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Introduction

The PIBETA detector is currently used at PSI (Switzerland) for

experimental investigations of rare pion and muon decays. The goal of the first

stage of this experiment is to improve the accuracy of measuring the probability

of the pion beta decay (r" -� no e + v) from currently 4 to about 0.5%.

The experimental setup is shown schematically in Fig. .
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Fig. . Schematic depictkm of the PIBETA detector

AT - Active Target; AD - Active Degrader; ACI, AC - Active Collimators;

MWPC1, MWPC - Multiwire Proportional Chambers; PV - Plastic Veto;

BC - Beam Counters
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1. Design and Parameters of the CIVIPC

A general description of the design and operation of CIVIPCs can be

found in [1]. The chambers are independent self-supporting two-coordinate

detectors. The azimuthal coordinate is determined from the triggered wires

located along the cylinder axis. The event coordinate along the cylinder axis is

determined from the analysis of the induced signals on a cathode split up into

separate strips.

Positive high voltage is supplied to the CMPC anode wires. The chamber

wires are combined into groups of 32 wires. All wires in each group are

connected to each other by resistors of 0.5 Mhm. The high voltage is fed

through a resistor of 20 Mhm to the first and the last wire in each group. This

arrangement of wire groups allows the independent setting (or changing) of the

high voltage for different zones of a chamber. The signals from the anode wires

are read out via high-voltage blocking capacitors of 500 pF. All cathode strips

are connected to the ground through resistors of 0.8 Mhm, so the cathode

surfaces have a zero potential.

It should be noted that the PIBETA detector's design makes it impossible

to place the anode and cathode electronics directly on the chambers. Therefore

the anode and cathode signals are transmitted from the detector to the readout

electronics via 1.5 m long 50 Ohm coaxial cables.

2. Cathode lectronics

The cathode strip signals are amplified, delayed and then digitized in a

LeCroy 1882F FASTBUS analog-to-digital converter (ADC) . The amplifier

modules are placed outside the chambers and connected to the strip signal

connectors via the 50 Ohm coaxial cable of 1.5 m length. To compensate a

latency of a setup trigger system, the amplifier outputs are connected to the

ADC inputs via the 200 ns delay cables.
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The amplifier described below is intended to amplify the positive current

pulses from the cathode strips of proportional chambers and drive the 50 Ohm

coaxial cable. The amplifier gain and the output voltage swing are matched for

operation with the 1882F.

The amplifier (Fig.2) consists of protection circuit (BAV99) followed by

two amplifier stages. The test charge is injected through a pF capacitor C1.

Both stages are built on bipolar transistors BRF93A and BFT92 from PHILIPS.

The first stage provides a 50 Ohm input impedance and current to voltage gain

of 3.9rnV/�A The resistor value R=1.6 khm is chosen to set an optimal

collector current of the input transistor to minimize an equivalent noise charge

(ENC). The second stage has a 4 Ohm output impedance and voftage gain of

6.4 mV/mV. Taking into account a high open-loop gain, the feedback amplifier

gain can be written as Rfl*Rf2/Re. To minimize the module dimension and

crosstalks, each amplifier is placed on separate two-layers printed board.

Each amplifier module consists of 32 amplifiers which are plugged to the

motherboard and a test pulse generator. The amplifier modules are housed in

dedicated crates (up to 24 modules per crate). To reduce an external pickup

noise the crates are powered from linear voltage regulators.
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Fig.2. The cathode amplifier circuit
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The module specification: number of channels - 32; input pulse polarity

- positive; input impedance - 50 Ohm, Gain - 25 mV/pA; gain stability (Vs=6V

±10% - ±5%; output impedance 4 Ohm: output negative voltage swing

(R1=50 Ohm) - 1V-1 ENC, r.m.s. 3300e 14 e/pF; integral linearity

(R1=50 Ohm) - ±0.3%; rise and fall time -14ns; crosstalks (charge

measurement mode) - 0. 1 W power requirement - Vs=+6V at 32OmA.

The test results of the amplifier module are described in 2].

3. Anode Electronics

A new readout system for the anode wires of proportional chambers

have been developed in CAMAC standard as a replacement for the LeCroy

PCOS III system used before. The new system is much more compact, better

interference proof and relatively inexpensive than the old one. The whole

system for 576 input channels fits in one CAMAC crate. The basic

component of the system is a 32-channel single width CAMAC module.

