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Abstract-
The constructicn of a full scale prototype shower counter for the FNAL

Collider Detector Facility central calorimetry ls described in detail. Beam

tests provide results on performance parameters.
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1. TIutroduction
The Fermilab Collider Detector Facility (CDF) will be a powerful general
purpose detector system for studying antiprotoa preton collisions at 2 TeV

L calls for central

using the Tevatron as a storage ring. The COF design
shower counters as part of a calorimetry system of projective towers located
outside a solenoid coil. The overall layout of the CDF central detectors is
shown in Figure 1 and the baslc geometry of one of the 483 modules of the
central calorimeter system is shown in Figure 2. Each tower covers 15° of
azimuth by approximately 0.1 units of pseudorapidity. A full scale prototype

2,3 has

shower counter module of the hybrid scintillator/strip chaaber design
heen constructed and tested in the M5 test beam at Fermilab, in conjunction
wlth a prototype central hadron calorimeter. We report here on the design,
construction, and performance of this prototype shower counter.

Teportant considerations in the design were the cost and ease of
congtruction, energy resolution, position resolution, electron iden;ification,
and ease of callibration and wonitoring. The design resulted from a program of

12,4,

shower counter studies carried out in the M5 test beam at FNA Tests of a

small scale prototype strip chamber have been described prev10u31y3.

2, Design and Construction

The prototype module is essentially the same as the idealized module of
Figure 2 and is 98 in. loung. The two ends are one Inch steel plates serving
as structural memberss. At the end corresponding to a polar angle of 90°, 5/8
in. is allowed for mechanical, chamber gas, and other connectlons. At the
other end, a 2 in. space 1s allowed for comnmections and the light guldes for

the last two towers. Thus the scintillator coverage is 93 3/8 in. long.

There are 33 layers of scintillator, 32 layers of 1/8 in. lead, and two



nultiwire preportional strip chambers ;t depths of 2.5 and 6 radiation lengths
for normal incidence. The division of the module into 10 towers 1s glven by
polar angle segments of equal increment in cot 6 (# pseudorapldity). Except
for the eand towers, thils results in equal silze scintillator pleces In a glven
layer. The first increment from 90° Is 7.5°. The azimuthal sides of the
module are closed by 1/4 in. steel cover plates. Directly inside of these is
a 3/16 in. gap Into which BBQ doped acrylic pleces are inserted, viewling the
towers on thelr azimuthal faces., The 15° of azimuth subtended by a module
corresponds to from 17 to 20 inm. Iin scintillator width. A typical polar
dimension is half that, for a typical scintillator size of 18 x 9 in.
Alrogether there are 99 different sizes for the total 324 piaces in the
module. Due to a shortage of scintillator, the 66 pieces for the third and
fourth cells from the 90° end were replaced with inert materilal.

The inner cylindrical radius (distance from the proton/antiproton beam
line) for the prototype 1s 65 in. and a one inch thick solid aluminum bottom
plate occupies up to 67 in. A basic mechanical problem is to hold the stack
on the aluminum plate, fastened onto the hadron caleorimeter ifon, in any
azimﬁthal crientation, without.allowing any pressure on the BBQ doped acrylic
along the azlimuthal boundaries. The mechanical connection to the hadron iron
ts made by a bolted rabhet joint of the end plates, and the shared 1/4 in.
cover plates. The end plates and cover plates shave the load of the shower
counter variously according to azimathal orientation. The shower counter
stack 1s fixed by .the lead mountlng scheme and a pressure pad pushing against
the innermost iron plate of the hadron calorimeter. The lead sheets are held
at the end plates using centered ribs bolted on the inside of the end plates
to match notches in a 5/8 in. tab at each end of each lead sheet. The tabs

are relnforced by 1/8 in. steel riveted onto both sides. The lead sheets are
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epoxy press clad on both sldes with 0.0iS in. aluminum which prevents lead
creep when the lead, in a vertical plane, 1s held from the ends. 7The ribs
also provide location during stacking.

