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CDF and the Tevatron
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Total Luminosity (pb’

Z
:=:

° High Luminosity
=» Tevatron 1 fb-!I
® CDF running at high

efficiency
Year 2002 2003 2004 2005
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~ ° High Luminosity

= Tevatron 1 fb-!I
| ® CDF running at high
o e efficiency

Still long way to go!/
design goal

ppatEc, 1.96 TeV

8.2 fbt

=
We are here

l
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Supersymmetry

New (broken) Symmetry relating Fermions & Bosons
Standard particles SUSY particles

W’ Sleptons

R-Parity Quantum Number-> R, = 5+L+2s {+1 (SM particles)

-1 (Susy particles)
Benchmark: mSugra: XO1 LSP, stable (parameters: My, M, ,,,tanB,A,,1L)
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’ Squark and Gluino at the Tevatron

PRODUCTION: |

— Missing Transverse

\ Energy
@ r Jets
@)
:

. —» Missing Transverse
:g Energy
ol -Produced by strong

. interaction Large H, _
10° -Heavy! > ets
.:.:E Vy z:‘je'l's(EJ ‘ T)
10° ¢ -Signature: >2 jets +
E +Large Missing Transverse Energy (MET)

10 £
E + Large Total Transverse Energy
[ Phys.Rev.D59:074024,1999
L T i - M e e
(M, +M,)/2  (GeV)
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Current limits

Present best limits: n/ )
D@ Run Il Prelimindry .'-.=.3.1P. pb

® LEP II (indirect) o 0 Hanv ding ;
> & 1

8 500 LEP2 T
°* DO Run II a :

. . 400 gy E

(see talk from D.Sojot on Friday) = - 2[5 NN\
For mSugra: tanp=3, A,=0,u1<0, g=0,d,c,s,b: E _— SN
»4j(gg) :My=500 GeV-> M(G) >233 GeV/c2 & e \

»3j(gq) :M(@)=M(@) -> M(q) >333 GeV/cz ~ 200
»2j(qq) :Mg=25 GeV -> M(q) >318 GeV/c?

m(d)<m(7;)

0 100 2007 300 400 500 600
. 2
Gluino Mass (GeV/c)
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Reference SUSY points

°* Chosen region not excluded by
other experiments

Simulated several mSUGRA

points in M,-M, ,, with A,=0,
sign(u)=-1, tanp=5 and
third generation removed from
2 > 2 process (Isajef)

Chosen 3 points to optimise the

analysis selection criteria

0 100 200 300 400 500 600 GeV /CZ
Gluino Mass (GeV/c’) A
il — N
Sample |NLO Sigma (pb)| M, | My, | M@ | M(@@) | MO,) | M(LSP)
s35 0.26 144 | 148 340 357 110 59
s41 0.17 149 | 156 375 394 116 62
s46 0.03 153 | 164 390 414 122 65
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Analysis Strategy

COUNTING EXPERIMENT

° Optimise selection criteria for best
signal/background value;

* Apply selection criteria to the data

* Define the signal region and keep it blind

*Test agreement observed vs.
expected number of events in
orthogonal regions (“control
regions”)

*Look in the signal region and
count number of SUSY events |l

Or set limit on the model

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Trigger and Event pre-Selection

. BASIC CUTS
Trigger on Missing MET > 60 GeV
Transverse Energy>35 GeV :
+ 2 jets (E->10 GeV) Vertex: |Vz| < 60 cm and beam
J T background cuts
] “ . "
Apply “Basic Cuts 1'0. C.Iean At least 3 jets with E+>25 GeV and
up the sample and eliminate leta|<2.0
effects MC does not At least one of them central
reproduce (letal<1.1)
»beam losses ]_f\ri[ETSS + TWO JETS trlgger da,ta _
®» cosmic and beam halo % ; CDF Run II F’rellmlnar:-,ar
muons g 10 § — before cleanup
®» detector failures "02: 10 é after cleanup _é
(hot/dead towers, poorly T} ]

instrumented regions, ...)

