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Tevatron and CDF

396 ns bunch spacing

36x36 bunches

\/s = 1 96 TeV

o
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‘ Tevatron and CDF Performance
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Tevatron has a very good performance
CDF working at high efficiency (~85%)

More than 2.6 fb! are already on tape

The analysis presented here is performed with ~1.4 fb!
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‘ Supersymmetry in Few Words

Supersymmetry predicts the existence of a symmetry

between bosons and fermions:

Q|Boson> = Fermion

Q| Fermion> = Boson

1/o

Natural
cancellation of
divergences at
all orders

v" Solves the hierarchy problem

v Contributes to the unification of forces

v" Key ingredient for GUT and string

theories.

v" In some models, it presents a dark

matter candidate.

la,

1/o

4

6

8
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logl0(Q?)

25% Dark Matter

J\] 709 Dark Energy. ’

1/a

With SUSY
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logl0(Q°)
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Supersymmetry Zoo

Standard particles SUSY particles

\90

&/&@

Quarks @ Lontons @ rorce particies o Sleptons P SUS;clo'co
particles

Particles not discovered - SUSY is a broken symmetry

Without further constraints > 105 new parameters > Make some assumptions

R-parity: symmetry
introduced to avoid baryonic
and leptonic number
violations.

MSUGRA scenario is one
theoretically motivated model to
reduce the parameters to 5:

If conserved, SUSY particles
need to be pair-produced
and exist a LSP (dark
matter candidate)

Mo, m1/21 AOI tanB/ Sign“
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Squarks and Gluinos

Squarks and Gluinos may be
copiously produced (strong

interaction)
10

S o, [pb): pp — 3. 89. 1,1, 157 V. 738. %14

\9/-1 1 NS =2TeV . -

= - Very massive particles
O 0 _

‘3 0 Presence of neutralino (LSP)
O ] -

5!

% 10 -

3 Multiple Jets

S ﬂ \
U 10 -3 m [GeV]

100 150 200 250 300 350 400 450 500

T. Plehn, PROSPINO

Missing Transverse Energy (MET)
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Sighal Generation

(R—parity conservation assumed )

v Used PYTHIA Tune A and considered the _
MSUGRA scenario: A,=0, tanf=5, u<0

four 2—2 sub-processes normalised to
NLO using PROSPINO with appropriate
renormalisation and factorisation scales: ‘
e gluino-gluino 2> u = Mgl 500 CDF Run Il Preliminary
IIIIIlIIIIIIIIII[I
e gluino-squark > u = 1/2 * [Mgl + Msq] e v

500 *e0000,,,
*ece00,,,
........./
*e o000 ae,,

®
® '9’;
°

®

400 ® e 00004,

. y

°

»

)
L)

e squark-squark - u = Msq

UA2

e squark-antisquark > u = Msq

v Input masses, mixing and couplings — 2aoen
generated using ISASUSY 7.74 §> z selill . -
v PDF CTEQ6.1M S300 ;| ol
v" Remove stop and sbottom from 2-to-2 = »
200 FNAL Run |

processes (avoid too much dependence
with the mixing parameters).
100

0
0 100 200 300 400 500 600

Squark masses: average of four squark flavours. M- (GeVIc))
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Backgrounds

QCD multijets
production
dominates:

10 %

14

~ 10

~

\1,,:3
* MET due to jet energy1°<
mismeasurements 10’
1019
* Use Pythia Tune A MC ;s
normalised to data in

. : 10°
low-missing E; region

107

Top
J m, = 172 GeV/c?

1 3
J use Pythia MC sampleﬁ,[:2
normalised to the
theoretical cross section '°

—

SUSY and Background Cross-Sections

‘W-lv+tjets, Z—ll+jets
and Z—vv+ijets:

& % Use ALPGEN + PYTHIA

Jets e
Bottom P * No_rmalisation to the_
o g inclusive D-Y cross section
-~
b
P 10 orders of
magnitude
DiBoson
_________ - 7 Use PYTHIA MC

susy Y

normalised to MCFM NLO
cross section.

Ottbar= /7.3 pb !
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Background Rejection

)

There are beam-related
backgrounds and cosmics.

Removed using vertex information,
calorimeter activity with
correspondent tracking activity...

QCD multijet rejection

A (MET, jets) > 0.7 to
remove events with MET
aligned with one of the jets.

CDF Run Il Preliminary

[ ] whole dataset
I after cleanup cuts

after final cuts

L |

70 80 107 210> 3x10° MET [Gev] 10°

W/Z, dibosons and top rejection

Muon and electron vetoes using
isolated track information or
the electromagnetic energy
fraction (EMF) of the jets.
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(1]]  Signal Optimisation - |

To further discriminate signal from background:
MET, H; (scalar sum of the main jets) and Er of the jets

Use different topologies to maximise signal sensitivity and background rejection
600

//é’q M[dJN MgN

dg prod. dominates

MN> MN " :: oo >
d. d < ’ > 3 jets expected
99 prod. dominates 400 e ::: \
=4jetsexpecteds 5 ":::..GRA
LE XY \
8300 . solution Mal < Mrgv

dg prod. dominates

FNAL Runl

m(Q) m(q) < m(x,)

