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o Status of CDF, Tevatron
e Physics results already in hand

Dijet resonances: EG6 diquarks, RS graviton LED, excited quarks, W™ ...
Dilepton resonances: Z°, RS graviton

Champs: long lived charged patrticles

1t Generation Leptoquarks: eejj and vvjj channels

Excited electrons: ee* eey

Photon-rich signatures: yMET, vy, yy¢ and y/,more
Doubly-charged particles: H*  e*e*, u*u*
Stop: search results and prospects

e Physics results finishing soon
e Concluding remarks

See also parallel talks
A. Pompos: Search for SUSY at CDF S. Lee: Search for SUSY with Photons
C. Neu: Search for the Higgs Boson K. Ikado: Search for the Z" and ED
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Commissioning the detector (mostly done)
— >2 years of effort already
— Some pieces still under study

-1
. . . CDF Il Prelimi 2 pb
 Re-establish baseline physics program reliminary (72pb )

2
M., =171.2 + 13.4 + 9.9 GeV/c

- W1 Z 10 [ stz t20 avertsy oaf
g o

- QCD Bokg+Signal g :.5\ /
 More elaborate tools and techniques now (ML y

re-established: same capabilities as Run |
— Precision tracking and B-tagging
— Missing Energy
— Top mass (re)measurement good indicator
e Searches for new physics underway!
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Weekly Integrated Luminosity (nb™)

SUSY2003
« Accelerator is running much better
« Several records broken recently
— One week Luminosity: >9 pb-1
— anew Inst. luminosity record of 4.5e31
— record number protons to pbar target, pbar stacking rates, etc.
e Slowly ramping up... Run Il is going!
 Long term luminosity projections currently being reviewed
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» Better coverage for leptons and silicon tracking
— Muon coverage greatly increased
— Electron covers outton <24
— Silicon acceptance (hence B-tagging) increased by almost x2.0

e K T | b C

CDF |n| range 2.4 2.0 2.0 3.0 2.0 2.0

Missing Transverse Energy (MET) well understood

B tagging and displaced track triggers
— Displaced track triggers working well
— 2D b-tag available and working as expected
Tau finding and reconstruction
— Improvements are important for high tan3 regions
— Reduced fake rate compared to Run |

CDF running as advertised (!)
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Highest mass event so far (at left)

We search for resonances in dijets

Assume a narrow width
— Cleanup includes requirement of

MET/sqrt(MET) <6
— Simple parameterization (not theory)
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* Axigluons or flavor universal colorons E6 Diguarks
200 <m < 1130 GeV/c? 280 <m < 420 GeV/c?

* Excited quarks e W
200 <m < and 760 GeV/c? 300 <m< 410 GeV/c?

* Color octet techni-rho RS Graviton (k/M,=0.3)
260 <m < 640 GeV/c? 220 <m < 840 GeV
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e Search in high-mass region for Z" (or Ggs) MY, ete
— Assume a narrow resonance
— Muon p; > 25 GeV/c, electron E; > 25 GeV
« Backgrounds include
— Drell-Yan, QCD, diboson, tt, bb
— Cosmic ray backgrounds significant but controllable

CDF Run II Preliminary
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.. 5 CDF Run 11 Preliminary
2 CDF Run Il Preliminary 10 : :
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- —=—— .BR(Z' — Il) limit {95% C.L) |
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« Limits have been placed on
— ‘Standard Model’ Z’ 2
— Randall-Sundrum graviton for k/Mp > 0.025 375 GeVie

— Z from E6 I N l

« Many results slightly exceed Run | jm:n pb” \

« See talk by K. Ikado (Tuesday) 300 a0 50 0 700 800
Z©® Mass (GeV/ ¢ ")
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CHArged Massive ParticleS -- heavy, slow, and long-lived enough to leave detector

