
VOLUME S

T SESSION

.BULGARIA

AUQU5T13-ai,< :.<<••'



15" International
Cosmic Ray Conference

VOLUME 9

T SESSION

reii

nai

tio

Pai

abi

na\

re)

ma

coi

tio

of

at

tu

h

pr

cr

S

P

BULGARIAN ACADEMY OF SCIENCES

PLOVDIV, BULGARIA
AUGUST 13-26.1977



PREFACE

The present publication contains the proceedings of the 15th International Cosmic Ray Confe-
rence, Plovdiv, 13-26 August, 1977. This Conference is to be held under the auspices of the Inter-
national Union of Pure and Applied Physics, organized by the Bulgarian Academy of Sciences.

The publication comprises 12 volumes. Volumes from 1 to 9 include the original contribu-
tions, which have arrived at the Secretariat of the National Organizing Committee by May 26, 1977.
Papers which have been declared but not submitted by that date have been represented by their
abstracts. Volumes from 10 to 12 include the invited and rapporteur lectures, as well as late origi-
nal papers. Volume 12 contains the general contents of the volumes, an authors' index and other
references.

All papers included in the present publication are exact reproductions of the authors' original
manuscripts. The Secretariat has not made any corrections or changes in the texts. The original
contributions have been accepted and included in the programme after a decision of the Interna-
tional Programme Advisory Board of the 15th ICRC on the basis of their abstracts. The full texts
of the papers, however, have not been refereed by the editorial board of the present publication.

The first nine volumes have been organized in accordance with the classical headings adopted
at the cosmic ray conferences, which also coincide with the sessions.

Volume 1 - OG (Origin) Session
Volume 2 - OG (Origin) Session
Volume 3 - MG (Modulations and Geophysical Effects) Session
Volume 4 - MG (Modulations and Geophysical Effects) Session
Volume 5 - SP (Solar Particles) Session
Volume 6 - MN (Muons and Nutrinos) Session
Volume 7 - HE (High Energy Physics) Session
Volume 8 - EA (Extensive Air Showers) Session
Volume 9 - T (Techniques) Session
The National Organizing Committee is indebted to the invited reporters and rapporteur lec-

turers, as well as to all authors of original papers, who, by their hard and highly qualified work,
have contributed-^ the success of the Conference and have made possible the publication of the
present proceedings.

We also express acknowledgement to the members of the Organizing Committee and the Se-
cretariat of the Conference, as well as to the Publishing House of the Bulgarian Academy of
Sciences, without whose diligent work the publication of the proceedings would have been im-
possible.

Acad. Christo Ya. Christov
Chairman of the National

Committee
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HARD X-RAY CAMERA FOR THE STUDY OF CELESTIAL X-RAY
AND GAMMA-RAY BURST SOURCES

T.n.K. Plarar, V.S. Iyengar, K. Kasturirangan
and U.R. Rao

ISRO Satell ite Centre
Bangalore 562140

India

ABSTRACT: A hard X-ray camera to study transient
X-ray and gamma-ray burst sources in the energy range
20-100 keU is described. The imaging detectors consist
of arrays of several Nal(Tl) crystals. A coded mask
casts a shadow on the detectors. Alternate methods of
processing the image are compared* These include the
use of photomultipliers, TV tubes and charge coupled /
devices. The sensitivity of the instrument is 1Q~6 '
erg/cm2.

1. INTRODUCTION The major design considerations of a cosmic X-ray
or gamma-ray burst detector for a satel l i te mission are: ( i ) i t must have
a high detection efficiency for X-rays in the energy range of interest,
v iz . upto 100 keV, ( i i ) since the bursts occur randomly in space and are i n -
frequent, the detector must have a large field of view, viz. about 3T
steradians, to cover the complete unocculted portion of the sky. for a
near earth orbiting satel l i te , ( i i i ) small weight, (iv) lou power consum-
ption, (v) long l i f e end (vi) high reliability for long durations of
operation in space. Hence it i s imperative to make a trade-off study,
keeping in mind the experimental objectives, to arrive at the optimal
configuration. u n C £

and
A method of l o c a l i s a t i o n of gamma-ray sources employing a random s y s

pinhole camera employing a two dimensional position sensitive detector Of
waa first proposed by Dicke (1968). Variations of this method have also r a C
been suggested by some other authors (Corenstein et al 1975; Rfccket, 1976;. m e n
Fiahman et al 1975). In this paper we propose the utilization of Nal(Tl) o n e

scintil lation detectors for a high efficiency hard X-ray camera capable to
of fulfil l ing the above mentioned requirements for the study of the burst o f
phenomena. A number of different approaches for image processing has
been identified and their merits/demerits have been examined.

2. THE INSTRUMENT The instrument proposed here consists of a
coded mask* a set of three imaging detectors, an image processing unit ?
and a spectral measurement detector kept outside the mask* Fig. 1 gives ' d t
a schematic of the detector system and a section of the coded mask. The
coded mask similar to the one proposed by Fishman et al (1975), having
a transmission of 0.4 may be made of tungsten of sufficient thickness
(about 0.5 mm} to absorb X-rays of energy upto 100 keV. A parallel beam \
of X-rays w i l l c a s t a sharp shadow of the coded mask on the imaging - _ _
de tec tor* Each of the three X-ray imaging d e t e c t o r s c o n s i s t s of an array "•}'.
of Nal(Tl) c r y s t a l s , each of 10 x 10 mm2 area and 4 mm t h i c k n e s s . \S I m a
Circular c r y s t a l s of 1 cm2 area can a l s o be used . One hundred such > O i m
c r y s t a l s are placed in a 10 x 10 matrix forming an integrated d e t e c t o r 'A% ' flua
l i i th an e f f e c t i v e area of 100 cm2 . In the energy range of 20-100 keV, : , ; f f
Nal(Tl) crystals of the above thickness yield elmost 100# detection -J T
efficiency. A \ r r a



flOADED MASK

nETECTOR FOB EMFRGY
AMD T!ME SPECTRA

IMAGING DETECTORS

Fig. 1 - The hard X-ray Camera

The angular resolution of the instrument depends on the spatial
uncertainty of the image position, distance between the image position
and the appropriate mask section and the signal to noise ratio of the
system for a given burst intensity. It is estimated that the centroid
of the light emission in a one cm* crystal can be determined to an accu-
racy of atleast 5 mm (except in the case of photomultiplier read out as
mentioned later*) If the distance from the mask to the image plane is
one metre, for a signal to noise ratio of 27 (see belou) corresponding
to a burst of 1O~5 erg/cm^ the angular precision uith which the centroid
of the burst can be located is « 5 mm 1

100 cm x 2 7
0.6 arc min.

In order to measure the energy spectra and time structure of the
bursts an omnidirectional detector'having a single crystal of Nal (Tl)
uith a total area of about 100 cm2 and viewed by a 5 inch phototube is
kept outside the mask as shown in Fig* 1. The salient parameters of the
detector are summarised in Table 1• ;

TABLE - 1
Parameters of the hard X-ray Camera

Imaging detector elements
Dimensions of each detector
Average photon .detection (
efficiency (20-100 keV) i
Transmission of mask

Nal (Tl) Crystals

10 cm x 10 cm x 0.4 en

0.96

0.4



Expected diffuse' X-ray background -
Charged par t ic le (non X-ray) 0
b ackground 0
Total counts i n the range (20-100 0

S g/cm2 0
0

Total counts i n the range (2
keW) from a burst of 1O"S erg/ 0
( to ta l power i n the band of energy0
from 0 to 00 0
Angular resolut ion for a burst
of 10*5 ergs/cmZ (S/N = 27)
Expected number of bursts per
year with I > 1O~6 ergs/cm2

362 e/a each

8 c/a each

"fir

- 1009 counts each

0.6* x 0.6* (CCD/TV read out)
" 6* x 6* (WT read out)
- 80

3. inAGE PROCESSING We consider three possible methods of image
processing viz. using a bank of photomultiplier tubes, a scheme utilising
charge-coupled devices (CCD«e) and finally using, a television camera.
Fig. 2, shows schematics of the three alternatives.

No I (TO CRYSTALS

IMAGE _ - i - ;
NTENSFER lyl

n
SUPER vmcoN

TAPERED
~~ RBRE"~

OPTICS

.FIBRE OPTIC
COUPLING

NaHTt) CRYSTALS

M A S
INTENSFIER

. .-FIELD LENS

—CCD

IMAGING DETECTORS

Fig.2 - Alternate methods of image
processing

The photomultiplier reed out is rather conventional and it resembles
the system used in an Anger camera employed in scintigraphy. It has the
advantage that the energy spectrum and fast time structure of the burst
can be simultaneously studied along with the rough imaging capability.
Besides, pulse shape discrimination techniques can be applied to reduce
the charged particle background. Five Nal crystals are coupled to a
single photo tube through suitable light pipes or fibre optics. Hence
20 photomultipliera would be needed. With this configuration, the angular
precision for burst localisation is about 6 arc min. for the Vela type
bursts. The disadvantages of the above method are obviou&ly the large
weight, size and lower reliability due to the larger number of elements
in the system.



The CCD read out employes two image intensifies coupled by
fibre optics and fallowed by a field lens which focuses the photon image
on to the CCD. Multistage image intensifiers with S 20 photo cathods
and typical luminous gains of 104 at 4200 A which matches the Nal
emission maximum are available (e.g. Thomson-CSF modal TH 9304). A
linear resolution of 1 mm at the X-ray detector requires a CCO array of
only 100 x 1U0 pixels. The Fairchild CCD 211, for example, offers 244
horizontal lines x 190 vertical columns and has a spatial dimension of
4.4 mm x 5.7 mm. An image demagnification by a factor of 20 without loss
of spatial resolution must therefore be achieved. A '3 bit grey level
coding of the photon flux is thought to be achievable; this can be used
to separate high energy gamma-induced Compton electrons and charged parti-
cle background. Since X-ray image integration time may require durations
of the order of one second, cooling the CCD is necessary. The presently
available technology on radiative cooling onboard satellites can be
suitably adapted for this purpose. Very low power consumption, small
size, lou weight and good image positional stability are some of the
advantages of using the CCO method of image processing. Requirements of
radiant cooling, long term gain instability, image degradation during
integration are some of the problem areas.

The television method of image processing employs a tapered fibre
optic plate coupled to an image intensifisr with S 20 photo cathode which
is connected to a supervidicon tube. Array sizes of 600 x 600 pixels are
available. The only advantage of TV read out over the CCO method would be
that the former does not require cooling and has better proven reliabili-
ty at the moment.

Table 2 gives a comparison of some of the features of the three
methods of image processing described above. Data have been normalised
with respect to the system using CCD approach.

