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» CDF Run-I|

¢ Detector Upgrades
¢ Accelerator Status and Luminosity goals

» New Run-Il Results

» Searches at the high-end of
the energy spectra

»>7
» Randall-Sundrum Graviton
» Excited Leptons

» Follow-up on Run-|
anomalies

» Di-Photon based searches
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» Searches for resonancesin
the dijet spectrum

» Lepto-quarks Searches

» Exploiting New Detector
Capabilities

» Search for Charge Massive
Particles (TOF)

» Improved Tau ldentification
~ (new Lepton-Track Trigger)

» First Higgs Boson
Searches
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@ The CDF-II Detector Biew

» Detector Upgrades

¢ New Slicon Tracking
¢ Extended coverage [n|<2, interaction region
¢ 3-D reconstruction
¢ Replaced Central Drift Chamber
¢ [aster response (designed for 132 ns bunch
Crossing operation)
¢ 96 layers, dE/dx samples/track
¢ New Plug Calorimeter
¢ 1.3< |n|<3.5, same technology as central
¢ Added Time-Of-Flight
¢ ~ 100 pstime resolution
¢ Extended muon coverage
¢ |nl<1lto nl<1.5
¢ New Full Digital Trigger
¢ Tracksat L1 (p>1.5 GeV/c)

¢ Silicon Tracks at L2 with ~ offline resolution
(p>2.0 GeV/c)

B Centra Drift Chambers
B Solenoid Coil /TOF

B EM Caorimeter
B Hadronic Calorimeter

Muon Scintillator Counters
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‘ Accelerator Status ~ ®LoiL

> Collisions at Ns=1.96 TeV

»Stable data-taking since June
shutdown~ 155 pb™! on tape

o
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wn
o

Delivered
To Tape
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=]

» > 90% of silicon integrated

> ~ 57T pblwk @> 90% efficiency

[+
=]

Total Luminosity (pb1)

»Record instantaneous luminosity

y i
B0 BOO 1000 1200 1400 1BOG 1800 2000 2200 2400

after January shutdown ~4-103'cm™s™! Store Number

Most of the Analyses : Luminosity Goals Autumn 2003:

53 - 91 pbt Base Line: 200 pb1/5.0 103icm?s/10 pb* week
Goal: 320 pbt /8.0 103cm2st/15 pb! week

(March 02 — January 03) - P cmresTLopow
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‘ New Resonances in Drell-Yan Dilepton @& [P

ool ?'.'Lﬂ‘."ﬁﬂ.-

Z’ Limits
Dielectron: M..>650 GeV/c? (Run-1 640 GeV/c? 90 pbl)
Dimuon: M,.>455 GeV/c>  (Run-1 575 GeV/c? 90 pbl)
Combined o CDF RUN II Preliminary
2 ~1n—————————— ;
665 GeVic O 0.BR(Z' - II) limit (95% C.L) |
=~ 6.BR(Z - II) (LO x 1.3) '
1 10 | (SM couplings assumed)
N/ C
X
0 2
, o 665 GeV/c
Systematics ~9% 1¢ E
- Acceptance 4.6%(PDF) i
+1.4% (fiducial) i
FEfficiency 6% 10k "N\
Luminosity 6% i 1 \
: ILdt =72 pb '
10!

200 300 400 500 600 700 80O
Z' Mass (GeV/c )
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‘ New Resonances in Drell-Yan Dileptoi®) [Fenn

Gravitino Limits ¢ CDFRunll Prefiminay
Dielectron: —— oBr(G - 1) limit(95% C.L.)
MG’ >535 GeV/c2 5| OBr(G - Il) PYTHIAX13
. 10T Randall-Sundrum Model
Dimuon: 235 GeV/c®
2 2| 370 GeV/c?
Mg> 370 GeVic 10 0 Gav/c?
Combined Jo%
550 GeV/c? 2o’
o
10°
10—
200 400 600 800

Graviton mass (GeV/c 2)
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Search for excited or exotic
electrons

p+p 2>e*+e—>ey+e

Final state with resonance in the ey channel

Limit on oBR(e* - ey) for contact interaction
model
Baur U. Phys. Rev. D42, 3 1990
0 dependent on e* mass and compositeness
scale A
Selection
Two electrons E;>25 GeV, photon E>25 GeV

Reject events with dielectron mass within 7
mass window (80-100 GeV/c2)