We considered and tested both acrylic and polystyrene scintillator6.
Light yleld and attenuation length measurements confirmed previous reports7.
We chose 0.236 inch thick KSTI390 polystyrene as the best match to our
needs®. The light yield and uniformity In thickness of this extruded product
outweighed the disadvantage of a relatively short attenuatlon length. Test
measurements in which the scintillator was vliewed with BBQ revealed an
attennation length in the seintillator of 17.3 in.

Individual scintillator pleces were saw cut slightly oversized and the
two long edges were machined to give the desired longitudinal (8) dimension,
with the last pass using a diamond fly cutter. A small amount of buffing
produced the clear optilcal surfaces requifed. In stacking, the scintillator
pleces were wrapped by sheets of 0.002 in. vellum drawing péper above, below,
and weaving. A test stack with paper wrapped scintillator showad no signs of
surface wetting or other problems when placed under 20 psi for several days.
The welight of the stack corresponds to about 2 psi, and the pressure pad will
add a further 2 psi.

The proportional wire strip chambers were designed to be simply inserted
in the stack on top of the third and ninth lead sheets. The basic wire
channel and strip deslgn is the same as the prototype used in laboratory
tests>. The limited volume available for connections and the desire to have
as much area active as possible are reflected in the details of design. A 3/4

in. gap was allotted for each chamber. The wires run lengthwise through the

module so that the loss of active area at the azimuthal edges is only about

1/4 in. deep. This allows both for the chambers to be safely recessed while



the stack azimuthal face 1s being finished, and for electrical connections to
be made to the strips which extend slightly beyound the aluminum. The cell
gsize 1s 0,300 in. wide by 0.312 in. deep with 0.047 in. walls. Aluninum
panels were gang milled In pleces 17 cells wide. Extrusions will be used for
mass production. Three adjacent panels were glued to a 1/32 in. G10 sheet and
trimmed to form a chamber. The inner chamber has 48 cells and the outer has
50. The strips For each chamber come on six separate 1/16 in. thlck copper
backed PC boards. The backs of these boards were made continuous ground.
Slight cracks were left for source testing. The three boards toward the 90°
end have ©.63 in. strip repeat distance and the other three have 0.75 in.
spacing. The step reflects ;he wider effective spread of an elactromagnetic
shower as a function of angle of incidence. There are 137 strips on each
chamber of the prototype. A multiple, rolled on layer of epoxy lnsulates the
strips from the aluminum.

Figure 3 shows the end geometry of the chamber. The 0.002 in. gold coated
tungsten wires are pésitioned nominally to X0.002 in. by machined rexolite
standoffs which were a prototype for injection molding. Pairs of these
standoffs are positlioned close together at the middle of the chamber. This
shortens the wire run length to about 46 in. and allows the wires to be cut at
the center for separate rveadout at both ends, thus making each physical
chamber two loglcal chambers. In fact, only eight consecutive wires on each
chamber were split as a test. The wires were strung to 135 grams tenslon; the
fastenings and the wire itself tested to yleld at more fhan 400 grams
tension. The wires are loglcally paired, and the readout and high voltage
connections are made on 3/4 in. end PC boards mounted onto a shelf trimmed out
of the aluminum. A sealed gas volume 1s formed by'closing of £ with Gl0 strips

so that all channels have gas flow in parallel. At the four corners, GlC



pieces extend from the gas volume past the end of the lead and scintillator
for connection to gas plumbing.

¥or economy, gliven the integrating nature of the readout electronics to be
used,9 #30 twisted pair wirewrap wire was used for leads extending out to
electronles on modules mounted on the back of the hadron calorimeter module
{about 15 feet). The leads were soldered onto the end PC boards and strip
boards. In order to guarantee straln relief and protection from the pressure
in the stack, the leads are routed through and glued down in channels in a 1/8
in. thick layer of GLO glued to the back of the strip boards. This layer was
covered by 1/32 in. GLO sheet, with the leads emerging at the four corners.

Various tests were made to assure performance. The high voltage standof £
of the wires was checked In air before attachling the strip boérds. Before
placement in the stack, tests with 35Fe x-rays at the exposed parts of the
cracks between strip boards demonstrated viability and calibration of the
chambers.