Below is given the brief description of the module operation based on its block

diagram shown in Fig. 3 The signals arfive at two 16-pin connectors of the

ADD-32 unit. Next, they are amplified by four Amp 83 8-channel amplifiers

13,41 and arrive at 4-input MAX978 comparators (8 pcs). The thresholds for

these two comparator groups are set by program and produced by the doubled

AD7302 digitakto analog converter (DAC). The signals converted by the

comparators to the TTL level arrive at inputs of IDT72421 FIFO microcircuits

(4 ps, each with 9 inputs, one of them is not used).

By leading edges of clock pulses (50 MHz) arriving from the generator

the data signals are written into the internal FIFO memory array constructed in

an 8x64 circuit. The supply of the clock pulses and, hence, their writing into the

memory array is triggered by command from the CAMAC bus.

lie Trigger signal stops the data writing. Then, the logical summation is

-)errormed at given memory oations. This is done by EPM3032A
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programmable microcircuits (ALTERA) into which the data from the FIFO are

automatically sent with the arrival of the Trigger signal.

Upon the completion of the logical summation procedure and in case of

the available useful data, the adders send request signals LAM1-LAM4 to the

control circuit constructed with the EPM7128LC84-15 programmable

microcircuit (ALTERA) which, based on these signals, produces a common for

the whole module LAM signal.

The adder outputs with Z-status are connected to a 16-bit bus by means

of which the data via buffer circuits is read out into the CAMAC controller. The

data is read for two module address cycles. The low voltage differential

signaling (LVDS) transmitter and receivers are used for transportation of

50-MHz clock pulses within the PCI3 to decrease noises.

The characteristics of the Amp� 83 current amplifier are as follows:

conversion factor is 140 mV/pA 70 mV/pA per arm); at Cin.det = 0 pF the

noise current 56 nA, at Ci = 60 pF it is 1 1 0 nA I- rise time of the output signal is

8 ns; polarity of the input signal ± input impedance 50 Ohm; protection against

positive and negative voltage surges at the input-, channel number is 8; dynamic

range is 60 dB: differential output-, output load khm; supply voltage is ±5 V;

power onsumption is 75 mW/channel, -ase type is plastic, 48-output, 4222.48

GOST1 7476-88.

Figure 4 demonstrates a block diagram of the one channel of the ADID-

32 unit which consists of the Ampl 83 amplifier, MAX978 comparator, and nput

section of IDT72421 FIFO microcircuit.

R.S
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Fig. 4 Block diagram of one channel of the input section of the ADD-32 unit
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Fig. 5. Block diagram of the internal structure of IDT72421 F! FO microcircuit

If the operation of the amplifier and comparator Crcksits is quite

understandable from Fig. 4 the operation of the FIFO requires

some explanation. Figure shows the internal structure of he IDT72421 FIFO

microcircuit.

The IDT72421 microcircuit has 9bit input and output ports, which are

controlled by WCLIK, WEN], WEN2 (hereinafter referred as WEN) and RCLIK,

kfN1, -REN2 (hereinafter referred as REN) signals, respectively. The WEN

signal enables the writing into the input port by the positive WCILIK leading

edge. In this case, the data is written into the current location of the FIFO

memory array; after that the write pointer (WRITE POINTER) shifts by one step.
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The REN signal enables the reading, and the contents of 9-bit FIFO location, at

which at the moment the READER POINTER is set, is written into the output

port, and with the enabling signal OE appears at outputs Q1-Q9- In this case,

the read pointer shifts by one step. The WCLK and RCLK outputs can be

connected. Then, write and read operations will be performed simultaneously.

The RS signal serves for the FIFO circuit reset-, when it is applied, the write and

read pointers are set at the first FIFO location.

