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Summary as a facility inscrumented with magnetostrictive spark

chambera, PWC's, scintillator and Cerenkov hodoscopes
The MPS II detectors are narrow drift space cham- and a variety of user-provided detectors includimg
bers designed for high positien resolution in a magne- shower counters and transition radiation devices. How-
cic field and in a very high particle flux eaviroumenc. ever, since its initial operation, the greatest physics
Central to this implemsntation was the developmsat of interest has fallen into the sub-nanobarn cross section
3 mulci-channel custom IC's and oms multi-channel hy- region. Therefore, replacement of the spark chambers
brid. The system is deadtimeless and requires no cor- with deteccors capable of efficient operation in rates

rections on an anode=to-anode basis. Operational ex- % 100 times higher became essential. It was also de-
perience and releavance to ISABELLE deczactors is dis~- sirable to improve the position rescluzion and absolute
cussed. accuracy of che tracking detectors.
The MPS I1 Project Charged Particle Detector Goals
The MPS At the outset of tuis work a subetantial amount of
- computer simulation was ueed to help optimize detector
The 3HL MPS (Mulctiparticle Sper.l:rm:m:t-.l')1 is a configurations best suitad to the event reconstruction
large 10 Xg "C" magnat shown ia Fig. 1 with a plane software. In addition, hardwars "deficiencies" that
wiew in Fig. 2. It has been in operatiom sinca 1975 impact on computing time vera to be minimized. With
this background the following set of goals was genera-

ted.

* Tracking detector must be capable of very high
event rates - electronics to be deadtimeless.

* Good poasition resolution in a magnecic field
with no or vervy limited position-dependent corrections.

+ Mipimum necd to calibrate - good system sta-
bility as a function of channel-:o-channel ot time vs.
position slope and linearity.

* Cowpact and reliable - suitable for large de-
tectors with poor accessibility such as inside of a 4vw
calorimeter.

Drifr Chamber Design

The drift chamber design was determined by the
need to oparate it very high rates in a magnetic field
while minimizing any need for track position or angie-
dependent corrections. It was also important from
avent reconstruction considerations to attempt to re~
solve the right-left ambiguity and to generate 2-dimen-
sional vectors locally where curvature in the B field
® is negligible. A geomatry that satisfies all these
g 1. ::::::nven fulciparcicle Spectromacer criteria is showm in Fig. 3. These "X" anode, field

® and cachode wires lie along the B field lines. By ar~

ranging 3 such anode planes only 1.2 cm apart, no curva-
ture is seen within the chamber resolution. Also by
gcsggering the anode position in the X3 plane resolu-
tion of the righc-leftr ambiguity will occur in 70-807
of the tracks locally vhen fits allowiag up to 23 devia-
tions are done.

The full module consists of the triple X anodes, a
pair of Y anodes, one of which is displaced by a drift
distance, and a U and a V anode plane wnich are 10°
to the Y (Fig. 4). Therefore locally within a module
it is possible to recoustruct 3 disensional vectors of
the particle track, It should be nozed that in X the

DowsgTREAD reconstruction finds one or more vectors per hit. If
oLTEETINS more than ona vector {s found, in general only one is
correct. Tha correct vector is selected by mazching
Fig. Z Plane view of MPS with detectors vith the vectors in adjacent modules. In Y there are
- always 4 vactors gensrated. tHowever there is no curva-
* Ra «S.
" :':::: t:g’::“g;k;:;gm"“‘ of Eoergy ture in Y so that many of the calculated vectors can
imsadiacely be discarded because the track zust coma
DISCLAIMER from the viciunity of the carget.
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7ig. 3 Three X planes of an MPS II drift
chamber module.
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Fig. 4 Full Arift chamber module with 7
anode planes.
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9ne of the ixportant fcatures of this drift chem-
ber system :is the slectronics developueni:s that allow
all chammel-))y-channel circuit elemsnts tc ba mounted
direccly ou the chamber frame. This circuicry is
shoun in Fig. 4 and i3 called the ICPC. Each anode
lead is attached to a shoit flat pigetail cable to the
ICPC. On the ICPC are the transresistance saplifiers,
pulsa shapers, comparators, digical delay and registers
required for each anode. Figure 5 ia a picture of the
coaplets modula with ICPC's, cable harnesses and inter-
facea elactronics. Figure 6 is a glot of drift cime vs.
track position in a 10 Kg field. In this gas aixture

Fig. 5 Picture of compleced drift chamber
module with ICPC's, cable harnessas
and interface circuitry.
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Fig. € Drift time vs,
10 Kg B field.

track position in a

the drift velocity is fully saturated and the drift
time vs. position in linear at the 100u level from the
anode to near the fiald wire. Figure 7 is a plot of
the HV plateau wvhere the electronics threshold is 4 ua.