Backgrounds
2y, Zt+jet, W+jets, Multijet
Zy dominant contribution
11% systematic uncertainty

Events / 5 GeV

Events / 10 GeV

Excited Leptons

60

50|

40}

301

20}

10}

0

10 |
10° |
10° |
10"}
10° }
10" |

10"

‘ | __-'_:E T WL,
= Rt ML

e T PTG

PYTHIA: p+p >e*+e >ey+e

CDF Run Il Preliminary (72 pb '1)

A=1TeV
Il M..=200 Gev
[l M..=300 Gev
[ M,.=500 GeV

100 300 500
CDF Run Il Preliminary
JL-dt=72pb'1
Ozy
) Z+et
O Multti-jet
Ow+jet 3
0 200 400 600 _ 800
Mey(GeV)
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Inclusive Searches in DiPhoton

Signature

- NE it

e T PTG

s

Sample (84 pb1)

Two central photons £,>13 GeV/c?

After cosmic and beam halo clean-up
Observed 1365 events, 95 with £,>25 GeV/c?

N Jets in Diphoton Events |

2
10

10

| T T T
CDF Il Preliminary, 84 pb '

Data, E;(y)>13 GeV
Non-yy bg + Pythiayy

| Diphoton Mass |

5

dN/dM (1/GeVic?)

-
=
TT

-
=
\

10 H |

\Ill\ll\llllll‘ll
CDF Il Preliminary, 84 pb™' 3
Data, E,(y}>13 GeV¥ J
Non-yy bg + Pythiayy

Pythia vy

Search for Diphoton + extra leptons
Bkg: Wy, Z vy, e- (e)fake y,Zy,ey+jet,uy+jet

0 20 40 60 80 100 120 140 160 180 %00
Mass (GeVic)

CDF 11 Preliminary £ Search, 84 pb~—"

= -

6 8 10
N Jets, Et>10 GeV, [1|<2.5

Selection Observed Predicted
vy (B > 13 GeV), e* (B, > 20 GeV) 0 0.27 £ 0.10 + 0.14
¥y (Ex > 256 GeV), et (E: = 20 GeV) 0 0.04 £ 0.03 £ 0.02
¥7 (B > 13 GeV), p* (P, > 20 GeV) 0 0.04 £ 0.007 £ 0.02
¥y (B > 25 GeV), p* (P, > 20 GeV) 0 0.007 = 0.005 £ 0.004
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Resonances in Dijet Spectrum & Lenn

e M T

FEvent Selection
Inclusive Jet Sample (75 pb'!) (JET-20, JET-50, JET-100)

Two Highest E jets
Cone 0.7, In|<2 |cos 6*|<2/3, M;, >188 GeV/c?

Fit the Mass Spectrum with a smooth background

- Prob 0.6569
> PO 1.31e+16 +3502e+15
s 10 p1 0.2793 +0.1105
| LF p2 4815 +0.4319
S 10 = p3 5.659 +0.05742
o E
== L
510 &
% =
w | E
. 7] =
No evidence of resonances 9,,1[
& E
2
10
- CDF RUN 2 PRELIMINARY
10 =3 s  DATAFS pb™"
10-4 ;_ PARAMETRIC FIT —I\
:| | 1 | 1 1 1 | 1 1 1 | 1 1 | | | 1 1 | 1 | L I L
200 400 600 800 1000 1200 1400

DIJET MASS (GeV)
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‘ Highest M; Event  @leun

* Run 152507 event 1222318 J2 E; = 633 GeV (corr) J1 E; =666 GeV (corr)
- Dijet Mass = 1364 GeV (corr) 546 GeV (raw) 583 GeV (raw)
* cos 6% =0.30

« zvertex =-25 cm
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Resonances in Dijet Spectrum & l=nn

Search for New Particles Decaying to Dijets

T 1ﬂ4 LILILIL I LI I | I LI I B | | LU I LU | LU | LI | LI I LI | T |:
A W =
Excluded: E ‘ CDF Run 2 Preliminary (75 pb™)
. o ., .
AX1glu0ns, 103 ., Axigluon or Coloron ~
Excited Quarks, / 200<M<T130 Gev Excluded -
. g g ) Excited Quark i
Octet Technirhos , , o / 200<M< 760 GeV Excluded |
. 10< " e =
E6 Diquarks, : o, ™, “...  ColorOctet Technirho 3
W i iy A, 260<M<E40 GoV Excluded
1wE 27 —>3 ™ .
° ° ° : w" -*‘ :
Limits already improved i ]
with respect RUN-1 'E €, Diquark ;
[ 280 M<420 Gey Excluded ]