The overall shower counter stack was assembled on a set of five special
clamps which, after the stack was complete, were adjusted to hold the stack
together, at about 10 psi, rotated by 7.5° so that one face can be machined
and finished. A second set of clamps was used to turn the stack to align the
other face. A flycutter mounting disk was made so that the entire face could
be flycut in one pass. FEach face was completed in three passes, the last of
which was a fine cleanup cut usiang a 3/8 in. radius diamond tool, as used in
previously nmentioned edging, set G.002 in. deeper than an accompanying
standard cutter. A small amount of buffing then yielded an acceptable optical
surface.

Light collection occurs at the finished azimuthal faces which are viewed

by pieces of 0.118 in. thick Rohaglas 2029lO BBQ doped acrylic. The average



separation between wavelength shifter pieces viewing adjacent towers is 3/4
in. Two schemes of gulding in the light past the hadron calorimeter to
photomultipliers were tested. The fifth cell (from 90°) used a parallelogram
shaped sheet of 0.118 in. thick Rohaglas 20111 yyg acrylic extending beyoud
the 1ron to an adiabatic transition to an approximate circle. (The strips
nsed to make adlabatic transitions were 0.118 in. thick Rohaglas 201.) 1In all
other cells we used an adliabatle transition made from strips sllightly less
than 1 in. wide glued directly to each BBQ sheet, going to an approxzimately
square cross section. A fairly abrupt turn to point ocutward is made with the
individual strips in a bundle in order to keep thé radlus of curvature large
compared to the plastic thickness. After the turn the bundle 1s glued to a
1 % 1 x 61 in. rod cut from UVA plexiglas sheet and machined and polished on
all sides., The material and surface quality of the rods resulted in
glignificantly poorer light transmlission than commercially available rods. The
first two towers employ simple, straight rods. The third and fourth towers
are uninstrumented. The sixth through tenth cell reods are complicated by the
nominal radial path to the back running into the 45° end of the module, and
interference with similarly contorted hadron calorimeter lightguides. The
ninth and tenth tower transitions are along the edge parallel to the end piate
and start off in the 2 in. gap between the endplate and the lead and
scintillator. Careful bending 1n three dimensions demonstrated the
feasibility of solving the space problems of the shower counter and hadron
calorimeter light guides.

We use Phillips XP2008 1 1/2 in. photomultipliers. The tubes selected for
use had a width to peak ratio for BBQ spectrunm quantum efficiency of #10%.

Each tube was glued onto a 1 3/8 in. diameter 1 1/2 in. long acrylic cookie

which served as a mounting for a 0.056 in. Crofont! light fiber for conmection



into a flasher system. The cookie was‘then glued to the end of a rod.

The BBQ material was measured to have an attenuation leugth of about 80
in. Ideally, to cowmpensate for the different attenuation in the scintillator
as the tower gets wider, the BBQ attenuation leangth should be 140 in. measurxed
along a line perpendicular to the Inner edge. fo flatten the response, the
ianer BBQ edges were painted white.

Each completed, wrapped light gulde assembly was then tested for Its
response to B's passing directly through the BBQ. Some typlcal curves arve
shown In Figure 4. The results demonstrated the poor vod qualities, with the
sheet assemblies significantly better than the rods, and straight rods better
than curved rods. The response psak at the inslde edge of the BBQ which
results from the white paint, was compensated by inserting a mylar sheet, with
light transmission of 80%, between the stack and the EBQ. The upper edge aof
the mylar is a sawtooth beginning 3/4 in. from the bottom (the inner edge) and
ending 5 in. from the bottom.

Our inltial tests in the M5 test beam at FNAL were carried out without the
hadron calorimeter. The stack was banded together and rod light guides were
supported by a frame. This run was uséd for detailed light yield
measurements. Subsequently the shower counter was mounted to the hadron
calorimeter iron which was held in a stand which allowed rotations and
translation, equivalent to changing 6 and ¢ about the interaction point.
Appropriately shaped 1/8 in. alumioum spacer strips were inserted between BBQ
pleces in order to ensure that the cover plate would not press on BBQ.

