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Detector and Offline
Operations



The CDF Detector showing
Run 2a Upgrades
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Data

Recording @ «: .- %!

Efficiency

~ commissioning @ physics E March 2003
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“March 2002 T +«— ~180 pb! delivered
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Trigger Table and Rates

& Complete physics trigger table

» ~140 triggers (e, u, 1, v, v, jets, displaced track, many multi-object
paths)

» L1 rate limitation at 12 kHz is being removed
» Dynamically prescaling some hadronic B triggers of lower purity

@ L1, L2, L3 trigger rates
» With luminosity of ~ 3 x103' cm2 s
L1=11.5 kHz
L2 =250 Hz
L3 =50 Hz
Total trigger deadtime < 1%



Central Outer Tracker (COT) used to select high P,
tracks at L1 Extremely Fast Tracker (XFT)

Use COT axial
track segments XFT P, turn on
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Measured XFT AP./P,%2 = 1.65%
Measured angular resolution 5.1 mrad.



Silicon Trackers

Stable data taking since June shutdown
>90 % of the Silicon is integrated

Sub-detector | Running % | S/N rd (z)

LOO 97.0 % S/N 10:1
SVXII 92.5 % S/N 14:1(12:1)
ISL 89.0 % S/N 12/1(12:1)

& Now working on minimizing:

+ inefficiency at the beginning of each store

* Error rate

@ Upcoming Challenges
« Higher trigger rates

« A good maintenance plan for stable operations

in the years to come
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SVX used to select displaced vertices at L2
Silicon Vertex trigger (SVT)

Impact parameter distribution
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Impact parameter d,
measured at L2

This distribution is the convolution of the
actual transverse size of the beam spot with
the impact parameter resolution of the SVT

sigma ~ 50 um ~ 43 um® 25 um

VA

SVT resolution beam spot size

/ Displaced
Vertex
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Offline data processing

@ L3 Farm: 8 output streams split based on L3 decisions
» 230 dual CPU's, 20 Mbytes/s to tape, event size 300 Kbytes

& Offline production: split into 35 datasets
» 170 dual CPU's, 3-5 seconds/event, event size 200Kbytes
» 35 datasets split on L3 trigger bits
» Process 5 million events/day sustained, 10 million/day peak

& Data analysis system

» 300 dual Athlon CPU's (1.4-1.7GHz) with ~ 100 Tbytes of disk
» Robotic tape storage (StorageTeK) accessed over network
» Datahandling via Enstore (tapes) and DCAHE (disk)

13



Offline data processing

& Monte Carlo event simulation
> Have used excess processing capacity on reconstruction farms

» Moving to a distributed model of MC event generation in US, UK,
Canada, Italy, Germany, ..)

& Physics analysis for Winter Conferences
» All physics quality data up to January 2003 shutdown reprocessed

300 million —» . e

Red: events from DAQ

200 milli = Blue: events reconstructed
million -

Events processed
by offline
reconstruction

4 4 14

Feb. 2002 Feb. 2003



Physics Analyses

Top
‘Electroweak
-QCD
‘Bottom
-Exotics
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Integrated Luminosity for Physics

Total data recorded to tape (~130 pb!) includes that taken early
in Run 2 when detector was not fully commissioned.

Data acquired over past year ~ 100 pb-!

As of end of October 2002 JLd’r for physics:
> Jet measurements 85 pb-!
> High Et electrons 72 pb-!
> Top lepton plus jets with B tags 58 pb-!

In October the silicon detectors were integrated in 98% of the
data good for physics.

Now working on improving recorded data -> physics data efficiency

16



QCD Physics with Jets and Photons

& Jet structure
& High E, probes with inclusive jets
& Particle searches with di-jets