> 2 jets expected

300 400 500 600 g
M (GeVIc )
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Signal Optimisation - |l

CDF Run Il Preliminary

oy
5 different set of selections 8 ;=399 Gevic”
employed to maximise S/vB y ;= 343 Gevic”
accross the gluino-squark mass g
plane. %
Thresholds for each region: | -
[GeV] 3jets (A) | 3jets(B) | 3jets (C) 2 jets
H, 230 280 330 330
missing E; 75 90 120 180
E,(jet1) 95 120 140 165
E,(jet2) 55 70 100 100
E,(jet3) 25 25 25 -
E (jet4) - - - -
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Systematics

Sig. & Bkgs: ~3% Jet Energy Scale (JES): Main uncert. > ~10% (20%) sig (bkg)

~6% uncertainty on the Luminosity

SIGNAL

Renormalisation scale:

Nominal PROSPINO u varied: values 2u and
u/2 considered

PDF uncertainties:

Used Hessian method. Uncertainty dominated
by signal production at high-x gluon

ISR/FSR:

Estimated using modified parton shower via
Aqcp Scale.

BACKGROUNDS
Top - 10% PDF uncert. from theory

Ren. Scale uncert. negligible
ISR/FSR estimated like in the signal.

Dibosons - 10% PDF+renorm. uncert. from
theoretical calculations.

Z[W+jets = 10% global uncert. coming from
the inclusive cross-section.

QCD - Uncertainty from normalisation

Xavier Portell Search for Squarks and Gluinos at CDF



Background Control

Check that MC describes data in background

dominated regions. Found good agreement. Electrons dominated sample:

Jets almost completely electromagnetic.

CDF Run Il Preliminary

QCD dominated sample: 3" = Dot (=14 )
| Ap (missingET-jets) | cut is reversed to Sl doiet — honQCDBKg.

. . §1 Je S [ Total Syst. Uncertainty
enhance the QCD contribution. @

CDF Run Il Preliminary 10

-
o&

_LIII| T IIIIIII| T I[[[IIII TT IHHII T TTTTTT

3 E —e— Data (Lum=1.4fb")
e [ 1 —— QCD + non QCD Bkg.
g10°E 3-jets —— non-QCD Bkg. 1
E = [ ] Total Syst. Uncertainty
102_5 10"
= 100 I Z(IJOI = I3(|)0I = I4(1I00I = I500I ' IBCIOO‘ = ‘7(1)0
ol Hy [GeV]
EE . CDF Run Il Preliminary
- 3 E —e— Data (Lum=1.4fb")
1= g . —— QCD + non QCD Bkg.
= 5.0 S-jets non-QCD Bkg.
nE 3 E [ Total Syst. Uncertainty
10 EI ! 1 | ! 1 1 | 1 I ! | N ! | L E
200 400 600 800 1000 1200
H, [GeV] 10
muons dominated sample: 1L
require the presence of isolated tracks. g
10"
0 I I1(I)0' = I2(I)OI = I3(|)0I ‘ ‘4(;0I = .S(I)Ol = l6(Ill0I .

Missing E; [GeV]
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Results

>4 jets 29 27+2+9
Good agreement >3 jets (type A) 616 607 =+ 16 + 146
_Witf:lSM expectations | > 3 jets (type B) 166 154 + 7 + 44
IN all regions. .
9 >3 jets (type C) 22 25+2+8
> 2 jets 13 11+2+3
CDF Run Il preliminary CDF Run Il preliminary
> 4 > F 1
o 2L —e— Data (Lum=1.4fb ) [ —e— Data (Lum=1.4fb )
g 3 —— QCD + non-QCD Bkg. g - —— QCD + non-QCD Bkg.
“ - E —— non-QCD Bkg. @ 10 non-QCD Bkg.
E u (] Total Syst. Uncertainty E = [ Total Syst. Uncertainty
c - Bkg.+ Signal M- = 349 GeVic’ c B —— Bkg.+ Signal M; = 407 GeVic’
g 1= == . M=385Gevict | @[ M = 367 GeVic’
wr % L 3-jets (type C) after w E 2-jets after all
- all cuts except MET. 5 cuts except MET,
L ? _I_H:‘ 1 =
10" 10° ;—
. T I " T T N TN T | A AN TSI A S SO T S N = I R I. "2 | ST ] S U] ST I N S -
0 100 200 300 4oﬂissing ET5 ?geV] ‘ 100 200 300 40&'”‘“9 ETS?gGV]
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One of the Events

MET=196 GeV H;=470 GeV 3-jets (type C)
E;15t=236 GeV E;2"=150 GeV E;*1=84 GeV

R-¢ view of the detector n-¢ view of the detector
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Limit Calculation

: imi L=1.4 fb”
/ Bayesian approach: curves at CDF Run |l Preliminary
95% C.L. a |
- 10 — —eo— NLO: PROSPINO CTEQ6.1M
v Include correlations between o F syst. uncert. (PDF @ Ren.)