The Important characteristics of the module are summarized in Table 1.

3. Beam Tests

The M5 test beam at FNAL provides tagged electrons and plons from 15 to



46 GeV/c. Remotely inserted lead stations before and after the first bend
enhance and suppress the electron content of the beam respectively., Two
threshold Cerenkov counters can separately veto electrons for pilon

selection; both were required for electron selection. The electron content
of the tagged plon beam under similar circumstances has been reported to be of
order 105,12 Qur own data caunot rule out a contamination at the lavel.of 3
x 10™% or smaller. The tagged plons contalned about 6% muons which could be
separately selected.

Additional beam definition was provided by a set of counters a few feet
upstrean of the module. Two small trigger counters covered a 0.7 in. vertical
by 0.5 in. horizontal hole between two large overlapping halo veto counters.
One of the trigger counters was pulse height analyzed in order to help define
single beam particles offline. The plon yileld was generally enough to be tape
speed limited by the MULT113 system on thé PDP 11/20, i.e. about 30 per
spill. The electron trigger yleld was considerably lower, in part because of
the approximately 1 radlation length of material in the beam upstream of us.
Flectron triggers not incorporating the halo veto counkers were completely
dominated by multiple particleé. Bremstrahlung effects on fully selected
electrons are evident in our results. A deadtime of at least 500 ns was
generated for any beam particle and the trigger counter ADC gate continued for
about 220 ns after the triggering pulse, to allow antiselection of triggers
with late beam particles. In some cases the M3 yield was collimated to prevent
distortions by rate effects.

Within the small defined beam spot (0.7 in. x 0.5 in.), detailad
information on the heam particle trajectory was provided by Directlonal Drift

Chambers (DDC's)14 provided by M. Atac. The middle plane of three dm each

view 13 staggered to resolve the left-right ambiguity. This resolving reveals
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a resolution of better than & 0.003 in:, which is more than adequate.

The local trigger counter signal, gated appropriately by upstream beam
counters, deadtimes, busy signals, etc., set the timing for ADC gates and TDC
starts for the DDC readout. The shower counter phototubes were read into
LeCroy 2249A or 22499 ADC's, elther directly or with up to 12 dB
attenuatlon. High voltage settings ware wmade according to guantwa efficlency
tests.

The same basic timing drove the LAC/WORM scanning lntegrating ADC systemlo
which was used to read out the strip chambers. The fntegrating times were 250

and 450 ns for wire and strip channels whose effective capacitances are about

400 and 900 pf, respectively, including leads.

4. Light yvield
Adequéte light yield is important both directly in energy resolution and
indirectly in the ease of handling calibration aud systematic effects. Duriag
our inltial ruaning we obtalned samples of about 1000 electrons at each of
four energies between 15 and 40 GeV and about 200 electrons at 10 GeV. The
beamn was centered in the first c¢ell. The balanced sum of the two phototube
pulsihelghts was demonstrated to be linear with electron energy to better than
1%Z. This sum for 40 GeV electrons is shown in Figure 5. The low energy tall
is larger than would be expectedlS from the known leakage. In fitting a
Gaussian to these distributions, this tail was excluded from the fit, and thé
resulting variability of width is Included in our systematic error. We
believe that the considerable upstream radiator is the predominant source of
the tail.
2,4 4

Results from our previous tests ave agreed with the results of Stone

et al.1® for sampling shower counters. The sampling fluctuations for our
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counter, normal incidence, are expected to be +11.6%/VE (GeV). Other
contributions to observed resclution come from photostatistics and systematic
effects. One large but easlly understood systematic effect 1s the variation
of pulse height across the beam spot introduced by attenuatioan in the
scintillator. Data taken with electrons confirm the polystyrene sample
measurement, and a fluctuation of slightly more than %1% Iin each tube is
produced. The fractional resolution due to both sampling and photostatistics
should be proportional to 1/YE. The fractional effects of the beam width, and
perhaps other systematics, have other energy dependence.

