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I. I ntrod u cti on 

The readout electronics for the rr-''e -experiment /l/ controls 

the operation of the experimental sP.tup, digitizes data from the 

detectors and transfers them to the computer. 

The main logic diagram is presented in Fig. 1. The apparatus 

is synchronized with the accelerator and connected with the 

computer. A regime of the work is chosen by the operators, 

The permission for triggering is given when the computer is 

set on-line and a gate signal comes from the control circuit, The 

trigger is produced by the system of scintillation counters and 

fast 'electronics during permission time. 

Data from experimental setup pass the gates and are acquired 

only in the case of the trigger, Stored information is transfErred to 

the computer through the output gates and the data bus. 

The sources of information are as follows: 

12 spi'irk chambers (250 x 250 mm2), 

6 spark chambers (400 x 600 mm~), 

2 proportional chambers (80 wires), 

about 20 scintillation counters (30 photomultipliers), 

2 lead glass Cerenkov counters, 

power supplies (for the counters, magnets, etc,), 
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'!'he acquisition and on-line analysis is done by the HP 2116B 

computer with the parameters /2/: 

word length - 16 bit, 

cycle - l.611sec, 

memory -32 k + 182 k (disk), 

maximum transfer speed - 263 k/sec, 

II. Main Units of the Readout Electronics, 

1, Readout Electronics for Spark Chambers_ 

In the experiment magnetostrictive spark chambers are used. 

For these chambers coordinates are given by time interval measu

rements between the trigger (or anothe; zero time) and pulses from 

the ~netostrictive vvire which corresponds to a spark in the 

chamber. 

In Fig. 2 the preamplifier and a!'Tlplifier-discriminator are 

shown. These circuits play an important role shaping the signals 

from pick-up coils into standard logic pulses. A signal from a 

pick-up coil is amplified 7 - 10 x 103 times and passes through 

the discriminator ( T
1 

) which cuts noise and reflections. 

'The output pulse corresponds to the maximum of the input signal 

(it is differentiated on the C 5 capacitor) or its leading edge (in 

this case a signal from 1'1 goes to 1' 3 ). 

The readout electronics contains 50 preamplifiers and 

amplifiers-discriminators. 

For measurements the coordinates from the spark chambers, 

a parallel-series system based on magnetostrictive delay lines is 

used /3,4/. Compared with a parallel readout system /5/ this method 

gives a big advantage in the amount of electronics needed, but 

at the same time extends the measuring time, complicates logic 

and gives a little less accuracy and space resolution. 

The block diagram of the spark chamber readout electronics 

is shown in Fig. 3, The signals from the amplifiers-discriminctors 
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pass through the gates and are stored in the magne 

line system 16 1. The delay line used contains a 1 

along the wire and one read coil - this ~;olution giVE 

ty to store data with high density, '!'he chain of the 

delay 1:nes is fed to a multiple position svvitch, v 

signal::; on be ::-;epu.rate outp:).!:=, '!'he ':Vidt~'l. of these 

ponds to the arrival time of the input signals ·'i.nrl 

scalar gates for 20 lfH z quartz clock. The count 

the scalars gives coordinates of the sparks in the 

values are sent to the computer. 

'I' he multiple positi ::v1 s wi!;ch, gates and scaler! 

by a circuit, which from the chain of the pulses sep 

spark chamber signals. After reset, 

the scalers are used for the data 

cycle is repeated many times. 

the multiple pos 

from the next 4 

The readout electronics contains two parallE 

storage and measurements of the X and Y coo. 

channel has delay lines of the common length 2,4 n 

position switch and 12 scalers l4 each of the 2 cap 
A more detailed description of the logic of tl 

be given later. 