TABLE - 2
A comparison of three

proposed

Weight
Power consumption
Angular resolution
Background reduction
Array size (Pixel)
Pixel size ( U m)
Fragility '
Cooling
Reliability
Energy spectrum, )
determination of )
Cost

image processing
in this paper

Photomulti-
plier array

12
3
0.1
1.1
4 x 5
22 x 103
1
No

mm

128
Channels
0.6

techniques

TV

2
3
1
1
600 x 600
25-50
0.6
No

8
Channels
0.6

i

CCO

1
1
1
1
100 x 100
20
1
Yes
Low
8
Channels
1



4. SENSITIVITY The sensitivity estimates are based on the salient
parameters of the instrument listed in Table 1. For bursts with an
integrated strength of 10" 5 erg/cm2 in the energy range from zero to
infinity the spectrum 'is approximated as

jfg » 16 E"1 ph/(c«i2 keV),
dc.

E < 1 O O keV,

where E is in keV iGorenstein et al 197*5). Such an event wi l l produce
typically about 10 counts in atleast one of the detectors. I t is to
be noted that each event Mil l b.a registered by morB than one detector.

* «
Because of the large f ie ld of view of the detectors, the back-

ground counting rate wi l l be dominated by the diffuse X-rays. Tha
spectrum of diffuse X-rays is taken as

d j
dE

30 E"2 - °*2. ph/cm2 s. sr. keV, 10 keU 4. E 4, 1 MeV

(Kesturirangan and Rao, 1973). This mill produce about 362 c/s in the
energy range 20-100 keV. The non X-ray background contributes to about
6 c/a. The individual crystals in the detector could conceivably be
operated in anticoincidence with their neighbours to reduce the charged
particle background. In the case of photomultiplier'read out Dulse'
shape discrimination also decrease the charged particle background.
Assuming a burst duration of 3 seconds the total background counts per
burst is 1100 counts. The corresponding 3 <f level sensitivity for
the detector, is f 1O~6 erg/cm2 . The over a l l sensitivity will be
better than this because atleast 2 units mill register >a burst. With
the available gfemma-ray burst size spectrum and the sensitivity of tha
proposed detector, i t is estimated that over a year of operation i t
should be possible to-study about'80 burst events. Besides, the
detector' is capable of making measurements on intense X-ray bursts and
transient X-ray sources.
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IMPROVED RESPONSE WITH A DOUBLE SCATTERING
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Abstract. A proposed large area (1 m2) medium energy (1-30 MeV) telescope
for gamma ray astronomy is discussed. This telescope utilizes
the double scattering technique combining both plastic and NaI(T£) scintilla-
tion detector arrays with time-of-flight. The use of Nal(TA) in the second
array gives much improved energy and "angular resolutions as well as improved
efficiency and angular aperture. The first array consists of a series of
long plastic scintillators in which the incident gamma ray Conpton scatters.
The lateral position of this interaction is determined by the difference in
scintillation light arrival times at the two ends. Time-of-flight between the
two arrays confirms the direction of'the scattered gamma ray. Expected energy
and angular resolutions and the sensitivity for discrete sources are
presented.

1. INTRODUCTION. The significant advances in high energy gamma ray astronomy
in recent years also indicate the importance of the medium energy range from
1 to 30 MeV. Medium energy gamma ray flux measurements of continuum and
nuclear line emission from discrete celestial sources and continuum emission
from the galactic plane will provide much needed information about the stru-
ture of the Milky Way and about the nature of, for example, pulsars, black
holes and supernova remnants. These measurements will fill in the present gap
in data between the hard x-ray-low energy gamma ray measurements and the high
energy gamma ray measurements above 30-50 MeV.

Better gamma ray telescopes with good efficiency, large area and angular
aperture and good energy and directional resolutions are needed. The telescope
discussed here, based on the double scattering technique but utilizing both
plastic and Nal(TA) scintillation detector arrays with time-of-flight, meets
these requirements. With reasonably
long exposures, significant AI ANTICOINCIDENCE SHIELD
measurements in medium energy
gamma ray astronomy can be made s 12 PM TUBES
using the double scatter
technique.*

2. DOUBLE SCATTER TECHNIQUE. The
double scattering technique for
gamma rays is shown in Figure 1.
The incident gamma ray Compton
scatters in the first scintilla-
tor, SI, and the Compton electron
energy loss is measured. The
scattered photon, ylt ±s detected in
the second scintillator array,
S2, with a corresponding energy

FIG. 1—Double Scatter Technique
and Proposed Telescope....

imTOF

SI LINEAR PLASTIC
SCINTILLATION DETECTORS

Sl l PM TUBES
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SCINTILLATION
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loss. The time-of-flight (TOF) of the scattered photon from SI to S2 is
measured to uniquely determine its direction and identity. This technique
has been developed and used successfully by us for balloon-borne measurements
for several years (Grannan et al., 1972; Herzo et al., 1975; Zych et al.,
1975). Here, 1 m2 SI and S2 hodoscope arrays of liquid scintillator are used.

The inclusion of Nal(TJl) as the scintillation material for the second
array, S2, in the double scatter telescope has been suggested previously
(Graml et al., 1975; Zych et al., 1977). Since the energy of the incident
photon is found from the sum of the energy losses in the SI and S2 scintilla-
tors, the enhanced photoelectric and pair interaction cross-sections in Nal
increase the probability that the Compton scattered photon, Yi» will be
totally absorbed in S2. This gives a significantly improved total energy
resolution for the telescope and permits the initial Compton scatter angle,
eSCAT» calculated from the SI and S2 energy losses, to be determined with
increased accuracy. From the direction of the scattered gamma ray, Yi»
9SCAT' a circle in the sky containing the incident gamma ray source direction
is found. The improved energy resolution allows the double scatter telescope
to be used for nuclear line emission measurements from 1 to 10 MeV and the
improved scatter angle resolution allows improved sensitivity for detecting
discrete celestial sources.

3. TELESCOPE DESIGN. The first array, SI shown in Figure 1, consists of a
series of 1 m long plastic scintillation detectors to give a i m 2 sensitive
area. Typical dimensions for these scintillators are 1 m long x 15 cm x 15
cm. Both ends of these detectors are viewed with fast 7.8 cm Dia. photomulti-
pliers.* The lateral position.of the gamma ray interaction in each of the long
detectors is determined by the difference in arrival times of the internally
reflected scintillation light at the two ends. As can be seen in Figure 2,
since the propagation speed, V,
of the light is nearly constant, Sll SI2
the lateral position is given by
X2 - 1/2 - V/2 At where L = xx +
x2 = 1 m and At = ti - t2« Posi-
tion determination in large
scintillation counters is a well
established technique (e.g.,
Charpak et al., 1962; Cernigoi
et al., 1975; and Khrenov et
al., 1975). Our own position
measurements are summarized in
Table 1. The propagation speed
is approximately one-half the
speed cf light.

The total ."energy loss in
SI is given by the sum of the
pulse heights at both ends of
the detector. While this sum
is nearly independent of lateral position, small position corrections can be
made. We have also found that both the pulse height and timing resolutions
are improved with this long detector geometry compared with 15 cm x 15 cm x
15 cm scintillators because of the improved light collection efficiency.
This proposed geometry also removes the photomultiplier tubes from between

-v=x,/t, J
-Im-

FIG. 2—Lateral Position Determination
in SI.

TABLE 1. GAMMA RAY POSITION RESOLUTION
WITH 5 cm x 5 cm x 100 cm PLASTIC

SCINTILLATOR

Energy (MeV)

6.1
1.17/1.33

Resolution (FWHM)

3.2 cm
7.0 cm

*Type 9821 manufactured by EMI Electronics Ltd., UK.
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the SI and S2 arrays while still permitting a large area. The 15 cm x 15 cm
cross-sectional size is compatible with the worst case lateral position
resolution and the maximum Compton electron range.

A thin plastic scintillator anti-coincidence shield (Al) for charged
particles completely surrounds the SI array to assure that the interactions
in SI are due to neutral particles.

The S2 scintillation detector array consists of a cluster of hexagonal-
,shaped Nal(TJl) cells. Each cell has a thickness of 12.7 cm giving a minimum
efficiency of 77% for gamma rays. Nal(TA) is preferred over other inorganic
crystal high 2 materials because of its high light output, shorter decay time
constant (0.23 ys) and reasonably constant light output with temperature
variation (0-60° C). Seventy-two hexagonal cells, 7.6 cm on a side, are
required for a i m 2 area. A multicrystalline form, "POLYSCIN"**, which has
significantly improved mechanical properties over the usual single crystal is
preferrable for balloon and satellite applications. A single fast 7.8 cm Dia.
photomultiplier tube views each cell and the entire S2 array is enclosed in
its own anti-coincidence shield.

The successful use of Nal(TA) scintillator in double scattering tele-
scopes depends largely on the timing resolution obtainable with large detec-
tors. Scattered gamma rays from SI to S2 must be clearly separated from
gamma rays-moving from S2 to Si by their time-of-flight difference•(6-7 ns)
for good background discrimination. Our laboratory measurements with gamma
rays double scattering between a 12.5 cm sq. x 12.5 cm liquid scintillation
detector and a large 12.7 cm Dia. x 12.7 cm Nal(TJl) detector have shown that
the timing properties of the latter are adequate for the proposed telescope
design. These results are summarized in Table 2.

In the proposed telescope, an
incident gamma ray is detected by
essentially a two-fold coincidence
between Si and S2. Large areas and
individual high counting rates in
these arrays can be tolerated with-
out a significant accidental coinci-
dence rate because of the narrow

TABLE 2. TIMING RESOLUTION WITH A
LARGE NaI(T£) DETECTOR (9 S C A T = 25°)

Energy (MeV) Resolution (FWHM)

1.37/2.75 5.0 ns
6.1 2.2 ns

(Muons) 1.0 ns

time-of-flight window requirement
(<10 ns). Also, long-lived radioactivity in the Nal(TJl) induced by background
radiation (e.g., Fishman, 1972; Seltzer, 1975) will not affect the coincidence
counting rate.

4. RESOLUTION. Between 1 and 3 MeV, the fraction of gamma rays detected by
Nal(TJl) that are in the photopeak is 0.3 while for organic scintillators the
energy-loss spectrum is a continuum. For both higher and lower energies, this
fraction increases significantly due to pair production and photoelectric
absorption, respectively. Typical photopeak energy resolutions with large
Nal(TJl) detectors are <10% (FWHM) at 1 MeV. The resolution is degraded at
higher energies by the escape of 0.51 MeV annihilation radiation. The. amount
of degradation depends on the size of the detecto . For the Nal(TJl) cells
proposed here, the absorption of only one and both positron annihilation
photons from pair production are equally probable.

Measurements have been made to determine the energy resolution for double
scatter gamma rays with long plastic scintillators and large Nal(TA) detectors.

**Manufactured by Harshaw Chemical Company, U.S.A.



These were made at 6.1 MeV (p + F) , 1.37/2.75 MeV (Na21*) and 0.90/1.84 (Y 8 8).
A typical energy spectrum is shown in Figure 3. The energy resolution of the
long plastic scintillator is 19% (FWHM) at 1 MeV.

