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ABSTRACT

A 544-channel low-noise, high-rate, precision charge amplification and
ADC system was constructed for the Fermilab Experiment 705
electromagnetic catorimeter, which empioys SCG1-C scintillating giass and
SF5 lead glass insttumented with photo-multiplier wbes, A general
discussion of the system is given, and the charge amplification. fast trigger
pulse generzation. and anaiog to digital conversion aspects of the system are
presented in more detail. Performance is evaluated using data from
Experiment 705 and from off-line tests. Short and long rerm pedesia]
stability, baseline recovery and rate capability, linearity of response. and

crosstalk between channels are discussed.

System Overview
The accurate detecnion and measurement of photons over a
large range of energies 1s central to the goals of Fermiiab
Experiment 705 [1,2], which took data with a high mass dimuon

tigger and a large ransverse energy wigger from june of 1937 10
February of 1988.

The dimuon wigger seiects cvents containing muon pairs
with mass grearer than 2.4 GeV/c2; these events are reconsmycted
ang inspected off-line for JAy (3097) candidates. Reconstucted
JAy's are combined with photons in an attempt to reconstuct the
radiative decays of the ¥ (3510) and ¥, (3555) charmonium
states. For Experiment 705, the photons from these decays lie in
the 1-30 GeV energy range. Excetlent energy resoiuton, on the
order of several percent. is necessary if the ¥ and 9 states are to
ne resolved.

The large wansverse energy wigger selects events which
are likely to conrain large wransverse momentum photons. some of
which result from hard coilisions berween the quarks and gluons
in the targer and beam particles. These photons can have energies
m excess of 200 GeV in the kinemaucal region probed by
Experiment 7035.

To measure photon energics and positons {and therefore
moementa), a large acceptance elecomagnetic calorimeter was
constructed as part of the Fermilab High Intensiry Laboratory open
geaometry spectrometer. The calorimeter consists in part of severai
arrays of SCG1-C scindilaung glass (3} and SF5 lead glass blocks

mswumented with photo-multiplier tubes. The SES blocks ali
have cross secuionai area i5 x 15 cm<, yhilc the SCG1-C blocks
have either 15 x 13 cm<or 7.5 x 7.5 cm« cross sectional area.

Photons depositing their energy in the calorimerer produce
cerenkov light in the lead glass and cerenkov as well as
scintillapor: light in the scinnlianng glass. Each photo-multiplier
tube produces a charge pulse proportional to the energy deposited
in a stngle block.

The experiment ran at average interaction rates berween
300 kHz and 1 MHz. During stable accelerator cperation, beam
was present over a2 ~20 second spill followed by a ~50 sec tnierval
without beam. During the spill. the instantaneous interaction rate
could be much higher (5 to 10 times) than the average interaction
rate. Data were taken at average interaction rawes between 2 kHz
and 800 kHz. with some runmng at 1 MHz and 2 MHz. Most
ruorang%z took place at average interaction rates of ~300 kHz and
8 .

A system of elecronics was constructed to integrate and
digitize the photo-muitiplier tube charge puises in all biocks for
ineractons of interest taking piace in the spectrometer. The same
system provided fast output puises proponional to deposiied
energy from a subset of the blocks for use in the formarion of the
large mansverse energy trigger {4). These fast output pulses were
aiso used to obtain ume diginzed informaton for energy aeposited
in the blocks.



EMI1%751KB

‘ ;hg;omuluplie
High Volage e 1 SF5 Lead Glass Block Hieh Ea
1 ST
— {15 cm x 1§ cin x 8% em) | g gy
(Produce Cerenkov
Radiation in Glass
Block)
550 e RO
oMU MSEC i~ 16 - Channei
Foa-filled Coax) Charge Amplifier Fast Qutput 1
- and ADC Card [ EO TDCdSE:gd
Puise (One of 34 cards umme ey
in the system) Trigger
Trigger
Loge—] Charze | |
Card LN Fast Ourput 2;
Controller —* T Cluster Finder
Trigger Processor
CAMAC
=" Readout
Figure 1. Block Diagram of a Single Channel
Figure ! shows the elcctronics associated with a single The Charze Amplifier and ADC Card
SF5 lead glass channei in block diagram form. A photon
"showers" in the block, giving rise to cerenkov light which is Charge Inteprating Amplifier