2. Readout. p:lectronics for the Propodional Char 

For d<tta. from the proportional chambers /7 /, a1 

gated flip-flop memory is used, The block diagram 
is presented in Fig. 4, 

A signal from a wire is amplified about 200 ti 

a standard amplitude and differentiated to the 50 ns 

signals pass through the gates, which are opened 1 

(typically 100 nsec) and are stored in the memory 

the memory is transferred to the computer, 
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pass through the gates and are stored in the magnetostrictive delay 

line system 16 1. The delay line used contains a few write coils 

along the wire and one read coil - this ~>olution gives the possibili

ty to store data with high density, The chain of the pulses from the 

delay l;nes is fed to a multiple position switch, whicr1 pt·oduces 

signal,;; on t·1e ::-;ep:1ra'ce outp,)!:'=. The ':vidt;'1 of these pu.l:;es corres

ponds to the arrival time of the input signals .:..nd they open the 

scalar gates for 20 '1Hz quartz clock. The count accumulated by 

the scalars gives coordinates of the sparks in the chamber, These 

values are sent to the computer. 

The multiple positbY! s ,vi~ch, gates and scalers are controlled 

by u. circuit, wr1ich from the chain of t!fe pulses seps.rates only one 

spr-J_rk chamber signals, After reset, the multiple positi :n switch and 

the scalers are used for the data from the next chamber - this 

cycle is repeated many times. 

The readout electronics contains two parallel channels for 

storage and measurements of the X and Y coordinates. Each 

channel has delay lines of the common length 2,4 msec, a multiple 

position switch and 12 scalers each of the 2l4 capa.city. 

A more detailed description of the logic of this system will 

be given later. 

~. Readout. Electronics for the Propodional Chambe~ 

For d<tta from the proportional chambers /?/, an 80 - channel, 

gated flip-flop memory is used, The block diagram of one channel 

is presented in Fig, 4, 

A signal from a wire is amplified about 200 times, shaped to 

a standard amplitude and differentiated to the 50 nsec width, Such 

signals pass through the gates, which are opened for chosen time 

(typically 100 nsec) and are stored in the memory. The state of 

the memory is transferred to the computer. 
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3. Readout Electronics for the Scintillation and Lead Glass 

Cerenkov Counters. 

Signals from the scintillation and lead glass Cerenkov 

counters are processed by fast electronics. The readout electronics 

gives a possibility to count pulses from the fast logic and latche 

signals from each counter. 
Fig. 5. presents the block-diagram of one counting channel. 

Input signals pass through the gate controlled by the main control 

circuit. The accumulators count till or ·after the trigger, and their 

state is sent to the computer by each trigger. 

The readout electronics contains 16 20 MH z accumulators each 

of the 214 capacity. 
The block diagram of one latche channel / 8 / is shown in 

Fig. 6. The pulses from the fast discriminators come to the gate 

which is opened by the trigger for 20 nsec. The output pulses 

are stored in the flip-flop memory and their state is transferred to 

the computer by each trigger. 

4. Voltage Measuring System. 

Fig. 7 shows block diagram of the voltage measuring system. 

'lhe scanner works synchronously with the accelerator cycle and 

using relays sends a voltage to the DVM I 91. The DVM is triggered 

extremely one time per accelerator cycle. The state of the DVM is 

transferred to the computer in each event. 

The circuit periodically scans 32 test points. 

5, Fixed Data Circuit. 

For marking different regimes of the experimental set-up 

sixteen 10-position switches are used. The state of each switch 

is transferred to the computer in the BDC code. 
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III. Readout Electronics Control Logi 

1. The Synchronization with the Accelerator and 

In Fig. 8. the block diagram of the readou 

presented and in Fig. 9. the sufficient time dia. 

accelerator cycle is shown. 

The pulse ACCELERATOR comes from the a' 

system and initiates the MASTER CONTROL unit 

INTERPUT signal to the computer. The arrival tin 

is adjusted so that is enough to switch the cor 

DIRECT MEMORY ACCESS mode before the spill. \ 

ter is ready it gives an ENABLE pulse which turr 

flip-flop in the readout electronics - this level i 

necessary for trigger permission. 

After interrupting, the control system rese 

TIME for MONITOR TRIGGERS, which can be p 

external or internal generator. From the point of vie· 

system these triggers are the same as real ones b 

test information : The counters are excited by light 

chain of pulses at a fixed distance is fed to the c< 

ring system. 