To determine the light yield we unfold, as a functlon of 1/YE; a.) the
sampling and beam size effects from each tube, b.) the beam size effects
from the ratio of the two pulse heights, In which samnpling cancels, and
¢.) the sampling effeckts from sum of the pulse heights, in which the beam
size effect is negligible. A consistent picture emerges of a light yileld of
140 photoelectrons per GeV in the sum of both tubes. This result for the sum
is shown in Figure 6. With generous allowance for systematic error, we quote
our resolution as (l4.3 % 0.8%2)/VE. The data of Figure 6 suggest but do not
require the presence of a systématic term. We note that muon pulse heights
correspond to about 250 MeV or about 35 photoelectrons In both tubes, wivich
agrees with the calculations of Mﬁeller17.

Electron data were eventually obtained for all instrumented cells. Light
vields for the different cells ranged from 70 to 190 photoelectrons per GeV.
The variation from cell to cell followed the pattern of the light guide tests,

eg. the fifth cell, with sheet light guides, gave 190 p.e./GeV.

5. Uniformity

The attenuation of light in the scintillator gives rise to the largest
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nonenlformity. Test beam and lab measﬁrements, centered on the scintillator
in the transverse dimension, agree on an attenuation length of ahout 17.3

in. The nominal width of the stack is 18.5 In. Thus the ocutput of one PMT
for a given lonization can vary by a factor of 3, There is a devlation from a
pure exponential of about 6% ia the form of excess at the extremes, near the
azinuthal boundaries. This excess is cut off hy shower leakage at the edge of
the stack. Using the balanced sum of the tubes the variation is within a
factor of l.2. Systematlc error, glven posltlon measurement, Is negligible.
If the pattern of energy deposited is sufflciently complicated in a glven
tower to preclude sorting out the geometry using the strip chawmbers, then one
would expect systematic error in overall energy measurement:, due to
attenuation, within the factor of 1.2, i.e. about 6%, to be included with the
presumably much larger hadron calorimeter measurement ertor.

The variation as a functlon of © was measured by rxotatling the module about
the nominal interaction point, moving the beam (30 GeV/c) from the first to
the second cell. A slight dip at the boundary between cells is expected. The
physical space between scintillators is about 0.020 in. TImperfect edge
reflectivity of the scintillator and the gap between the BBQ/acrylic sheets
viewing adjacent towers also give variation with 8. The effect of the gap 1s
greater for showers near the azimuthal edges. This gap will be narrowed in
the production design from about 3/4 to 3/8 in. The scan was taken with the
beam aligned to the module corresponding to being 3.2° from the center in ¢,
that is, 4.3° away from the nearer ¢ boundary. The results are shown in
Figure 7. The total variation is contained within a factor of 1.12.

To study the large effects of the crack between modules in azlmuth, we
rotated the module to put the bottom coverplate of the module into a

horizontal plane and placed underneath a small shower counter and small hadron
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calorimeter cells up against the surface. The entire assembly was then moved
vertically to explore fesponse near the crack. Although in detail the small
nodules have significantly different internal geometry than the prototype, the
effects are roughly illustrated. The scan ;overed x4 in. from the the nominal
boundary and used 1/2 in. steps in the reglon of rapid variation. We describe
the results for 30 GeV electrons.

The shower counter retains its nominal response up to 1.5 in. from the
boundary. At one inch there ds an approximately 62‘1035 of respounse and a
trace of response in the shower counter on the other slde. We obgerved a gap
region 1 %@ in. wide, at the boundary. This region is characterized by
response of the sum of the two shower counters averaging 153% of nominal.
Averaged over azlmuth, this gives a 6.4% loss 1n electromagnetilc response.

The total response, including the hadron calovimeter medules, gives a peak at
the nominal energy of width about * 8% and a low tail which corresponds to 1%
energy loss for photons averaged over azlmuth. If the pulse helght, which is
malinly in the hadron calorimeter, ils wisinterpreted as being hadronic energy
rather than electromagnetic, the position of the peak 1s systematically
shifted, giving excess energy, 1.5% averaged over azimuth. WNote that the
geometry of the small hadron calorimeter modules 1s more favorable for

recovering electromagnetic energy than another full scale module would be.