0O 100 200 300 400 500 600 ?00 800 900 1000

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005 Er (GeV)
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Backgrounds

° s +SUSY
Several SM processes can give 3 - e
jets with missing energy: g Wty

E107 z>
. é ; | |ttbar
» Z >vv + 3 jets $102L [ Jww
» Wa/v + 2/3 jets .
» Top-antitop 107
» Z>0 + 2/3 jets F Ny
» WW e Bl
® Hadron Jets (‘ QCD' even'ts) 10°L- 50 100 150 200 250 '3(|10L
MET (GeV)
PROCESS MC generator Cross section calculation
Z+jets ALPGEN+Herwig NLO MCFM
W+jets ALPGEN+Herwig NLO MCFM
ww ALPGEN+Herwig NLO MCFM
ttbar Herwig NLO!]
Hadron Jets (QCD) Pythia DATA
(11 Cacciari et. al., J HEP 404, 6 1(12004)
G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Hadron Jets Background

Selected region dominated by Jet events in the data
satisfying the pre-selection criteria

® Compared distributions MC events to data and obtained
scale factor to the MC ~1.0

o

CDF Run II preliminary

o
= (]
? - [ Janacomc 8
'g102: HJetQO data :‘2 65—
c = (] L
.E _ 5_—
3f :
- 4 »]
2 10 E
& 3L +
> B C
11 = C
: + M
10'1 cov v v b b b b 1y 0:||‘|||||||||||||||||||||||||||||
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60
E, [GeV] F; [GeV]
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Analysis Event selection

Selection criteria optimised using S/VB

ANALYSIS SELECTION CRITERTA

Ad (MET, jet) > 0.7 for all 3 jets € To reject QCD
EM Fraction < 0.9 for all 3 jets <«— To reject
electrons
E;(1st jet)>125 GeV; E(2™ jet)>75 GeV
MET>165 GeV } Signal
H,=E,1+E;2+E,3 >350 GeV region
Using these selection criteria: (254pb-1)
SM Processes Expected Events
Electroweak (W->¢v+nj,Z->//+nj,ttbar, WW) 3.95
QCD 0.21
SUM SM Backgrounds 41+15

G. Manca (U.Liverpool) SUSYO05, 5'9"0' EffiCie"CY: 7- 10%
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SUSY Monte Carlo

Different mSUGRA parameter values have been studied:
number of flavours, tanf and sign of L for the same value of M,-M,,,.

Efficiencies for different parameters and points

— 14—
= - » Point 535
~ - = Point s41
w)
8 121- + Point 546
Q -
& 10[ l
Q i i i
o .
£ [, L L] i
w g ] s H
@ * &
C @
6
4
2
0 < @ [3) o w w IT)
Scenarios

No large difference
observed over all
scenarios-> small

model dependency

SCENARIOS

A: tanP =5, u<0
4 flavors
B: tanf} = 3, p<0
5 flavors
C: tanf =3, >0
5 flavors
D: tanp =10, p<0
5 flavors
E: tanfi = 20, p<0
5 flavors
F: tanfi = 30, n<0
5 flavors
G: tanp = 40, <0
5 flavors

G. Manca (U.Liverpool)

m== CDF Run II
mm= CDF Run I and DO Run IT generations

m== CDF Run T changing sign n

o 16

/N\B

T g T B [ W T e

n 14
12
10

S/\/B . for different parameters and points

e Points3s | SCENARIOS

= Point 541
4+ Point 846 A: tanf =5, p<0
4 flavors
B: tanf =3, p<0
5 flavors

C: tanf =3, p=0
5 flavors
D: tanp = 10, p<0
5 flavors
E: tanf = 20, p<0
5 flavors
F: tanp = 30, p<0

| 5 flavors
ﬁ ﬁ ﬁ a % ﬁ G: tanp = 40, u<0
m (m] w T

5 flavors

&) (&)