Later on the control unit shapes a BEAM GA 

is also necessary for producing permission for the 

As the readout electronic can be triggered 

e-1d of the BEAM GATE, the SPILL TIME for t 

delayed by SPILL END DELAY for 10 msec. Afte1 

TRIGGER is sent to the readout electronics, and tl 

lated by the end of the gate, are transferred to thE 

trigger is only accepted by the computer when the1 

with the real trigger. It is also needed by the c 

system when there are no monitor and real trigge 

of the computer is changed for an on-line analysi! 

"magic", complementary words, used for format ch 
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III. Readout Electronics Control Logic. , 

1. The Synchronization with the Accelerator and the Computer. 

In Fig. 8. the block diagram of the readout electronics is 

presented and in Fig. 9. the sufficient time diagram for one 

accelerator cycle is shown. 
The pulse ACCELERATOR comes from the accelerator timing 

system and initiates the MASTER CONTROL unit which sends an 

INTERPUT signal to the computer. The arrival time of this pulse 

is adjusted so that is enough to switch the computer into the 

DIRECT MEMORY ACCESS mode before the spill. When the compu

ter is ready it gives an ENABLE puis.~ which turns on a READY 

flip-flop in the readout electronics - this level is one of those 

necessary for trigger permission. 

After interrupting, the control system reserves MONITO~ 

TIME for MONITOR TRIGGERS, which can be produced by the 

external or internal generator. From the point of view of the readout 

system these triggers are the same as real ones but they generate 

test information : The counters are excited by light diodes and the 

chain of pulses at a fixed distance is fed to the coordinate measu

ring system. 

Later on the control unit shapes a BEAM GATE signal, which 

is also necessary for producing permission for the trigger. 

As the readout electronic can be triggered just before the 

e~d of the BEAM GATE, the SPILL TIME for the computer is 

delayed by SPILL END DElAY for 10 msec. After that a CLEAR 

TRIGGER is sent to the readout electronics, and the data accumu

lated by the end of the gate, are transferred to the computer. This 

trigger is only accepted by the computer when there is no overlap 

with the real trigger. It is also needed by the computer control 

system when there are no monitor and real triggers - the regime 

of the computer is changed for an on-line analysis only after two 

"magic", complementary words, used for format dlecking. 
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READOUT RESET DELAY extends READOUT ENABLE for 

an additional 10 msec and only after that the whole system is 

disabled untill the next spill. 

2. Acquisition and Data Transfer. 

Fig. 10. presents the time diagram of the readout electronics 

in the case of the trigger, 

The GATE for the trigger is produced by the DEAD TIME 

unit when the following conditions are satisfied; 

- READY is set by the computer ENABLE, 

BEAM GATE is on, 

- DEAD TIME is off (there was no~ trigger in selected time), 

CLEARING FIELD is off, 

RESET is on (it means that the previous event is finished). 

The TRIGGER fires the spark chamber HV pulsers, opens the 

gates for the PROPORTIONAL CHAMBERS and the LATCHES, 

stops (or starts) the ACCl..JMUL.)l(['ORS. The DEAD TIME unit 

produces the timing signal - DEAD TIME, the control circuits 

accept a RESET level and the pulsed CLEARING FIELD is 

turned on after 0.5 msec delay, 
·~. 

The TRIGGER sets into the operation of the spark chamber 

coordinate measuring system which composes the main part of the 

readout electronics - Fig. 11. shows the sufficient time diagrams, 

The ST ROBE signal allows the AMPLIFIER output pulses to 

pass the DELAY LINES where the logic pulse START is also 

stored, It comes 3 - 5 p. sec earlier than the first FIDUTIAL and 

is used by the control circuit for synchronization, especially, when 

there is no data from the chamber, In the case of checking this 

input is used for the chain of TEST pulses, 

To speed up the acquisition process, the coordinate measu

ring and transfer circuits are organized in the "ping-pong" way. 