collected by a 5" EMI 9791KB photo-muitiplier tube. (3" RCA
6342AV phow-muitiplier tubes are used on the small cross section
SCG1-C blocks.) The charge puise produced propagates through
a ~200 nsec 50 £ RG-8 foam-filled coaxial cabie to one of the
sixteen inputs of a Charge Amplifier and ADC Card. (Shorter
lengths of RG-58 and RG-174 coaxial cable are added at the
receiving end to achieve equal iming of ali block signals.)

The 12 x 20 in® multi-jayer Charge Amplifier and ADC
Cards are housed in three modified CAMAC crates for readout and
control. Each crate is powered by its own +24V, -24V, +6V and
-6V supplies. Two of the crates in the system contzin thirteen
cards each; the other craw contains eight cards.

Charge pulses entering a channel are continuously
integrated by a charge integrating ampiifier. For each input pulse,
two fast output pulses proporuonal to the integrated charge in the
input pulse are produced; these pulses arc sent direcdy to the
wigger logic electronics and a set of TDC's,

If a positive migger decision is made and the event is 1o be
read out, a Charge Card Controiler module in each of the three
crates causes the Charge Amplifier and ADC Cards to store the
charge integrating amplifier outputs for cach channet from just
before and just afier the event. The differences between the
before and after values, represendng the energies deposited in each
channel by the event of interest, are then digitized. The integrator
output from just before the event is digitized as well.

The digitized values for all channels are read out through
CAMAC by a data acquisition program employing “smart" crate
controllers designed by members of the McGill University
Deparmment of Physics {5].

The charge integrating amplifier for a single channel is
shown in Figure 2. Components and voltages associated with
biasing networks are not shown. Each channei is powered by
individually reguiated +24 V and -24 V lines. Bias currents to the
pair of common base wansistors Tl and T2 are suppiied through
emurter follower networks (not shown) for further fiitering.

Transistors T1 and T2 are both normally conducting. The
output of slow operational amplifier Ul is the low frequency
pottion of the input voltage; operational amplifier U2 tries to keep
1ts negative input at this voltage, so that collector voltages of the
two mansistors are held at the baseline for low frequencies.

The photo-multplier tube current pulse from an SF5 block
has a rise time of ~15 nsec and falls exponentially with time
constant ~20 nsec. The signai is therefore dominated by
frequencies for which the .022 uF capacitors in series with the
ernitters of T1 and T2 present very low impedance. and these high
frequency components see an input impedance of ~50 2 (recall
that both transistors transmit signal current), so that the
ransmission iine impedance is matched. The input current puise is
integrated on the capacitor Cip,. For the SF5 blocks, Cip = 150
pF and Rip, = 170 2 (470 €2 in parallel with 270 02.)

The value 150 pF for Cjp, is chosen 5o that the integrated
charge from a 100 GeV input pulse will give ~2 V integrated
voltage; the iargest voltage the channel can digitize is ~2.5 V. The
resistor Ry, is chosen to achieve opumal integranon ume (~25
nsec from 10% to 50% of full amplitude for SF35) by
compensating for the exponental fail of the input signal.
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Figure 2. Charge Integratng Amplifier

The high impedance buffer B presents the voltage on Cim
to the 68 k€2 resistor in series with the negative input of U2. A
voltage is produced at the ouput of U2 (~ -.1 times the voltage on
Ciny) which brings Ciy, back to the baseline voltage with time
constant ~10 psec. (This is true only for the fast pulse, for which
U2 is effectively in a closed loop configuration with a gain of
approximately -6.8 k{} / 68 k(2; for low frequencies, the gain of
U2 is just its open loop gain.}

The signal shapes for the SCGI-C scintllating giass
blocks are different. so that the product of Cjy, and Ryp, is
different for SCG1-C channels. Furthermore. it was desired to
digitize encrgies up to 150 GeV in the large cross section SCG1-C
blocks and 250 GeV in the SCG1-C blocks with small cross
section; Cip, values of 220 pF and 390 pF respectively were used
in these classes of blocks.

