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The CDF Calorimeters "N

All scintillator-based sampling calorimeters Wall Had

. Jf 'Central EMJ
7| Range Ag | Ay
0. - L1(12h) | 16° | ~ 0.1
1.1(1.2h)- 1.8 | 7.5° | ~ 0.1
1.8-21 7.5% | ~0.16
2.1 - 3.64 15 | 0.2- 0.6

New Silicon
Tracker

Table 1.2: CDF II Calorimeter Segmentation
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Central Electromagnetic Calorimeter (CEM)

7

FHUTOTUBES Ay
<\ A

Thickness 18X, , 1l 1
Abs. (pb) 1/8” (4.2 mm,0.6 X,) RiGhT |- - ot
layer S
Scint. layer 5 mm , polystyrene (SCSN-38) |
w.ls. 3mm Y7 acrylic sheet = R
=7 swers
PMT Ham. R580 (1.5”) — =
light yield >100 p.e./GeV/pmt _
t:i?;j#: IE:.EI.FE]H
resolution |
13.5//E;

\G 10
EPOXY: ’

~0.2mm L

Lmm RY

iem

Fig. 3. Prototype strip chamber cross section.
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Central Hadronic Calorimeter(CHA)

Thickness 4.7 A

(CHA alone)

Abs. (Fe) layer 2.5cm

Scint. layer 1 cm-thick , PMMA doped with
8% Naphtalene, 1%Butyl-PBD
and .01% POPOP

w.l.s. UVA PMMA doped with 30 mg/l
laser dye #481

PMT 12-stage THORN-EMI 9954 +dc
led

light yield ~20 p.e./GeV/pmt ( & decreasing)

resolution ~50% /\/ET

Fig. 4. Two WLS strips collect light from each scintillator
layer. In the air gap between WLS and light guide, filters are
inserted to ensure light output equalization for different layers
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Wall Calorimeter (WHA)

Thickness 4.5\ |

%4 A5
(WHA alone) A< g |
Abs. (Fe) layer |5 cm - thick / . AN N N N
S. - )
y N \ L N N N \3
: : [V N SN S SN
Scint. layer 1 cm-thick , PMMA doped with X AN AN 2 \

AN " . N W Y

(0} (o) -
8% Naphtalene, 1%Butyl-PBD S s ———

and .01% POPOP

SR N S . N W W \

) AN N N N O G N N
w.l.s. UVA PMMA doped with 30 A BN NG N N . N U
AN NG G NG G N N N W
mg/l laser dye #481 AN \\ L S W W W
ﬁ@i NN SN S S S\
PMT 10-stage THORN-EMI 9954 +dc W N N O NG N N N . W N
led AN NG N W S . W WO
: _ / y . SN NONTNON SN NN N
light yield ~10 p.e./GeV/pmt (decreasing) TOWER TOWER  TOWER TOWER TOWER TOWER
_ 6 7 8 9 10 1
resolution ~ 6()%/\/ET

Fig. 2. Endwall calorimeter module. Module side faces are

equipped with steel tubes positioned on the center lines of the

towers and used for insertion of linear y sources (section 4.2).

The movable point source (section 4.3) is also schematically

drawn: the source, moving inside a steel tube, traverses all the

towers at a fixed longitudinal depth along scintillator center-
~ lines.
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Plug Calorimeters: scintillator — tile sampling calorimeters with
w.l.s. fiber readout

PEM and PHA detail summary

PEM PHA
overage | 1.1 < |] < 3.64] 1.2 < [1]] < 3.64 - PES
Towers 20 per wedge 18 per wedge ﬂ_{'“'“ﬁ” DETECTOR |
Thickness 21 Xo, 1 Ag T AT Beh ?d 47plate @ 1
Density 0.36 ppy, 0.75 pFe cRrasTAT _T_j
Sampling 22 + PPR —EAl
Layers | PPR = Layer 1 10 mm BCA408 T
Scintillator | 4mm SCSN38 | 6mm SCSN38
Absorber | 4.5mm Pb with 5.08cm Fe ]
0.5mm SS covers :
Light 5 pe/mip/tile | 5 pe/mip/tile

400 pe/GeV

40 pe/GeV

Light x-talk

0.5% per side

1.0% per side

o/E

0.16/VE & 0.01

0.74/vE & 0.04

PMTs

Hamamatsu
R4125

Hamamatsu
R4125
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Plug Electromagnetic Calorimeter
(PEM) 15° megatiles