O.9O MeV, 1.84 MeV (*») GAMMA-RAY
DOUBLE SCATTER PULSE HEIGHT

DISTRIBUTION
51 5cmsq. xlOOcm Plastic Sclntillolor
52 12.7 cm dia. x 12.7cm Nat (Tl) Scintillate*
SCATTERING ANGLE ' 90°

CHANNEL NUMBER

FIG. 3—Y 8 8 Double Scatter Energy Spectrum

TABLE 3. CALCULATED DOUBLE SCATTER ENERGY
AND SCATTER ANGLE RESOLUTIONS

A Monte Carlo code has
been developed for the proposed
detector for calculating
resolutions, efficiencies and
sensitivities. Calculated
energy and scatter angle
resolutions at different
incident energies are given in
Table 3. In the 1-10 MeV range
the energy resolutions are
sufficient to identify gamma
ray line, emission. Above 2
MeV, the accuracy of the cal-
culated scatter angle, 0SCAT»
is better than 5° (FWHM) so
that the limitation in
resolving discrete celestial
sources will depend on the
knowledge of the scattered
gamma ray's direction from SI
to S2 which will have an un-
certainty of at least 5°
(FWHM). This latter uncertainty
depends on the size of the SI
and S2 scintillators.

5. EFFICIENCY. Calculated
absolute detection efficiencies
as a function of incident gamma
ray energy for various incident
angle ranges with respect to
the telescope axis are shown in
Figure 4. Between 1 and 20 MeV,
the 0-30° average efficiency is
greater than 2% with a peak
value of 4% at 3-4 MeV and a
value of 1% at 30 MeV. The high
efficiency above 10 MeV is due
to the increasing efficiency of
NaI(T£) with energy. The low
energy drop-off is due to the
threshold requirements in SI
(0.05 MeV) and S2 (0.25 MeV).
For the 30-60° and 60-90°
ranges, the average
efficiencies are greater
than 1% and 0.5%, respectively,
telescope has a wide aperture.

The aperture can be effectively limited to within about 30° of the axis
by restricting the Coapton scattering angle, 9scAT» ~ o r valid events. This
reduces the number of detected gamma rays at large incident angles to the
axis which can be mistaken for events at small angles. In Figure 4, the .

Energy (MeV)

1
2
5

10
20
30

AE(FWHM)

180 KeV
270 KeV
440 KeV
640 KeV
800 KeV
850 KeV

A9snAT(FWHM)

— ___
5 . 0 Deg.
2 . 6 Deg.
1.7 Deg.
1.2 Deg.
1.0 Deg.

0.1

oz

0.001
. 0.1

GAMMA RAY

EFFICIENCY

- ~7
30°-60° / j

1

0°-30°'
0°-30°i

i i i i 1/

DOUBLE

i
/ /
' /3C

Ml / 1

SCATTER

r-eo°
1 1 1 1

NO RESTRICTION

i l l

8SCAT<2O°

\ -

1 1 \ 1 1 1 11

1.0 10
INCIDENT ENERGY (MeV)

100

FIG. 4—Calculated Telescope Efficiencies.

for energies less than 11 MeV so that the
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efficiencies for BscAI ̂ 0° a n d ^SCAT <20° are shown also. As an illustration,
at 2 MeV, the 0-30° efficiency is reduced hy factors of 1.3 and 3.2 for these
restrictions, respectively, while the 30-60° efficiency is reduced by factors
of 2.1 and 12.2. The 60-90° average efficiency for 0SCAT' <40° is less than
0.1% at all energies and is essentially zero for 6ScAT <20°. This restriction
technique can be effectively applied when a large background gamma ray source
such as the earth's horizon is in the telescope field of view.

6. SENSITIVITY. The sensitivity of the double scatter telescope for detecting
discrete celestial sources of medium energy gamma rays is an important parame-
ter. We have calculated the sensitivity using the Cosmic Diffuse flux above
2 MeV as the background source. The background counting rate in a given
source direction was found from the number of events with sky circles within
2.5° of the source. Below 2 MeV the scatter angle resolution exceeds this
amount.

For a E~2'2 source spectrum the telescope sensitivity at a 3a confidence
level is 1 x 10~5 y's (>2 MeV)/cm2s for a 100 hour exposure. For line
emission from a discrete source"the sensitivity is 2 x 10~6 Yfs/cm2s. The
location of discrete sources can be determined to at least 1°.

An additional gamma ray background will be produced by atmospheric earth
albedo neutrons and neutrons produced in the material surrounding the tele-
scope. These neutrons interact in the SI plastic scintillator to produce
gamma rays. Particularly important is the 4.4 MeV gamma ray from
C12(n,n'y)C12. Further investigation is'planned to evaluate realistically
this contribution to the gamma ray background.

7. CONCLUSION. The combining of large arrays of plastic and NaI(T£) scintilla-
tion detectors in a double scatter configuration can provide an effective
telescope capable of important measurements in medium energy gamma ray
astronomy. Energy and overall angular resolutions are significantly improved
to permit discrete celestial sources to be identified and their fluxes
measured.
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"A DRIFT CHAMBER DETECTOR FOR GAMMA RAY ASTRONOMY"

S.P. McKechnie, K. Bennett. Space Science Department of the
European Space Agency, Noordwijk, Holland.

D. Ramsden, Physics Department, University of Southampton,
England.

A new detector for gamma-ray astronomy operating in the
100 MeV region is described. High angular resolution is
accomplished by means of drift chambers which replace
conventional spark chambers. Performance figures are
presented based on the evaluation of a prototype detector
using gamma and electron beams at DESY, Hamburg.

1. Introduction. The success of the SAS II and COS-B missions has been
marked by the discovery of localised sources of gamma-ray emission (1).
However apart from those sources whose emission is characterised by their
time structure, i.e. the pulsars, no positive identification has been made
with known counterparts seen at other wavelengths. Furthermore, it is
noticeable that the majority of the resolved sources have been observed
in regions of weaker galactic emission. The absence of large numbers of
similar strength sources in the central regions may be due to source con-
fusion or to the relatively high background there.

The next generation gamma-ray telescopes clearly must offer improved
sensitivity to point sources in regions of high background or source
confusion. Telescopes with better angular resolution and large effective
areas are most likely to provide this. More accurate source location will
facilitate identification with sources at other wavelengths and this will
provide a better understanding of the radiative mechanisms.

2. Design Considerations. In designing a detector sensitive in the energy
range 50 MeV to a few GeV, it must be realised that the angular resolution
is limited by different factors at different energies. At low energies,
scattering of the electrons in the converter usually dominates the angular
resolution whilst at high energies the accuracy of track location becomes
the limiting factor. Nuclear scattering during the conversion process
also makes a contribution, the importance of which is largely dependent on
the magnitude of the other errors.

It is easy to show that, for a given conversion efficiency, the effect
of multiple scattering is- minimised if the conversion material is distribut-
ed as evenly as possible throughout the active volume of the detector. With
such a detector an improved resolution is achieved over the whole energy
range by minimising the track location error. It will be seen that multi-
wire drift chambers (MWDCs) therefore offer significant advantages over the
conventional narrow gap spark chamber and multiwire proportional chamber
systems presently used in this energy range.

3. Multiwire Drift Chambers. The operation of a typical MWDC is illustra-
ted in Fig. la. An ionising particle travelling through the chamber produ-
ces a trail of electrons which is caused to drift under the influence of an
electric field towards an accurately positioned anode. At the anode the
electrons are detected as in a proportional counter. There is a well defin-
ed distance-drift time relationship which can be made linear by adjusting
the gas composition and the electric field. The time delay between the
passage of the ionising particle (which may be defined,for example, by a
scintillation counter)and the anode pulse thus determines the track position.
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Extensive development by many groups (2) has resulted in the construc-
tion of large area systems having spatial resolution as low as 100 um. Such
chambers arranged in a stack are capable of reconstructing the tracks of an
electron pair with high angular resolution. The properties of MWDC's may
be compared favourably with those of spark chambers (3).

The design of Figure la features a sense wire and a potential wire
with the space between forming the drift region. In this region the drift
velocity is linearised using field shaping wires on either side of the
drift region and parallel to the sense and potential wires. However, a
major feature of this design is the need for rigid frames to support the
field shaping wires which are all suspended under tension. The mass of the
frame is of little consequence for ground based experiments but for gamma-
ray astronomyj both the mass of the frame and the large background produced
therein would be unacceptable.

Figure lb illustrates the way in which the basic design of Figure la
has been adapted to suit the requirements of gamma-ray astronomy. The
field shaping wire planes are replaced by a thin copper clad glass-epoxy
plane on which the field shaping electrodes are etched. When these are
mounted on a light weight frame a rigid chamber results in which the glass-
epoxy chamber walls also act as the conversion material for the gamma-rays.

r 50 mm *

Ypl-I

1
^ADDITIONAL riELD

f SHAPING WIRE
10 mm

DETECTING WIRE ! • )

(a)
PARTICLE TRACK

"DRIFT FIFLD SHAPING
WIRES. POTENTIALS
DISTRIBUTED BY RESISTOR
DIVIDER.

DRIFT FCLO SHAPING STRPS-POTENTIALS
DISTRIBUTED BY RESISTOR DIVIDER NETWORK

/SENSE WIRE /FIELD SHAPING WIRE P10 GAS

DRIFT SENSE

•V, Klm-n

ETCHED G/E
BOARD

(b) • .

Fig. 1. Two "linear field" drift chamber configurations using
a) wires and b) etched copper strips for the field shaping planes.

4. Preliminary Investigations with Prototype Chambers. Prototype chambers,
each 24 x 10 cnr in area based on the design in Figure lb, were built con-
sisting of five drift cells 48 mm wide with the field shaping planes 10 mm
apart. A field shaping wire (0 = 125 pa) separates adjacent cells in the
conventional manner. The 100 mm long gold plated tungsten sense wire has
a diameter of 20 um. The wires were aligned to a reference edge with an
accuracy of better than 100 um. Standard P10 proportional chamber gas
(90% Ar/10% methane) was used, although other gases offering better spatial
accuracies are being considered for a flight detector. Operational const-
raints may in fact restrict this choice.
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Fig. 2. Computer reconstruction
of an observed gamma-ray event
in which conversion took place
in the aluminium converter and
the tracks were unresolved in
the first gap. For each cell
the ambiguous track positions
are displayed.

ELECTRON TRACKS -=*—I

Four of the prototype MWDC's were assembled into a stack to measure
one projection of a particle trajectory (see Figure 2). In order to
resolve the 'left-right1 ambiguity of track reconstruction, one of the
four chambers was offset by a half cell width. The performance of this
detector for measuring tracks has been evaluated in detail using electrons
and tagged gamma-rays at DESY, Hamburg. On the basis of laboratory tests,
standard voltages of Vg= 1180V and VQ = -2720V were selected for most of
the measurements.

Readout of the drift time information from each of the drift cells
was achieved with specially developed electronics designed with the op-
erational constraints of future space applications in mind. In particular,
power consumption and weight have been minimised (3).