Figure 3 shows schematically the fast trigger puise
generation and sampie-and-hold networks for a singiz channel.
The buffered ourput voltage of the charge integrating amplifier is
presented to a 400 nsec packaged delay line. Signais from the
input end of the delav and a 160 nsec tap point are differentaily
amplified to give a monopolar voltage pulse wich ampiimde 0-1 V
proporuonai 1o the integrated charge in the channel. Two output
pulses are generated for each channel. both capabie of driving 2
load of 50 Q.

The shapes of the fast trigger pulses in each channet are
adjusted for opumal rise and decav umes te.g. ~24 nsec and ~70
nsec respectrvely for SF3 channeis) and a reasonabie plateau (e.g.
-112 nse¢ at »>%0% of fuli amplitude for SF3) so that mgger
strobe timing 1s not critical.

The fast tngger gains of all channels are adjusted so that a
100 GeV test puise wiil give a 400 mV amplitude fast rigger
puise. Channels capable of digitizing 250 GeV can then give
trigger pulse amplitudes of up to 1 V, the peak output voltage of
the difference amplifier's linear range. The DC offsets of the fast
trigger outputs are adjusted to within ~1-2 mV of 0 V with a
potenttometer adjustment on each channel.

The 400 nsec delay provides the ume necessary for the
external trigger logic 1o make a decision. using 1n part the fast
rigger output puises described above.

The output voitage from the delay package charges two
sampie-and-hold capacitors C1 and C2 as long as the JFET
switches 51 and S2 are closed. If an event is to be digitized.
switch S1 is opened at time T1, just before the signal of interest
appears at the delay line output, so that the Cl voltage ievel
reflects the state of the charge integratng amplifier ourput just
before the event of interest is integrated. Swich S2 is opened
250 nsec later at time T2, so that the voltage on C2 reflects the
state of the integrator output just afrer the event of interest is

integrated,

The T2 - T1 value is chosen to best match the rise tme of
the voltage on the sample-and-hold network capacitors C1 and C2.
The chosen nme of 250 nsec allows the C2 voltage 1o rise to the
full charge integrator output level. For exampie, it takes 130 nsec
for the C2 voltage in an SF5 channel to rise from 10% of its full
value 1o 90% of 1ts full vaiue.

The C1 and C2 voltages are differentially ampiified. ang
the differences for the sixteen channeis on the card are sent to the
multipiexing and ADC stage which follows. The C2 voluage is
muldplied by a gain  slightly greater than unity rejative to the Cl
voltage before the difference is calculated 1o compensate for the
exponential decay (~10 psec ume constant) of the charge
integrating amplifier outpur between the time at which it 15 o
maximurn and ame T2.
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Figure 3. Fast Trigger Output Generation and
Sampie-and-Hold Networks

The voltage ievel sent to the multiplexing stage when no
input signal was integrated ("pedestal") depends on the leakage
charges Q1 and Q2 injected by the JFET swiches 51 and S2 each
time they are opened. Typically Q1~Q2; the gain factor a>1 thus
insures that some positive non-zero voltage value will be digitized.
(If Q1>Q2 it is sometimes necessary to boost the output voltage
level by a fixed amount so that the pedestal voltage will be
positve.)

If pedestals are to be stable it is crucial that the leakage
charges Q1 and Q2 be the same for each switch opening and not,
for example, depend on the time since the last opening of $1 and
52. For one type of analog switch, the Harris CMOS 201HS, the
digitized pedestal vaiue was found to be highly dependent on gate
frequency, or mere particularly, on the time since the last gate {6].
Replacement of the 201HS with another switch, the National
Semiconductor JFET LF13201, eliminated this problem, which
was a major annoyance in this particuiar application because of the
stringent requirements on pedestal fluctuations. described in more
detaii later.