PEM megatile and plug segmentation

10-Fiber Connector

___—Wave-Length Shifter
Fibers

| Wave-Length
Shifter

_“ / Fiber

. Clear Fiber

-
]

‘‘‘‘‘‘
____________
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Plug Hadronic Calorimeter

(PHA)

les

Megat

300
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Plug Shower max detector (PES)

Scintillator - strip layers

450
quadrants

V-Layer

with aluminum tape
BC404 5mm x 6mm scint. srips

0.83 mm Kuraray Y11 multiclad w.l.s fibers
i ball groove for fiber

G. Pauletta
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Calorimeter Readout:
Common design of readout electronics for most calorimeter elements:

e.g. Plug Cal. Readout

seinillator TleFiber Hammmasn R4125 4  Caledmeer
- i ! - [k FilAFa
Calorimeser :
" . Rewkatn
I ] Lt TN =
|| o .
zf i - Sheeger-hox
ol CHglia
Shower-flaximum __J Feadour
EE m=nm r_
EEEE
EEEE
1 chirme] Muld-Ancds FEIT : Hamanmmisy BRSSid- 1G

BasaTrglilzer Module

The CAFE cards are in turn mounted onto f.e. VME
“ADMEM” (ADC+MEMory) [8] boards. The
ADMEMSs provide the Level 1 trigger with transverse
energy sums using Xilinx FPGA's. They also use a
pipelined Level 1 buffer 42 clock-cycles (5.5 s) deep
(which provides deadtimeless readout), and four event
buers for pre-decision Level 2 storage.

G. Pauletta CALOR2008

Need more (x2) dynamic range for run Il
so new f.e. readout electronics based on
QIE (Q-integrator and encoder): custom-
built 8-range (1/2 — 1/1256) current splitter
[ integrator / encoder. Mounted on f.e.
(CAFE) card together 10-bit FADC, Q-
|njection circuit and FRAM

Thgeli2ai
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input b
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Fig. Simplified schematic of frontend
(CAFE)card containing QIE and FADC
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Calibration/Monitoring Instrumentation

Calibration systems are used to transfer calibrations from test beam and
monitor stability/functionality

Sub-system | Rad. Laser leds e.g. CEM
y CDF Central E-M Calorimeter
Sources | /flasher Calibration Systems
CEM Csl37 () flasher yes Monitoring
systems Light path
CHA Csls7 laser
“"‘E““""‘ Selnmtetor ] Electronics
WHA Csi1s7 laser
Co60 aser || ge— Yoo }
PEM 0 aser Xanon + <hitor ]
— [
PHA Cob0 laser | | T | S| cormeter
PES Co80 laser =
TDC Laser | | eoe— Y
electronics T
QIE Charge injection [ — }““_. Fhﬁ&:ﬂgliar
Electronics

G. Pauletta CALOR2008 12



Setting the Calorimeter Energy scales
e All HVs set to nominal gain ( 2 pC/GeV for CEM/CHA/WHA).

» Modules exposed to test beam (e, =, ) and rad. sources.
* Dimensionless correction factors known as LERs (Linear Energy

Response) are applied to correct for differences:

nominal gain

LER(Y) = real gain(t)

o After correcting for LERs one can apply unique “Scale Factor”(SCL)
to all channels

E.(GeV) = count!™ x LER, (t)x SCL(GeV/count)

o calibrations are “transferred” to detector by repeating rad. Source
calibrations “in situ” with eventual small adjustments to LERS

G. Pauletta CALOR2008 13



Plug calorimeter test beam

Exposed to: Replica of real detector

etand ot - 5 - 230 GeV Spanning 45° for PEM
wr 11 - 180 GeV ,\_,fj‘ﬁﬁj'._'r,:
SWDC SWDC,, T
||_r'i-:] 1 “ IT ]
Vi -
't
Momentum

defining magnet

E/p calibration withe*: 5 -180 GeV
Non — linearity < 1% (when PPR included)
Non-uniformity better than 2%

Scale factor (@57 GeV): 128.01 ADC/GeV

a(E)/E (%)

Calibration transferred using Cs*37/Co® source calib.