Scenarios



15 Control Regions

Several regions different from the signal region ("control regions™)
examined to verify the robustness of the Monte Carlo predictions: 1w _

analysed two: =350
CRI : %300
Veto electron (EM fraction < 0.9) =
-> QCD dominated -
Hadron jets: 165+ 6
EW: 36 +2
Tot Expected: 201 + 6 n)
Observed: 183 + 14 | Statistical
CR2:

Require EM fraction > 0.9
-> EW and QCD similar

0
Q
n
A

*fo0

un II preliminary

Mean x 269

Mean y 804
BRMS x 84.9

RMS y 19.9

CR1 Signal
& Region
CR2

Hadron Jets: 16 * 1 E 254 pb :z:'t:kgs‘g
EW : 12+13 + =
Tot Expected:28+1 §1°: ‘§
Observed: 235 =~ | .
Good -

agreement |1} M CR1

Data-MC/  Szg-io 6080 200 320 240 260 280 300

E, [GeV]

e i E e i
150 200 250

300 350 400 450 500
H, (GeV)

CDF Run II preliminary, 254 pb™!

10 —

-= Data
— All Bkgs

|

algugeagusasglggaiiagandgelrgd glealeileleggy
300 350 400 450 500 550 600 650

H, [GeV]



Systematic Uncertainties

Source Uncertainty on final
background estimate
Luminosity 6%
Jet Energy Scale 29%
Jets Background Estimation 1%
ttbar cross section 3.6%
WW cross section 0.5%
W+jets cross section 14.6%
Z+jets cross section 3.7%
TOTAL 33.4%

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Looking at the Signal Region

InL = 254 pb-! :
=» SM Expected Events = 4.1 + 1.5
=» Observed Events = 3

MET distribution after applying all the H, distribution after applying all the cuts

cuts except MET >165 GeV except Hy >350 GeV
3 CDF Run I Preliminary, 254 pb” - Data 210 — CDF Run II Preliminary, 254 pb’” = Data
o =
=10 L Ew, Z, ww
£ g i
o c
> ﬂ}} 1
" L

1 —

107!

10'1 [ |
100 150 200 250

30 L
P [Gev] 200 300 400 500 600 700 800
Hy = Eq +E; +E; [GeV]

G. Manca (U.LiVEI‘pOOl) SUo LUU, ullldill \UI\J, &U July &Uuv



I3 Event 1

Hy = Ev(1st) + Ex(2nd) + E+(3rd) = 404 GeV

E-(1st) = 172 GeV | |

[—

=

E-(4th) =|65 GeV [

R
A

] 7 F. (3rd) = 80

Y

Missing E; = 223.3 GeV

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005



Conclusions and Outlook

®* Performed blind search for squark and gluinos over
254 pb-1 CDF RUN II data

° Selection criteria have been optimised for several
mSugra scenarios: |

» chj r-éjahval :;rnl depe dn-ltanB, sigh of u and




BACK-UP SLIDES
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The CDF-II detector

P Silicon Tracking
Detectors

B Central Drift
Chambers (COT)

B Solenoid Coil

EM
Calorimeter

Hadronic
Calorimeter

B Muon Drift
Chambers

Muon Scintillator
Counters

I Steel Shielding

n = —log(tan(6/2))
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The CDF-II detector

Calorimeter simulation:

GFLASH for showering N ey T

Muon
Chambers

rimeter | B4} Silicon
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Beam Background Cuts
Tiers(BE'r x fieleyc)
EEMF = > 0.15
Z“je'rs(E‘ie?sT)
Z'rr'acks(P."m:kT)
ECHF =1/N;p1 X014 >0.15
T Eje‘r_r

Only for central (letal < 1.1) jets

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Criteria to select QCD region in data