The efficiency and the intrinsic spatial resolution of the chambers
were determined as a function of angle using 4 GeV electrons. The effic-
iency of each cell of the drift chambers for the detection of electrons was
found to be better than 99%. Further, the linearity of the drift velocity
in the chambers was measured by scanning the drift chambers at a constant
speed across the electron beam. Figure 3 shows the linearity plot for all
wires of one chamber. The fluctuations of the points on the differential
plot are consistent with a linear distance/time relationship.

Fig. 3. Integral and
differential counts as a
function of drift time
channel number.

BO no BO KG 160 BO 200 HO MO
CHANNEL NUHBCA

Figure 4a shows a typical spatial resolution curve pbtained for 4 GeV
electrons derived from the difference in measured drift^Jistances for
normal incidence electrons for two aligned drift chambers. A Gaussian f i t
to the data has been made with v = 203 Jim ( i . e . o* = 144 jm for a single



14

chamber). For the offset case the relative broadness of the distribution
is, considered to be due to instability in the prototype electronics which
prevented accurate calibration, rather than non-linearity of the drift
times.

It is expected that the resolution of Figure 4a can be improved by
increasing the precision of the location of the wires, refining the cali-
bration of the electronics and by optimising the operating voltages.

Fig. 4.
a) The difference between

measured drift distances,
A d in aligned cells for
normally incident electrons,

b) The derived drift cell
length, D, for two offset
chambers.
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The angular resolution of the test chambers for gamma-rays was derived
for normally incident photons using events which converted in the glass-
epoxy between the first two chambers. In Figure 5*the projected angular
resolution (lcr) i s plotted as a function of energy. The measurements were

O ~C°S •
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Fig. 5. Calculated angular
resolution for a) the fully
distributed system (dashed
curve) and b) the semi-distr-
ibuted system (solid curve).
For comparisoiwthe measured
angular resolutions of the
prototype chambers (triangles)
and the OOS-B detector (circles)
are also shown.

1
made with two aligned MWDC's separated by the offset chamber. This is
equivalent tp the measurement which would be made in a 3-dimensional
measurement system, where an orthogonal chamber would separate two

'i
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measurement chambers. The resolution includes a contribution from the
angular dispersion in the gamma-ray beam, which introduced a systematic
spread of about 0.1°.

6. A Drift Chamber Gamma-ray Detector. Following the encouraging results
from the prototype units, chambers of 52 x 52 cm2 in the area have now been
constructed using thinner chamber walls. These chambers are grouped into
modules of 4, each of which is 32 mm deep. In each module there are 2
orthogonal pairs of chambers one of which is offset with respect to the
other by a half cell width so as to resolve the left-right ambiguity. In
this way a single module is capable of fully measuring a particle traject-
ory.

The proposed detector configuration, shown schematically in Figure 6a
is composed of 16 modules. Each chamber plane provides a conversion layer
of 0.004 r.l. thus giving a total converion efficiency for the stack of
0.2 at 1 GeV. The angular resolution which this configuration offers has
been calculated taking account of Coulomb scattering, nuclear scattering
during pair production, track reconstitution errors and including an
additional uncertainty of 0.1° to allow for mechanical misalignment and
attitude uncertainties. Simple track reconstruction software has been
assumed so the associated error has probably been over-estimated. The
results are given as a function of energy in Figure 5 by the dashed line.
An alternative configuration of the chambers is shown in Figure 6b, in
which fewer modules are used and the missing ones replaced by an equivalent
thickness of lead (semi-distributed converter design). This arrangement
offers comparable angular resolution at high energies but greater scattering
between measurement planes degrades the performance below about 300 MeV.
The expected angular resolution is included in Figure 5 for comparison
(solid line). Since the latter configuration is cheaperj^itjias been de-
cided to adopt it for a trial balloon payload which is presently under
development.
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A balloon payload comprising the semi-distributed converter design
above a time-of-flight telescope is easily capable of detecting the Crab
Nebula at balloon attitudes (̂  3 gm cm"2 residual atmosphere) in 4 hours.
xhe good angular resolution permits the sky bin size to be 2° or less.
Such a bin centred on the Crab will detect »* 45 source counts compared
with v 32 expected background counts ( > 70 MeV) Further background re-
duction by a factor of 4 is achievable by selecting events in a time window
centre on the gamma-ray pulsar peaks without reducing the source flux
significantly.

With this measure of performance it appears that this trial payload
should still have the ability to observe many of the sources observed by
COS-B.
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EVOLUTION CF THE CERENKOV x TOTAL-ENERGY

TELESCOPE FOR ISOTOPIC ANALYSIS CF COSMIC RAYS

W. R. Webber, G. A. Simpson, J. A. Lezniak and J. C. Kish

Physics Dept.
University of New Hampshire
Durham, New Hampshire 03824 .

This paper discusses the evolution of the Cerenkov x total-
energy technique for isotopic analysis of cosmic rays as
developed by the University of New Hampshire." This tech-
nique is generally restricted to particles witri Z>6, and
the best mass resolution is achieved over a relatively
narrow energy range just above the Cerenkov threshold.
State-of-the-art mass resolution is how 0.3-0.4 AMU through-
out the charge range Z=8-28 and.over an energy range varying

. from «v40 MeV/nuc at lower Z to ̂ 0 0 MeV/nuc for Fe.

The technique for measuring the isotopic composition of cosmic-ray nu-
clei using the Cerenkov x total-energy (CxE) technique was first developed
and applied by the University of New Hampshire group (Webber e.t at., 1973a) .
We have now had three successful balloon flights with CxE telescopes of in-
creasing sophistication and size. These telescopes are illustrated in Fig-
ure 1. The original version flown
in 1972 contained a single total-
energy counter. Approximately
50 Fe nuclei were analyzed with a
mass resolution a "vl.O AMD (Webber
at al.., 1973b). The second ver-
sion flown in 1974 contained two
total-energy counters and an im-
proved Cerenkov counter. Approxi-
mately 100 Fe nuclei were analyzed
with a mass resolution a MD.4 AMU.
The most recent version flown in
1976 contained two identical Ceren-
kov counters and three total-energy
counters. Data from this flight
are still being analyzed and we ex-
pect to have *ul50 Fe nuclei availa-
ble for analysis with a mass reso-
lution CT ̂0.3 AMU. Further im-
provements and refinements in this
telescope are still being made,
with the idea of developing a stan-
dardized telescope for flights in
1977-78. With this telescope we
hope to accumulate 10x the statis-
tics of our 1974 flight with a reso-
lution at Fe of M).2 AMU.

1974 WH COSMIC RAV
ISOTOFE oeT
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In this paper we trace the development of this detection technique and
illustrate what i t s limitations are and how i t can be "tuned" for maximum mass
resolution. Also given are some details of the data-analysis techniques we
have developed.

The operation of the CxE method for isotope resolution has been dis-
cussed in our previous publications CWebber zt at., 1973a,b). Basically one
can show that, for particles which are just above the Cerenkov threshold but
which stop in the total-energy counters, the fractional mass separation is

AA
greatly enhanced over the simple mass difference fraction — . This arises

A
because, just above the Cerenkov threshold, the magnitude of the Cerenkov
light emission is a rapidly varying function of velocity; hence, if the
Cerenkov output is measured to a certain precision, the velocity will be
measured to a much greater precision. Although all particles that stop in the
total-energy counters and are above the Cerenkov threshold can be used in the
CxE mode of analysis, the actual mass resolution is a strong function of ener-
gy which, for a single Cerenkov detector, is maximized over a fairly narrow
band of energies. We illustrate this effect for Ne and Fe nuclei for the 1974
telescope in Figure 2. This figure
shows the mass separation in percent/
AMU as a function of energy in both
the C dimension and the total E di-
mension predicted by a detailed cal-
culation of each detector's response.
Also shown are the measured resolu-
tions of the Cerenkov and total-
energy counters.

IRON RESOLUTION-SEPARATION

Mail Sepa-aton/AMU

This figure shows that: (1) The
resolution in the E counter dimension
is generally much better than is ne-
cessary to resolve adjacent Ne and Fe
and other heavier nuclei over the
whole range of energies. Because en-
ergy loss fluctuations and photoelec-
tron statist ics in the E counters are
small, the principal limitation to
the resolution in these counters is
due to spatial nonuniformities asso-
ciated with the light collection
process. A significant technical
innovation in our experiment is the
use of a diffuse white-paint pre-
compensation mask to remove these

spatial nonuniformities. This compensation mask is checked and adjusted by
comparing the output of a ccllimated electron source from approximately 30
locations. A uniformity ^1% in the outputs from these locations can general-
ly be obtained in 1 to 2 days of compensating and checking. After the coun-
ters are compensated in this manner, several locations are checked using sea-
level muons defined by a narrow-angle telescope. We believe that a 1 a non-
uniformity M.% is realistic in view of the mass separation of several % per
.AMU. Further testing and compensation could probably reduce this to M).5%.

VLQUJLQ. 1. MaAA-neAoluutLon and ma&i>-
&e.paAa£ion plot* ion. We and Fe nuclei
ion. tkz CeAenkov and totcUL-o.nzn.Qy

t ion. the. 1974
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2) In the Cerenkov dimension the mass separation is a maximum over a

certain energy band, generally at a value of
6=1

0.1-0.2 for a l l charges.

100%

This means that the mass resolution will peak in a certain energy interval.
The counter may therefore be "tuned" for maximum mass resolution by selecting
the energy range of analysis. The better the Cerenkov resolution, the larger
is this energy range of good mass resolution and the better is the resolution
at the peak. For this reason the resolution of the Cerenkov detector is cru-
cial to the success of this technique. In Figure 3 we show the Cerenkov res-
olution obtained for 3=1 particles of different charges for the different
balloon flights. This resolution
is unfolded from the Cerenkov
pulse height distribution using
the technique described by Lez-
niak (1975). Note that since
this resolution depends princi-
pally on photoelectron statist ics
at low Z the resolution ^Z"1 and
this is observed in the data out
to a Z VL2-14. There are two im-
portant features of this Cerenkov
resolution curve. The first and
most important is the resolution
for Z=l, 3=1 particles, jhich
serves to determine the resolu-
tion for al l lower Z nuclei and
for higher Z nuclei as well for

C <0.5 Co-1. This resolution is
^ p— ±

basically determined by the
light-collection-efficiency of
the Cerenkov light-diffusion box.
Our Cerenkov detectors are typic-
ally 2 cm thick UVT Lucite and
the PM tubes have an average pho—
tocathode efficiency 2̂0% so that,
even if 100% light collection is
obtained, the best FWHM that

2-
o 10% —
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mlnzd fion. 3=7 ptvctlclzA fait 1972, 1974
and 1976 tztzAcopz*. Tkzoh.ztic.aL iziolu-
£Lon UJIQM baut>zd on 1=1 pa/vticZzi OJIZ bz-
tizvzd to tzpfiziznt cofUizcX KZAolution to
u6e &ofi -tiotop-Lc analyA-U.

could be expected for Z=l particles is 3̂0%. Continued improvements have been
made in the Cerenkov light diffusion box—the fraction of the internal area
covered by PM tubes has been increased from 7% to 18%, and the reflectivity of
the paint has also been improved. As a result the Z=l Cerenkov resolution has
been improved from 8̂5% in 1972 to 5̂5% in 1974 to 4̂5% (in each of two Ceren-
kov counters) in 1976, with a resulting improvement in mass resolution.