17



Starting with the basics ...
jet structure and underlying event

Measure E+ with
calorimeter towers
and
tracking chambers

1 ET(O:! T) .
= ——Tijets ¥
w(r) Niets Y= B0, R) Study ¥(r) and jet energy flow
wir=R)=1 Compare to PYTHIA(6.203) 2->2 processes

plus CDF detector simulation

18



Jet structure

Central Jets Forward Jets
Good agreement with PYTHIA New plug calorimeter

and detector simulation Needs some simulation tuning.
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8 T o maons R=0.7 o — {30<EF<40GV) PATA sz[?s < EM < 95 GeV)
0 - (40 < EX < 55 GeV) | — T
- ] S (55 < £4 < 75 6at) O --- (85 < EM< 115 GeV)
% 1 = ; 0 = | ‘ I I | | | ‘ | I ‘ I I | L1 ‘ I T - ‘ | I | |
[ C e P C £
S0.75 = - ,ﬂ\i 1 £ o7<ig®i<1a EE R T o I
05 [ I0<EM<406ev | E 7 40 <EM<55GeV = - A
- ; 5075 = =
0.25 [ a c ;
F F 05 = 4 ~ =
L 0 I | I | | I ‘ L1 11 ‘ E1 111 | N | ‘ | I | ‘ | I ‘ C *
x| E 3 0.25 - =
E é é S~ Of\ll\‘\\\ll\\\\ll\\ fl\l\ll\\\‘\ll\l\\l
5075 3 = o 1 E 14<I9*%1<23 E o 14<I®I<2.3 -
05 55<EM<756eV | [ & 75 < EF* < 95 GeV ™~ B E
E C S C C
0.25 [ - 3075 B
. oF | | l L E | l l \ 05 & -
& E = 0.25 = * -
[ - C C C E
;"/0,75;— ;— # 0’\||\\\\\||\\\\\||\\\’|\|\||\\\\\||\\|\\||
05 ; 95 < EX < 115 GeV ; g 115 < £ < 135 GeV 0 0.25 0.5 0.75 10 0.25 0.5 0.75 1
oos | - r/R r/R
E I NS SN |- N B S

0 C11 11 L | 1 | L | L1 11 L |
0 025 05 075 10 025 05 0.75

r/R r/R CDF Run IT Preliminary

—_

19




Di-jet studies

Dijet Mass = 1146 GeV
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>500 GeV cross section larger by 3

Due to increased COM energy 20



Particle Searches with Di-jets
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Electroweak Physics

W and Z boson production
e* e- forward-backward asymmetry
Di-boson production
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& Clean signals of inclusive W and Z bosons are the first step in CDF's
precision electroweak physics program

& Measurements based upon 72 pb-! of data :
> W->ev,uvand tv >
» Z -> eeandpup >

Charged A Compare o(W)*BR(W->t v)
particle ™ =¥ to o(W)*BR(W->e v)
multiplicity ™} =i
fromW ->1tv ™} l
candidates |
m;h_ 9’[ / 96 = 0.99 i 0.04

L L
2 3 4 5 s T &8 & 10
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W->puv

CDF Run Il Preliminary, 72pb ™
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+0.09,.,+ 0.16,,. nb

W, Z production and T'(W)

GW* BR(W%GV) - 2'64i0'01stat syst lum NNLO Prediction
Gy* BROW>pv) = 2.64+0.02,,+0.12  + 0.16,,, nb 2.69 nb
Gy* BRIW>1 v) =2.6240.07,,+0.21 , + 0.16,,, b

* = + + +
6,* BR(Z>ee) = 267 + 6, + 15 + 0.16,,, pb NG Frosglitior
cFZ* BR(ZQH“) - 246 + 6stat:|: 12sys‘[ + O'lslum pb 252 pb

o,* BR(Z=>11) = in progress

Measure R(e) = o(W)*BR(W->¢ v)/ 6(Z)*BR(Z->¢ ¢) and R(u)

(W) =

_olpp = W)ITW — ev)l'(Z)

[(W)=229+0.12GeV from R(e)
'(W)=2.11+0.09 GeV from R(u)

olpp— Z) I'Z — ece) R

PDG value
2.11 + 0.04 GeV
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Sensitive to new

neutral gauge bosons

do(gg— Z/v—=£t47)

dcost

A =
FB Nt Np

Np —Np

Measure 0 in Collin-Soper reference frame

o(cos @ > 0) — o(cosd < 0)

a(cosf > 0) + ocosf < 0)

asymmetry

A(1+ cos®6) + Beosd

Data: e* with Et > 20 GeV, [n| < 3.0

SM ZGRAD, Pythia with CTEQ5L

<E 1[- CDF Run Il Preliminary
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Di-boson production

