NEW CDF RESULTS

Mario Martinez
(FNAL)

On behalf of the CDF Collaboration

PLANCK'0O3, 6t" European Meeting
From The Planck Scale To The Electroweak Scale

CSIC, Madrid, 26t-31st May 2003




Tevatron

Main injector (150 GeV proton
storage ring) replaces main ring

New pbar recycler (still under
commissioning)

eIncreased /s (1.8 b 1.96 TeV)

More bunches
(6 b 36, 396 ns crossing time)

eTevatron Record Inst. Lumi:
~4.5 E31 cm-2 s-1 (to date)

(Run 2 goal: 2 E32 cm-2 s-1)
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CDF 11 Upgraded Detector

Upgraded Muon Detectors
New TOF Detector

New Plug Calorimeters
New Drift Chamber . = III:""'-.,E

New Silicon Tracking

New Mini-Plugs Calorimeters

New DAQ System

CDF detector working beautifully



CDF 11 D

CDF is taking Physics Data
since February ‘02

More than 170 pb-1 now
collected on tape

~8 pb-1/week

« >90% CDF data-taking
efficiency

Winter Phys. Results used
samples between 50 - 91 pb-1
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Inclusive Jet Production

CDF Run Il Preliminary

Js =196 TeV._
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jet : N Theoretical error dominated
E: range increased up to ~600 GeV by PDF's (gluon at high-x)
Systematic errors dominated by 5%

e-scale uncertainty...to be reduced ..agreement within uncertainties...



Highest Mass Dijet Event

Dijet Mass = 1364 GeV

E, = 666 GeV
h= 043
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ST == ' CDF (f -r view)

E, = 633 GeV
h=-0.19




s'B(Z°® ')

CDF Run Il Preliminary, 7’2pl::'1
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A\: asymmetry (Z°® ete-)

Forward-Backward Asymmetry

ds(cosq>0) - ds(cosq<0)
ds(cosqg>0)+ds(cosg<0)

A =

Direct probe of g Z couplings
(sensitive to new physics)

High mass unique to Tevatron

Results consistent with SM

..waiting for more data...
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s-B(W ® In)

CDF Run Il Preliminary, 72pl::’1
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W/Z Production Cross Sections
I | E%]@J
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Gy -B(W—1v)

- NNLO Nucl. Phys. B359,343 (1991)
Phys.Rev. Lett. 88,201801 (2002)
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..good agreement with NNLO predictions ...
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W%tn and Lepton Universality

“e Clean W->tn decays

5 6

7 8 9 10
number of tracks

o / g
e Baseline for t's analyses .
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2345 candidates (72pb-1) ;
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Top Quark Physics

e Top decays as a free quark
= typ ~ 4X102°s
- BR(t->WDb) ~100%
« Measured decay signals (to date)
— Dilepton
e 2 high-p; leptons, 2 b jets
e Missing E;
 BR (e,m: ~5%)
e Backg-> W+jets, fakes
— Lepton + Jets
* 1 high-p; lepton, 4 jets (2 b's),
e Missing E;
e BR (e,m ~30%) _
e Backg-> WW,ZW,Z ® tt,fakes jet b-et

s (Vs =1.96TeV)»1.30" s .(v/s =1.8 TeV)

b-jet



Lepton + Jets Candidate
I

~ CDF Il Preliminary - m***" = 178.9 GeVic®

1np

mee = 94.9 GeV/e?