Electrounics

The desire to build a2 system easily expandable to
ISABELLE-sized detactors capable tn handling ISABELLE
event rates, i.e. deadtimeless electronics and requir-
ing an absolute minimum of variable paramaters such as
time-to-digital conversions that are different for ea.h
readout channel l2d us to develop a number of custom
integratad circuits and hybrids. Figure 3 is a block
diagram showing 3 custom IC's and a hybrid. Each of
cthese circuits contains 4 channels of electronics. The
amplifier spacificacions are given in Table 1.2 It
should ba noted that the rms noise level is low envugh
that comparator thresholds as low as 1 ua are possible.
Figura 9 shows 1 channel of che hybrid. This shaping
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drift chamber.
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Fig. 9 Pulse shaping hybrid circuirry

network was hybridized to couserve space on tha ICPC.

A discrets implenentation would be nuch less expensive.
Table 2 lists relavent performance of the comparator IC.
The device vas designed with % 6 av of hyscteresis to
improve the circuit scability in large aod somewhat
noisy situacions. The output lavel swings vere decer-
mined by the CM0S digital delay-register drive require~
mants. An alternace veraion of this comparator bhaving

sintlar specifications but ECL output is available ag
MVL 406.2

The third IC in this drifc chamber alectronic
syscem is a state—of-the—art device. It is funceionally
a 4~channsl, 236-bit saift register (SR) that is fabri-
cated wich chs CMDS silicon-on-sapphire (S0S) process.’
It is capable of acquiring data at > 330 MHs. Figure
10 1is a block diagram of the internal scructure of one
channel. To achiave the required speed, the davice is
incernally an 8 phase register. This the maxious Speed
each phasa runs is 330 MHz + 8. To provide practical
external clock risetime and amplitude levels, the clock-
ing is dona with a 4-phase clock driver. This clock
driver then must run at no more tham 330 MHz + 4 or 83
MHz, a much simpler task than clocking at up to 330 MHz.
A consideracion of grsat imporrance in a multiphese
shift regiscer is the relative delay between tha clock
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Fig. 10 Single channel of the 8 piase shift
register.

pulses and the time data is actually acquired in each
of the 8 phases. This has been meaaured at 250 MHz to
be 4 = .5 ns in absolute range om a large number of
devices. The standard deviation of this variance, a

number of greater importance in drift chamber applica-
ctions, is + .3 ns.

The 4~channel SR with control (enabling) circuitry
is shown in Fig. 11. During data acquisition, 4 "ones"
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Fig. 11 4 channel shift register with enable
circuitry.

are in the enable register. This allowa the 4=phase
clock to drive all 4 channels of tha SR. The data is
acquired by running this 4 phase clock ac 250/4 = 62.5
MHz. Precisely 1 us after an event of incareat has
occurred, the 4-phase clock is stopped. Channels with
daca will chen have a string of "ones" somewhers in the
last 32 elemencs in the SR, the position of the furchest
1 being a precise measure of the drift time for that
drift chamber cell. Table 3 gives some important speci-
fications for this shift rcgister. Data is extracted
by use of the enabie circuitry which allows selection
for clocking of one channal only and gating of the last
register element ounto a comoon "OR" bus. Once a channel
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has been selected for readout, the 4~phase clock is
turned on at < 20 MHz for 3. primary ticks and the "OR"
bus dsra is digitized by an encoder common to ona whola
plane of the chamber. In this way the data from a
whole X plane (273 anodes) appears on a single coax
cable. In addition, 2 cables bring the 4~phase clock
to the plane and an additional enable-in coax and
enable=clock coax completes the commmicacion with the
plana. Thus daca and control for 271 (or more for
larger chambers) is compacted to 5 coax cables. It
should be notad that the enable and clock cables are
common for the wvhole module. Figure 12 is a picture
of an ICPC containing the electronica for 64 channels.