& Measurements of di-boson production provide tests of the SM and are

hecessary parts of the program for Higgs boson searches

q

> eg. pp>WZ+X and pp->WH+X :
v similar decay channels Z,H->b b
v’ similar radiation X from color singlet pp production =

> WW ,ZW , WH, ZH also have similar detector demands M

e o

w* w*
w w
q w w
q z : z

a

& Current data allows the first look at WW production
Done in conjunction with top studies in di-lepton channel i

T z

top pairs t W W plus 1) ~
PP t two hard B jets il i) ke

W+

W pairs W W plus F WA ~
P W- soft gluon jets SHby B~ L8 e
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WW production

& ee+puu+ep c ~ 0.05*13 pb —
& Central, isolated e, p Et > 20 GeV, missing Et > 25 GeV
& Lepton cuts the same as for top di-lepton selection
& Rejection of top background: no jets with Et > 10 GeV within [n|< 2.0
ee uu ep
relative acceptance 019 025 056
signal/background 2.6 1.8 2.9

CDF Run II Preliminary
Source ee b el £
Drell-Yan ete~ 0.15+0.08 0 0 0.1540.08
Drell-Yan ptp~ 0 0.334+0.15 0.1540.08 0.49+4+0.17 Da‘l’a: 2 even"'s
Drell-Yan r+7~ 0.010 +0.004 0.01240.005 | 0.033+0.012 | 0.056 & 0.014 SM"'bGCkg. - 3.9 i 0‘7
WZ 0.010 +£0.001 | 0.01740.002 |0.029 4+ 0.003 | 0.056 & 0.003
Fake 0.034 4-0.034 0+ 0.011 0.31+0.29 | 0.343+0.293
tt 0.0038 4-0.0025 | 0.0033 4- 0.0021 | 0.015 4- 0.006 || 0.022 & 0.007
Total Background 0.21 +0.09 0.37+0.15 0.5430.30 1.12+0.35
WW — dileptons 0.54 +0.12 0.65+0.14 1.65+0.34 | 2.744+0.59
Run 2 Data 1 0 1 2 28




Top Physics

@ top pair production using ee+up+ep
@ Ttop pair production using e, u + jets
@ first look at top mass in Run 2

c~005 o(tt)
c~030 o(tt)
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Top physics in Run 2

In pairs via the strong interaction G ~7pb

t

9
85% >Wmm< d Major focus of Run 2
. t [ World's knowledge based on ~ 100 events

[ Top is special among known particles

& ! T Y T T B e
()
15% |
g ! & ywoswosyrr v !
- £
102 e
Singly via the electroweak interaction G~ 34 pb
q . — 0 & . =
[ —
L 'E 3
q b %
! =L =
q > > q q E
o w i
70 /O W t 10 '2? d 4
b = |
b » > t g L . ]
" w0 E
o g t SR NN | R e
4% ? ., i ) _
A ¢ 0
b W b ———»——— 30




Top studies from di-leptons

& Measurement based on channels with ee+up+ep == o ~ 0.05*7pb

& Kinematic selection cuts:

» eand U central and isolated with E+ > 20 GeV

(

(1) acceptance = 0.52+0.05%
Signal/background ~ 8

Data: 5 events
SM 1t +backg.
=28+0.3

> At least 2 jets with B+ > 10 GeV within |n| < 2.0 {
> Missing Et > 25 GeV
> Hr (scalar sum of E+, leptons, jets) > 200 GeV
. . . \
> plus various background rejection cuts ( Z veto, jets and leptons away from £ ...)
Events per 72pb ! after all cuts
Source ey 144
WW/WZ 0.050 + 0.025 | 0.091 + 0.046
Drell-Yan - 0.10+ 0.07
Z =TT 0.030 + 0.018 | 0.065 + 0.040
Fake 0.02+0.02 | 0.04+0.03
Total Background, B 0.100 £ 0.037 | 0.30+ 0.12
tt — dileptons 1.44 +0.16 2.56+0.3
Total SM expectation 1.5+ 0.2 2.8+ 0.3
Run 2 data, N 3 5
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Top studies from di-leptons

Lego view

Run 154654, Event=7344016 [top pp candidate]
o Pip) = 57 GeV [ CMX ]
o Pyp) = 53 GeV [ CMUP |
o E(jet) = 32, 15 GeV (2jets)
o« MET = 54 GeV
o M,, = 69 GeV
o H, = 212 GeV