The quantity o was adjusted on each channel with a
potentiometer before data taking. Proper choice of o opumizes the
return to "pedestal” after charge has been deposited. If o is too
large, the digitized output will be greater than the nominal pedestal
for some time interval following the deposit of charge in the
channel, 50 that an event occuring in this time interval and which
deposits no energy in the channel in question will nevertheless
measure non-zero energy in the channel. If o is too smail, the
digitzed vaiue will be smailer than the nominal pedestai or, if
non-zere energy is deposited in the channel, the measured
digitized vaiue will be smaller than the correct value. In either
case, the digitized value will eventuaily return to the nominaj
pedestal, on a tirne scaie on the order of usec.

I Digital C .

The ourput voltages (V- - V) for the sixteen channels
of each card are multiplexed to a single Analog Devices 5200
12-bit successive approximation ADC. Before being presented to
the ADC, each channel's output voitage is muitiplied by a factor of
8 if the digitized value would be iess than 1/8 of full scale. or u
factor of 1 if this is not the case: in this way, an effective
sensiavity of 15-bits is obtained for smail signals.

The voltage level of capacitor C1 for each channel is
coarsely digitized (3 bits) so that information about the output level
of the charge integrating ampiifier just before each digitized event
15 retained.

The digitized values for the sixteen channels are shifted
into a FIFO to await read-out through CAMAC. The three crates
are read out serially. The readout sequence within a crate is as
foilows: the FIFO's of the cards in the crate are read sequentially
by card, so that all channel 1's are read first. then all channel 2's.
and so one until all channel 16's have been read and the crate has
been completely read out. In this way, readout can proceed at the
full CAMAC rate (1 MHz) even if the ADC diginzation rate is
much slower.

Cards are typically still digitizing their channels as the crate
is being read out; if the FIFO on a card does not have a word
available, no Q response is sent from the card and the controller
Contnues 16 interrogate the card untl the ADC has a value ready.

The output from each channel is a sixteen bit word. The
lowest tweive bits contain the digitzed value (0-4095 counts) of
(Vo - Vo) representing the energy deposied in the channel for
the event being read out. The thirteenth through fifteenth bits are
the digitzed value of the C1 capacitor voltage, representing the
baseline subtracted for the event of interest. The sixweenth bit is set
ON if the channel's analog output was muitiplied by 8 before
digitizanon.

System Performance
P LF jons. E Resoluti 1 Noi

Electronic noise from photo-multiplier tubes, base
electronics, pickup on coaxial transmission lines. and in the
electronics iself will manifest itself as fluctuanons 1n the digitized
pedestal for a channel, which may be expressed in digital counts
or. of greater interest to the experiment, in energy units.

Pedestal fluctuations enter the fractional energy resolution
o(E) / E of a calorimeter as a term inversely proportional to
energy E: ‘
o(E)/E ~ (opgp/E) + (A/VNE) + B



whers Opgp is the pedestal width in energy units. A is ~2% for
SCG1-C scintllating giass and ~5% for SFS lead giass. and B is
the "systematic term’ which represents various errors in energy
measurement which are proportional to E. Major conmibutons to
B include uncertainties in relative gains between channeis and
losses in measured energy due to leakage and albedo.

The ¢ontributions to the systematic term B which are due
to uncertainties in relative gains between channels are minimized
for Expenment 705 by conducting an elaborate set of calibrations
in which electrons or positrons of known momentum are sent into
every block of the calorimeter. Gain are tracked between
calibrations using an LED puiser system which puts light into
every block in test riggers taken between spills. (The LED puiser
amplitude itself is tracked with three PIN diodes.) The
uncertainties in gains are currently ~19%, and better results are
hoped for with refinements in the interpreration of calibraton data.