1 Muon 50.5 GeV

-E-O.ﬁ-:—

o L

> 0.4

0.2
0 - Jet3 57.8
02 7
B 7 Jet2 69.7 GeV
-0-4__|.4" .:|-||||||||||||||||||||||||||||||
-1 08 -06 04 02 0 0.2 04 06
X (cm)

e Muon ; ot ETJ = 967, 65,8, 548, 338 GeV
sl | Missing E;= 40.8 GeV

* photon




Top Cross Section
(Dilepton Channel)

Signatu re CDF Run Il Preliminary - A vs §, ijzz, After all cuts
: 3.5

— Two high p; Isolated leptons - _[ ] o _—
- Veto Z, cosmic, conversion nd LelnTeP i B
- DF(E4,1/73)>20°, or Missing E>50 GeV W Data pp
- Missing E; > 25 GeV s * Data e
- Two jets with E;>10 GeV % 22_

- Total E; > 200 GeV g [

Expect S/B ~ 9, S~2.5 151 ® X

Find 5 candidate events in 72 pb* & [ £ >

Expect 0.3 + 0.12 backg. events :
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S1¢=13.2 £5.0445¢ £1.54,pb ot



Top Cross Section
(Lepton + Jet(s) Channel)

Signature

— One high p; Isolated lepton

- Veto Z, cosmic, conversion

- Missing E; > 20 GeV

- 3 or more jets with E;>15 GeV
— 1 jet with secondary vertex tag
B tag improves S/B 1/6 23/1

15 candidate events in 57.5 pb-!
Expect 3.8 £ 0.5 backg. events

S t=9.3 1.9, £0.84spb

Number of tagged events
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Top Production Cross Section

CDF Run 11 Prellmlnar}

+0.71
NLO 457_088 pb

@ Mtop =175 Gev
(hep pM0303085(ML Mangano et al))

10 15 20 25 30 35 40 4:
S {Pb)

cIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

&)

..updated results to come during summer...



Top Mass
(Lepton + Jets Channel)

Lepton + 4 jets (no b-tags required)

24 possible combinations

b-jet

— 12 for parton-jet match

— Every combination has 2 solutions
for neutrino’s z-component

1
Impose -
J
Miop = Mto_p
M(J.J) = M(,u) =M,
PDG : My, Gy Gop et

b-jet
2-C fit applied and combination with J
smallest ¢ * value is chosen



Top Mass Templates

CDF Il Preliminary (72 pb )

1401 ] E
. 1203_ Herwig 175 GeV/c
e Reconstructed top masses = 1o0- x2/ndf=1.12
from data are compared to g sof signal
parameterized templates of £ ®°F
40—
top and background Monte & s
Carlo events obwel o s i
100 150 200 250 3002 350
Reconstructed Mass (GeV/c )
70
w BOE Vecbos
(] :
: : : = 50 2/ndf=0.96
« Alikelihood method isused & | E A
- o =
to extract the the final top 2 200 background
mass value 2 20F
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Top Mass

CDF Il Preliminary (72 pl51)
M., =171.2£13.4£ 9.9 GeV/c

Use a continuous likelihood
method to extract top mass and
statistical uncertainty

M,,, IS the minimum of the log-
likelihood distribution

Stop COrresponds to a change of
0.5 units in the log-likelihood

Meop = 171.2 + 13,4, + 9.9, GeV/c?

top sta

CDF Run 1 combined:
M, =176.1+6.5 GeV/c?

top

N
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..Syst. uncertainty dominated by jet e-scale...



WW=1Inn Production

q w q w* CDF Run Il Preliminary -A¢o vs E, N _=0
3.50
w . B MC WW
3 ® Data ese
E H Data pp
it W o = ] - # Data ep
q’ =3 - = :
9 " E 2 o™ _[ L dt=72 pb’
e Signature i
— Dileptons & Missing E; = 2
— Df (Missing E, , I/j)

JIlII.II.JtJlJiI

: i B
20 40 60 80 100 120 140

E, (GeV)
ee nmm em Il
Backgr. 0.29+0.13 | 0.47+0.19 | 0.7720.60 | 1.53+0.64
WW-linn | 0.55:0.13 | 0.66:0.15 | 1.58:0.36 | 2.79:0.62
gy Data 1 0 1 2

Consistent with SM ....waiting for more data...