NLSP lifetime vs. SUSY breaking scale

Number of tracks /0.1 ns

10° . M———
e« SUSY breaking scale and lifetime 10°
— SUSY particle decays to SM partner 10
are [Jto F2 ~ 10°
— VF not well constrained from 210"
~10TeV/c2 to near GUT scale E 0
S 107
107
CDF Run 2 Preliminary Enries 5266 5
[ i I I I i ' ' Mean -0.02381 10
10 F RMS  0.3529 'ID_G _
: 10
10"
; J.Ldt=53pb'1
0 k « Time Of Flight detector now installed
: ATOF = TOF of candidate — TOF at ¢

Aree (NS)
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e Backgrounds are from cosmics rays 10 o T T T Ty
and instrumental sources § 7 COoFRumzPreliminay 0

— Muon data used as signal sample Em E ] v, [JPredicted 1

— Checks made on many samples E : ;

10 } ,], .

e Expect2.9 + 0.7(stat) + 3.1(syst) i [La-sopw 1 j

events, find 7 (no excess) ! 3
T ey

Mininum A (ns)

« For limit setting, a long-lived stop is
assumed

— Initial state charge (~53%) and re-
hadronization probability (~43%)
effect &yigqer (~6% for 100 GeV stop)

Msiop >108 GeVic? at 95% CL
— ALEPH limitis M., > 95 GeV/c?

0 CDF Run 2 Preliminary L df= 53 pb"’

Production cross section (NLO)

== ¥ -: Cross section limit (Stop isolated)

Cross section (pb)

stop

0707780 90 100 110 120 130 140 150

2
Stop Mass (GeV/c)
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« Search in di-electron, di-jet data

« Exploit kinematics of leptoquarks by requiring: m_» de
— E-(jetl) + E;(jet2) > 85 GeV pﬁ/v q
— E.(el) + E{(e2) > 85 GeV Ta LQ— ge

— sqrt((ZjetE;)? + (ZeEq)?) > 200 GeV

CDF Run Il Preliminary, 72 pb-1

« Expect 3.4+3.2 events, observe 0 ; |
o = - Theoretical cross section, Phys. Rev. Lett. 79, 1997
— Limit on m(LQ) > 230 GeV/ c? g 028~ CTEQ4M, Q = m(LQ)
at 95% CL s L CTEQ4M, Q = 0.5m(LQ),2m(LQ)

4 02—

— RunlCDF+D@:M,q > 242 Gev =L CDF Upper Limit, 95% CL
2015
2
01

E m(LQ) > 230 GeV/c 2
0.05|
0:\ | | | | | | |

300 320
m(LQ) GeV/c*2

200 220 240 260 280
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« For LQLQ wvjj, we need a very good understanding of Missing Energy (MET)
« MET ‘cleanup’ includes corrections for...

— Beam halo cuts — Calorimeter timing cuts
— Event vertex offset — Corrections due to beam offset
— Jet reconstruction — Muons
. . »n 100 C ]
e Control regions studied before E ook CDF Run Il Preliminary |
‘opening box’ 1T} 80 | J-L dt=76pb’ ]
_ < < : ic> —s— [ata
45 . ME'T 55 (S|gna.l IS .55 GeV) 70F [ aw ewk prediction : :
—  Ag(jetl,jet2) > 165 (signal is < 165) 6oL [ +tiandacD :
— Number leptons > 0 (signal is = 0) sif 8 Unsenainty
5 : | :
ol T
30 | ]
20 |
10 F
o bl L el

1 2 3 4 5 6 7

Control Region
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e Limits set for 1st generation LQ mass > 107 GeV/c?
— Expect 42.5 £ 7.6(stat) + 7.5(syst), see 42 in data
— Run | limit (DO) > 98 GeV/c? on-—" LQ—> qV
A LQ— qv

e First step in a program of SUSY results
— Squark, gluino, or gravitino  MET + jets
— Stop, sbottom  MET + heavy flavor jets

CDF Run I.I Preliminary (.?6 pb |'1)