In JET20 data:
° Basic cuts
°Et(j1)>90 GeV, E1(j2)>60 GeV

® MEt Significance=MEt/VX, .. 1oners<3.5
GeV-1/2

* Et(j1)+Et(j2)+Met<100 GeV

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Evts/5GeV

After Basic Cuts

EFFECT OF THE CLEAN UP CUTS ON THE MET DISTRIBUTION

CDF Run II Preliminary, 254 ph'l

Before basic cuts

B ] After 3 jets cut
After basic cuts

100 200 300 400 500 600 700 800 900 1000
F, [GeV]

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005



Delta Phi Optimisation

H=E; +E; +E

s
o
b

il

105 L

1 "Mm |

I

|

o
=2 s41

-1
210 QCD
w
Q
= W-=Inu
=
= 2 L=y
=110
..E ttbar (m=175)
2 WWwW
L

!
|

ﬁ

m

b L

100

600

700

800 bO[IJ |
H, (GeV)
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Control Regions I

Three regions orthogonal to the signal region ("Control regions™)

examined to verify the robustness of the Monte Carlo predictions

CRO: QCD dominated
- Basic cuts
- ET of the jets
- EMF of the jets
- Out of the BB
QCD: 3421
EW: 144
SM Expected: 3564 + 54

Observed: 4438 + 67
CR1: QCD dominated

- Basic cuts

- ET of the jets

- EMF of the jets

- 120<MET<165

- 280<HT<«350 GeV
SM Expected: 201 + 7
Observed: 183 + 14

G. Manca

—~350 Mean x

THT

1092
269.1

E E Meany  80.4
I 300 nusy 199
£ CR1

250 & Blind Box

wmf CRO . [ CRC

1503-

100—.,

CR2 (EM dominated):

- Basic cuts

- ET of the jets

- At least one jet with EMF>0.9

- 120<MET<165, 280<HT<350 GeV
SM Expected: 27 £ O

(U.Liverpool) Observed: 23 + 5

Only
statistical
uncertainty

[ ! W TR _ R DL . 'l‘;|:...'-.|- :
?DU 150 200 250 300 350 400 450 500
Hy (GeV)



” Efficiency of the signal points

these selection criteria:

Samples Expected Events (254pb-!) Efficiency (%) S/V(B)

Signal s35 48 +£0.1 £0.7 7.2+0.2+09 | 2.3+0.8

Signal s41 3.6+0.1+0.6 84+02+11 | 1.8+0.6

Signal s46 0.7+£0.0+0.2 9.7+0.2+13 | 0.4+0.1
SM 4.1+06+t14

Background

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005



*’ Jet Energy Scale at CDF

-

®* A Jet = energy deposited in ”

n=1.0 the hadronic calorimeter in a
) ; [ R ) s —

cone of R=0.7(this analysis)

An Energy Correction is
necessary to scale the
measured energy back to the

18l 18)9WILIOIRD

-4 -3 -2 -1 0 1 2 3

9f energy of the final state
10 particle level jet (due to
11 e _ several effects as non-linearit J——"
n=2.0 12 ml of the calorimeter or un- partide N\ &
o5 R ——~ instrumented regions of the \
el e G
1_"?3_[_]_ 19 +;'|“'“m: | 3 — "®  The factor we apply accounts
T o R ——— % for all these effects, using
- - different methods; e.g. underlying
Pt of the y-jet system: balancing Y- jet :@ -
o 1Before relative corrections 04 After corrections
e L I B BN BN AL RN = SETTTTTT L R
-0.15 , 3 -045E E
-0.2E i 3 025 E
= ¢¢ ++ = - -
-0.25F + #ﬁ % tﬁ#{z < -0.25F 4 . =
= 1 t = = +4 3
o T me PN s Wamebeie |
- h - = I
0.35= 1% wae W % * =5 0350 }l P H E
-0.4 i_ +#I ! +¢¢+ —E 0.4 ;— T _;
-0.455 & ‘0.452— *DATA E
-0.55 37 .05F *Pythia E
-0.55- & = -0.55- ®*Herwig 3
| | [ R R N B B B NI B A Eoooa b b o b b b bl g
-D'E:4 -3 -2 -1 0 1 2 3 4 0.8
n

