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1.~ INTRODUCTION, ,

The system of multiwire proportional chambers we describe here has heen dcveleped as a par-
~~1ticle coordinatle detector for the focusing Single Arm Speciromeler (5A8) of Ferrilab to be used
s a general facility in different experimoents, Thesystemis compesedof two groups of MWP cham-
Lers. The first group operates as a set of hodoscopes in the spectrometer arm (H and V chambers
in Fig. 1). The second group, close to the target, measures mullpiicily and angular dzstr buticns
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Fig. 1 - Position of the MWIPC's in the Single Acrm Specircemeter.

of charged particles in inclaslic cvents,

The MWPC degign reflects some poculiar roequiraments of the SAS systemn. The deteciors are
~ diztributed over the spectrometer tongth upinadistanceof 120 maeters frem the ceunting-roam:
ive dead time of the drteciors.

1

propagation tima of particeles and sirobe pulse determine the cile
for unambiguovs r eLuustrnc

tigh detection °r"¢clengy is requived to the MWP O s closelo! he'!
fen of multitrack evente, while cperating ai high haf‘«ermd 1::-\.-'6’1 (3x105 Deam particles). Acqui

ste yroater than 200 ev per baam snill is neaded,
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2. - HODOBCOPE CUANBIKS,
several positiong in

The holdoscope chambers determine the coordingtes af the fast particle at
Pairs

the spectroincter arm. Single chambers give X or Y positicn with resolution of ¥ 1 mm.
of adjacent chambers improve the resolution down to ¥ 0.5 mam, Mulliple scattering and magnetie
transport unceriainties would not consent any Letter resaluiion,

-10 fiber-

The dimensions of the mechanical structure of the hodvscope chambers, made of G
a pla

glass fromes, are given in Table I Using lypical gas mnixture of Argon-Ischutane-IF re‘on,

N

TABLY I - Hodoscope Chambers Parameters

Scensitive wire: f = 20 um gold plated tungsten
50 g. mechanical tension

Sensilive wire spacing: 2 mm

Gap: 7.5 mm

High voltage Planes: 250 pum gold plat&.d tungstein wires,

1 mm spaced, 100 g. mechanical fen

sion, B

Gas: ' "nMagic” Mixture: Argon 67%; Isobu-
tane 31, 5%; I'reon 0. 5%, Methilal

Operating Voltage Platcau: 5700 - 6300 V

Average E fhc;lency 98, 5%

teau of approsximately GO0V has been obtained, with output pulses of 20=230 mV on 470 2 load resi-
stors. f\mpllflel g and read-out elecironic, mechanically 4founted on the chambers, are shown in’
Fig. 2. A typical input threshold of 32 'V has been used, Due o the distance between the MWPRO
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FIG. 2 - Read-out elcctronic card circuit for hodescope
chambers, )

and ithe counting room, the sirobe pulse is timed to reach read-cut elecironics 1. 2 us after ihe
crosging of ithe fonizing particle. Time s esclution Letier than 30 nsec has heen achicved on scme



thouszand channels using high stability components in this delay circnit, inadeofan SNTA121 bntugra

tcd one-shot on each channel,

3. - MULTIPLICITY HEXAGONAL CHAMBIRS,

T has . . .
Hexagonal geometry )-ﬂ;)cen selected 1o cover the maximum selid angle near the target with detec

tors of minimum size and weight, The ho xagonal chambers were added 1o the systeih to measure

the muitiplicity and a ngu}al distribution of charged prongs associated with the fast particle ente-

ring the spectromeicr arm (Fig. 3). Fach of the three chambers (called PC1, PC2, PC3) has three
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FIG. 3 - Tocation of hexagonal chambersnear the
’ target with insensitive regions,

sense planes with wire diréctipns at 1209, In this way u,v, w, coofdinates are determinced for each
particle in the chambers, and one can solve the ambiguities arising when two or more particles
cross the same chamber. The three sensitive planes are in the same volume of gas and share the
HV electrodes. ‘ '

The mechanical structure of these chambers is shown in Fig. 4, The physical paramcters are
guite similar tc those of the hodoscope chambers given in Table I, Being at 120 meters from the
counting room, the strobe signal reaches these chambers 2 psec after the particle signal, A 2
pscee delay is therefore introduced on the signal by a one-shot circuit, During this the read-out
the channel is mute, The inefficiency originated by this dead time, due to the high background le-
vel near the target, has been reduced providing two reading channels per wire, as shown in the
circuit of 1.g 5. The channel to be used is selected by the j-k flip-flop (SN 7473} that works like
a "pointer" of the channel which is free and thercfore available for storing a second pulse even if
coming carlier than 2 usec from the previous one, The trailing edge of the cutput, in coincidence
with the sirobe pulse, sets the storage {1ip-flop (SN 7474). The timing diagram of this circuii is
chowin in Fig. 6. To increase the chamber lifelime, the high voltage across the gap is reduced du-

ring the infer-spill per iod(4),

4. - INSENSITIVE REGIONS FOR T HiE BEAM.