If E is the energy of a group of channels (typically a
photon deposits its energy over no more than 9 blocks, with
>90% in four blocks), then Opgp is the sum in quadrature of the
pedestal widths for the channeis invoived, or the aigebraic sum if
the fluctuarions are for some reason "maximally” correlated.

The pedestals are found to be quite stabie over iong
periods of dme (severai counts over a period of months), as long
as the electronics is kept in thermai equilibrium. When a crate is
trned on "cold,” the pedestals of all channels fall slowly over a
period of 20 minutes ot so. and then stabilize with widths
perween 1 and 3 digital counts,

Lack of precision in the digitized value for a charge pulse
of a given amplitude would further degrade energy resoluion.
Table 2 shows the measured values in digital counts and their
sigmas for a full scale test charge puise over a range of
attenuations injected into an SF5 channel. The average and sigma
are calculated over 25 digitzanons at each anenuator setting. Note
that the x10, x100, and pedestai values are in the x8 regime of the
ADC card: the x1, x2, and x4 values would normally be multiplied
by a factor of 8 off-line. The digitized vaiue is seen to be precise to
less than a part in 1000 for the x1 regime and to a few parts in
1000 for the x8 regime.

Table 1. Average Pedestal Widths for SF5 and SCG1-C Block Channels

Block Type Maximum Average Average
Energy Pedestal Pedestal
(GeV) Width jcountst  Width (MeV)
SF5 (15x 15cm?) 100 1.71 5.45
SCG1-C(15x 15 cm?) 150 1.54 7.10
SCG1-C(7.5x 7.5 cm?) 250 1.66 13.6
Pedestal fluctuations will become a major term in the Baseline Stabjlitv and Rate Capabitity

energy resolution for photon energies on the order of a few GeV if
opgp ~ 100 MeV. It was therefore desired to keep the noise in
each channel at the singie count level. For the SFS channels, this
corresponds to ~3 MeV, while for the two types of SCG1-C
channe] a single count is either ~5 MeV or ~8 MeV. The worst
case value of Gpep) for SES for example will then be 27 MeV for
nine blocks with "maximally" correlated pedestal fluctuations.
{Off-line examinadon of pedestal data taken during the run shows
that pedestal fluctuations are not in fact correlated.) Table 1 shows
the measured pedestal widihs in digital counts and energy units
{MeV) for the three classes of blocks used in the calorimeter.

About one half of a digital count is typically contributed to
the pedestal width by the photo-multipher mbe and cable noise. If
the charge amplifier is disconnected from the delay package input
(see Figure 3), the pedestal width decreases by about .4 digial
counts; the sample-and-hoid network typically contributes about a
digital count 1o the pedestal width.

To run a1 average imeracton rates up 1o ~1 MHz it is
necessary to insure that the digitized value for a channet will have
returned to its pedestal valwe within ~1 psec of an event
depositing energy in the channel. In addition the sample-and-hold
rise ime must be short encugh to insure that a subsequent event
occurring within ~1 psec of the event of interest will not degrade
the digitized value for the event of inmrest.

Figure 4 shows the digitized response of a single channel
1o a test pulse with ciose to full scaie amplitude [7]. The ordinate
is T1. the opening time of switch $1 (see Figure 3) relative to the
ume which gives maximal digitzed output. Swiwch §2 is opened
250 nsec after 1. The rising and falling edges of the response
curve reflect the shape of the sampie-and-haold network response.
in particular its rise time.

Table 2. Repeatability of Digized Signal (See Texn

Attenuation of Average RMS Multipiter
Charge Pulse Digitzed Value (counts} tpre-digitization)
(counts)

xl 3676 2.0 x1

x2 1938 1.1 xi

x4 1004 0.6 x1

x10 - 3473 1.7 o x8

x100 702 1.3 x8

Pedestai 397 1.6 %3
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Fi 4. Digitized Response to Full Scale Test Puise
B for Various Sampie-and-Hold Times

For T1 well before or after 1ts optimal value, the digidzed
vaiue of ~400 counts corresponds to the channel's pedestal. For
T1 within 80 nsec of the optimal deiay, a digitized value = 90% of
full amplitude is obtained. It is secn that for an event occuring
1.5 psec after an event depositing full scale energy in the channei
of interest, the digitized value will be nearly unaffected by the
previous event.