6. Wire chamber response to electrons

In M5 the two wire chambers were filled with 93/7 Ar/C0, gas. Operating
voltages of 1490 and 1415 volts for the 2.5 and 6X, chambers, respectively,
kept single channel pulse heights comfortably ou scale. Extrapolation from
tests made during constructlon suggest that the gas gain is about 103 for the

10 ,a

chamber located at 6X0. The gain uniformity of the electronics channels s



14

previously demonstrated to be completely adequatelg

and onllne monitoring only
checked for malfunctions. The velatively large wire and strip dimensions,
compared to the beam spot size, demanded careful attention to avoid artifacts
of particular alignment. A square area of the two chambers consisting of all
wire channels and a similar number of strip channels in the reglon of the beam
wvas Instrumented with electronics.

18 a11ow praediction of the mean pulse height

The Mieller shower curves
regponse of a single sample, and cur previocus tests? have agreed reasonably
well. The two chambers of this prototype reproduce previous results as shown
in Figure 8. Chamber pulse height at 6X, 1s nearly linear with energy. For
20 GeV and higher this represents by itself an energy measurement to better
than £25%.

Conslderable ability to sort out complex events Is afforded by the
correlation of the pulse helghts of the wire and strip views. Tests of a
prototype chanber with 55Fe showed that iun principle this correlation could be
* 5%3 neglecting both any péthological behavior of high energy electromagﬁetic
showers and any nonuniformity across the area of the chambers. The
correlations seen in the chambers for electrons, at a given location, are I14%
at 2.5X, and +7% at BXO showing the relative good behavior of 15 to 40 GeV
electromagnetlc showers near maximum. The polnts of the sweep data show a
point to point wvariation in the correlation of 6% suggesting that better
tolerance uniformity or mapping of the correlation response of the 6X,
chambers 1s desirable.

We next address the question of how well optimized the widths of .the
strips and wire channels are at 0.63 and 0.69 in. respectively. The ability

to distinguish nearby showers and the sharing required to give good

interpolated position must be balanced agalnst the cost of electronics



channels. The prototype desizn would regquire nearly 2 x 104 channels. The
shower at 2.5X, quite often tends to be vevy narrow, illuninating only one or
two channels. The chamber design was optimized for shower maximum profiles,
at 6X,, and performance of the 6X  chawber will be detailed. Note that strip
profiles are broadened by their induced nature.

Shower profiles are largely confined to three channels, with typically 93%
of pulse height in the wire view and 87% in the strip view contalned. This
becomes 977 in both views for five channels. The two view correlation quoted
as +7% 1is valid for three channel pulse helghts, and using elther f[lve or
seven channels in both views gives only slight improvement. Thus the
correlation 1s still useful for photons of comparable energy with two or more
unoccupled channels between centers, 1.6 inches or more apart in both views.
Note that the tail on the sldes limits how neaf to one photon a photon of
lower energy can remaln vlsible.

The pulse height sharing in three channels 1s used to generate a
coordinate. Because the beam slize and strip size are comparable, we correlate
the strip chamber coordinates to the DDC beam coordinates to isolate
measurement effects. Unfortunately, this restricts us to a relatively small
data sample in which all systems operated properly. The data are not
sufficient to couwpletely optimize coordinate algorithms. In the strip view a
simple, linear, pulse height weighted average measures to %0.10 in. In the
wire view a more complicated algorithm measures to #0.1l1 in. for the narrower
profile and wider channels.

The linear algorithm gives +0.14 and £0.16 in. for the strip and wire
views of the 2.51(0 chamber respectively. The narrow 2.5XO shower profilles
still do significauntly better than would be obtained if the profiles ware

delta functions.
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7. Electron identification

The combination of a momentum analyzed track and the shower counter and
hadron calorimeter information provide considerable information useful in
selecting an electron sample from a large hadron background. In this analysis
we assune a solenoidal momentum resolution Up/p = 0,002 x p (GeV/c). 1In
addition, 2 in. of aluminum was mounted upstream of the module to simulate the
presence of the solenoid coll, corresponding to a then current desiga for a
0.6%, thick coll}®. Samples of about 2000 e” triggers and 10000
T triggers at various energies and positions are used in this analysis.