G. Pauletta
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Absorber

o(E)/E = 14.4%,/VE ® 0.7%

Design o{E)/E = (16/vE @1)%
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Tower {n,@) = (1.58,18.75%)
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Calibration Transfer T T T T T T T T

1.04 |

Calibrations transferred from test beam to BO : |
- . . c 1.043
using source calibration systems. . | .
SHERY SR
Transfers took into account: & |
- 1.01 5 °
» difference in sources (Cs!37/Co% ) 7Y AP R I I
.0 0.5 1.0 1.5
Magnetic Field, T
» magnetic field effects on Scintillator R
(brightening) < ¢
50.99
« differences in readout electronic gﬂ_%
(RABBIT vs. QIE) gain £ S
( 11.4 vs 5.758 fC/count) “0.97 )
0.96 ’ =
o differences in charge - integration gate ~——» |
widths (132 ns vs 2.2 us) 0.95
SCL(PEM) = 3.769 MeV/count | ** 2 g

SCL(PHA) = 3.097 MeV/count | g.9s

1 .':’ 1
60 80 100 120 140 160 180 200 220 240
Gate Length (ns)
15
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Transferred Plug LE
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Figure 4: The Nov 2001 LERs for the PEM and PHA versus the gemetrical ID.
The west side of the detector are the points on the left side. Each vertical band

corresponds to the towers in a wedge.
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Keeping the calibrations

Run-time Calibration and Monitoring
Organization & Management

Guidelines:
CDF data should be calibrated and run through (offline) “production” within 2 months
of being taken.

Physics Coordinator
Sets schedule: calibrations in data — base every ~ 200 pb-!

Calibration Coordinator

oversees “calibration group” of system experts, e.g. (for calorimeter systems)
CEM, CHA, WHA, PEM, PHA, PES, HAD/EM timing.
System experts expected to update the on-line calibration data-base weekly.

G. Pauletta CALOR2008 17



Types of calibrations:

* detector — level H/W calibrations initiated manually by shift crew at ~ fixed
Intervals (e.g.. daily). These are partially automated

 higher — level automated calibrations: a calibration executable, that runs continuously,
strips out and stores (e.g. ntuples) events (e.g. di-muon/electron events, min-bias events,
jet events) for calibration purpouses.

Monitoring:

Takes place at different levels:

* at calibration time by the shift crew, for manually — initiated calibrations

* weekly by the “experts” responsible for identifying/solving problems and
producing weekly calibrations

* by experts over longer periods in preparation for Offline “production”

Monitoring greatly facilitated by calibration Data Base and s/w (DBANA)
G. Pauletta CALOR2008 18



Typical detector-level calibration sequence

LASER|—»| PMT | —» ADMEM [{-» o

- Runi: | Builder

Plug Laser calib. 1 4 R e e
Trigger gen, < o  banks

'['R‘FH{]\H‘

Consumer

. . Server

» Monitored at run — time for bad Logger

plug channels TRYBOS §

Calibration
g
Database

PHA Laser, West, Wedge 23, Tower 20

gtﬂl:
« Monitored over long period for :
PMT gain drift Fn o

/

f

ppl—0 - v V0w e bl s 8w s By s lee®
1250 1400 1450 1800
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QIE charge injection

Montored at run — time
for

For bad channel ID

and electronic
gain monitoring

G. Pauletta

calqie badpeds.gif

Run Wedge | Channel| Cap |Defector e Mean e Sig
(Ref) (Ref)
262688 4 E (1] (] CEM 33'{’! bf 191 O<rms=< 1.87
262688 4 E (1] 2 CEM 196+ B 178 O=rms= 1.88
262688 6 E 16 0 CEM 201t & 188 O<=rms<5 1.59
262688 6 E 16 1 CEM 161t 8 184 O<rms<5 147
262688 TW o n} PHA 223+ 8 176 O=rms<5| 3763
262688 TW 0 1 PHA 224+ 8 160 Ocrms<5| 3590
262688 TW (1] 2 PHA 144+ 8 200 ODcrms<5| 34.77
262688 TW 1] 2 PHA 199+ 8 204 O=rms<5| 35.30
262688 15W 13 (n} PHA 157+ 8 141 O<rms<5 1.32
262688 15W 13 1 PHA 52+ 142 O<=rms<5 1.29
262688 15W 13 2 PHA 157+ 8 141 O<rms<5 148
D B 15 W i 1 Dkl A 157+ 8B 147 M- rmie -5 1A
calqie badslopes.gif
Run Wedge | Channel Cap Range | Detector Slope Slope
(Ref)
262780 W 1] 0 1] PHA 2. 400004025000 0.00000
262789 20W 0 0 1 PHA 1.70000£0. 12500 0.00000
262789 0w 1] 0 2 PHA 0.8500010.06250 000000
262789 20w 1] 0 3 PHA 0.4250010.03125 0.38033
262789 20W 1] 1 1] PHA 3.4000010.25000 000000
262780 W 1] 1 1 PHA 1. 7000040, 72500 000000
262789 W 1] 1 2 PHA 0.8500010.06250 000000
262789 20w 1] 1 3 PHA 0.4250010.03125 038909
262789 20w 1] 2 1] PHA 3400004025000 000000
262789 20W 0 2 1 PHA 1.70000£0.72500 0.00000
262789 0w 1] 2 2 PHA 0.8500040.06250 000000
262789 20w 0 2 3 PHA 0.42500+0.03125 | 038870
CALOR2008 20