In Figure 3 we show curves through the measured Z=l, 3=1 resolution
point and ^Z 1 , labeled theoretical resolution. Note that the measured reso-
lution as implied by the higher Z, 3=1 data, although i t follows a Z~l depen-
dence, lies above this curve and in fact does not change much from year to
year. We believe that this occurs because knock-on electron effects are
broadening the Cerenkov distribution for heavy nuclei near the 3=1 points, and
that this broadening effect, which is not taken into account in the Lezniak
method of deconvolution, results in an apparently poorer resolution than actu-
ally applies at lower values of 3 where these knock-on effects are less impor-
tant and where the isotope measurements are being made. Calibration studies

iis



34

of the ]976 telescope using low-energy Carbon nuclei indicate a Cerenkov res-
olution which is consistent with the predicted theoretical resolution based
on Z=l, Bsl particles.

A second important feature of the Cerenkov resolution curve is the lim-
iting resolution apparent at large Z. This is primarily caused by path-
length differences which introduce a nonuniformity of output which does not
decrease with Z and becomes comparable to that from photoelectron stat ist ics,
which is ^Z~l. When the Cerenkov counter is used for isotope studies, how-
ever, the maximum mass separation occurs at values of C such that the limita-
tion to mass resolution is not due to nonuniformity but s t i l l due to photo-
electron stat is t ics . For this reason we use a very simple path-length cor-
rection scheme based on spherically curved counters and a pair of measure-
ments of the radius of the particle trajectory from the detector axis (Simp- |
son, 1977). If there is negligible error in the radial measurement, this |
technique is capable of correcting the path lengths to a level *«!%. In the £
1974 counter the radial inaccuracies were such that the path-length error was 5
4̂%. Improvements in the radial measurement counters in 1976 have reduced

this path-length error to *v*2%, which is compatible with the improved resolu-
tion due to photoelectron stat is t ics .

Aspects of the Data Analysis and Calibration

1) Interaction Rejection. At the energies we are considering, about
one-half of the incident nuclei interact and fragment before coming to rest.
The importance of distinguishing these fragmenting particles from those that
remain intact is evident. To do this we make use of a powerful pair of in-
teraction criteria, which reject with high efficiency all interactions except
those which involve no change in charge. These criteria are (1) the very im-
portant fragment signal criterion and (2) the S1-S2 consistency test.

The fragment signal criterion makes use of the fact that in most inter-
actions of a heavy-Z nucleus at least one low-Z fragment is produced. This
low-Z fragment has a much greater range than the fragmenting heavy nucleus
and in almost all cases has a range great enough to reach the following coun-
ter (see Simpson, 1977 for detailed calculations of this effect). These
events are signaled by a small signal in the following counter for an event
which, otherwise appears to be a stopping heavy nucleus. Wa are the first
group to recognize and use this powerful criterion for the rejection of nu-
clear interactions.

The requirement that the SI and S2 pulses be consistent within values
^3 times the standard deviation of their normal fluctuations rejects with
•̂85% efficiency events which suffer a change of charge in the upper portion
of the telescope.

2) Calibration. It is well known that the light output L in plastic
scintillators is. not linearly related to the energy loss E. The approach we
have taken to this problem is to determine from the data empirical scintilla-
tion response functions for each counter which relate the observed detector
output at well-defined fiducial points to the accurately calculated energy
deposits. We then interpolate values of the response functions between these
calibration points to determine the complete detector response. An illustra-
tion of the construction of a response function for the 1974 telescope is
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lag
ch/MeV

shown in Figure 4. This response
function relates the calculated
energy deposit in MeV to the detec-
tor output in channels through the
ratio channels/MeV. The trend lines
in the figure allow interpolation
between the fiducial points of the
high statistics species to give the
predicted detector output for any
isotope of interest. The E re-
sponse function has been constructed
to fit (1) fiducial data of Z=6, 8,
10, 12, 14? 20 and 26 nuclei; (2)
the observed shape of the Fe distri-
bution in the CxE plane and (3) the
isotopic mass of Na and Sc, both of
which have only one stable isotope.

In the case of the Cerenkov
detector we observe that, using data
from all charges and all g, the re-
sponse is found to follow the well-
known Cerenkov relation C = Z2(l-

-£~)2- to within 1% accuracy when the
Po
effects of the small amount of resid-
ual scintillation are included. In
effect the Cerenkov dimension is lin-
ear, a point often overlooked in dis-
cussing the uncertainties in mass
calibration using this technique.

Using these empirically deter- dE/dxxc
mined response functions, we may pre- Charg^Value

diet the location of the mass lines
on any two-dimensional matrix of
events. Errors in determining the
fiducial points and in the Cerenkov
response introduce an absolute uncer-
tainty in the mass scale of ±0.2 AMU
over most of the charge scale.

3\ Charge Identification. The
first step in the mass analysis is
to classify events according to
charge. This is carried out using a
two-dimensional charge-analysis tech-
nique. Separate charge lines are
identifiable on each of the matrices

/dx vs. E and /dx vs. C, and in
each case a charge is assigned to an
event tc the nearest 0.1 of a charge
unit according to the perpendicular
distance from the inferred mass lines.

Outline of a Response Function (not to scale)
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A two-dimensiqnal plot of the charge
is then made using the separate
identifications. An example of a
two-dimensional plot for stopping
p articles with 2-9-16 is shown in
Figure 5 for the 1974 flight.

Aspects of the Mass Analysis. For
each charge separately a matrix of
events with Cerenkov output versus
total energy is next made (C-E ma-
trix) for stopping particles. This
is the basic matrix used for mass
analysis, and a matrix of this type
for Fe nuclei from the 1974 flight
is shown in Figure 6. The lines
drawn on.this matrix are those pre-
dicted from the response function
analysis discussed earlier. It is
seen that the mass resolution ap-
pears to be good enough in this
case to show a principal cluster of
events about the line corresponding
to 56Fe, with a secondary cluster
at 58Fe. This impression may be
quantified by constructing a mass
histogram by summing events in C-E
space perpendicular to the inferred
mass line. A sample of such a dis-
tribution for Fe is shown in Fig. 7.

The procedures for the mass
analysis of data from all of the
flights are basically similar. As
the experiment evolves we have been
gratified to see the anticipated
Improvement in resolution, and hope-
fully, if we can achieve our goal
of 100 hours of floating time with
our most advanced detector, we
should see an improvement in sta-
tistics of nearly a factor of 10
over the data presented in Fig. 7.
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RECENT PROGRESS IN THE DEVELOPMENT OF TRANSITION RADIATION DETECTORS

Michael L. Cherry, Gernot Hartmann+, Dietrich Miilier and Thomas Prince
Enrico Fermi Institute, University of Chicago

Chicago, Illinois 60637 USA

Transition radiation detectors have been used in several
recent cosmic ray experiments for particle identification
at energies E/mc^ £ 103. In order to optimize the design
of such detectors, and to use them for energy measurements
over a broad energy range, it is necessary to study the
details of the transition radiation process.' We therefore
present experimental results which test the theoretical
predictions more precisely and at higher energies than in
previous experiments. We have studied the dependence of
the interference pattern in the frequency spectrum on the
radiator dimensions. Furthermore, we have measured the
total transition radiation yield generated by electrons in
various radiators over a very wide energy range, from 5 GeV
to 300 GeV. We review the significance of the individual
experimental parameters in the design of transition radia-
tion detectors, and discuss the characteristics of transi-
tion radiation detectors capable of measuring particle

•y energies over the range 300 £ E/mc2 £ 105.

1. Introduction. It has recently become possible to apply x-ray tran-
sition radiation detectors to high energy and cosmic ray experiments (Yodh
1976; Cobb e£ al_;_ 1977; Hartmann e£al_^ 1977a). Elsewhere in these proceed-
ings, for example, we report a measurement of high energy cosmic electrons
using transition radiation detectors (Hartmann et.al^ 1977b). The success of
such applications depends crucially on a properly optimized design of radia-
tors and detectors, which in turn requires a thorough knowledge of the char-
acteristic features of transition radiation. In order to test the theoret-
ical predictions more rigorously than previously possible, we have performed
a precise measurement of the frequency spectrum of x-ray transition radiation.
In this paper, we shall present our results and shall discuss their relevance
for the construction of practical detectors.

We shall also consider the energy dependence of transition radiation.
Thus far, all applications of transition radiation have used the effect to
discriminate between particles with high and low Lorentz factor (i.e. between
Jf = E/mc* £ 103 and /£ 10 3). A future, more demanding application is the
measurement of the particle energy, utilizing the ^-dependence of the tran-
sition radiation yield. We shall discuss this question and present new
measurements and calculations that demonstrate the feasibility of energy
measurements with transition radiation over the range 300 <_ t <_ 105.

A highly relativistic (iT» / ) charged particle emits transition radia-
tion at x-ray frequencies when it traverses a radiator consisting of a large
number of thin foils separated by appropriate distances in a gas. Throughout
this paper, we use the following notation: N = number of foils-, •/,= foil
thickness; Jz= foil spacing; ̂  = x-ray frequency; tsltoJl = plasma frequencies
of foils and gas; cs;soi = x-ray absorption cross-sections in foils and gas;
Z = charge of the particle. We assume the following conditions, which are
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generally valid in practice:

The main features of the transition radiation can be summarized in three
statements: I

(1) Radiation of significant intensity is confined to frequencies below
tfos,. The frequency spectrum shows pronounced oscillations due to interfer-
ence of the radiation emitted at different gas-foil interfaces. At suffi-
ciently high particle energies, most of the radiation appears in the last
maximum at frequencies near O^^-Z^/J-K-C (Cherry et_ al^ 1974).

(2) The total emitted transition radiation intensity increases with
particle energy up to approximately /s- 0.62 OT,JJJ^/CL. . Saturation sets in
above <fs. Somewhat different expressions for £Jae saturation energy have been
used in previous publications (Cherry et al_;_ 1974; Artru ejb al. 1975). A
more detailed discussion is given by Cherry.(1977).

(3) For plastic foil radiators, and for energies below #< , the total
energy radiated is approximately (Garibyan 1973)

where the cross-sections ̂ o^ci-t^) are evaluated at or- <*rw^ .

The oscillations in the frequency spectrum (which were first observed by
Fabjan and Struczinski 1975) and their dependence on J, make it possible to
choose the foil thickness such that the frequency range around oJ""max coin-
cides with the sensitive region of the detector. In the next section, we
confirm this possibility of "tuning" the radiator and detector, and we pre-
sent observations of the detailed features of the spectrum.