Jh 1111



30  pifferent effects that can distort the measured Jet energy

Correction Reason Method Contri Plot
bution
Absolute Non-linearity and energy loss in the un- We measure the 100 GeV: Abs
Scale instrumented regions of each calorimeter fragmentation and single 29% | Corr
particle response in data and .
tune the Monte Carlo to 15 C:ea\: | (B
describe it 8%
Pythia Monte Carlo
Relative Scale Difference in response in the forward Scale the response in the 100 GeV: Rel
calorimeter respect to the one of the central forward to the central 05% | Corr
Pythia and Data di-jet events | 15 GeV: i
1.5%
Multiple The energy from different ppbar subtracts this contribution in | 100 GeV: | MI corr
Interactions interactions during the same bunch average as function of # 0.05%
crossing falls inside the jet cluster, vertices 15 GeV: i
increasing the measured energy of the jet. Minimum Bias Data 0 4:%
Underlying The energy associated with the spectator This contribution subtracted | 100 GeV: UE
event partons in a hard collision event from the particle-level jet 0.1% | corr
energy. 15Gev: | I
Minimum Bias Data (1vertex) 1.0%
Out-of-cone Corrects the particle-level energy for Difference between Data and | 100 GeV: (0]0)
leakage of radiation outside the clustering Monte Carlo for different 15% | corr
cone used for jet definition, taking the "jet topologies. 15 GeV: i
energy" back to "parent parton energy". 7 09;
TOTAL i

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Relative Scale

0. e B = PtP°°°/pti"d CDF Run 2 Preliminary
-0.15 e '

o ; bbb B=0T.
+++ £
-0.25 4 R

0.3
-0.35
-0.4
-0.45
-0.5
-0.55
-0.6

v + jets Samples. Cone 0.4 jots - 0'8 R e - -

Data & - 07 [ B

e - : —e— jet50 data 5.3.1pre2 | |

||||I||||I|||‘||||||||||||||||||||||IIII 0'6:_ ----- —l—dlje’[SOMC531pre2
-3 -2 -1 0 1 2 3 _ £ ' ' =

i S R I R R 3
pF' = 75 GeVlic Je n
----- 552 pif < 75 GeVie
| mieem 202 pl! < 55 GeVlic
) —— 122 pi < 20 GeV/e

o] —— P < 12 GeVic

EN

0.1 Systematic uncertainties

0.08
0.06
0.04
0.02

CIETR PR T T 1

-0.02
-0.04
-0.06
0.0

Uncertainties

5 1 15 2 25
G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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Multiple Interactions Correction

»2 fndt 15.82/4
5 p0 0.005894 + 0.0007298
% E p1 035832 + 0.0008484
O4.5C
=
] L -
“ 4:_ b [T T T T T T | L T T T | L T T T T7 T T T T T4
oc - —a o
E : i g - - Multiple pslnwmt:liuns Systematic Uncertainty _]
o - o B _
£ 3__ o E — Cone 0.4 .
o c 4 .
-225 — = 004 | Cone 0.7 ]
s r —p— 8 E i
E 2 -— | Cane 1.0 i
22 5 F -
C 0.03 —
ul1.5F @ - .
v - =] L, i
- v [ _
1= > B i
= D 002 ]
0.5 = 5 i
.:,||.||||||||||||||||||||||||||||||||||||||E :“‘ i
0 1 2 3 4 5 6 7 85 00" —
Number of primary vertices S N i
Q M i
E | .'.h”"";- e g A R _|
u_ g L | Ld i { | T T

20 40 60 80 100 120 140 160 180 200
Corrected jet P; (GeV)
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Underlying Event

0.16
(.14
Underlying Event Systematic Uncertainty
0.12
Carma 0.4
ﬂ- ‘} ----- Cana 0.7
Carm 1.0

=
=
>

‘l-I.LJ_l.i-I-FTllllIII|III|III|I_

=
=
4=

0.02 *.