. | d b k d t ti *5 - —i— observed limit 95% C.L.
signa a_n ] ackground systematic $ i --# -+ expected limit 95% C.L.
uncertainties o 1L
v Systematic uncertainties on O [

: . : O r
signal cross section included in -
the limit calculation (15-50% 10°
from PDF+Renormalization scale) = KT
v Mass limit quoted as the cross - M-~-=M-
pOintWiththenOminaINLO 10'2I|Illlgllllllgllllllllllll III|III|III|III|
prediction. 260 280 300 320 340 360 380 400 420 440,460

M-é [GeVIcz]

When gluino and squark masses are similar,
limit is set at 380 GeV/c?
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Limits on Mo - M1,2 Plane

CDF Run Il Preliminary L=1.4 fb™
300 — N e e e L U B L B
- mﬁ) < m(l?) Theoretical uncertainties - observed limit 95% C.L. _|
— included in the calculation of the limit _ _ ., expected limit -
250 — —|
B MET+jets inclusive _
200 [ A,=0, tanp=5, u<0 ] }
‘{\ B LEP (Mslaptons) _ 1
L = Nl
2 150 1
CA |
: ;
= [ =
100 — |
B :
B ‘.
50— \
— |[no mSUGRA \ F
: solution T
o T T YT [ ST [N T N [N NSO Y N Y N SO
0 100 200 300 ) 400 500 600
M, (GeVic)

Exclusion limit
expressed in terms of
Mo and M12 mSUGRA

parameters.

Better limits respect to
LEP chargino and
sleptons searches in the
region 75<M,<250 and

130<M, ,<165 GeV/c?
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Summary & Conclusions

v No evidence of Squarks and Gluinos in samples of ~1.4 fb-1 has been found
in CDF dedicated inclusive analyses.

v Complex analysis considering different final states performed.

v' Limits are set for a particular mSUGRA scenario: A,=0, tanf=5 and u<0.

Gluino masses excluded below ~280 GeV/c?
Squark masses excluded below ~375 GeV/c?

When M, ~ M,: masses excluded below ~380 GeV/c?

More data will be added soon...

...it may be that the first SUSY hint is just around the corner...
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Future Projections
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v" Same relative systematic
uncertainties contributions assumed

v Number of signal and background
events and statistical uncertainties
scaled according to the luminosity

v When similar masses of gluino and
squarks, mass limits are extended
until ~ 400 GeV/c?for 4.4 fb!
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Reverse A¢p Cuts

4 CDF Run Il Preliminary . CDF Run Il Preliminary
> 10" g _ = > 107 _ =
& E —e— Data (Lum=1.4fb") & E —e— Data (Lum=1.4 fb™)
g —— QCD + non QCD Bkg. g —— QCD + non QCD Bkg. m
10 non-QCD Bkg. 2 107 B non-QCD Bkg.
g [__] Total Syst. Uncertainty g E [ Total Syst. Uncertainty —
w - w =
(D] E 10 o
g 101 -
S i <
2] e = T
S : —
. 1L 10"
‘F 10E| | M| M| P — L ‘:i‘l||||||11|||111|||111|||[|||||||||||||||| Eb
N 200 400 600 800 1000 1200 100 200 300 400 500 600 700 800 900 1000 —
. H, [GeV] H; [GeV]
AN
qg 10* CDF Run Il Preliminary 10* CDF Run Il Preliminary ;I‘
3 O e —e— Data (Lum=1.4 fb") - —e— Data (Lum=1.4 fb) o
= S F —— QCD + non QCD Bkg. e I —— QCD + non QCD Bkg. 7
O e non-QCD Bkg. 10 e non-QCD Bkg.
2 s F [ Total Syst. Uncertainty s F [ Total Syst. Uncertainty
- w L
‘_c 10° :E 10° :E
- - o I s
< 10 10
= 'F 'E |
107 107 L I_l_
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Reverse EMF Cuts

CDF Run Il Preliminary CDF Run Il Preliminary

o 10° — > 10° 3
& E —se— Data (Lum=1.4fb") & E —se— Data (Lum=1.4fb")
8 r —— QCD + non QCD Bkg. S ¢ —— QCD + non QCD Bkg.
g ol non-QCD Bkg. g o non-QCD Bkg.
O E‘; " S [ ] Total Syst. Uncertainty § 1w E [ ] Total Syst. Uncertainty
- w =
d:) 101 10 o
O - t o —
N [~ + [~ Q
(7,) 1= —8- | —e— 1= :
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[ & == ey
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O g 1w = [ Total Syst. Uncertainty § 1w E [ Total Syst. Uncertainty D
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Reverse Muon Veto Cuts

CDF Run Il Preliminary

> 10° —
& E —se— Data (Lum=1.4fb")
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Events / 20 GeV

CDF Run Il preliminary

Tyt

L

—e— Data (Lum=1.4fb™)
—— QCD + non-QCD Bkg.
— non-QCD Bkg.

|:| Total Syst. Uncertainty

Events / 20 GeV

(=]
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200

10°

10

10"

Example of 2-Jets Case

CDF Run Il preliminary

L

0 400

MET and HT distributions after 2-jets selection with neither
MET nor HT final cuts applied.
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