2. Measurements of the Frequency Spectrum. The frequency spectrum was
measured with 5 and 9 GeV electrons at the Cornell Synchrotron. Preliminary
results have been published by Cherry and Muller (1977). We have used a
Bragg spectrometer with a LiF or PET diffraction crystal. The spectrometer
was sensitive to x-rays in the range 4-30 keV, and calibrated on laboratory
x-ray machines over that range. The radiators were composed of plastic foils
or plastic foam, with total lengths typical of experimental applications. A
magnet deflected the electrons after they passed through the radiator. At
each frequency, with the spectrometer set at the appropriate Bragg angle, the
reflected x-rays were detected in a xenon-filled proportional counter, which
was pulse height analyzed. The transition radiation peak could generally be
well resolved above the background. After subtraction of the background, and
after correction for the absorption and detection efficiencies, the absolute
x-ray intensity could be determined.

The measured x-ray intensities, normalized as photons per interface and
per incident electron, are shown in Figure 1 for three radiators of polypro-
pylene (CH2) foils in helium, with foil thicknesses of 82,50 and 16 ym.- The
smooth curves are calculations (Cherry 1977) based on the theoretical work of
Ter-Mikaelian (1961) and Garibyaiv(1971). These .calculations include the
effects of the angular distribution of the incident electrons and of the
emitted radiation. An overall normalization factor of 0.8 has been intro-
duced in these calculations to fit the measured data. The measured results
and the calculations agree well. The maxima and minima of the interference
pattern are resolved and appear exactly at the predicted frequencies. For
the 82 and 50 ym radiators, most of the intensity appears at the last
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Figure 1 - Frequency spectra of
transition radiation emerging from
three foil radiators and a foam
radiator.
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maximum, slightly below the frequency
ffrmax (^mav = 29 and 18 keV, respective-
ly). The hardening of the spectrum with
increasing foil thickness can be clearly
seen. For the 16ym radiator, the low "
frequency oscillations are obscured by ab-
sorption. Saturation is predicted at
electron energies between 5. and Tl GeV. ̂
As expected, ojw measured spectra-for 5 '

d 9, GeV grernearly> identical; only a
ll energy dependence may be noticeable
^ax_ Also in Figure 1 we show a

spectrum measured with a 30 cm long Etha-
foam radiator. Ethafoam is a fairly
regular closed-cell foam composed of poly-
ethylene (CH?) and air. A previous accel-
erator test (Prince ejt aJL_ 1975) has
shown, in agreement with the predictions
of Garibyan et al^ (1974), that the total
yield from an Ethafoam radiator with
average cell wall thickness ̂ ^ and
average cell diameter <A> is nearly the
same as the total yield from.a plastic
foil radiator with the same £ , A3 and
total length. The curve in Figure Id is
calculated for an equivalent C^/air foil
radiator with /, = 30 urn, A = 1 mm, and
N = 300. The peak at <vfnax is clearly
visible, and the frequency spectrum of
the foam radiator is well fitted by the
spectrum of the corresponding foil radia-
tor.

3. Energy Dependence of the Total
Yield. The transition radiation detec-
tors described in the previous section,
including the plastic foam device that
has been used in our recent cosmic ray
experiments (Hartmann et al. 1977a,
1977b), are expected to reach saturation
for <y£io4. We have recently calibrated
our cosmic ray detector (which uses 15 cm
thick Ethafoam radiators, followed by
2 cm thick Xe/Co2 proportional chambers)
at Fermilab with protons, pions and elec-
trons over the energy range 5 to 300 GeV.
The results of this calibration consti-
tute a measurement of the ^"-dependence
of the measured signals over the range

6 < X < 6 x 1Q5. This is summarized in Figure 2, where we plot the average
pulse height, measured with the proportional chamber, as a function of V.
The signals are shown in arbitrary units, normalized to the signal of 50 GeV
pions and assuming that the ionization .signal is in saturation fory> 300.
We notice that at ̂  103, the signals follow the well-known behavior of the
ioriization energy loss, while the increase at higher ^-values is due to
transition radiation. In the region 10* < X< 10& no significant energy
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radiation signal can be ob-
served: the radiation yield
saturates as expected. For
the Mghest energy pi on data
point (300 GeV, r = 2150) we
also observe a small but sig-
nif icant t rassi t ion radiation
signal. *

To further investigate
the energy dependence, we
have also tested a detector
designed to saturate at very
high energies (J^ - 1.3 x 105)
and to produce the bulk of
i t s radiation at high frequen-
cies (WJiax'- 86 KeV). The
radiator consisted of 200
polypropylene fo i l s in a i r ,

Figure 2 - Energy dependence of ionization and 2.44 x 10"2 cm thick, spaced
transition radiation losses with 15 cm Ethafoam by 1.5 Cm. The x-rays were
and 2 cm xenon detector. (*$ % 104) detected in a thin (0.37 mm)

Nal sc in tn ia tor directly be-
hind the radiator. The sc in t i l la tor was 2655 ef f ic ient at 86 keV and 103! e f f i -
cient at 130 keV. The Nal sc in t i l la tor was calibrated with x-ray sources at
6-122 keV; i t s response was linear over that frequmejr vmgft. Transition
radiation was generated by electrons of 5, 15 and 30 GeV at Fermilab.

At each electron energy, tests were made with a radiator and with an
equivalent sol id block of plastic in the beam. With the solid block in
place, a background pulse height distribution was observed with a Landau-like
shape and an average pulse height of 132 +. 1 keV. With the radiator in the

- • beam, the average pulse
height increased due to the
presence of the transition
radiation x-rays. The aver-
age x-ray y ie ld ( i . e . the
difference in the average
pulse heights of the radiator
and background distributions)
Is plotted vs. incident elec-
tron energyirf Figure 3. The
measured transit ion radiation
yields Increase with increas-
ing electron energy up to at

3 GV h h i h t

190
4xio* 6xi64 8 x i o 4

_. 100
>

I
50

Background

Transition
Radiation

Polypropylene /Air
ZOO Foils
2 4 4 / tm /1.5 cm

K) 20 30

Electron Energy W^eV) MOTS

Figure 3 - Energy dependence" 6f~transition
radiation from radiator designed to saturate
at rs % 105.

; least 30 GeV, the highest
! energy available in this ex-

i-.\ periment. They agree fa i r l y
?i well with the theoretically
^'predicted values, shown as

Hi the curve In F1g» 3. We con-
•^ elude that by Increasing the
f radiator dimensions, i t Is

.possible to sh i f t the satura-
tion energy and obtain an
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Figure 4 - Calculated pulse height distribu-
tions for ionization {?= 200) and ionization
plus transition radiation (/= 500.1000), -i
with radiator designed for /s £ 10

3. Single-
detector response is shown in a) for protons
and carbon. The average distribution from
five radiators and detectors (total number of
foils = 11000) is shown 1n b) for carbon and
iron nuclei.

energy-dependent yield at
Lorentz factors above 104, in
a range where our Ethafoam
i radiator (see Fig. 2) is in
; saturation. Such a detector
; might be useful in order to
iobserve particles with very
; large /-values (e.g. energetic
i cosmic ray muons with i" up to
ild5), but the required length
of the radiator may impose
practical limitations.

j A further important ap-
plication of transition radia-
tion detectors is in the low
energy range, Y £ 1000. De-:
tectors in this regime could
be useful for the identifica-
tion of hadrons at accelerator
energies, and for the measure-
ment of the composition and
energy spectra of cosmic ray
nuclei above a few hundred
GeV/nucleon. At such low
values, the emitted x-rays
will be fairly soft: for

instance, with polyethylene M = 6 keV for / = 300. If a plastic foil radia-
tor is to be used, the foils must be thin in order to avoid reabsorption of
the x-rays. It has been shown by Camps e_t al. (1975) that a radiator of thin
foils does indeed generate measurable transition radiation signals for elec-
trons with y >. 400. We have therefore performed a series of Monte Carlo cal-
culations in order to optimize the design of such a detector, with the main
goal of constructing a detector for cosmic ray nuclei with t £ 300. Due to
the Z2 dependence of the transition radiation signal, we expect a consider-
able improvement in resolution Cas compared to singly charged particles), and
our results are very promising. For instance, a radiator consisting of sev-
eral thousand polyethylene foils with J, = 4 pm and A - 75 pm, followed by a
0.5 cm thick xenon proportional chamber (STP), would yield signal distribu-

tions as shown in Figure 4:
The width of the distributions
sharpens drastically with in-
creasing charge of the parti-
icle. What appears to be mar-
ginal for protons, leads to
'excellent resolution for car-
bon nuclei. Above about
Y- 300, the distributions :
with transition radiation are
well separated from the distri-
bution due to ionization alone
!(*"=.200); this energy depend-
jence can be seen more clearly

Figure 5 - Calculated energy dependence of in Fig. 5, where the onset of
Ionization and transition radiation for . transition radiation appears
radiators and detectors used in Fig. 4b. at considerably lower values

5 Ctamtars, 0 5 em Xenon tocfc BTPJ
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of / than in Figures 2 and 3. Unquestionably, if a sandwich of several such
detectors is used, the energy spectrum of cosmic ray nculei can be deter-
mined. We hope soon to be able to perform this experiment.

4. Conclusions. It appears that the characteristic features of x-ray
transition radiation are now well understood and supported by experimental
evidence. The response of a detector system can be estimated using the rela-
tively simple rules discussed in Section 1. In order to predict the detailed
behavior and to optimize the response of practical radiator-detector combina-
tions; the explicit theoretical expressions of Ter-Mikaelian (1961) and
Garibyan (1971), derived from classical electromagnetic theory, can then be
used as a basis for numerical calculations. This makes it possible to design
detectors for a broad range of future applications in high energy and cosmic
ray research.
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SIMULATION OF SHOWER DEVELOPMENT FOR VARIOUS? MODELS IN AN IRON

IONIZATION SPECTROMETER

M.F. BOURDEAU, J .N . CAPDEVIELLE/' J. PROCURFJR

Laborato ire de Physique"Theorique, Uniwers i t e de Bordeaux I , France

Theoretical Both

We use a semi Monte-Carlo technique/to analyze different shower
behaviour for standard and scaling models, between 500 and 5000 GeV in an
Iron calorimeter.

The relation between the depth of the calorimeter and the energy
accuracy is discussed in all cases, even in the assumption of rising
energy p-Fe cross-section.

Coordinates: T 7-3/ (Calorimeters)

Mailing address: N. CAPDEVIELLE
'Laboratoire de Physique Theorique
Universite de Bordeaux I
Chemin du Solarium
33170 GRADIGNAN, FRANCE
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SECONDARY ELECTRONS FROM HEAVY PRIMARY COSMIC
MULTIWIRE PROPORTIONAL COUNTER (MWPC) HODi

T.A. Parneli and J.H. Derrickson,
Space Sciences Laboratory, Marshall Space Flight Center

Huntsville, Alabama 35812, US/
J.C. Gregory

Chemistry Dept., The University of Alabama in Huntiville, Huntsville, AL 35807,USA.

g] BothQTheoretical Experiment

r

Secondary electrons (6-rays) from high z primary cosmic rays frequently cause
roblems in gas-filled hodoscopes of various kinds and introduce energy and
charge dependence in track recovery efficiency. A MWPC hodoscope efficient for
both primary track recovery and reading out Jill secondaries was flown in a
alloon flight of an' experiment covering taa range of cosmic ray charge
4 z 4 28 and kinetic energy T > 0.5 GeV./Over this charge range the number

of hodoscope wires affected by secondaries/ varies approximately linearly with
as predicted. The energy and charge dependence of the effect will be pre-

sented.