The system based on the FIFO circuit operates as follows. Initially, when

the RS signal is applied (remind you that in this case the read and write

pointers are set at the first FIFO location), the program shifts the write pointer

by the location number corresponding to the trigger delay expressed in

generator time steps. For example, if the trigger delay is 300 ns, at 50-MHz

operating frequency (T = 20 ns) the write pointer should be shifted with respect

to the read pointer by 15 ocations. The write pointer is shifted by applying a

given number of pulses at WCLK wh the enabling level at WEN. If WCLK and

RCLK inputs are connected (we designate this status as CLK) then, it is

necessary to set additionally the disabling level at the REN input to prevent the

read pointer shift. Now, if to apply a clock frequency from the generator at the

CLK input with the enabling REN and WEN signals, the data from the FIFO

input will be continuously written into locations, shifted and 15 time steps 300

ns) later appear at the output. The Trigger signal arrival stops the clock signal

supply. At the moment, the useful data is at the FIFO output. By applying the

clock pulses to the CLK input by program, it is possible to read the FIFO

contents at a selected depth.

If the read pointer were set in accordance with a delay in the Trigger

signal arrival, the schematic representation of the FIFO memory contents would

have looked like in Fig. 6 It can be seen that the useful data are located in a

comparatively narrow address space whose boundary, on the one hand, is

determined by the trigger delay and, on the other hand, by the maximum

duration of the chamber signal. In our case, the signal duration, as a rule, does

8



not exceed 160-170 ns what corresponds approximately to eight locations. To

determine the number of the fired wire, for a majority of events it is sufficient to

read the contents of only the first locations, but for some reasons, suations

arise when the data is written with some scattering. So, the system uses the

logical summation at several adjacent locations of one line - in so-called time

window. The size of the window is set by program.
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READ POINTER / TE POINTER

A WNUMPA.? Ai:WU WPJ�? AA
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NUMBER OF
CHANNELS

. . . . . . . . .

7 7 .

----------- - ---------

SIGNALS FR NOISE
TRIGGER DELAY

Fig. 6 Schematic representation of the FIFO memory contents on condition

that the read pointer is set in accordance wh the trigger delay

The logic adder is based on a Series 3000 EPM3032A microcircuit with

programmable logic from the ALTERA company. It makes it possible to select

the summation algorithm, taking into account special features of the system

application. Logic adder outputs have Z-status. So, they can be unified into a

bus; in this case, into 16-bit one (see. Fig. 3 Each adder (if the data is

available) produces a request signal (LAW-LAM4, respectively, see Fig. 3,

which is applied to the control circuit. As it was noted earlier, these signals are

used for shaping the common LAM signal, There are two determined by
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program versions of shaping the LAM signal: 1) by trigger signal and 2 with

available data in the adder. The first version is basically used for adjustment

and tests of ADD-32 units; the second one is used in the data reading to skip

units which do not contain the data.

Figure 7 shows a simplified block diagram of the control unit of the ADD-

32 unit, which consists of an interface for the unit interaction with the CAMAC

bus, FIFO microcircuit control circuit, and AD7302 8-bit two-channel DAC

control circuit. The register REG. stores a shift code of the write pointer for the

FIFO microcircuit (this code is the digital equivalent of the trigger delay

expressed in periods of the clock generator). The code is written in the write

pointer shift circuit, which by command F(25)A(15) produces a given number of

pulses at the CLK input of the FIFO microcircuit. In this case, WEN should be

set to the enabling status, and REN to the disabling one. The register REG.2

stores the time window code determining the number of memory locations at

which the logical summation will be performed. With arrival of the Trigger

signal, the circuit produces a given number of pulses. If the code is zero, the

logical summation is not performed.

All the ADD-32 commands are divided into two types - single-module

and multimodule (in Fig. 7 the single-module commands which have analogs

among multimodule commands are marked with asterisk). The main difference

between them lies in the fact that, to execute a single-module command, it is

necessary to decode station numbers, i.e. they are the usual standard CAMAC

commands. In using multimodule command, the decoding is not required. Thus,

the multimodule commands are executed simultaneously in all the ADD-32

units. The use of similar commands was required to speed up the operation of

the total system.

Of additional units, 18-channel NIM signal splitter and crate-controller

were required.

The anode and cathode electronics of the PIBETA defector have

successfully worked in the course of several years during continuous many-
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month-long data-taking runs for experimental study of the processes -n' -), Iro

e' v and n- --> e+ v y.