CDF Run II Preliminary

0

FEvents | N% CDF Upper Limit, 95% CL
QCD 7.3 “ﬂ._“mz B N\ Thecretical cross section (PRL 79, 1997) 1
W — ev + 2 jets 1.7 X N CTEQ 5M, B =0, Q=m(LQ) :
W — v + 2 jets 2.3 N CTEQSM, f =0, Q=0.6m(LQ), 2m(LQ)
W — 7r + 2 jets 10.3
£ = pp+ 2 jets 0.5
42 =77+ 2 jets 0.2 10 -
Z — vv + 2 jets 13.4 i '
tt 0.7
All 42.5 + 7.6(stat) + 7.5(syst) e
Data 42 60 GeV/c? 107 GeV/c?

60 80 100 120 140 160 180 20(_19_'
Leptoguark Mass (GeV/ic™)
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Signature is p+pbar

1 event expected with M, = M, (1 event found)
0 events expected with M., # M, (0 found)

08l

CDF Run Il Preliminary
.[L- dt=72pb"

95% C.L.
Exclusion Region

200 400 600

800

M., (GeV)
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SUSY2003

CDF Run |l Preliminary i
IL- dt=72pb”

— Total Background
Total Uncertainty
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T R N e T
| N 10'E CDF Preliminary, 84 pb~'  —
« Channel is sensitive to LED and - [ All events (5914) -
B I After track/vertex cut (2742) ]
Supersymmetry S 2 [ After cosmic ray cuts (1643)
— Careful Study of MET, COS[T]iCS, 3 10 = Il After beam background cuts (1587) =
and beam halo required § F -
— Backgrounds include W ev, s | B
w = 3
Zy VVy, cosmics = ]
 Optimize search forgqq Zy vvy - i
1E
0 50 100 150 200 250 300
Er (GeV)
= L L L L L B L " R AL AL
- CDF Preliminary, 84 pb "' .
« 18.0+2.1 events expected 10°L Eﬁﬁe”;"ge;’z‘g”\‘f" N (:g:f"”‘s 0028 ]
— ! = er Er> eV cu =
- [ Atfter cosmic ray/beam background cuts (350)
17 Observed E . Il Atter jet/track vetoes (17) .
— 95% CL upper limitis 10.2 events « 10 =
g E 3
— Corresponds to alimiton Aecof  § .
121 fb or 2.1 times expected Zy "0 -
contribution S .
— Run | result was 3.1 times Zy . L ]

0 50 100

o 150 200 250 300
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* Neutralino as NLSP yields signatures of yyMET from gaugino pair production

« Backgrounds from fake (QCD) and real photons (Wy, Wj, Z Ttt, diboson...)
— Two methods to estimate bkgnd; from MET resolution and Pythia yy, or sidebands
— 2 * 2 expected background for limits; 2 events observed

e Lower limit on mass of lightest chargino > 113 GeV/c? at 95% CL

CDF Run Il Preliminary (84 pb

ET>25, n'|<1.1

® Data
Jet background

oY

B eybackground

Evenis /5 GeV

O 10 20 30 40 50 60 70 80 90 100
Missing E- (GeV)

Steve Worm, Rutgers University
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 Motivated by Run |, many searches are underway

e Searched for yy/ in 84 pb-1
— > 20 GeV lepton, > 13 GeV photons, isolated
— 0.27 events expected in electron channel, less in muon
— 0 events observed in muon or electron channels

* Run Il Wy, Zy cross section measured for EL(y) > 7 GeV, AR > 0.7:
— o(Wy py) =19.8 + 4.5(stat) = 2.4(sys) £ 1.2(lum) pb (SM: o(Wy)=18.7 + 1.3 pb)
— o(Wy ey)=17.2 + 3.8(stat) + 2.8(sys) = 1.0(lum) pb

— 0o(2y) = 5.8 £ 1.3(stat) + 0.7(sys) £ 0.3(lum) pb (SM: é(Zy):S.S + 0.4 pb)
— All are consistent with Standard Model
« No eeyyMET events yet, but we are looking! ;z 26 Gov & Condaqie