Signature

W(Production

CDF Run 2 Preliminary L=72 pb -1

— One high p; lepton I —
— One photon (DR(g-1)>0.7) Sl I e
_ - - E B D QC D+Zp+rey Backgroned
Missing E- - [==rsmsomms
Z L =
CDF Run 2 Preliminary L=72 pb -1 20 __
210°F
f.'J C . Dat @1 Bk
:{I ' D W r+Backgronsd 10 -_
£ I
-4 D QC D+Zp+tur Backgroned i
L DZml.r_vﬂadigmnd B _I_._ _|_
10 | . = -. N ! _'_I_l :h 1,
—I_ 00 20 40 60 80 100 120
Transverse Mass (GeV /czl
Sample | Back. s*B(Wg-->Ing) (pb)
E e 43 33% | 17.2:3.844.#2.84,6t1.01y
f el m| 38 20% | 19.8+4.5,,+2.4,,+12,,,
0 20 40 — 60

Photon Et (GeV)

SM: s<B(Wg-->Ing) = 18.7 £1.3 pb




Events/7 GeV

ZJ Production

Signature
— Two high p; leptons

~ One photon (DR(g-1)>0.7)

CDF preliminary 72 pb’

18
16
14
12
10

IIIIIII|III|IIIIIII]III|IJIIIIIIIII|I!III

P = O 0

@ [ata
D Zy+QC0 Background

[ ccoBackground

=
=

0 60 70
Photon E, /GeV

20 30 40

CDF preliminary 72 pb’"

- L
3 I e Data
o 10—
- L [[] z+aco Background
W L
t | D{EDBa:ngaund
W
Lﬂ B._ | i

6l 'L

4—

z.-.—

O 20 a0 &0 100 120 140 160 180 200

di-lepton invariant Mass /GeV

. Sample | Back.

s<B(Zg-->1lg) (pb)

el 1 4.6%

5 - 5i1.7statio.63ysio.3|um

14 4.0%

6.041.6545¢+0.7yst0.4 ),

SM: s*B(Zg-->llg) =5.4 £ 0.4 pb




Following up Run 1 anomalies

ggee + Missing E+

e Candidate

ET = 55 GeV

It was proposed as possible SUSY candidate

..e.g., radiative decay of neutralinos...
(GMSB scenario where gravitino is the LSP)



Run 11 Diphoton Search

Two central photons E>13 GeV
Cosmic and beam halo rejection Good agreement with SM

] CDF Run |l Preliminary (84 pb "'} [_Diphoton Mass ]

=10 Sk 1 S RN RN R R R LR REEE RN R
v EP>13, 011 3 & T F COF Il Preliminary, 84 pb™
O F Dat ] 3 ﬁata,Eg):dg Gov
Y 10 s Data 4 = [ | | Non-yy bg + Pythia vy
o | Jetbackgrond 3 Z oL |- e .
$ 10 11 4 ° ]
- 3 ]
> C i . B'x TR i

o E M ey background 3 e
1 E i = 3
K : - i
10 E |
. e eV =
10 i 1 IR N T N T T
0 10 20 30 40 50 60 70 80 90 100 0" 20 40 60 50 100 120 140 160 180 500

Missing E. (GeV)

..no Diphoton + Lepton(s) Events Observed...



Drell-Yan Spectra

* Two high pt isolated electrons e Two high pt isolated muons
 No significant Missing Et . veto against cosmic rays
CDF Run IT Preliminary CDF RUN Il Preliminary
L] Data N
Drell - Yan

QCD Background
TT, WW, WZ, tt

—e—— Data

] DYZ->pp, DY Z->tr, WW, WZ, t1
B Dvzoo, ww wz tt

10’

(%]

—
o

L~72pb™*

Events / 5 GeV/c 2
[ ]

-
o

J.Ldt =72pb

Bvents /5 (GeVic )
— o

——
=

11 1111 1 | | 10 1 1|
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400

Dielectron Mass (GeV/c 2) Dimuon Mass (GeV/c 3
Mass > 150 GeV ee mm
Events Data 63 4