This work is supported by the Russian Foundation for Basic Research,
project No. 01-02-16412.
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KajmHH11KOB B. A. iiap. E13-2002-290
AHO11Ha H KaTO�[Has 3AeKTP0H1iKa IA CU4Tb1Ba.HKA H11topmautim
C U11J111HUpHqeCKHX MHOrOUPOBOJI04fibIX FIPOFIOPUIiOHaJ]bHb]X Kamep
YCTaHOBKli PIBETA

KaTO;1Hb1fi VCM1iTCJ1b npeaHa3HaieH mA yctmemix nIO)KHTeAbHb[X "MnynbCOB TKa,

nOCTyuaioiumx C KaTOaOB rO[1OpUHOHaflbHb1X Kamep, H iocneayioweff nepeaaqH fix epe3
Ka6e3lb C BJIHOBbIM C0T1pOTtiBjieHt4em 50 OM Ha i3xoa AUn 1882F. Biaxoambje cHrHanbl Cii-

J1HTnA CnellliaAbHO cornacoBaHbI anq pa6OTb c aHHb]M TMnom Aljn.
Oeo6eHHOC`TbFO aHOUHOff HCTCMb1 ABAqeTCA pawewemie C1V111TUbHofi 4ac-r" 6qOKa

3a.UCP;%KKkf cHr-Ha:ia ti QH#OBOA aCT11 B AHOM o6wem moayne Aaa-32 (KAMAK) B aHOm

moav.ue AA,11-32 pa3siepom I M CO�tep)KHTCR 3neKTpOHHKa a 32 n0BOAO4KH, T n3BOJMeT

Pa3NjCCTHTb B KpeiiTe KAMAK CO CTaH2apTHOH Ma1`MCTpaJ1b1O ao 672 KaHWIOB npiiema aaH-

Hb[X. ZF151 YCHYICHUS ctirHajiOB unOJlb3ytOTCq 8-KaHaj]bHble MHKpocxeMbl <<AmpI 83>>. 3a-

aep*Ka Bb1XOUtib1X 1Or1iqCCK1iX C1iFHaJ1OB BblnOJIHCHa a 9-KaHajlbHblx FFO-mimpocxemax

IDT72421, qTO 103BOJIACT nojiyqarb [IORHY10 3aaep)KKy cHr-Hana a CTeH MHKPOCeKyHz

" 6onee. 11dpOBaA aCTb CV1CTeMb1 BbmojTHcHa Ha uporpammtfpyeMb1X Y1OrHqeCK;1x maTpli-

uax (HpMbi ALTERA B naCTOHLUee BpeMA TaKaA CHCTema o6iumm oftemom 576 KaHanoB
HCHORb3yeTC B KCrieptimeffre PIBETA HO H3y4eH111O e4KHX pacHaTIOB nHonoB a YCKOptf-

TCjie PSI (LUBeijuapnm).

Pa6OTa Bblr]OJ]HeHa B 1a6opaTOpH1i 51.RepHbIX apofinem im. B. rl. AxenenOBa 01,15914.

FlpenptiHT 06-bejuimmHoro ltiCT"Ty-ra 5wepKb]X "ccneaoBaHHA. jjy6kia, 2002

Kalinnikov V. A. et al. E13-2002-290

Anode and Cathode Readout Electronics for Cylindfical Multiwire

Proportional Chambers of' the PIBETA Detector

The cathode amplifier is intended to amplify the positive current pulses from the cath-

ode strips of proportional chambers and drive the 50 Ohm coaxial cable. The aplifier gain

and the output voltage swing are matched for operation with the LeCroy 1882F ADC.

The special feature of the anode system is the integration of the amplifying section, sig-

nal delay unit and digital section for the data outputting to computer in the common ADD-32

module (CAMAC). The I M-wide ADD-32 module contains the electronics for 32 wires that

makes it possible to place up to 672 data channels in the CAMAC crate with a standard bus.

To amplify signals, Ampl 83 8-channel microcircuits are used. The output logic signals are

delayed by 9-channel IDT72421 FIFO microcircuits that enables one to obWn a total signal

delay of up to hundreds of microseconds and longer. The digital section of the system is

based on ALTERA programmable logic arrays. This system with a total of 576 channels

is used in the PIBETA experiment to study rare pion decays on the PSI accelerator (Switzer-

land).

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Prob-

lems, JINR.
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