ET =55 GeV 18
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« Arise in models with a Higgs triplet

— Naturally occur in Left-Right models: SU(2), x SU(2)x
— SUSY LR models predict low-mass H++ (~0.1 to 1 TeV)

 Use same-sign electrons, search for resonance

— Low mass region (<80 GeV/c?) used to check
backgrounds

e 0Oeventsseenin9l pbt
— Cross section limit set at 95% CL

Total Background

-
-]

CDF RUN Il PRELIMINARY
L=91 pb"

-
B

Systematic Uncertainty

Background at given H™ /H™ mass

Number of events
o [=] [=] -
B m [} - [*]

o
i

/‘\

L ] ] ] | S
0 100 110 120 130 140 150

H"/H™ Mass (GeV)
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H*+  p*u* backgrounds
— Cosmics dominate high end

— WH+jets are dominant below ~100 GeV/c?

3*%4 events expected, 2 observed (160, 760 GeV)

M,..> 110 GeV/c? at 95% CL
— LEP limit is 100 GeV/c?

N -

- L=97.5 pb™

Systematic Uncertainty

Background at given H™ /H™ mass

80 100 110 120 130 140 150

H"/H™ Mass (GeV)
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« Assumestop b/v (equal / Br)
Search for:

Stop in the Dilepton Channel, f — 17 b — 2 opposite sign dileptons
[ CDF [Ldt=107pb" ./ — >ljet

100 [ ZBrf—1vb) =100% 7 — Missing Energy

110

90

« Backgrounds include tt, Drell-Yan + jets,
BISBIBIZAN ; : ’
e o A di-bosons, ‘fake’ leptons, heavy flavor...
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 Two blind analyses performed:
— For small Am, p{(/2) > 6 GeV
— For large Am, p;(¢2) > 10 GeV
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 Rare decay rates can be modified by new physics
— Standard Model Br(Bg ~ p*p) ~ 109
— SUSY diagrams can modify the Br(Bg  p*W) to be ~ 108 or even 107/
e Requires precision tracking, understanding of fakes
e Search is underway...first results in a few weeks! b
. H
u
g S
£ b
c ury) ~ 3 x10°° H
E -
H
| | \ | | S

0 5 10 15 20 25 30
Integrated luminosity (fb™')
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Improved tau finding in Run |l

— Complete set of tau and di-tau triggers

— Revised tau finding algorithm
Hadronic tau charged track multiplicity

— Data fit to MC signal plus jet-induced fakes
Clear indication of tau in 1 and 3 track bins

Mass plotted for opposite-sign data
Finding Z Tt is a stepping stone to tau related SUSY and Higgs searches
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- A e e o AR AR s
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e ‘ 3 12 72 pb-1 =
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Overall, the detector is working well, and a multitude of searches
for new phenomena are underway!

e Results new to SUSY 2003 include searches in

Dijet resonances: EG6 diquarks, RS graviton LED, excited quarks, W™ ...
Dilepton resonances: Z°, RS graviton

Champs: long lived stop

15t Generation Leptoquarks: eejj and vvjj channels

Excited electrons: ee* eey

Photon-rich signatures: yMET, vy, yy¢ and y/,more

Stop: search results and prospects
Doubly-charged particles: H*  e*e*, p*p*

e Many more to come!
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7-8 silicon layers il 132 nsfront end
rQ, rz, stereo views %= = > i : . COT tracks @L1
ZMeX=45 )mex=2 = e " :\ i N SV X tracks @L2
2<R<30cm N 9P 20000/300/70 Hz

A s e L ' ~no dead time

2b’sor not 20’
Doubletags ¢
for Mg, H -

extended to d | = o(Up;) ~ 0.1%/GeV

n=15 calorimeter (faster, &

larger Fe,p, NO gap) a(hit) ~ 150pm
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