Each of the channels for the X and Y coordinates is divided into 

two identical parts X ' , X " and Y ' , Y " , from which X ', Y ' digitize 

data first and then X", Y" , when X' , Y' are busy with data 

transfer. The control circuits, alternately, change the regime until! 

finishing data from all the chambers, 
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The information from the delay lines comes in 

length of which is 60 p. sec for the 250 x 250 mm 2 

~ 
130 p.sec for the 400 x 600 mm chambers. The dis 

the beginnings of the bursts is 80 and 160 p. sec, 

The regime of the subchannels is controlled b; 

circuit and changes either 70 or 150 p. sec after the 

the burst for the "small" or "large" chambers, respecti· 

ber of the chambers is known earlier and sufficier 

set in the circuit, At the moment of the change, the R 

resets the 6 SPARK SWITCH, and the SCALER l 

these scalers (214), data from which were sent to the 

will be used for digitlsation), 

The readout system is constructed f<X' a maximt 

from one pick-up coil, The multiple position switch 

first FIDUTIAL. All the outputs are switched into the 

and the scalers start to count at the 20 MHz clock 

pulses from the chambers successivly turn off the ot 

the scalers, 

The readout logic is organized so that the infc 

selected part of the system occurs on the DATA 1 

there is a coincidence between the "group" s~gnal 

ACCUMULATORS, PROPORTIONAL CHAMBERS, FIX 

the "word" signal. The "group" signal comes from 1 

unit with respect to the number of words transferred 1 

(a special scaler counts them) - data are transferrE 

format, The "word" signals are given from a 12 - pos 

ter and they are wired in parallel to all groups. At 

the regime chamge the first READOUT signal is gene1 

mation from the first X scaler (which is in the transfe1 

to the DATA BUS. The FLAG signal for the MI 

INTERFACE, which controls the acquisition of the da 

puter, is set after 0.5 p.sec delay. After storage of 

memory, the computer sends an ENABLE pulse to thE 

ronics. It shifts the ring counter to the neXt positi< 
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The information from the delay lines comes in the burst, the 

length of which is 60 p. sec for the 250 x 250 mm 
2 

chambers and 

~ 
130 p.sec for the 400 x 600 mm chambers. The distance between 

the beginnings of the bursts is 80 and 160 p. sec. 

The regime of the subchannels is controlled by the REGIME 

circuit and changes either 70 or 150 p. sec after the first pulse of 

the burst for the "small" or "large" chambers, respectively. The num

ber of the chambers is known earlier and sufficient jumpers are 

set in the circuit. At the moment of the change, the REGilVIE RESET 

resets the 6 SPARK SWITCH, and the SCALER RESET resets 

these scalers (214), data from which were sent to the computer (they 

will be used for digitisation). 

The readout system is constructed fOl' a maximum of 6 sparks 

from one pick-up coil. The multiple position switch starts with the 

first FIDUTIAL. All the outputs are switched into the high level statE\ 

and the scalers start to count at the 20 MHz clock frequency. The 

pulses from the chambers successivly turn off the outputs and stop 

the scalers. 

The readout logic is organized so that the information from a 

selected part of the system occurs on the DATA BUS line when 

there is a coincidence between the "group" signal (CHAMBERS, 

ACClJl.\/IULATORS, PROPORTIONAL CHAMBERS, FIXED DATA) and 

the "word" signal. The "group" signal comes from the READOUT 

unit with respect to the number of words transferred to the computer 

(a special scaler counts them) - data are transferred in the fixed 

format. The "word" signals are given from a 12 - position ring coun

ter and they are wired in parallel to all groups. At the moment of 

the regime chamge the first READOUT signal is generated and infor

mation from the first X scaler (which is in the transfer regime) comes 

to the DATA BUS. The FLAG signal for the MICROCIRCUIT 

INTERFACE, which controls the acquisition of the data by the com

puter, is set after 0.5p.sec delay. After storage of the data in the 

memory, the computer sends an ENABLE pulse to the readout elect

ronics. It shifts the ring counter to the next position, the second 
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READOU'I' reads from the next scaler and the next FLAG goes to 

the computer. When the data from the X scalers are transferred, 

the some process is repeated for the Y coordinate scalers. 'I'he 

transfer time for 12 words is about 50 p.sec. 

