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CDFII Detector Systems sl

e Tracking

» Silicon
» 707k channels
»Full coverage of luminous region
»Radial coverage from 1.35-28cm

» Central Outer Tracker

»30k sense wires, 44-132 cm
»96 dE/dx samples per track

e Time Of Flight
e Expanded Muon Coverage
e Endplug Calorimeter
e Trigger (pipelined)
» Drift chamber tracks @L1
» Silicon tracks @L2
e Fully Digital DAQ (132 nsec)
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The Tevatron in Run Il

*» Upgradesfor Run I1:

-~ Main Injector (150 GeV proton
storagering) replaces Main Ring

~ Recycler for storing p-bars

T

-~ Shorter interbunch spacing
(396n5)

+~ Beam energy Gs1.96 TeV
* Luminosity:
+ Peak 2.0x1031 % [ [Jul AugiSepDct | Dec [van| Feo
~ ~48 pb! delivered
+~ ~30 pb- totape
* Near term:
~ >60 pb-t by July shutdown
~ >100 pb-! by end of 2002
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Building on Run | Successes

CDF B Lifetimes CDF Am, Results
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Co-Discovery of thetop quark M easurement of the W Mass
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CDF(1B) Preliminary ffdf: BL.6/70 (30 < M < 120)
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Run Il Physics Highlights ilSin
Physics e Electroweak
» Xgup to ~60 > W mass measur ement

» CP violation using B® Jly KO
» CP violation usingB ® p*p- e Top Physics
> Rare Decays: e.g. B ¥~ ® nmK *- > Precise M ass M easur ement
» Investigation of Properties
e Charm Physics

> Cross sections e New Particle Searches
» Rare Decays » Higgs
» Exotica
e QCD

» Very High Et Jets
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Example: Bs Mixing g iSIT
= M odes used:

»B® Dsp. D 3p c 2] - SigBg = 21
i Slgna.l —~ 75 k EVGﬂtS "% 18‘ —?:ggg%‘llidefaul’[)

> Assumes hadronictrigger & 1 CDF
= Flavor tagging: eD? ~11.3% : 1:

> Assumes TOF system L %
= Proper timeresolution Sos] O

> With LOO: s, ~ 45 fsec g o8| =

> Without LOO: s, ~60fsec 5
= Signal to background L i

0O 10 20 30 40 50 60 70 80

» From Data studies. 0.5- 2.0 B, mixing parameter, x,
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Tools for the B Physics Program [k,

Arethe piecesin place for measuring Bs mixing?

What do we need?
e Trigger

» Level 1 Tracking
» Level 2 Silicon
e Offline Tracking
» New Drift Chamber

All of the upgradeswhich help
the B program naturally
contributetothe high Pt
program as well.

» New Silicon System
- Base SVX +|SL
- For B,: LOO
e Flavor Tagging
» Low Pt Electron and muon ID
» TOF, dE/Dx
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‘ Triggering In Run 2 ‘

Dataflow of CDF "Deadtimeless"
Trigger and DAQ

e
Central Tracker (Pt,f)
L1 Storage EM + HAD/EM + Track
Pipeline: Levell: - EM+HAD (Jet)
42 Clock Cycles L1 | 7.6 MHz Synch. pipeline | Muon + Track
Deep Trigger) 544ns ratency Missing E; S Ef

45 kHz

L1 Accept Si Secondary vertex
Level 2: _ EM shower max, ISO
L2 Buffers: Asynch. 2 stage pipeline| Jet Clustering
4 Events ~20 us latency Multi object triggers
L2 Accept 300-500 Hz

DAQ Buffers L1+L2 rejection: 20,000:1

Farm of ~200 PC’s

running fast versions
50 Hz - of Offline Code >
—~20MB/s more sophisticated
selections
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CDF L1 and L2 Trackers | M

COT (XFT) defines SVX measures
track momentum impact parameter

cut at level 1 cut at level 2
Min. Pt=1.5 GeV/c (SVT)

XFT Track Reconstruction

5 SVX coordinates

sl COT track ( 2 parameters)
2

impact parameter
(transwerse projection)
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L1 Tracking Trigger Performance

Pt Turn on curves consistent with Extrapolated Phi resolution
expected resolution (< 1.8%/GeV/c)  consistent with expectations
and eff|C|ency (> 95%) ) Corrected ¢ resolution is ,aimis <8 mrad

Twrn onar 1.5 GeVie
SR ¢ e— —
_E 15 ..\-""""-"'." M&M-“n"""*i g, _q"’"""" Pl *
% ol ot : . |__DeltaPhi(XFT-Offline) | PR
Uﬁ:_"_— iy Mummwrlsnﬂhnertrac'lrswnh rnamh m')fFI"trarlr """"""""" Hent= 16992
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E L ; 2200 — RMS = 0.009011
e S = N
ol . . . . 2“““:_ Over = 42
2 — =
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ol | 1600 — Prob = 0
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CDF L2 Silicon Trigger Performance ‘E