No excess observed

SM Expected 62.8 5.16




New Limits @ 95% C.L.
(SM-like coupling)

M(Z’) 95%CL
Limit (GeV)

electrons > 650
muons > 455
combined > 665

2
10 g -1 - T 1 T T T T - T T T T T T T T [ T T T - ]
: —=— G.BR(Z — II) limit (95% C.L.) |

6.BR(Z —1I) (LO x 1.3)

(SM couplings assumed)

5.BR(Z' — II) (pb)

—t

665 GeV/c?2 |

10"}

-2
10 200 300 400 500 600 70 800

Z' Mass (GeV/c 1)

sBr(Z'-> 1l) < 0.1 pb for M(Z’) >500 GeV



Randall-Sundrum Graviton Limits

e Two free parameters :

Excited graviton (spin-2 KK resonance)

5 CDF Run 11 Preliminary
10 [ T T T T T T T T T T
i G- Br(G 1) imit(95% C.1..) i
3 o Br(G-—11) PYTHIA 1.3
Lo [ Randall-Sundrum Maodel
= [235Gev/ic? i} 1
S0 370 GeV/c ~ 5 i
= 5 550 GeV/c ™
T
S
~0
()
-3
10
-5
10 : ' ' ' : ' ' '
200 400 600 80

Graviton mass (GeV/c 2)

M(Graviton), k/M(Planck)

* k/M(Planck) determines the
coupling and resonance width

0.1

0.08

E 0.06

k/iM

0.04

0.02 |

)

CDF Run 11 Preliminary (72 pb

Randall-Sundrum Graviton ,»’/
- 95% C.L. Excluded Region 4
- in dilepton decay mode //
i >
.-""f’j
E o
e
[ .-',..-"'/
-’-'-_d_.-"
.-"'ff

M(G) > 550 GeV @k/M, =0.1

300 400 500

2
Graviton mass (GeVic )

600



Search for Resonance in Dijets

Prob 0.6569
=, p(;° 131e+16 +3502¢+15 i ]
2 P 02753 101108 ConSISten_t Wlth SM shape |
S0 p3 seso 005742 |, USed to set limits on new physics..
Q =
K10 3
% =
A 'E Search for New Particles Decaying to Dijets
Q, 1[0
510 §_ I L B B R I L L S L L I
102 L : CDF Run 2 Preliminary (75 pb™) 1
_ = | CDF RUN 2 PRELIMINARY 3 5 i
10 E o  DATAFS pbY) 103 - Axigluon or Coloron —
o ;_ W ™ f , % 4 / 260<M<1130 Gev Excluded ]
5 L Ib\l e L .:h "n“_ Excited Quark i
200 400 600 800 1000 1200 1400 T N / FO0<M<780 GeV Excluded
DUETMASS (GeV) : e, ™, S~ Color Octet Technitho 1
" . r = .. 2B0<M <840 GeV Excluded -
New Particle Limit (GeV) - <, m ]
; 10 F 7 — IS S -
Axigluons/Colorons | 200< M <1130 : . :
LW 2, 5
Excited quarks 200<M <760 | [ “oeMemeseEe il
] E Ea Diquark ] 3
Color octet techni-r’s | 260< M < 640 f 200<M<420Gov Excluded 7 2
. i @ o5% CL Upper Limit
E6 diquarks 280 <M <420 [ 'L 20, wossr<zs 1
Z/\W 300 <M <410 | 2055 5es " abe " hosheebo6 ooe 1166

New Particle Mass {(GeV,/c®)



Randall-Sundrum Limits from Dijets

Search for RS Gravitons Decaying to Dijets COF Run Il Preliminary (75 pb™)

o.B(G—>dijets)(pb)