+—— 3 meters —
Tracking view

23] Brimary
n, / vertex
Secondary ’ Je
vartex Tom=—a | tz

Jet;

Vertex view
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Ad (MET, lepton or jet) ( radians )
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L et
* el
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A {20 140
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o(tt) =
+45
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Kinematics of di-lepton tt candidates
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Top studies from lepton plus jets

& Measurement based on e and p plus jets channels == & ~ 0.30*7pb
& Select W->e v and pv using standard cuts

» eand U central and isolated with Et > 20 GeV
> Missing Et > 20 GeV
& Select jets with E+ > 15 GeV within [n| < 2.0
» Use silicon SVXIT detector to tag the jets with b decays
& Backgrounds determined from data and SM Monte Carlo simulations

> Fake W's

» W bb, W cc and fake tags

> Wec I

> WW WZ \ Yy

> >t - )ﬁ«i‘ ~

> Zbb Zcc P ,.\&'S\\\\p_
: m

> Single top 'll‘\ \\’ q

- q
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‘ b-tagging efficiency with SVX detector

& Jet b-tagging efficiency electron events

€
Semi-leptonic T\
b decay \

Away jet

Require b-Tag to
enhance b-flavor

Q.7

0.5

0.3

0.1

0

0.6

F .+.:-+':'+*'+.¢.++H'++ +++++ .

0.4-

- B-Jet Tag Eff. (Herwig tt)

3

iy

0.2-

TR S T ST S R [N T S S A S S S T S IS T N
20 40 60 8 100 120 140
JLET

& fraction of b-tagged events in tt with 3 or more jets with |n| < 2.

e(event tag) =45+1x5%
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W events with b tagged jets
from 57.5 pb! of data

OO
25—
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=

£
g
)
g
s
5
5

[ mistags
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] Wee
B nonw
= Wwe

B WWWZZ 1t

[ Single top

] Tot bkgd +1
-1

3 3.5

Number of jets In Wajets

Top studies from lepton plus jets

Use excess events in » 3 jets bins
to measure the top cross section

Data = 15 events
Background =3.8 + 0.5

A

c(tt):=
5.3 + 1944t + O-Ssys + 0.81ym

Number of tagged events

—— Bachground

== Bachkground errors

— Background + t1
[l Bhgna + ttemors
% Data (575 pb )

- CDF Preliminary

~1

o

CDF SECVTX o(pp it (pb)
Ch

N
WP oo o o1~

(4%

® Data
MRST PDF
CTEQE PDF

Theory results from M. Carriari et al.

Mgy = 175 GeVic” My /2 <pi < My,

Number of jets In Wajets

—
o

16 17 18 18 2 21 22 23 24 25
Tevatron energy (TeV)




Top Mass with lepton + jet channel

33 (13 11, 20 bgrnd) events without b-tagging 11 (9 t1, 2 bgrnd) events with b-tagging
4 jets with Et > 15 GeV (4™ jet Et > 8 GeV)

M, = 171 +14_5(stat) +- 10(syst) GeV/c?

CDF Il Preliminary (72 pb ™)

M., =171.2 + 13.4 + 9.9 GeV/c®
10 'I:l Data (33 events) 0. il - i i
9 E Z:kg:lu:z X / s F CD§F Run | | B-tagged Events
N’J 83:\ Events it e 9 éﬂj 52_5 :_H‘Rrglimi.n?ry.. Data
S 7F L a [ -
rr : : 2-_J.Lfdt.x..sﬁpb.?.;.........._.. Wob bigd
0 6_ OG0 165 170 175 180185 190 u’j r i . _
Te) 55_ Top Mass (GeVic’) B C 175 GeV it MC + bkgd
o 4F S
L - - H i H
> f - | i P
10 e~
0: Ll J | —— L + | VI f 111 i 1 | L1 1 k L1 | _||_|_J_I_ 4 ﬂ
100 150 200 250 300 350 PUU 120 140 160 180 200 220 240 260 62%? ,
2 evic
Reconstructed Mass (GeV/c") Reconstructed Top Quark Mass, B-tagged Events

37



New Phenomena Searches
RunII Results

Z' and Randell Sundrum Graviton
Leptoquarks in dielectrons + jets channel
CHArged Massive Particles--CHAMPS

Doubly charged Higgs--H++
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G-Br(Z’— ee) (pb)

/' and RS-Graviton Search

) CDF Run 1I Preliminary
10 ! ! 1 1 T
——e—— 5-Br(Z'— ee) limit (95% C.L.)
G-B1(Z'— ee) prediction
10 (LO calculation x1.3) i
650 GeV/c
1 L .
-1 N
" \
L=72pb"
2
10 1 1 | |

2000 300 400 500 600 700 800
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5 CDF Run 1II Preliminary

10 | . .