SVT Measures Beam Position

SVT impact parameter

800 ;— —_ 48 nmm
oo b 1 including beam
560 ;— Spot Spread

soo |

<00

zo0 |

zoo |

ioo |

PR R B B LT el P

I's) . | '} 1 PO I W et
-OLEZ25 -00f -0.075 -0.05 -G.625 ] O.025 0,05 0.075 O.f O.fZ25

d, (cm) R R TR
. . 150um < dy<imm 2°< A¢ < 90°
SVT isworking WeII:_ | A IR
»Impact parameter resolution isas
=005 210 |_=005: 450
expected
»The SVT can handle a displaced beam -
spot (but not a slope!)
»With standard trigger level cuts, theSVT
preferentially selects heavy flavor |
=0.15mm < d0 < Imm (both tracks)
=100mrad < delta(phi) < 90 degrees 24 02 o0 02 Lcéémi

=SVT chisguare < 10 (both tracks)
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Muon Trigger and J/Psi Yield f

o - |_CDF Run 2 Preliminary, 13 pb "', 04 Apr 2002 |
Emﬂm:_ ﬂ | J'E: Events; 134035, Width: 21+ 0.1 MeVic* | | mproved J/pSI Yleld
e | 'P{2s): Events: 4571, Widih: 231 2 MeVic® |
S 50000} 3 -factor of 2-3 over
3400005— m_ Run |
g 1o :
@ -
(1) 30000
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[T T
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Electron Identification

| radial distribution of conversion vertices (after sideband subtractnin‘;TVM

~1.9 pb*
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Electron Trigger Status

rcm)

? Thresholdslower than Run |
»e.g. 2 GeV dielectrons

* All Electron ID componentsin place a1
» dEdx in COT, plusCPR, CES =
*Level 2triggerswith CESarenow working — fooo

= | dentifying conversion electrons

® Require1low P, electron (>4 GeV)
» ook for opposite sign track

Sen -

a¥ic?

=1e0|

r 30
S
@
(D+
D

p

B4/ |

Entries
H T

18 2 22 24 26 28 3 32 34
M{ee) GeV/c2
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Online vs Offline Tracking

Online: using quantities Offline:

availabletothetrigger (L2/L3): » Pt > 1.5GeV (each track)
* Pt > 2.0 GeV (each track) @ |d| > 100um

°|d| [100um:1lmm] °Lxy>0

» Lxy [0:3]cm

Feb/ 26/2002 =1.2 pb’
I 72l | aoon = ' | X T I;.- J T =
I I ) e
.0 ; 4 rd
) >y ( ne )
000 |

o o o0
- -

1k}
i 2000 - =
E Wl
L)
£ 5
€
G 1000

1000 = —
CDF Run 2 Preliminary
o T T
1 13 1.9 = n— 1 =+
- 1.E .63 1.5 B
Kn Mass {GaV/e™)
K7 Mass (GeV/c”)
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Trigger “hybrid” tracks:

e
i WL LN

Online vs Offline Tracking

A
I'..' AN =t
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200 | W

0.2

0.21

Full offline tracking:

|?EU nb” February 26th 2002 CDF Run 2 PRELIMINARY

=
3

DDz
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Events/ 0.7 MaV
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w
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0.5 1 1.5 z
Momentum (GeVic)

Preliminary calibrations:
* | ndicate ~110psec avg resolution
» Goal of 100psec is still possible

CDF Run Il Status

TOF System Performance

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001
‘_"HE.E :

o~
IOl

Require TOF info associated
with tracks:

p-(K*)<1.5 GeVic (no PID) |

2
2
8

|
g [ |tot=15pb’
%GOG—
g
000~
iy
3000+
2000
N(¢) = 2354+ 325
ool N(bkg) = 93113
G'I' [T S ISR R NN S ST Y [N TN SO SN N SN SN SR I TN ST
0.9 0.98 1 1.02 1.04 106 108 EJ_T
MK K] (GeVie?)
Cut on TOF info:
p(K)<15 GeVic + PID |
o GO0,
S g
2 i ILdt:?ﬁpb
~ 500—
g L At/o/<3
E«m&—
o L
3001
200—
2 N@) = 1942+ 93
o Nibkg) = 4517
GI"l‘ PR NS S ST SO [N TN S SN N W S
0.96 098 1 1.02 1.04 1.06 1.08 1

MK K) (Ge vm{f
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Beginning to Look at Physics gy
e Bottom/Charm Physics e Top
» Reconstruction of B mesons > We get an extra ~35%

Increase in xsec dueto higher
beam ener gy

» Plus detector improvements
means each Run || pblis

» Reconstruction of Charm
» Beginning to develop analysis
tools, look at rates

e Electroweak ~1.5-3.0 Run | pb1
» W samples > Dileptons will be done first
» Z samples - Smaller backgrounds

- Don't need b-tagging, which
will take time to under stand
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B Meson Reconstruction

"o coF Runil B > Jw K B*" mesons

p [ -Rreeliminacy Width = 18 MeV/¢® . .