LYS IN A
COPE

Coordinates:

Mailing address Dr/ T.A. Parnell
trophysics Branch, ES 62

TASA, Marshall Space Flight Center
untsville, AL 35812, USA
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-̂  THE NAGOYA COSMIC-RAY MUON SPECTROMETER

S.Shibata, S.Iida*, Y.Kamiya and K.Kobayashi

Department of Physics, Nagoya University, Nagoya, Japan

*Computation Center, Nagoya University, Nagoya, Japan

A new cosmic-ray muon spectrometer using a solid iron magnet is -now

under construction. This spectrometer detects muon tracks optically by wide

gap spark chambers triggered by a time-of-flight counter system. The accura-

cy of the momentum determination of this spectrometer is estimated by the

prototype-experiment using eight small scale spark chambers triggered by the

vertical cosmic-ray muons above 1 GeV/c. It is found that the deflection

angle is reconstructed with the accuracy of better than 5.3 x 10 5 radian.

An automatic film scanning equipment using a solid-state image sensor is now

in course of construction. This equipment enables us to measure accurately

the coordinates of the spark images on the photographic films in a short

space of time.

1. Introduction

The earlier observations made by the cosmic-ray muon spectrometers at

Nagoya (1.2.3) were related to the measurements of the muon momentum spectrum

and the charge ratio up to 1 TeV/c at sea level. After these experiments, we

made a plan for the measurements on the higher momentum region (4) and we

have-been working on the design and testing of the detectors. The trigger

detectors were reported previously in the reference 4. Here, we discuss about

the track detectors. For track detectors, we employed wide gap spark cham-

bers . In order to estimate the accuracy of the momentum determination of

our spectrometer, eight layers of small scale wide gap spark chambers were

constructed for the prototype-experiment, and the data obtained from this

prototype-experiment are analyzed. However, the data processing of a large

amount of photographic films accumulated from wide gap spark chambers is the

difficult problem, which is only removed by the method of automatic film

scanning. We developed the automatic film scanning equipment using a solid- '•£

state image sensor. The design and the preliminary results are also reported j§

briefly. ft

2. Apparatus of the prototype-experiment \
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17 kV
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GENERA
(3-stoge)
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^AVALANCHE TR. ] * -200V

3.5kVI KRYTRON

SPARK
GAP

Fig., 1 Block diagram of the trigger circuit

The wide gap spark

chamber of the prototype- UPPER

experiment has a 28 x 28 x L0WE

5 cm3 active volume en-

closed by two Al elec-

trodes (34 x 34 cm2 area

and 1 mm thick) and a

lucite frame. Eight cham-

bers *of a gas flow type

are filled with He gas

with a pressure of 760 mm

Hg. As the trigger coun-

ters, two scintillation

counters (the upper counter is 12 x 12 x 5 cm3 and the lower counter is 13.5

x 13.5 x 5 cm3) in the coincidence mode and one (50 x 50 x 10 cm3) in the

anti-coincidence mode are used. For the selection of muons having the energy

above 1 GeV, 45 cm thick Pb block is placed between the lower .counter, and the

chambers/ The circuit diagram is shown In; Fig. 1. . The voltage :of the master

pulse from the gate circuit is amplified with the avalanche transister and

the krytron up to 3.5 kV. This pulse triggers the first spark gap. Break-

down of 8.5 kV at this gap fires the three-stage Marx generators. The volt-

age feeded to each capacitor of the Marx1 generator varies from 10 kV to 20 kV.

The threshold voltage of the Marx generator is controlled by the pressure of

N2 gas filled up within it. Each output pulse is feeded to a pair of cham-

bers with a damping resister (100 ̂  200 ft). Images of sparks are photo-

graphed directly by two cameras together, with fiducial marks.

3. Method of analysis

In order to estimate the accuracy of the track location of the wide gap

spark chambers, the photographs of the sparks are analyzed.. The coordinates
*

* of the spark images on the photographic films are measured using semiautomat-

ic film scanning equipment with the accuracy of about 6 ym, which is deduced

from the dispersion of the distance between the fiducial images. 10 points

are measured for each spark image, and the coordinates of 160 points are

stored on a magnetic tape for each event. Using these coordinates, an incom-

ing and an outgoing tracks of each event are reconstructed by the least

square and the iteration methods. From these.reconstructed tracks, the accu-



muon muon

58

racy of the track location is estimated

as follows.

In the presence of the magnetic

field (Fig. 2-a), the relation between

a momentum P and a deflection angle A0

is given by

P=k/A6

where k=(1.05 ± 0.02) x 10~3 radian TeV/c

is a field line integral along a parti-

cle's path. A deflection angle is dis-

turbed with such sources of errors as;

a) multiple.Coulomb scattering of muons

in the magnet,

b) multiple Coulomb scattering of muons

in the materials such as chamber elec-

trodes ,

c) spark jitter,

d) distortion due to a camera system,

e) limited accuracy of a photographic film scanning equipment, and

f) distortion due to an optical mirror system.

The errors due.to a) and b) can be estimated numerically. However, the esti-

mations of the -errors from c), d), e) and f) are so difficult that these must

be determined experimentally. In the presence of the magnetic field, we ob-

serve pnly high energy muons (> 10 GeV) due to the magnetic cut-off, so that

the error .due to b) can be neglected comparing with a), and the suorces; of the

errors are reduced to a), c ) , d), e) and f). On the other hand, in the pro-

totype-experiment as shown in Fig. 2-b, the observed deflection angle A61

distributes on account of the sources of b ) , c), d) and e). The error of b)

is mainly due to the low energy muons (> 1 GeV). Therefore, eliminating the

disturbance due to the source of b) from the frequency distribution of the

observed deflection angle A0 1, we can obtain the error due to the composed

source of c), d) and e). In addition to the composed source, the sources of

a) and f) should be included for the estimation of the accuracy of the track

location. For further details, the reader should refer to the references 3

and 5.

(a) with magnet, (b) without magnet

Fig. 2 Deflection angle of muons

4. Experimental results

The frequency distribution of the observed deflection angle A01 and the
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frequency distribution due to the disturbance of b ) , which is simulated using

the vertical muon spectrum measured by Allkofer et al. (6), are shown in Fig.

3 with the solid line and the broken line. The standard deviations of the

observation and the simulation are 1.58 x 10~3 radian and 1.54 x 10 3 radian

respectively. Fitness is checked by means of the x 2~ t e s t an& this gives a

good fitness, the value of x2 is 37.0 for 39 degrees of freedom and the sig-

nificance level is 0.52.

Therefore, in our prototype-

experiment, the standard devi-

ation due to the composed

source is less than 3.5 * 10 "*

radian, from which taking into

account the difference of the

spans (L'/L=0.15) we obtain

the standard deviation of 5.3

x 10 s radian due to the com-

posed source for our spec-

trometer.

In order to estimate the

maximum detectable momentum,

the sources of a) and f)

should be also taken into account in addition to the composed source. It is

found that the standard deviation 0. of the source a) is a =0.15 A8 (3)..
m m

However, the source f) is not yet measured in the present time.

30
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Fig. 3 Frequency distribution of

deflection angles

5. Automatic film scanning equipment

The equipment consists of a scanner, an interface and a mini-computer as

shown in Fig. 4 schematically.

1) Scanner; As a scanning device, an one-dimensional solid-state image

sensor (HITACHI TE-9502), which consists of 256 bit photodiodes, switching

MOST's and a shift register, is used. The center to center spacing of the

photodiodes is 34 ym. For the noise reduction, the sensor employes the bit

correlation principle (7) which means that the two video outputs ('signal +

noise1 output and 'noise' output) are connected to a differential amplifier,

so that the spike noises are almost diminished. The S/N ratio is measured to

be greater than 40 dB at the light saturation level. Some examples of the

output signal wave forms are shown in Fig. 5. This image sensor detects the

Y-coordinate of images as shown in Fig. 4. Ohthe other Hand, X-co'otfdirtate .

i

A.
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la measiired by abiinting 'clock

pulses feeded to a pulse motor

which moves a film continuous-

ly to X-direction.

2) Interface; The interface

consists of a scanner control-

ler, an I/O instruction de-

coder and a data register.

The X-coordinate and the Y-co-

ordinate of images in a frame

of a film are encoded into two

words (1 word=16 bits). X-co-

ordinate is measured by di-

viding a frame of a film into

4096 columns and the column

Fig. 4 System of the automatic film

scanning equipment

number is counted with 12 bit binary counter.: Y-coordinate on a column is

divided into 16 segments. The segment number is counted with 4 bit binary

counter and 16 bit 'YES* or 'NO' signals of a segment are stored into a 16

bit shift register. Only the data contain the 'YES' signals are transfered

to the core memory of a mini-computer, and at the end of a scanning of each

frame all these data are compiled on a magnetic tape. One frame of a film is

processed in about 8 sec.

(a) Upper sweep; clock pulse (CP1).

Lower sweep; output pulses at 200 kHz

clock rate. The peak signal voltage is

5 Volt at the light saturation level.

H; 2 ysec/div.

V; 2 V/div.

(b) Output pulses at 200 kHz clock rate.

The surface of the image sensor is

partly shaded with a 0.68 mm black line.

H; 20 ysec/div.

V; 2 V/div.

Fig. 5 The output signal wave forms
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3) Mini-computer; We use the OKITAC-4300C, general purpose mini-computer

with 16K word core memory.

At present, the constructions of the scanner and the interface have been

worked out, and the overall test will be carried out near future.
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THE DEIS HIGH ENERGY MUON SPECTROMETER

I. CONSTRUCTION AND PERFORMANCE

O.C. Allkofer+, G. Bella?"1", E. B8nm+, K. Carstensen+,
¥.D. Dau+. A. Entis"1"1", W. Greve+, G. Hartmann+, H.Jokisch ,
G. KLemke4-1-, B. Leugers+, Y. Oren+T, A. Seidman++,

R.C. Uhrf, Y. Yelvin++
+Institut ftir Kernphysik, University of Kiel,

Federal Republic of Germany
"•""•"Department of Physics and Astronomy, Tel Aviv University,

Israel

The DEIS-spectrometer in measuring the horizontal muon
flux at sea-level at Tel Aviv. The apparatus consists of
6 solid iron magnets with a total jB-dl = 48 kGm and 30
wire spark chambers with spatial resolution of 0.6 mm,
thus providing a mdm of 7 TeV/c. 6 scintillation counters
arranged in two telescopes give a total acceptance of

i 1500 cmzsr.

