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A system of wire spark chambers used on-line with the computer
BESM-3M has beé¢en designed for experiments performed using Dubna
synchrophasotron beams. The system consists of niﬁe spark chamberé
with magnetostrictive readout each permitting to measure X and Y
coordindates of sparks, of a 1 km datalink and the computer.

Spark chambers have been tested in a 4,7 GeV/c negative pion
beam, The momentum distribution of negative pions scattered on a hyd-
rogen target at an angle of > 10 mrad has been measured, which cor-
respords to the momentum transferred of ‘\/7247 MeV/e.

Spark chambers, data acquisition electronics, datalink to the com-
puter are shortly described. The results of testing in the pion beam are
reported.

I, Spark Chambers

Wire spark chambers with magnetostrictive readout have beert des-
cribed in refs./ 1-3/). The principle of such spark chamber operation is

seen from fig, 1. Schematically shown in fig, 1 are two wire electrodes

( X and Y ), all the wires of each are connected together at one side.
Thin magnetostrictive strips are located perperdicular to wires forming
electrodes in the near vicinity to them. At each erd of the magnetostric~
tive strips there are receiving coils. The strip edges are coated with
rubl‘oer dampers (D). Receiving colls are put in the polarizing magnet
fleld (M). ‘

When a spark breakdown occurs in the chamber, a pulse goes
through the corresponding wires of X and Y electrodes at the



point A , The current magnetic field causes pulses of longitudinal elas-
tic deformation in X and Y strips which propagate in both the direc-~
tions at a speed 'V = 5000 M/sec. When a deformation pulse passes
through a receiving coil, the magnetic permiability of the strip inside the
coil is changed (the irnverse magnetostrictive effect) consequently, the
magnetic flux is also varied. The change of the magnetic flux induces
a voltage signal in the recelving coil. Thus, by measuring time intervals
between the spark breakdown in the c-:hamber and the appeararice of
voltage'pulses on the correspornding receiving coils, the spark coordi-
nates of )(l , )(2 and Yl R Y2 can be measured. _

In the case of one spark the following corditions should hold in
t.he chambers: '

X, + ‘Xz = const. and Y, + Y, = const,
which makes it possible to easily separate events when only a single
-spark occurred in the chamber and also to improve the accuracy of
spark localization. . '

Fig. 2 shows the pictures of spark chambers having the sensitive
electrode area of 200x200 mm2 and 480x480 mmz. Spark chamber
electrodes are made of copper wire 0.1 mm in diameter, the winding step
being 1 mm., The wires of one electrode are located perperdicular to
those of the other one, Magnetostricfive strips of the 50% Fe + 50% Co
alloy (0.1 mm x 1 mm in cross section) are isolated from electrode wires
with mylar 200 pk thick, The distance between the electrodes is 8+0.03mm.
The chamber volume is separated from the external volume with mylar

- 100.pk thick. The chambers have two gas leads-in throush which thevy
are blown with operating gas (75% Ne , 25% He and 1.5% C,H oOH
mixture). ‘

The chamber consists of three parts: X and Y elecirodes and
a separating frame. These parts of the chamber are made of epoxy with
quartz filling by casting in vacuum. This method provides high accuracy
of the construction and a good identity of the chambers. ‘



2, Data_Acquisition Svystem

The block—diagram of the data acquisition system is shown in fig.3.
It has 36 similar channels converting time intervals into pulse numbers.

Signals from 36 receiving coils of spark chambers (4 for each
chambgr) are propagated along 15 m cables to gating shapers-amplifiers.
The amplifiers are closed normally and are opened only for 150 psec
in 10 psec after triggering the system.

The clock generator is triggered by the. signal from coincidence
circuits and starts generating pulses at a repetition rate about 107p/sec
in' 15 ¢ sec after a triggering pulse. Pulses from the input of this ge-
neratoz.' are sent to ten bit binary counters via the corresponding gate G,.

A pulse from the pertinent shaper-amplifier upsets the ﬂlp—ﬂop T,
which closes the gate G, and the contents of the binary scaler is,
thus, proportional to the value of the corresponding coordinate, The am-~
plifier control of signals from spark chambers, the check of coincidence
circuit dead time and information transfer to the computer are performed
by means of the control system, Information from scalers is transformed
by using a shift register to be transmitted to the computer, ’]_l‘hé error
of coordinate measurement due to the detection system is also not larger

than 0,5 mm,

3. Datalink and Data Handling in the On-Line Computer

Ndwadays the system is used to study negative pion elastic scat-
tering on protons in the momentum range 2-8 GeV/c at angles of 10-40mrad.
Fig. 4 shows the experimental arrangement. A liquid hydrogen
target 50 cm long was used, the total wall fhlckness long the beam
bemg 0.4 mm of mylar.
SC-1-7 spark chambers are 200 x 200 mm large and serve to
measure a pion scattermg angle at the target. Using spark chambers
SC -8-9 480'x480 mm large the pion momentum is measured by its
deviation in the field of the analysing magnet M.