» [ @ 95% CL Upper Limit
9 F al<2.0, kos#l<2/3 , ) E
- PN T T [N T T T T O T O |.‘J'1. Ll |~|‘ I‘1'\-- Pt 11 1 |:

2

300 400 500 600 700 800 900 1000 1100
New Particle Mass (GeV/c®)
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Leptoquark Searches

Existing Tevatron L€ Limits

ond Scalar Vector s
Gen B (GeVio) Minimal Coupling Yég Spll\flrlwgs
(GeV/c) (Gevio)
1 200 275 325
DZero | 0.5 180 260 310
0 98 238 298
1 202
CDF 0 123 171 222
3rd 5 Scalar Vector Vector
Minimal Coupling | Yang-Mills Coupling
Gen (GeVic) (GeVIc) (GeV/c)
0.5 209
Dzero | o | o8 233 203
1 99 170 225
CDF 0 148 199 250

1
o9
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‘Bos
TEI.E-
e
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‘ Run-II update: 1¢* generation L€ & [enn

2 high E;, electrons and 2 jets

Search for first generation
scalar LeptoQuarks

| CDF Run Il Preliminary, 72 pb-1

Theoretical cross section, Phys. Rev. Lett. 79, 1997
CTEQ4M, Q = m(LQ)
CTEQ4M, Q = 0.5m(LQ),2m(LQ)

0.25

o
[

CDF Upper Limit, 95% CL
0.156

Br(LQ->2q) % Cross-Section (pb)

o
-

m(LQ) > 230 GeV/cA2

0.05

I B s B!
300 320
m(LQ) GeV/c*2

e LY L L
200 220 240 260 280

M(LQ) > 230 GeV/c2 @ 95% CL
(RunI 220 GeV/c?)

Limit already better than Run I
¢25% increase in the cross
section
e~factor 1/3 less luminosity
eacceptances slightly higher

ey 8 OGS B = s B

Missing Energy and 2 jets

CDF Run I.I Preliminary (.76 pb |'1)

o
[*
i CDF Upper Limit, 95% GL
‘ﬁ."mg | Theoretical cross section (PRL 79, 1997) |
“Sé“ LN\ e CTEQ5M, P =0, Q=m{LQ} ]
CTEQ5M. P =0, Q=0.5m(LQ), 2m(LQ) |
10 3 —_
| |60 Gevic? 107 GeVie? S

! a0 80 100 120 140 160 180 20(%
Leptoquark Mass (GeV/ic™)

M(LQ) < 60 GeV/c? or

M(LQ) > 107 GeV/c2 @ 95% CL
eThis decay channel was not searched in
Run I by CDF

eLimit from DO (Run I, similar luminosity)
M(LQ) > 98 GeV/c2 @ 95 % CL

Combination of channelsin progress

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003
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‘ Charged Massive Particles & L&iL

Arise in different models , T
Heavy quarks (small couplings) .,% e
SUSY scenarios with stable particles % ZZ ]

Distinctive Sgnature BN :
|solated slow-moving high P; particle 20 _

Large dE/dx, long time-of-flight, 02 e N
escapes from detector t,(ele 1)-t(ele 2) (ns)

Data Salection: At resolution form tight Z sample
High Py muons (>18 GeV/c) 53pbt & gm0 =
Tracks with P;>40 GeV /c (full 5
tracking efficiency) - “F
TOF, . -t,> 2.5 ns S owf

Backgrounds: i ) '

Cosmic Rays ( Removed 4t>2.5 ns) D e R

Arer (NS)

to @anomalous early TOF.,, .. —t, (¢, fitted with all TOF tracks)

Control Samples P<40 GeV/c
Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003 20




Searches for stop particles e s R
GMSB models, NLSP stable particle £ R Py
Sgnal region: S 10° v, [Jrrecicted | 3
At > 2.5 ns, track P>40 GeV/c £ *
Systematics 10 b E
Background prediction W-tight and ) f i
top multijet samples (track density) L Jra=see 3
= . CDF Run 2 Preliminary 0 075 ; 1.'5 2' 275 3
% Production cross section (NLO) Mininum ATOF (nS)
:% -=-¥-:Cross section limit (Stop isolated) Pre dictedZ 2.9 iO. 7 (Stat) 13. 1 (Sys)
3 Observed: 7

Exclusion Limits

M, > 108 GeV/ic? at 95 % C.L.

stop

70 80 90 100 110 120 130 140 150 LEP M., > 95 GeV/c?