For T2 greater than about 1.5 usec, the digitzed value is
close but not equal to the pedestal value. By adjusting the relative
gains of the C1 and C2 voitages (the gain factor & in Figure 3) the
Teturn to baseline may be optimized for each channel. The channel
shown is slightly over-compensated for the exponential decay of
the integrator output, 50 that the digitized output value is still
returning to pedestal “from above" for T1 = 3 U sec, the iongest
delay shown in the plot.

The shoulder and undershoot in the digirized response for
T1 near 300 and 500 nsec respectively are caused by a reflection
at the amplifier input which propagates back to the unterminated
photo-multiplier tube output and back to the amplifier input {8].
This effect is linear with input signal amplitude. and has an
amplitude of ~2% relauve to the signai.

Linearity of R

The signal presented to the ADC is intended to be
proportinal to the integrated charge in the channel for the event
being digitized. As described above, analog values comresponding
to less than 1/8 of full scale are first multiplied by & factor of §;
other signals are digitized directty. The departure from predicted
lincar response for 2 channei are shown in Figures 5a and 5b.

To generate these plots, the response of a channel was
measured for a full scale test charge puise of the appropriate shape
atremuated by a factor between i and 90 dB, in steps of .5 dB.

Figure 5a shows the deviation from linearity for the small
signal range of inputs, which arc multiplied by 8 before
digitization, The ordinzate is the fracton of full scale charge
integrated by the front end amplifier, and so only ranges from
"zero” (pedestal) to about .12 (1/8 of full scale). It is seen that the
response of the channel deviates only slightly (less than ~19% for
the entre range) from a linear ieast square fit to all the points in the
test. The large fractionai deviations at the low end of the scale

reflect the pedestal width (1.4 digital counts.) The mean pedestal
value for this channel is 394 counts.

Figure 5b shows the deviation from the extrapolated line
from the x8 region for points in the x1 region (greater than 1/8 of
full scale). Itis seen that there is some "sag” to the response for
large signals, which gradually approaches a deviation from iinear
behavior of ~ -6% at the largest digitized vaiues.
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Crosstalk

In addition to the the pedestal fluctuations described in an
earlier section. some naccuracy in the digitized value for a channel
can anse from crosstalk with neighboring channets.

Figure 6 shows the digitized response for a channe} when
a full scale test pulse is injected into one of the channel's nearest
neighbors. A clear bipolar shape relative to pedestal is seen,
which is close 1o pedestal near the "optimal” T1 value, but can be
as far as ~40 counts away from pedestal, or about 1.5 parts in
1000 of the stgnal in e neighboring channel.
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Figure 6. Digitized Response for a Channel usec
When Full Sczle Pulse in Injected into
A Nearest Neighbor Channel

Channeis which are not nearest neighbors on the card are
found to have much smailer levels of cross-talk (for example, ~2
parts in 10000 for the next closest channel.) Further tests show
that the crosstaik effect is linear; that is, crosstalk is present for
nearest neighbor channels at the level of 1.5 parts in 1000 over the

entire cnergy range.

Conclusions
A 544-channel charge amplification and ADC system for a
photo-multiplier tube array was successfully operated in the

Experiment 705 specrrometer at average interaction rates
approaching 1 MHz.

Pedestal fluctuadons berween ~3 MeV and ~15 MeV per
channel were obtained, giving a contribution to the energy
resolution of less than ~5%/ E. For example, the energy resolution
for single catibration showers is found to be

oE)/E~(4.8%/E) - {1.8%/VE) + 1.3%

in the regions empioying SCG1-C glass, with the term in IWVE
somewhat worse for SF5 glass, as expected. The pedestals were
found to be stable to within several digital counts over a period of
months.