The experiment is run 1 km from the computer. Information from
the detection system is transmitied on cable in the subsequent code.
The datalink 6berates at 106 pulse/sec repetition rate.

All information obtéined at each spark chamber triggering is com-
bined in a series of n.ine’ 45-bit .words., The series transmission time
is 1 msec., The informatlori of 300 spark chamber triggerings can be
sent to the computer memory each accelerator burst, The information is
analysed during the period between accélerator bursts (about 8 sec) and
the results are recorded on magnetic tape,

During data accumulation on mégnétic tape they are preliminary
processed and the whole system operation is checked up. On an ope-
‘rator inquiring the chamber efficiency, the number of breakdowns on
old tracks, double spark triggeringé and also data on coordinate, angu~
lar and momentum beam distributions can be printed out.

The data are processed according to the following algorithms.

1. Two straight iines are drawn basing on the data obtained with
spark chambers in front and behind the target. The information is se-
lected‘ from chambers where there are sparks lying outside the particle
track.

®. The intersection angle of these lines is determined arnd the coor-
dinates of the point are found where the straight lines were at the shor-
test distance. '

3. The scattered particle momentum is found for the events of scat-
tering at an angle larger than 10 mrad. ‘

The processing programme is used in various operation modes per-
mitting the machine to print necessary hystogranis, and thus, to more

accurately check the whole process of experimeﬁtal performance.

4, Performance Tests

Spark chambers triggered on average 100 times per accelerator
burst. The dead time of the spark chamber system was 4.2 msec. The
chamber efficiency was about 97% (the inefficiency of spark chambers

and the dead time were, due, mainly, to the pulse supply system).



Fig. 5 shows the distribution of the negative pion number versus
the scatfering angle in the case of an empty target. The root-mean-square
value of the sca_tteringangle is about 0.9 mrad and is determined, mainly,
by multiscaftering In air. '

Fig, 6 shows the same dependence for a full target.

Fig. 7 shows the momentum distribution of the beam used in the
experiment, '

Fig., 8 shows the same dependencé after improving the beam mag-~
netic system,

Fig. 9 shows the distribution of negative pion scattering events at
an angle larger than 10 mrad at the Z coordinate | Z_= 250 cm.

The momentum ‘distributioni of negative pions scattered at an angle

6 >10 mrad and having the coordinate of the interaction point Z =
180-340 cm is shown in fig, 10. As is seen from the fig, there is an
elastic r*-p w-scatiering peak in the distribution. Peak dispersion and its
position are the same as In the negative pion momentum distribution (see
fig. 10 ard 7). The background contribuion is 10-15%. As many as
100000 primary negative pion tracks were analysed in running the expe-~
riment. '

5. _Characteristics of the System

Below is given a list of the basic systeni properties,
Spark chambers

Dimensions: &) SC1-SC7 — 200x200 mm>
. ' _b) SC8-SCY ~ 480x480 mm>
Gap - 8 mm. ‘
Each chamber has 1.5x 10~ radiationt length (t).
The accuracy of coordinate measurement is * 0.6 mm.
Inefficiency, including breakdowns on the old track is about 10%.
Memory time is about 1 psec. ’



Data acquisition system

Counting value -~ 0,5 mm,

Error in determining the coordinates due to the detection system - 0.5 mm,
Detection time - 120 psec.

The maximum number of events transferred to the computer memory per
accelerator burst —~ 300,

In conclusion the authors wish to express their gratitude to N.I.Ma-
lashkevich for help in arranging the experir}lerrt arnd preparing some units
of the system, Yu.T.Borzunov, L.B.Golovanov and Dr. A.G,Zeldovich for °

making the target, to T.B.Avericheva, V.S.Evtisov, E.K.Kuryatinikov,
AKarpunin and M.N.Mikhcfxilova, O.N.Tsiclak, V.N.Sutulin, A.F.Elischev

for help in constructing the system and running the experiment.
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Fig. 1. Principles of magnetostrictive spark chamber operation. RC-recelving
‘ coils, D -dampers, M ~-polarizing magnets.

Fig. 2. Spark chambers of two types used in the experiment.
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5. 7. Momentum distribution of the beam used in the experiment . ‘ evfe
Fig. 8. Momentum distribution of the beam after improving the magnetic
system of the channel.
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