350:_ Nev (peak) = 121 ° L umi nOSty ~11pb
T * Require:

o8 . °Lxy >0

g { H sPt(B) > 6.0 GeV

2 M |1-|I 1 il *VVertex quality cuts
@

&)

-
o

LI L
2

- S 14 CDFRunll B. >J% &
: o | Preliminary (R it b — KK
0 | | | I = ol Width = 5 MeV/c®
5.0 51 B2 53 54 55 Ll M ev (peak) = 27
B* candidate mass, GeV/c? 9 0
g |
m© 8-
. . | -
» Luminosity ~11pb &% H
» Require: 41 } H ' & ' '
a0 Bl Wi Tl
sPt(B) > 5.0 GeV Sl ] L&
.;M a$W| ndOW on Ph| 5(%25 5.30 535 540 5.45

. B, candidate mass, GeV/c”
*VVertex quality cuts
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Lots of Charm from the SVT! [Z&4

‘BS2002 0 =12 pb .
| KK | % 80 FCDF Run Il preliminary
= | D', D,—om, 9—KK

n 70 F
u; A0 ﬂ ED =
: @ 50|
: ® 40}
3 30|
<20}

ST R O e 10} Feb '02, Luminosity 1.05 pb ™

41.,?5 I |Ia 1.;5. I ?sa G . ) : . . I I .
KK Mass (GeVic?) 180 185 190 195 200 205
KKn mass [GeV]

CDF Run 2 Preliminary (2/25/02)
D' K — Charm Stuc_allesm progress
= ® Cross section measur ements

*» How much charm isdirect

- N
EE.

Events/10 MeV/c?
5§ 3

8

8
|III|III|III|III|

. ver sus coming from B?
 STRERS te s ... | °Raredecays
2jl‘:TE_S 1I.B I 1.I35 I 1|.9 | 1.I95 | 2 ’ CP Vi Ol ation?

m(Kzx) GeV/c’
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Hi Pt Electron ID

Pl

120 M, of W — e v candidates Nent - 1958
e W sample e
» Based on 3.3 pb! data 3" [L-aspe"
» Require 1 quality electron ;_;f“;‘ December 200tJanuary 2002
- Et > 20 GeV 't
- E/P, Isolation 201
» Require missing Et>20 GeV

0
20 40 60 80 100 120 140

M. (GeV/c?)
e Z Sample

Central - Plug
> Based on about 8 pb-! data 120 Z_; ee” candidates

8
J

8% S 5 © S o

» Require 2 quality electrons oo COF Run i —
- Et > 20 GeV (Plug 18 GeV) Esﬂ Luminfs;i‘yl;b_l ¥ Simulation
- Isolation (both) 5%F pate: 200127 364 Events
@
L

- E/P: 0.5-2.0 (Central only)

:

60 80 109 120 140
M, (GeVic?)
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Hi Pt Muon ID K

"TSkeam A dala
Nent = 349

& &

e W sample
> Based on 2.5 pb! data
» Require 1 quality muon

"l Mean = 6833 ! : i
= RMS = 1446 : {

events per 3 GeV
a
|

- Pt > 18 GeV - - T. _fﬁ"ff;" :

> Require missing Et>20 GeV m mm . m Tm
o / Samp|e wv transverse mass, GeV/
> Based on about 6 pb™* data L
» Require 2 quality muons
- Pt > 18 GeV

- |solation )
> Require pass cosmic filter

8

number of pvents / 5 GeV
N B

40 60 B0 ioo 120 Mmi[.ge‘u’:l
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Our First Top Candidate? G

A top dielectron candidate
- ete-,two jets with a large missing Et -
Run=136286, event=54713

PN

Passes all of theRun 1 s s
Top dilepton selection AN | R

| jerd] S5 || e Et=T73 GeV

Ha i"e- : Et=56 GeV
A f || Jetl: Et= 35 GeV
A Bet2: Bt =34 GeV
"/ Missing Et =43 GeV
Mass (e-eH)=118 GeV

Displaced vertex
asidentified by Run 1
tagging algorithm
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e At thisstage, many thingsareworking:

» Trigger: All of L1, much of L2

» Detector: All major systems are working.

» Offline: All major partsareworking.
e But some have problems:

» Luminosity still too low

» LOO0 isstill working on pedestal problems.

» SV X coverageisstill not complete (for trigger performance)
e Startingtolook at Physics

» Reconstruction of bottom/charm, investigation of tools
(TOF,vertexing, etc)

» W's, Z's, and top candidates
e Luminosity Expectations
» Possibly 100-200 pb by end 2002, 2fb-1 by 2004
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