1045' L T T 1T I T T 1T | LI | LI | T T 17T | L L | ! LS R ) | LI | T lE Ei Ov:” | T T T | T T T T | T T T T | T T T T | T T T T | T T T T T T |
. CDF Run 2 Preliminary (75 pb™") 1 S i Randall-Sundrum Graviton |
L I 95% CL Excluded Region ]
@ 95% CL Upper Limit =075 | W e -
10%E = = L in dijet decay mode _
B 0 o Theory {LO x 1.3) ] 3 i d
L 5 Randall=Sundrum Model | |
1 0.2 - s
102 E [ ]
I | Q.15 -
10 F E i 1
E % ] 0.1 k- )
kb 5 2 i ]
: i N § [ -
B Y ] 0.05 - =
1 I 4—/%«\”‘ . . : :
o Ny e T _ - T
10 5 1 a1<2.0, lcos®'|<2/3 @i, moe. B s 1
C “. "\ A | PN N RS N [T N T T (NN TN T TN N N T M T N N T T A NN NSNS N SO S S
] N T | | 11 1 1 I 11 1 1 | ] I T | | 11 1 1 | 11 1 1 | 11 11 |‘\I 11 | [ 1 I\"I 1 00 300 400 500 600 700 800 goo

200 300 400 500 800 700 800 00 1000 1100

: 2
Graviton Mass (GeV/c?) Graviton Mass (Gev/c’)

Dijet channel excludes region: k/M ~0.3,200 <M <800

Planck dijets



First Generation Scalar LeptoQuarks

LOLQ - e*eqq

e 2 high E; electrons, 2 jets

O events observed
e Background: 3.4+3 events
e Limit: M(LQ)>230GeV/c?

Search for first generation
scalar LeptoQuarks

| CDF Run Il Preliminary, 72 pb-1

k=2
[ o]
[+, ]

BriLQ->eq) x Cross-Saction (ph)
=1
(%]

0.05|

0.1F

Theoretical cross section, Phys. Rev. Lett. 79, 1987
CTEQ4M, Q= miLQ}
CTEQ4M, Q = 0.5m(LQ},2m(LQ)

— CDF Upper Limit, 95% CL

—=

240 260 280 300 320
m{LQ) GeVic*2

ox(1-B)* (pb)

10

LQLQ ->nnqq
e 2 high E; jets, large E;
42 events observed
e Background: 43£11 events
e Exclusion:60<M(LQ)<107GeV

CDF Run Il Preliminary (76 pb I*)

——s—— CDF Upper Limit, 95% CL

el

B0 GeVic®

107 GeVic?

b° Br(LQ ® eq)

Theoretical cross section (PRL 79, 1997)
------ CTEQ5M, p =0, Q=m(LQ)
CTEQS5M, B =0, Q=0.5m(LQ), 2m(LQ) -

60

80

I1m .

120

140

" 160

180

200

Leptoguark Mass {Gewrszj



Number of tracks

—

—

—

Charged Massive Particles

O -F. . e rrroee|p e .1-
; CDF Run 2 Preliminary ]
[ . = Observed

0 F ¥ Predicted] o
3 # EI 3
[ i i

0 F } + E

1 [ J‘Ldt=53pb'1 i ]
F. PRI R NS T T TN T TR T T NN TR T TN N T T T N [ TR N T | .3
0 0.5 1 1.5 2 25 3

Mininum A, (ns)

SignalRegion: DTOF >

7 events observed

2.5ns

(Background: 2.9£3.2 events)

Candidate: stop
- NLSP in GMSB
Limit: M(stop) > 108

GeV

* Long-lived charged particle

* Massive - Slow moving

e Use time from TOF data

e Define DTOF as difference w.rt.
a particle moving with speed =c

CDF Run 2 Preliminary

Production cross section (NLO) -

= =% -: Cross section limit (Stop isclated) -

Cross section (pb)
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Limits on Excited Fermions
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SM Higgs Prospects
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: Run 1la prospects (2 fb-1)
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Summary

e Tevatron performance gradually improving...

e CDF detector working beautifully and taking
data with great efficiency.

 Many results already presented in all fronts!

..very exciting years to come!....lots of physics!...