Higher-level calibrations

e.g. CEM LERs

adjusted to track detector
response using “in situ” E/p
for em “objects” from 8 GeV
calib. trigger. ~3% annual
drop in response due to
scintillator aging.

0. x% variations in Z peak
related to instantaneous
luminosity

Also monitor LERS using
min. bias rate stability at
fixed n

G. Pauletta

Monitor

Validation plots :;
i

L

Z mass

| Central-Central |

1601
140f
120}
100f
80

200F
180}

60

=

*
llllJI

1 Validation
plot

70 80

90 100 110 120
s

Entrie

E/P .8-1,25 raw vs run I

1 (
0995 | L L *.. L
1400 1450 1500 1550 1600 1650
Run NHumber
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CHA LERs

Some Rad sources unreliable.
Monitor/adjust LERS using
Mips (J/PSI muons).

Set muon peaks to run | values.

Where muon statistics
Insufficient, fall back on
monitoring min. bias rates at
constant eta

WHA LERS

Rad sources in good shape

G. Pauletta
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0.5

CHA

| |
o 1
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Trends in CHA & WHA LERs
W.r.t.1988 source run
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PEM/PHA LERs Validation plots

Cuadrant OW LefbFaght plots: CurrentLast penod

1% — 8% n-dependent gain = E—
drop associated with both e
scintillator aging and PM

“deterioration”(?)

So use both rad. Sources and sQ I

Plug Laser to adjust LERs and gl & e, B
Investigate _

25

Interpolate/extrapolate gain
shifts linearly with luminosity

20

15

Occasional failure of HV boards
due to radiation damage

IHMH.{L ....... Worg o oae o

qm BIZI L g0 100 110 12[:I 130 140 15!
CPMNass quad D

élllllll TTTT
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Jet Energy scales

Very important for most analyses
(major source of uncertainty in the
top quark mass)

Jet Energy &
Resolution group
responsible for JE-scale

Jet energy measurement needs to
be corrected for:

o |
£l
o
=t
3
1]
o
-
Ll
-3

* energy loss due to acceptance
e non linearities in
cal. response
e particle — dependent
cal. response
. etc

Need reliable M.C.
e.g. Pythia + GFLASH

G. Pauletta CALOR2008 24



MC tuned for absolute scale by comparing with “in
situ” particles (E/p) and measured fragmentation

E ™T I T ™ I =TT . I T I ™r—rar UIGI-? _I T T T I T T T T | T T T T | T T T T I T T T T
g
uwi ] |
E =+=-=-= Correction for Cone 0.4 jete ] 0.02 B Absoclute systematic uncertainties n
E Lln:uert,ainth.- +oT — B Quadratic sum of all confributions |
L ] = . -
o T 0.00 e —————., Ep n
= I~ v Fragmentation 1
i Cracks
A 0l— v Caloimeter stability _
= 02— T e =
L | I | gl gy TR ' oy | IR 0.03 TS T T S T A S ST S N T TR SN S N SR SR S SRR T T
50 Iy Js0 20 250 N 350 400 4500 50 50 1000 150 200 . 250 300
P- jet (GeV) Corrected jet P; (GeV)

Absolute scale has now recovered from upgrade and improved on run |
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Dijet balancing used to calibrate the relative scale for jets forward of
the central region (n>0.6). The forward jet is used to set the scale while
the central jet is the “reference”