To simulate the monentum resolution, each event is used 10 times with
random Gaussian assigned momentum values. The assigned momentum determines
the appropriate cuts on shower counter pulse height, hadron.calorimeter pulse
heigﬁt, and both wire chambef pulse heights. Further cuts are made on the
spatial width of pulse helght distributions in the wire chambers. The
effectiveness.and correlation of these selections 1s illustrated Iin Table 1T,
for 30 GeV e and 7 centered in the second tower. The overall result is a
pilon rejection factor for this run of (7 &£ 2) x 10"4 for 52% electron
effieciency. WNote that there iz considerable correlation such that the cuts
are much more effective alone than when applied after all others. Runs near
normal incidence at 30, 40 and 46 GeV give similar rejections of £ 10~3 for
70% electron efficlency while runs at 15 and 20 GeV give ~ 1.7 x 1073, At 40°
incidence, 15 GeV gives 2 x 1075 and 30 GeV gives 1.6 x 1073, all for 70%
electron efficiency. The EM pulse height cut is adjusted to glive the 70%
electron acceptance.

For a large sample of 30 GeV data in the second tower the cuts were

optimized for situvations where some information is missin:. Thus
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(0.7 & 0.2) x 1073 for all informatiom'becomas (0.9 £ 0.2) x 1073 with no 6%,
chanber, (1.3 % 0.3) x 1073 with no 2.5X, chamber and (2.0 & 0.4) x 1073 for
no chamber informatlon. To simulate the case of runnling with no magnet,
appropriate cuts were developed and for 70% electron accaptance the rejection
s 1.5 x 1073 for both chambers, 2.2 x 1073 for the 6X, chamber only and 2.7 x
1073 for no chamber information. The fake electrons tend to have about 10%
less measured energy than the parent pion energy. Background from pairs and
Dalitz decays is neglected.

These results are an attempt to study the actual expected performaﬁce. If
we increase the momentum smearing to OP/p = (0.003 xp instead of 0.052, the
plon rejection degrades by about 40%. Our overall rejection is of the same
ovrder as the all neutral Interaction rate for material upstream of the lead
stack, and limited data we have support the idea that the rejection is
proportional te the interaction lengths of material in front of the stack.
Thus the rejection will degrade if the actual coll is thicker than we

1

assuned. For the parameters of the CDF design report™ a degradation of a

factor of almost 2 may be expected from the above values.

8. Summary

We have demonstrated the feasibility of our design by constructing a full
scale prototype. With a few modifications, the techniques ssem quite
appropriate for the constructloa of 50 modules. Detailed studies of
callbration and monitoring systems are planaed.

The shower counter module was demonstrated to yield sufficlent light to
give a resolution of better than 15%/VE (GeV). The response map shows a
variation in the two tube sﬁm of 1.2 iﬁ the ¢ or attenuation length dimension

and 1.l in the 9 or cell to cell direction. The chambers at 2.5 and 6XO can
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locate a 30 GeV shower to better than +0.16 and £0.11 In. respectively, as
well as making a rough independent enerpy measurement and providing
inforaation to reject charged piong as electron candidates a2t a level of about
107", The twenty~four fold azimuthal crack which contalns wave shifters and
light guides represents about a 6% inefficiency for observing electromagnetic
energy Iin the shower counter. However, amuch of this energy may be recovered
in the hadron calorimeter.

We are grateful to our various collaborators on CDF central calorimetry
and to J. Urlsh, D. Hansen and C. Nelson for their help with the chamber
electronics and to V. Frohne and the Meson staff for their cooperation.