—— 5-Br(G—see) limit(95% C.L.)

G-Br(G—ee) predictions
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Lepto-quarks and H™

Search for first generation

scalar LeptoQuarks CDF Runli Preliminary, 72 pb"' :_9‘200 ] [T T T L N N N Y L Y I I I B |
E - \ Theoretical cross section, Phys. Rev. Lett. 79, 1997 g CDF RUN I PRELIMTARY N
§O% 1\ CTEQ4M, Q = m(LQ) = SLdt=291pb ]
9 E = i) B
E N \\ CTEQ4M, Q = 0.5m(LQ),2m(LQ) u['; 150 95% CL Limit N
S B n - |
= \ CDF Upper Limit, 95% CL 0 LO (PYTHIA) x 1.5 |
2015 © -
gk i ]
s 100 1 —
0.1_— i _
0.06|— .
L | | | | | | - 507 N
0"—200 220 240 260 280 300 320 1 .
m(LQ) GeVic”2 B -
2 o D‘

M(LQ) > 230 G@V/C @ 95 /° CL 100 110 120 130 130 150

H** /H™™ Mass (GeV/c?)
Run I > 220 GeV/c? Same sign dielectrons-10% mass bin

O events observed 0 Events Observed

. Background Z dijet W/Z+jet
(Scalar) LQLQ>eejj ? J 3
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CHArged Massive ParticleS

10 F " rrrrrrrrrrrrrrrrrrrrrr el
g E *  CDF Run 2 Preliminary
g = = QObserved
B 4n2 .
10
g |=‘ . EIPredlcted
£
=z '
10 ¥ {_
] J- L dt =53 pb’ t
M PEEFEE B R SR TR RS T R S S N R R R S N R 1
0 05 1 15 2 25 3

Mininum A, (ns)

‘Long Lived particles escape CDF

‘isolated, slow moving,hi pt, muon-like

‘Use TOF and look for TOF-1,

Cross section (pb)

CDF Run 2 Preliminary [Ldt=53 pb!
50 Ty T T e e
45

40 E— ------ Cross section limit (Stop isolated) —E

Production cross section (NLO) —E

35 — Cross section limit (S‘lopembeddedinje'é
0 3
25 F :
20 -
15
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80 90 100

110

120 130
Stop Mass (GeWcE)

M(stop)>107 GeV at 95% CL(isolated stop)
M(stop)>96 GeV at 95% CL.(non isolated stop)
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events (10 MeV/bin)

events (10 MeV/bin)
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Bottom and Charm Physics
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Short-term B physics Program

@ Goals for 100-200 pb! (Lepton-Photon 2003)
m High statistics charm physics: mixing, rare decays, search CPV
m B, mixing, tagging studies and dilutions
m B, and A, life tfimes and masses and BR's
m B open charm relative BR's
m B, -> D reconstruction, and Bs reach
®m Heavy flavor cross sections

@ Goals for several hundred pb-!

m First B, mixing limit/measurement

m CPVinBd>J/¥ K, and Bs>J/¥ ¢

®m B, and B baryon studies

m Fully reconstructed B,

m B -> h h with particle ID and first look at CP asymmetry
B Search for rare and forbidden B decays (e.g. B, -> p )
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Conclusion

*The CDF detector is working very well
‘First physics from all groups being presented
- Top mass and cross sections being reported

-Calorimetry needs to be better understood

Bottom group very busy with many fopics
-Silicon tracking needs work-alignment and more

*Bs mixing -will be hard—good improvements lately

- Taus have good signal-to-noise (Susy Higgs searches)
‘W's and Z';s to leptons look good
*Searches exceeding RunI level now( Susy results summer)

*Double the data by summer hopefully --Lepton photonO3 Fermilab
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