Validating can be done with
Photon-Jet balancing

-0-1 = LA o tt | L o |7 LA L L ]
P, balnce va1) ater LT conectiore, s dof Cone 04 -0.15 2 -
Mgy 025 =
(i = b — -
= lai 1 -0.251 -
E o 209+000; 3 - hi it 8 340t ' -
u. B g B 03¢ iTFHF‘L el *Hw k "'*:*ﬂn"?‘*‘ ; { ﬂ# H + E
- o ' 1 =-0.35 [ 1 t ' | ':I'l —]
DB - E = | 1 =
gmf f -ﬂ.i'-'l- - ] -
‘"”;‘ —; -EII'-IE — T ¥+ |El= Samples. Cone 04 ek e
I:"1.":_ - 'D 55 | '3 Dala E
- r F . pya :
O | L B -0'55:_ «  Hamg I 3

ﬂ.E L 1 1 I L 1 1 L L L I 1 L1 I 1 1 I L 1 1 I 1 1 L I 1 1
-4 -3 -2 -1 ] 1 2 3 4
1
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Conclusion

The CDF calorimeters are working at better than
design expectations and are expected to survive
without significant loss of performance.

Operational procedures have settled down for the
home stretch.

The ball in now In the hands of the analysts who
yet have to exploit all bells and whistles

G. Pauletta CALOR2008
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Table 1: Central Electromagnetic Calorimeter Summary.

Modules
12/arch + 1 spare 50
Length 98 im.
Width 15° m #
(17.9 in. at 88-- in. from beamline]
Depth [including base plate) 138 in.
Weighe 1 metric tons
Towers
10/ module 478
Length An 0.11 (1 of width]
Thickness {see Takble 2} 18 g, | Lope (=coil etc.)
Layers 20-20 lead
21-31 scintillator
1 strip chamber
Lead L in. aluminum clad
Seintillator 5 mm SCSN-38 polystyrene
Wavelength shifter $mm Y7 UVA acrylic

Photomultiplier tubes [958 channels) Hamamatsu R580 [li in. ) Central
Chambers [see Table 4) ) :
Depth 5.9 Xy (incloding coil) EM:
Wire ch la (84/moduale) w072 .
Strim channels (128/modale) 8130 Thickness 19X, LA
Angular coverage EEIIZI.I.'I].E (P]J:l ﬂﬁIﬂ.
: e L Sample (scint.) 5 mm
Pseudorspidity Gev) about 1.1 WLS sheet
Perl high = 30+ . .
B ‘ . Light yield 160 pe/GeV
Energy resslution o/ E EG-I"!"] tl.ﬂ%,r’v"f Sampling res. 11 Iﬁ%}lr%‘{ETT
Pasition resclution [high) =zimm
Strip/wire PH correlation Hn;i Stoch. res. 14% [/ Er
i H resoluti high =18 .
ga.:::: njuti:;mE:r.{Eﬂ'G}:v] 2-3 «10°3 SM size [‘:m] 1'4*;&:{ l: 15'2“]3
without strip chamber information Pre-shower size 1.41?:! % 657F em
G. Pauletta CALORZ2008 29



h nt

Modules

Mumber of modules
Length

Width (in & direction)
Weight per module

Towers

Total number ( 8/module)
Length (Ad = 150)
Width {An =0.11)

Total depth (hadron calorimeter alone)

Layers

Number
Steel thickness
Scintillalar thickness

48

25m

1.33 m.
12,000 kg.

384
0.56 t0 0.91 m.
028t0 045 m
4.7 Ay,

32
25cm
i.ocm

Scintillator type PMMA doped with B3 Naphtalene

1% Butyl-FBD and .01% POPOP

~ Wave shifters UVA PMMA doped with 30 mgi
Laser dye #481
Mumber of phototubes 768
G. Pauletta CALOR2008

Hadron:
Thickness
Sample (Fe)
Sample (scint.)
WLS

Light yield

4.5

lin. C,2in. W

10 mm
finger
~ 40 pe/GeV

Table 1.3: Central and Pluog Upgraded Cs:

DATISON
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TABLE 2
Parameters of the End Wall hadron Calorimeter
Modules