Fig. 12 64 channel ICPC with imput pigeail
Test Results
fulser

Each ICPC has a capacitivaly coupled strip across
the input lines to the asmplifier. To test che overall
system timing variations, a pulse is applied to this
scrip. The rise tima and amplicude of this pulse
simulate a drift chamber signal of > 4y ua. With this
pulser schema it is possible to measure the raferenca
time .8 for each channel. With only moderate care in
component selection it is possible to maintain the ¢
variation on a plaue to within 4 na. In additionm, ofle
has a quantizacion error which for the case where the
clock is uneynchronized co the pulser or clock stop
pulses should on average produce an rms of .36 time
tins (4 ns zach) if there are no ocher sources of
ciming jicter. The actusl meseured rms velus averaged
aver a typicasl plane (273 wirea) was .44 time bina.

Pulger data wvas taken over a period of several
weeks and the t_'s for esch channel wera compared. XNo
shift of more tBan .25 time bins was observed. This
remarkable stability is of course expected. Having
measured [z, it is most reassuring and would suggest
that operation of much larger drifc chamber systems
for ISABELLE experimenta is viable.

Particle Tracks

As of this wvriting, 6 full modules have been
buile, but chere has not besn a beam of particles
available from the AGS. Therefore all track recon-
struction has besn done from cosmic ray triggers.

Yoat planes will operate vith a comparator threshold
of 2 ua aa referred to the input. Under these con~
ditions little pickup of the 4~phase clock is observed.
Vhen claan single tracks (u's) are observed, the
pattern recognition already finds unambiguous point-
slope ia 70T of the events with only 2 modules. This

i# without B field. We expect similar results with 3
modules in a B field.

Rlluirance to ISABELLE Datectors

The MPS II project, in addition to its obvious
physics potentisl, may be regarded as a prototype test-
bed for an ISABELLE detactor. The event racte loading
objectives are similar. At MPS II the vaw beam of 107
particles passes through the active area of the drift
chambers. If this region can be made to work efficient-
1y, as it is designed to do,_then a major step will have
been made to handling the 107 events/sec rate expected
at ISABELLE. This was a major design consideration and
should be optimized by an appropriate selection of the
filter network parameters becsuse otherwise the system
i3 dc coupled and deadtimeless.

The compact packaging this h§ghly integrated systen
uses would maks decectors of > 10° drift wires feasible.
With propagstion delay saleccion, ty's can be matched to
betcter than 2 ns so that individual channel t, correc-
tions need not b> made. The time measurements are done
atrictly digitally by a common clock so that only one
drifc time-to-digital slope paramater is required for
the whole system. Finally this highly integrated elec-
tronics should prove very reliable since there is an
average of less than 1.5 active components per chammel.

TABLE 1

BNL TRA4OL
AMPLIFIER CHARACTIRISTICS?

Characteriscics Micdoum Maximum Units
Iaput Type Trua
Differencial

iaput Noise (EMS) 0.25 ua
A Input Resistance 80 ohms
Input Protection 1.13x10"™ J
Tranafer Impedance 17 Zohms
Delta Transfer

Impedance -102 +102

Gain Stability 0.25 r/*c
Qutput Impedance 50 ohms
Rise Time 4,4 nsec
Max. Liresr Output 1.2 Volts
Propagation Delay 19 nsec
Delta Propagatioa

Delay 1.5 nsec
Temperacure Range 0 50 °c
Supply Currentcs

+5.5 vV =.1 65 oA
-2.5Vv= .1 45 mA
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Charactaristics

Input Resistance

Input Z Thresheld
Control

Threshold Control
Raage (1:1)

Threshold Hyateresis
Threshold Mazch

Crosatalk becween
Inputs of Channels

"0" Logic Level
"1" Logic Lavel

Qutput Response
Tixne

Slawing

Double Pulse
Resolution

Inpuc Capacitance
2zopagation Delay

Operacing
Tempearacure

Supply Currents
+5 V
-3 v

TABLE 2
BNL MVL400 .
DISCRIMINATOR CHARACTERISTT.CS™
Minioum Maximum
3
1.5
0 1.5
6 1
S
=40
1.8
+3.5
4.4
3
20
6
14.5 17.5
0 50
200
22
IABLE 3

4 CHANNEL 256=-BIT SHIFT REGISTER

Cilock Fregquency (Effective)

2hase o Phasz Delay

Macch

Maximum Readout requency

(with 16 way or

2ower Dissipaction at

* Hembers of the MPS Group are:

tie)

250 MHz

deferences

OC o

Unics

Kohms

Volts
aV

oV

dB
Vales

Volts

nsec

nsac

aaec
13

nsec

°c

B8

> 330 MHz

< l nsg

> 20 MHz

< 200 ow
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