TTT[T
d : oreti

«Use Jet Probability algorithm to tag c/b-jets g, o e
«Assume that stop and sbottom are light, and Zs«- P _
only decays in these channels : I 2 A\ \ |

pp — EE — C)?loéﬂ?lo )
pp —bb, — b)?lobﬂ?lo

201

0_ 11 ‘ 11 1| 111 "I | | | | I_
0 20 40 60 80 100 120 140 160 180 200 222
M(b.) (GeVic)
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CDF Run Il Preliminary

B2
=
S0:25r
e [
g 02F [ HF Multijets
a “F [ Light-flavor jets
- i
< [] Top-quark
015 [ Electroweak bosons

— Signal

toc Y dominate decay mode. m;.
2 -jets + MET :

CHAOS: Neural Network with 2D output: g T

c A 0 20 40 60 80 100120 140 160 180 200
Charm Hadron Analysis Oriented Separator:
: -DNeorust Light+Taus al T,j2 [GeV]

@ Stop signal:
@ M(f)=150 GeV/c?, M(x°)=80 GeV/c?

ICHOAS iImproved S/B by factor of 5.

0 01020304050607 0809 I 0 010203040506070809 1 0 01020304050607 08 U.Q I

SNNS Output 0 (antidight) SNNS Qutput 0 (anti-light) SNNS Output 0 (anti-light) R e S u I t S S O O n

light-jets+taus c-jets b-jets
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More on stop search in

Searches in Dilepton Final States at CDF
Andrew Ivanov UC Davis

P1.BSaturday June 6, 10:30 AM — 105 Shillman
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Gauge interactions mediate SUSY breaking.

=  LSPis Gravitino with mass «1GeV

=  NLSP is either neutralino or slepton depending on
= Lifetime model-dependent (cz from pm to km)

~ < A Effective SUSY breaking scale free
0 g
Zl =7 G Mm Messanger mass scale Mm/A=2

a) Long life time — delayed photons N Number of messanger fields 1

e Cs Gravitino mass factor free
b) Short life time —  Prompt Photons tanp Ratio of MSSM vacuum exp. Value (15)

Sign(p) sign of Higgs mixing param. (>0)

va _CDF Calorimeter
(Xf‘tf) X

N delayedy
prompty <~ .
3{5' 11, Warm dark matter models of GMSB with
> :/: 1 ~ = =2 c .
PORY P G 2. —> yG favor kev G masses and ns y? lifetimes.
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Neutralino Lifetime Searches

ol | COFPRD7803210150008)
[~ — All
o 1ol L
£ T Y B eusssignal | \easure the time of arrival of photons in
- jI- : v+Met+Jet events
Q g
> - 120 I e B B B N M
L - - v+E_+1 jet analysis with EMTiming -
10E i _ gﬁdlcteg excllusmn region at 570 pb™'|
= 100 __ P mememesemes Predicted exclusion region at2 fb™ __
B = Predicted exclusion region at 10 b _|
D — L & | memmemeees ALE_PH e:sclumsion limit .
1 0_1 0 -5 0 5 10 g 80— Region with G mass at 1.0-1.5 keV/ic™_|
J_} - I -~ E‘-,,_ - ~0 ~ :
teorr = (tf — lti) — M ns g e GMSB ¥ —1G ]
. - = 60— "{:,s” M, =2A, tan(B)=15 —
Et-photon>30, EtMiss>40, Ptlet>30 GeV @ ¢ N, =1, 1>0 ]
Observed : 2 events o ol ik N
Background: 1.3+0.7 I - ]
95% CL Lower limit B
X1 mass of 101 GeV/c” at 7.0 = 5 ns. S e

80 100 20 140 160
%, mass (GeV/c2)
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* Optimize the yy+Met analysis for 0 ns lifetime:
e Significant Met and Large H;
« Complementary to the Delayed Photon Analysis
* 0 event observed over BG =1.23+ 0.38
mX >149 GeV/c® at (% )=0 ns. CDF Run Il Preliminary
4y +B; analysis in GMSB CDF Run Il Preliminary, 2.6 b 25 I N R
Expected exclusion region with W+¥Y and 2.6 fb
EI PrrrErr e AR B L IE Observed exclusion regianwithwd-ﬁrandz.ﬁfb" B
E —e«—— Data E Observed exclusion region with y+§ +Jet and 570 pb™ |
- [ 1 QCDwithfake E; - 20 ALEPH exclusion limit .
> 10— |:| EWK with real ET ] Cosmology favored regnonwnth0.5<Mé<1.5 keVic :
o = I  Non-collision 3 = 1
° F L1110 oMsBsignal ] Eys i .
™~ B "f: mass=140 GeV, lifetime=0ns | E GMSB X, G ]
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BB Conclusions

No evidence of Super-symmetry observed yet but we are still
looking ...

New results expected soon on
 stop decaying into charm
o dijet+MET model independent search (not shown)
o direct sbottom production (not shown)
« combined limits on squark-gluino masses with DO
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