During that time a new fraction of the data is stored in the 

X and Y subchannels, so the next regime change starts to read 

this information and prepares the scalers for a new digitizing pro-

cess. 

'I'he readout system allows to measure the coordinates of six 

sparks from 38 "small" and 12 "large" chamber pick-up coils. It 

consists of 300 computer words. 

When the acquisition of the data from the spark chambers is 

completed the READOU'I' unit transfers" the information of the remain

ing groups: ACCUMULATORS, PROPOR'I'IONAL, CHAMBERS, FIXED 

DA'I'A (it includes the information from LA'I'CHES and DVM), each 

of which consists of 12 words. After 336 words an event is comp-

leted (Fig. 12), and the computer sends a CLEAR pulse to the 

readout electronics. 'I'his pulse finishes the work of the READOU'I' 

unit, resets all the systems by a RESE'I' and turns off the READY 

level - it is restored by the next ENABLE signal which comes after 

-the storage of the event. 

If all the conditions for the GA'I'E are satisfied the next trigger 

is possible. 

IV. Some 'I'echnical Data 

1. Construction 

'I'he readout electronics has been mounted in one ''Vishnya" 

rack in 160 x 160 mm2 and 80 x 160 mm2 modules. 

'I'he rack is supplied by 220 V 50 Hz. 'I'he electronic circuits 

are supplied by 12 V "Aleksandryt" power supplies and 3V 5A and 

6V 5A power supplies which we have constructed in 160x 160 mm2 

modules. 'I'he system has a monitor circuit for checking the power 

supplies. ·It indicates the changes greater than 5"/o. 
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'I'he readout electronics contains a similar ur 

it possible to check all the control circuit without 

or computer. 

As a way of visual checking the information 

the computer, an indicator circuit has been buill 

to stop the transfer at any selected word. 

'I'he integrated circuits mounted on the doub 

boards were used for most of the circuits we h 

2. Exploatation. 

'I'he readout electronics has worked in the 

more than one thousand hours. 

'I'he following parameters have been obtainE 

- accuracy . of the track localization in the SJ 

.:!:. (0.2 - 0.4) mm, 

- space resolution for one pick-up coil - abc 

- counting speed of the accumulators - 20 ~ 

time resolution of the proportiona.l chambers 

for efficiency close to 100%. 

- time resolution of the latches - 20 nsec. 

V. Acknowledgements 
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The readout electronics contains a similar unit which makes 

it possible to check all the control circuit without the accelerator 

or computer. 
As a way of visual checking the information transferred to 

the computer, an indicator circuit has been buill It is possible 

to stop the transfer at any selected word. 

The integrated circuits mounted on the double side printed 

boards were used for most of the circuits we had designed. 

2. Exploatation. 

The readout electronics has worked in the experiment for 

more than one thousand hours. 

The following parameters have been obtained: 

- accuracy of the track localization in the spark chamber -

:!:.. (0.2 - 0.4) mm, 

- space resolution for one pick-up coil - about 5 mm, 

- counting speed of the accumulators - 20 MH z 

- time resolution of the proportional chambers - 2 r> 80 nsec 

for efficiency close to 100%. 

- time resolution of the latches - 20 nsec. 
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g. 3. Block diagram of the electronics for the spark chambers, 

~... . ... ~
-· . ~v .. ,. 

ig. 4, Block diagram of the electronics for the proportional 
hambers, 

... 

F'ig. 5, Block diagram of the accumulator, 

--
F'ig. 6, Block diagram of the latches, 

F'i.g, 7. Block diagram of the DVM scanner. 
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Fig. 8, Block diagram of the readout electronics system. 
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Fig. 11, Time diagram of the spark chamber coordinate measuring 

system. 
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