As the chambers are crossed by 3x108 particles per beam pulse, an insensitive reglon was pro
mod by plugs made of Capton foils {25um) thick of suitable size g‘ ved on both sides of each sensi
e plane (Fig, 3}



1 structure of hexagonal

FIG, 4 - Mechanica

chambers.
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FIG. 6 - Timing diagram for the double-channel read-cut

circuit,

To measure the degree of inefficiency provided by these '111:0:., the chambers weore illuminated
by a flux of particles coming from scattering of a 100 GeV pre’on beam on 2 Hgy target, Since the
plug en PC2 covers a solid angle smaller than that covered by ihe plug on PC3 and the interaction
vertex is kncws, the histogram of hit position on PC2 can be projected from the interacticn vertex
on 17C3 and a bia per bin division a cconupl'shed. This could be done zlso for PC2 and P Cf The re

sull is shewn in Fig. 7 arnd gives the efficiency distribution of 1’C3 secaled to PC2. It sece imis that the
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Y.
ded by I’C2 particles per wire digtribution scaled on PC3,

duge offect of the plug covers a Jistance of the order of one gap, Quite similar result has been

h

<

btained movipg a beam across the insensitive reglons,

- READQUT SYSTEM,

A PDP 11/45 computer provides on-line centrol and data taking of the complete spectromcaier,
The interface of the MWPC's with the PDP 11 was designed using DEC flip-chips, Fach wire in
the system is recog@jzc—d by a wire address consisting in a werd of 15 bits: bits 10+ 14 give the
chamher, bits 5+89 the group and hits 0+4 give the wire address within the groups. So the sysiem
is built on a basic structure of groups of 32 wir\,ﬁ‘and can be expanded upto 32chambers of 32 groups
erxch, At each cvent the addresses of the hit wires are sent to the computer via DMA, The chum
bers are connected in parallel and linked to the Interface Tnit via 'a Main Bus, and the readingof
a particular chamber is done afler a positive addressing of that CJEl‘JIleCI". This two facts provi
de the Mexibility and the expandibility of the systoem. In Fig, § the fow diagram of the acquisition
wrocess is shown, The system is started by a Main-Start signal generated by the Event Trigger.
This signal loads the address of the first chamber to be read in the ChAS, resets the GAS and
presets the WAS to (11111),, ‘The ceontents of the ChAS and GAS are also sent to the chambers via
the Aain Bus together with a timing signal (-Test Fulse), The chainber and the group addressed
aend back a Group Presence Sighnl with the content of the 32 wire Buffer which is loaded into the
32 bit MSR,

The presence of hit wires In the group is detected by the Main DR, which then cnables Clock

2 (running at 7 MHz), to zhift the bits in the MSR. Clock 2 thicksare countedby the WAS, When

the first 1 (hit wire) is found, the wire address, i, e, ChAS - GAS - WAS, is transferred to the
computer via DATA. The process will continue until all i's in the group are transferred. Ano-
thar gronp is then called in, and so on until all groaps in the chmmbern arve read. When this is do-
ne the readout continues with next chainber, When the scanning «f the st chamber is complated

an XN intervupt is sent to the computer.

In Fig. 8a and 9 ihe Llock diagrams of readout systein ars shown with the signal and data flow,
Seven interrupis on two different bus request lines can be grnerated and there are 6 registers od

Toa - -

drosoable by the computer, They are:
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2) Control & Stilns Register (CSR) for control and status funciion of the system;

) Alenory Address Register (MAR), its content is the moemory address where diata will he stored;

o) Waord Count Neglster (WCR), its content represcnts the size of mornory Lffer for dnta. When
thoe huffor §s full an interrupt is generaled;

) Clanber Pottern Register (ChPR), this is a 32 hit x

ster; it contains the pattern of chammbers

>~.
o]

1o be read.

Wig. 10 shows the flow charts of the seftware for data acquisition, The systa ~h1t: u} L]i AT~
ing and preseiting scalers :znd.1'(;;;]':{&1‘5,. C"—S"T“”‘“
and canbling the acguisition intorrupt. e )
When o interrupt arrives, the system - : J
irhibits further trigger interrupts and e-: e )
nalle N nd a Errori .
nalles DAA requests, 1nd 1I_Jd Frr O-I, _rl‘ OuA tcer &
teryraptes. The readeat syctom is provided: : W
sith several testing features useful for R T i sere ]
on Vine and off line test With a '"Test R A TEST 8
0'" is possible to find- uut all oscillating L Sat charmbers . | TRInsER |
chinnnels if any: in fact an TBvent Trigger to be read ) jr
con be generated with or without highvol ’ ) s —— r——F—A e =
. vyr . . e . . _ Cfal
o en the chamber,\With "Test 17s pos 1
ST R DMA END, 7 W7
sille to ook for bad channels, polsing Clear T
the voltage plane. " Bad channels are STATUS Req. : I
shovn on a display in both cases, S — ’ U S
S J : CEND :'-_cé,__,,(/ YALT )
C — et ERROR B R
Erzble
TEYTS & DATA Acouuisitien 2ouline
. TRIGGER
. | : J .
. : - T aaT '
vess g (T )
I'1G. 10 - Flow chart for the TRIGGER )
_— — Ll
system handling, S . .
B . START ROUTINE
b A
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