Stop Mass (GeV/c) stop

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003

‘ Charged Massive Particles & L&iL
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@ Doubly Charged Higgs &L

Any model with Higgs
triplets predicts double
charged Higgs

Left-Right Symmetry RN S
breaking Models 5 ,
It predicts low neutrino /i
Masses Y,
The supersymmetric " \{f
extension suggests low mass ‘

doubly charged Higgs

At Tevatron energies pair
production of doubly
charged Higgs is dominant

Cross Section (fb)
E =] o [=] L] E

10 120 130 140
H*™* Mass (GeV/c?)

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003
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‘ Doubly Charged Higgs

Same sign dielectron data (~91 pb1)
Sensitive to single and pair
production

Selection: High E; inclusive electron

trigger
Eff: ~90.7%

Search in M_> 100 GeV in mass

windows of 10 % M, (30)

Backgrounds:

| nstrumental: electron misidentified

Z-e e+ ,QCD jet/photon,W- ev, Z
- ee+ jet/photon

Limits:
Control Region Z, .. (80<M<100
GeV/c?)

0.6*095, predicted, O observed
Signal: 0 observed

Total Background

- =
B »

o
(]
TTTTTTT[TTT[TTT[TTT[TTT[TTT]TTT
\ [Ty [Ty [TrTd

Number of events
—- (]

ol

CDF RUN Il PRELIMINARY
L=91 pb"

Systematic Uncertainty

Background at given H™ /M mass

/‘K

|
110

| | | N
120 130 140 150

100
H"'/H™ Mass (GeV)

EZOO ‘ T | T T T T | T T T T | T T T \7

= CDF RUN Il PRELIMINARY

2 fLdt=91pb™

o i

150+ ——95% CL Limit -

3 —— LO(PYTHIAY x 1.3 ]

O

100

50

O 17 ]
100 110 120

130 140 150
H** /H™ Ma

55 (GeV/ch)

Reach sensitivity up to 125 GeV/ ¢ 2 by Summer

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003
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‘ r lepton Identification &L=

T- Signatures — signal
. . . seed track — Isolation
Large cross sections for 7signaturesin
SJSY Higgs production (tan £>> 1)
R-parity violating decays
Chargino-Neutralino Searches

Tr aditiOnal |y Consi dered “ d|ff| Cu't” not associated

with tau candidate

New (Jan-2002) CDF Lepton+ Track

Trigger Signature
Lepton P;>8 GeV/c (Level 1 eXtremely Fast — Narrow, isolated jet.
Tracker) - Loxév) track multiplicity (1

|solated track at Level 2 ~ Low 10 multiplicity (0-3).

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003 24




I lepton 1dentification

Lty P T =y
i !-‘I el T

e T PTG

Z - rragnal
Identified
r-had, r-leptonic
45 F T T T T T T T T T =
40F CDF Run 2 Preliminary (72 pb-1) 3
- 30F —— data =
*GEJ 55 E- s =
> __E I jet— tfakes 3
v 20F =
= B Zoee 3
1213 == E
10;— ! E
5F E
0 = - ! ] | | ] 1 =
o 1 2 3 4 5 6 7 8 9
Nerack

—r11 CDF Run 2 Preliminary _E
12 72 pb-1 S
10 —— OS data
] Z- 1t
jet— 1 fakes

B Z—ee

T

0 20 40 60 80 100 120 140 160 180 200
M(e+T+Er) (GeV)

Fakerate x 3 reduced
compared with Run-|
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CDF actively taking data and producing first physics
results

Aggressive Program in Search for New Physics
Broad Sgnature Based Approach

Taking Advantage of New Detector Features
Time-Of-Flight Detector
Powerful Track Trigger at Level 1 and Level 2

More results to come...

Heavy flavor + Missing Energy...
sbottom, stop quarks searches...

Antoni Munar, Search for New Physics with CDF, DIS-2003 April 24, 2003

‘ Conclusions & lenn

26