K. Coover and E. Walschon were of great help during construction. This work

was supported by the U. 5. Department of Energy.
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Table I

Characteristics of the prototype module

Size: (1 of 48)

Width 17-21 in. (15° of azimuth)
Length 98 in.
Active length 93 3/8 in.
Towers 10
Tower length 8-10 in., &n ~ 0.1
Lead _ 32 x 1/8 {n., aluminum clad
Seintillator 33 x 6 mm polystyrene (RSTI390)
Wave length shifter 0.118 in. acrylic (Rohaglas 2039)
Gap for shifter 0.188 in.
Light collection
Primary polystyrene
Secondary fluor b~PBD
Recollection fluor BBQ
PMI' s XP2008 (1 1 1in.)
Chambers
Cell size 0.312 x 0.300 in.
Wire 0.002 in. gold coated tungsten
Wire logical width 0.69 in.
Strip widths 0.63 in., .75 in.

Depths {normal) 2.5 X5, 6 X,




20

Table IT

Electron Selection Criteria

Cut electron survival pion survival remaining pion
survival after all
other cuts

EM Scintillator 0.87 0.0076 0.29

Hadron Calorimeter 0.94 0.013 0.54

Wl Pulse Height (25X,) 0.94 0.24 0.54

W2 Pulse Height (6X0) 0.97 0.041 .90

Wi Width 0.99 0.24 0.89

W2 Width 0.97 0.23 0.69

TOTAL 0.72

7 x 1074
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APPENDTX

Design Changes for Production

Several design changes have been made for production modules. The inner
radius has been moved out from 66 to 68 iaches in order to allow for some
future added detector. The steel cover plates change from 1/4 to 3/16 inch
thick and the gaps between the cover plates and the stacks which contalns the
WLS sheets increas from 3/16 to 1/4 iach to allow greater tolerance. As
discussed above, the gaps between WLS sheets will be reduced to 3/16 inch.
Commerclal rods will be used as lightguldes. To avold an awkward glue joint,
the transition strips will be laser cut Into WLS wmaterial.

Only one strip chamber will be used, at 6 X . The cell size has been
decreased to 0.25 inches and the aluminum panels are extruded. Improved
injection molded wire standoffs will facilitate splitting the wires. The
strip widtus have been slightly increased to give 128 strip channels per
chamber along with 32 wire chamnels per end. The strip boards have plated-
through holes to simplify the connecting of leads. Given the extreme
difficulty of getting at the chamber for repalr, each logical wire channel
will have its own high voltage lead which can be disconnected outside the
module. |

An improved sciatillator and WLS cowmbination has been developed in

20 Cast polystyrene scintillator contalning a secondary, UV to blue

Japan.
fluor is coupled to a new blue to green WLS. Despite chaﬁging the
scintillator thicknesgs from 0.24 to 0.20 inches, both the light yleld and the

gscintillator attenuation length will be significantly increased.



The coil design now
aluninum ia front of the
Because of this lacrease

rejection, the stack has
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shows approximately one radiation length of mostly
central shower counter, for normal incidence.
of material, and to help slightly In hadron

been reduced from 32 to 30 lead layers. By partially

replacing lead with acrylic in several layers, both the wire chamber depth and

the overall thickness, in radiation leugths, are kept nearly constant as

functions of polar angle. The average thickness will be 19.4 X, which is

nearly identical to the prototype module wlthout a mock coil, which produced

the data shown in Figure 5.
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Flgure Céptions

Layout of the central detectors proposed for the FNAL Collider
Detector Facility. a) Overall vlew with one side rolled out. b)
Quartersection.

Layout of the electromagnetic calorimeters of one of 48 central
modules. A hypothetical all rod lightguide design 1is shown.

End geometry of the channel strip chambers.

Typical response curves for BBQ and light guide assemblies to
stralight through betas. The coordinate 1is ¢ylindrical radius with
zero taken at the inner, white painted edge of the wavelength
shifter. T and B refer to top and bottom in the test beam
orientation.

Typical phototube response: 40 GeV electrons in the first (90°)
cell.

Resolution as a functlon of electron energy.

Pulse height varlatlon In a polar angle scan. Zero is set to the
first cell center. The second cell center is at about 7 degrees.

Pulse height linearity (A) and resolution (B) of the two wire strip
chambers for normal (N) and diagonal (D) incildence (~ 40°).
Previous results for resolution of a single sample extend to lower
energles.
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