Mumber of modules 48
Approximate dimensions 0.8X1.0X1.1m®
Woeight per module 7,000 kg.
Igwers
Total number ( 6/module) 288
Length (A¢ = 159) 0.35 10 0.78 m.
Width (An =0.11) 025t 0.40m
Total depth (hadron calorimeter alone) 4.5 Ny,
Layers
Number 15
Steel thickness 5cm
Scintillator thickness 1.0cm
Scintillator type PMMA doped with 8% Naphtalene

1% Butyl-FBD and .01% POPOP
Wave shifters UVA PMMA doped with 30 mg/|

Laser dye #481
Number of phototubes 576
G. Pauletta CALORZ2008
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Tabla 1+ Central Electromagnetic Calorimetry Calibration Systems Sommary.

Global parameters .

Cs'*7 sowrce drive

Reproducibility specification
One set of systems per module
system

Radinactive source

Depth (from interaction region)
Motor

Mormal source speed

MNormal dats rate

Source peak fitting algorithm

Typical peak valus
{when source decay is compensated])

Xenon Qash system

LED fash system

Paeformanecs

Light distribution

Light pulse characteristica
Regeneration tima
Jitter from trigger to pulse

Light distribution

Light pulse characteristics
Regeneration time
Jitter from trigger ko pulse

Short-term {< day) reproducibility
Long-term [= month) reproducibility
Original uniformity of energy response

better than 1%
50 {12/arch + 2 spare)

5 mOi Ca'*™ encapsulated

5.9X, (shower maximum)

190: 1 gear ratio; nominal D.C. voltage 3.5 V

3 em/sec

3-5 Ha

8th-order polynomial fit to tap 20% of peak
with maximum found by Newton's method

50.0+0.2 nA

Xenon Aash bulb illuminating scintillator
in turn illuminating 30 quarts light fibera
snd 1 PIM diades; light Ahers enter each
waveshifler through priam

100 ns rise time; 100 ns (all time

< 10 ma

415 na

3 LEDs—12 of 3 illuminate T light fibers and
one PIN diode sach; remaining LED illuminntes
& light fihers, two of which share another I.EDN
for purposes of cross-calibration. Light fibers

enter transition piece directly below phototubes.

50 n= rise time; 50 ns fall time
< 1| ms
+5 n3

+0.3%
+0.4%
+4.0%

Current snergy response mean and rms 1.03 +0.08

nermalized to nominal

32



PEM test beam calibration

o(E)/E (7Z)

From: E/pwithetand n* : 5 -230 GeV
M 3
~ Tower (7,¢) = (1.58,18.75%)
a(E)/E = 14.4%/VER 0.7% =
. n Design < +1% for 10—400 GeV
Design o(E)/E = (16/vE @1)7% S 1 # ' ' '
=
&) ' B
of * - 2
L » EY .
L] & o
4 § : 2
o
- & EM + Prashowar
2 - ’ a FM + Shower max
. . o
- - 4 EM only
Tower (1) = (1.58,18.75") * EM only (w/0 Al}
-3
. o 20 140 15-3_ (aln 0 a0 100 150
Energy (GeV Energy (GeV)
G. Pauletta CALOR2008

200

33



'n| Range Ag Ag
0. - L1(L2h) | 15° | ~ 0.1
1.1(1L.2h)- 1.8 | 7.5° | ~0.1
1.8-2.1 7.5° | ~0.16
2.1 - 3.64 15° [ 0.2- 0.6

Table 1.2: CDF II Calorimeter Segmentation

Central Plug
EM:
Thickness 19X, 1) 21X, 1A
Sample (Pb) 0.6X, 0.8Xq
Sample (scint.) 5 mm 4.5 mm
WLS sheet fiber
Light yield 160 pe/GeV 300 pe/GeV
Sampling res. 11.6%/Er 14%/VE
Stoch. res. 14% /' Er 16%/VE
SM size (cm) 1.4¢x(1.6-2.0)Z | 0.5 x 0.5 UV
Pre-shower size | 1.d¢ % 65 em by tower
Hadron:
Thickness 4.5 TA
Sample (Fe) lin. C,2in. W 2 in.
Sample (scint.) 10 mm 6 mm
WLS finger fiber
Light yield ~ 40 pe/GeV 39 pe/GeV

Table 1.3: Central and Plug Upgraded Calorimeter Com-
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Figure 1.3: Longitudinal View of the CDF II Tracking System
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