I
r

-
o
g

20 40 60 80 100 120 140 160 180 200
Corrected jet P; (GeV)

Fractional UE systematic uncertainty
=

=
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o
2N

Out-of-Cone

1.4

135

11

Out-of-cone corrections

121

----- Correction for Cone 0.4 jets

Uncertainty + o

=
b

>
=
=

Out of

=
>
3

40

60

50

00 120 140 160 180 Z 0.04

P: particle-jet (GeV 3= ,,

Cone Systematic Uncertainties

All cone sizes

=
=
[

=
=
g

-0.06

-0.08

<
TTTTTTTTTT [T T T T TT T TTTTTTTTTITTTTTTI
N

S
:3"-\..

20 40 60 80 100

Fractional OOC systematic uncértéinfy
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Corrected jet P; (GeV)



Total correction

=
—

Systematic uncertainties. Cone 0.4

0.08 Quadratic sum of all contributions.
----- Absolute jet energy scale
0. 06 CXCIEEN Out-of-Cone + Splash-out

Relative - 0.2<[n|<0.6
............ Underlying Event

0.04

0.02 ...

=

Fractional systematic uncertainty

S ©
= =]
Fu b

-0.06 6 [ —— Run Il (85<Py<75 GeV)

-0.08 =% - = =+ Run |l (25<P; <55 GeV)
b i
Y7 2 T T T T T O 4__----Run| ______________ _
20 40 60 80 100 120 140 160 180 I : ; .
Corrected jet P; (Ge! : :
2 - .: : ' . =
SRR R d [
' {

)
—_

= -
______,_‘_/.-
== T@map

Relative fractional uncertainty (%)
A

o)
—_

0 0.5 1 1.5 2 2.5

ul
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Absolute fractional systematic uncertainty

=
=
et

0.02

0.01

=

-0.01

-0.02

-0.03

Absolute Correction

IIII|III:I1III

-
-
-

PP LS . Absolute systematic uncertainties

anmE
- P Lk
-

Quadratic sum of all contributions

I N N T 5 Y A = 1

14

II3II|IIII¥III

Absolute Energy Scale

------ E/p
............. Fragmentation
¢ Cracks
------------- Calorimeter stability
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ¥ 05 L I B
7% = Correction for Cone 0.4 jets

= Uncertainty + o

III|IIII|IIII|IIII|IIII}

IIII|I II|IIII|IIII|IIII|IIII
50 100 150 200 250 30 [3—
Corrected jet P; (GeV) -
il
II},:_ .................................... imimIE . :
}_IlllllllI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

50 100 150 200 250
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The Events

*InL = 254 pb-! :
»SM Expected Events = 4.1 + 1.5
=»Observed Events = 3

Event 1 223.3 404 .2
Event 2 195 .6 470.1
Event 3 166.6 362.3

G. Manca (U.Liverpool) SUSY05, Durham (UK), 20 July 2005
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fraction of final states

0.8

- (a) Tevatron

il

[ B]

2Qx’(111;1+111%)

- m~/m~=0.8 E g
T g S .
- 7 q F
A - :
TR ‘
SR |5 G e | hﬁilhrﬂri:i—?
200 300
m; [GeV]

pool) SUSY05, Dt

fraction of tinal states

Cross sections

mSugra: squarks
1,27 family
=» nearly degenerate

and heavier than
sleptons

=» cannot be lighter
than 0.8*M(gluino)

]_ T | — T | — | — | T _|r_”|____|,_.__.
- (b) :
0.8 |- mg my = 16 |
06 g -
04 .
I .. Qg ]
02 . .. .
. A4 §q LN ]
0 fil——l__l_:_']-h-:‘|1T'_'T'—l-‘—hlh_.._‘|_ I-T _
100 200 300 400
m> [GeV]