Off-line tests show that the digitized pedestal vaiue for 2
channel is unperrurbed by a prior or subsequent event depositing
full scale charge within 1 usec of the event of interest. The
digitized response of a channe is repeatable at the one or two
count ievel for fixed input amplitude across the entire dynamic
range. (After the x1 data are rescaied off-line this spread is
somewhat worse of course.}

The digitized response of a channei is linear to within less
than 1% for signals iess than 1/8 of full scale. For iarger signals,
the response falls below the vaiue predicted by the small signal
fitted siope: the magnitude of the deviaton from linear behavior is
slowly increasing, reaching ~-6% at the largest digitized values.

Crosstalk is present at the level of 1 part in 1000 for
neighboring channeis. and 2 parts in 10000 for next to nearest
neighbors.

Ackpowledgements

We would like to acknowledge the contributions of several
members of the Fermilab Research Division Electonic Support
Group toward making this system a success. Carl Wegner
designed the Charge Amplifier and ADC Card. Alan Baumbaugh
designed the Charge Card Controller Module. Mark Averert, Keily
Knickerbocker, and Ray Yarema were aiso instrumental in
bringing this work about. We would also like to thank Angelo
Cotta Ramusino of the Fermilab Physics Department for several
very helpful discussions in the preparation of this paper.

References

[11 M. Binkley et al.,, Experiment 705 Proposal,
Fermiiab, 1981.

[2] §. Conetri et al., "Dirnuon Experiments at the Fermilab
High Intensity Laboratory,” and D. E. Wagoner et al..
"Expectations for Direct Photon Physics from Fermilab
Experiment 705", to be published in i
W St.

Croix, Virgin Istands. Ociober 8-13, 1987,

{3] D. E. Wagoner et al., "A Measurement of the Energy -
Resolution and Related Propertes of an SCG1-C Scintillation
Glass Shower Counter Array for 1-25 GeV Posirrons”, Nuciear

i i AZ38 (1985)
315-320.

[4] G. Zioulas et al., “An On-line Trigger Processor for
Large Transverse Energy Events”. (These proceedings.)

[51 S. Coneui, M. Haire, and K. Kucheia, "Fast,
Micro-processor Driven, Data Acquisition for Fermilab
Experiment E705", i i NS-32
1318, 1985 and S. Conetti and K. Kuchela, "A Smart Crate
Controller for Fast CAMAC Data Acquisition”, IEEE Transactions
of Nuclear Science NS-32 1326, 1985,

[6] The effect showed up first as a broadening of the
pedestals measured in actual data taking relative to those measured
with a test puiser triggering digitization at a fixed frequency. It
was then noticed that the pedestals measured at various fixed
Trequencies. while ali quite narrow, differed in their mean values
by many counts from frequency to frequency. Finally, it was
found that the measured pedestal value depended strongly on the
time intervai since the last digitization. This dependence appeared
1o continue out to time scales of minutes. (That is, the measured
pedestal after an interval of one minute was different by many
::a:n,mtséL from the pedestal measured after an interval of say one
second.)

(71 All channels were calibrated before data taking so that
a test input pulse with the correct shape for the channel and
representing whe channel's full scale energy would give 2 digitized
output close to 30,000 counts (after muitiplying by & as described
under Analog 1o Digital Conversion above.)” This provided a small
"overhead” for each channel of severat thousand digitat counts
above its nominal full scaie energy

(8] The phow-multiplier tube ourputs were not
back-terminated in 50 Q since this would have spoiled the
integration of the iow frequency components of the charge puise
a5 well as the baseline stabilzation of the charge Int=grating
amplifier. The shoulder maximum occurs when T2 lies on the

_{same-sign) reflection appearing on the integrator ouput. The

minimum occurs when T1 lies on the reflection. if a test pulse is
injected with only a short delay line. no disturbance in the digitized
output 1s seen.