1. Introduction. Intensity and spectral distribution of muons
at sea level reflect the characteristics as well of the primary
particles as of the interactions of these particles in the
upper atmosphere. Special attention has been drawn recently to
the steepness of the pion production spectrum (Dau 75)» the
rise of the charge ratio (Carstensen 75) and the search for
anisotropies (Jokisch 75). The described apparatus will extend
the investigations into the TeV-range of muons.

2. Setup of the apparatus. The main components of the DEIS-
spectrometer Ifig.ij are b solid iron magnets M1...M6,
9 scintillation counters ScCH. ..ScCIII3, and 30 wire spark
chambers SpC1...SpC30 of magnetostrictive readout type. The
apparatus is setup on the Tel Aviv university campus, its total
length in about 10 m, the axis pointing to the west with a
zenith angle of 85 , the main deflection of a charged particle
being in the xz-plane. The spectrometer is a combination of a
multilayer and a conventional type. The multilayer part
(magnets interspaced with spark chambers) has the advantage
of tracing unambiguously the muon path out of sparks which are
caused by the muon and accompanying secondaries (electrons).
By adding to the multilayer spectrometer additional outer
spark chambersthje resolution is enhanced by a factor 2.7 with
no restriction on the aperture for high energy particles.
Trigger conditions for muons are defined by a coincidence in
the upper telescope ScCH-ScCIH-ScCIIH, and the lower tele-
scope SCCI3'SCCXI3'SCCIII3. A time-of-flight measurement will
give information about the incoming direction. Carefull
attention has been given to the alignment facilities. The
position of the spark chambers has been exactly surveyed by
geodetic engineers with an accuracy of x = 0.1 mm. Control
of the alignment during operation in provided by surveillance
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with theodolite and nivellier and by straight track muons in
the middle telescope ScCI2*ScCII2.ScCIII2 (Bella 73). Additional

?arameters of the equipment are found in the proposal
Allkofer 71).

ScC
I

Mt M2 M3

SeC
1

1 M *

r
MS

r 2m

i SpC
1-2 3-4

SpC

29-305-6 7-6

M.Mogrwt ScCSeWiUoJion Countar SpC > S p a * Chonton

SpC SpC SpC SpC SpC SpC
9-W 11-12 13-14 15-16 17-»

Spc
21-22 23-24

2546
27-28

Fig. 1. Side and top view of the spectrometer DEIS

The magnets are of rectangular shape with
0.5 x 1.8 x 3.7 m^ with a hole 0.3 x 2.2 x 0.5

4
dimensions 37 3 5 ,
the weight of each bloc being 24 to. The coil on each magnet
is formed by 560 turns of 2.0 x 0.25 cm copper wire* All coils
are connected in series. Running the system at 160 Y and
50 Amp gives a magnetic induction B of 16.3 KG at an excitation
field of 35 Amp/cm. The magnitude of the stray field at the
position of the phototubes is about 2 G and 50 G maximum at
'«the readout line of the magnetostrictive spectrometer.
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4. Scintillation counters. The characteristics of the
scintillation counters are summed up in table 1.

dimensions : 200x65x1.2 cm* for upper and lower telescope;
200x20x1.2 cnr for the middle telescope

material : PILOT T; attenuation lengths Wz = 275 cm
light guides : strip light guide on both end of the

scintillator
phototubes ; the large scintillators are viewed at both

ends by 58 AVP; both outputs are fed to the
inputs of a meantimer; thus providing a signal,
the arrival time of which is independent of
the position of the particles hit

no. of photons : 5 < "H-PM < 27 for minimum ionizing particles
efficiency : * 99.8 %
operating HT : 1.8 - 2.5 KV
rate of a PM : 1.9 - 12 KHz
meantimer rate : 50 Hz
time resolution: FWHM 5 nsec
monitoring : light emitting diodes, one per scintillator,

fired by a 100 Hz mercury twitch, ratio of
amplitudes LED/* «-1

Table 1. Characteristics of the scintillation counters

5. Spark chambers. The particle track detection system consists
of 30 spark chamber gaps, two of them forming one spark chamber
module (fig.2). Two central wire planes constitute the pulsed
electrodes. The outer and grounded electrodes are oriented at
90° with respect to the central electrodes in a (xyyx)-typ
configuration. To solve ambiguities when there are many tracks
we built the chambers SpC 21/22, 23/24, 5/6 in a (wyyw)
configuration, where the w-wires.are inclined 65° with respect
to the y-wires. The wire planes of one module are glued and
soldered to 3 Al covered frames, the Al thus improving the
transmission line behaviour of the chamber. Spacing of the wire
electrodes of one gap is done by a 10 mm plexi frame. The wires
(0.1 mm CuBe, tension 100 p) of the electrodes are of 1 mm
spacing and have been threaded by means of an especially
developed machine (Alleyn 68). The effective area of a gap is
240x240 cm. The capacity of one gap is 6 -nF. As both central
electrodes of one module are electrical connected and pulsed
by one HT-pulser the total chamber load amounts to 12 nF.
Pulsing of the module is done by a spark gap pulser with 32 nF
storage capacity. Different operating characteristics of the
two gaps are adiusted by termination resistors. The magneto-
strictlve effect is used for the read-out of the fired wires.
As ms. readout line we used Vacoflux, a Fe-Co alloy, of
dimensions 0.5x0.05 mm with a signal attenuation length
*"Vi • 150 cm and signal velocity of 5320 m/sec. Every time the
spark gap is triggered two reference wires of known geometrical
position are fired too. These reference wires are at the be-
ginning and the end of the wires (distance 2400.0 mm). The gas
flow is 6 - 10 1/h for a proper operation of a gap. The
operating voltage is about 11-13 KV. Operating characteristics
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TRACK EFFICIENCY

OPERATING VOLTAGE

Fig. 2. A diagrammatical view of
the chamber construction

-11
33
is

Fig. 3. Track efficien-
cy and ms-pickup-coil
amplitude vs-high voltage
for the middle position
of gap 13

of a chamber are
presented in fig. 3.
The amplitude of the
ms-readout signal
differs by a factor of
5 for different geo-
metrical positions on
the chamber. This is
due to the different
spark inpedances accord-
ing to the different
wire lengths for the
spark current.

6. Readout electronics. The signal from the ms-pickup coil
(fig* 3) is preamplified (transformer (Chikovani 67) and
preamplifier W (Grayer 72), gain 30) and passed to a remote
ZC-unit providing an amplifier of variable gain (0 to x 100)
and threshold level (0 to 500 mV) followed by a zero-crosser
(Grayer 72). The double pulse resolution corresponds to 3 mm
spark distance. The NIM-output signal serve as stop signal
for a time digitizer TDC (DESY Spec. 2734655/B) which has been
started to count 20 MHz by a coincidence trigger pulse. 16
stop signals on one input can be handled at a word length of
16 bits each. To make use of these features of this digitizer,
we use one digitizer input for two ms-readout lines. This can
be done by delaying the signals of one of the two lines by a
delay-unit DL. In fig. 4a the signals of the readout line xi
are passing without any delay from the ZC output to the
digitizer output. From the construction of the chamber we know
that the spark signals have to be in the time interval defined
by the front fiducial FF and rear fidicial RF signals
(geometrical distance 2400 mm or time distance 451 Xisec, the
distance from FF to the pickup coil is 59/isec or 30 cm). The
signals of readout 71 are delayed by 487/usec in DL, a magneto-
strictive delay line box (Bradamante 69)« Thus the timing
diagram for the input 1 of the digitizer looks like fig. 4b.
Each trigger causes a dead time signal for the ZC, DL and digi-
tizer in order to get rid of the HT-noise. The described equip-
ment can be tested by a spark simulation pulser.

if
m
-.15;

• v>
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Fig.4. Diagram of the
ms-readout system

a' re" UP 3T-" 90-
ZENITH ANGLE

Fig.5. The differential accept-
ance of DEIS for differ-
ent momenta of positive
muons

7. Spectrometer characteristics.

The main features of the
spectrometer and comparison
with similar experiments are
given by Allkofer (71).
The differential acceptance
of the spectrometer is given
in fig. 5.

The authors thank the Deutsche Forschungsgemeinschaft DF6 and
the Department of Physics and Astronomy of the Tel Aviv
University for the financial support.
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THE DEIS HIGH ENERGY MUON SPECTROMETER
II. THE DATA ACQUISITION SYSTEM

Allkofer+, G. Bella++, W.D. Dau+, E. FShnders+, H.Jokisch+,
Kaleschke+, G. KLemke+, Y. Oren++, U.Virni++fK.Sauerland

+,
A. Seidman++, G. Schmidtke"1", R.C. Uhr+

+Institut fur Kernphysik, University of Kiel
Federal Republic of Germany

Department of Physics and Astronomy, Tel Aviv University,
Israel

The whole spectrometer is read out and controlled on-
line via a CAMAC-system by a minicomputer. The magneto-
strictive read out signals of 66 magneto strict ive read
out wands of the wire spark chambers are digitized by
20-MHz-sealers which can store up to 8 sparks per chamber.
The time-of-flight of the muon, the pulse heights of the
scintillation counters, the time of event are also
recorded. The on-line-computer makes reliability checks
of the data and stores them together with monitor data
about magnetic field, gas and high voltage system, etc.
on magnetic tape for off-line analysis.
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Fig. 1. Side and top view of the spectrometer DEIS
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1. Introduction. Intensity and spectral distribution of muons
at sea level reflect the characteristics as well of the primary
particles as of the interactions of these particles in the
upper atmosphere. Special attention has been drawn recently to
the steepness of the pion production spectrum (Dau 75), the
rise of the charge ratio (Carstensen 75) and the search for
anisotropies (Jokisch 75). The described apparatus will extend
the investigations into the TeV-range of muons.

2. The DEIS spectrometer. The construction and performance of
the spectrometer is described in another paper (Allkofer 77,
referred to in the following as paper I) of this conference.
The general set up is given in fig. 1.

The coincidence terms. The trigger conditions are listed
table 1 and sketched in fig. 2.

s
Ti

trigger conditions aperture (D.F) purpose

seen -seem -sccnn

ScCI3•ScCII3•ScCIII3

ScCI2•ScCII2•ScCIII2

700 cm sr

700 cm sr

' 40 cm sr

ScCI(1+2+3)*ScCII(1+2+3) 3000 cm2sr

•ScCni( 1+2+3)

upper and lower tele-
scope, definite
momentum, analyzing of
muons, high momentum
resolution

middle telescope,muons
passing through the
holes of the magnets,
these straight tracks
are used for alignment
control

muons passing through
one of the Sc-planes
I,II,III; high counting
rates for anisotropy
measurements, low
momentum resolution

F:

h
s:

Table 1: Trigger conditions in the DEIS-spectrometer

PLANE ScC I

PLANE ScC

PLANE ScC I I

UPPER
TELESCOPE

START EXP.

HT-TRIGGER

STROBE ADC

STROBE T K

STROBE PATTERN UNIT

INPUT REGISTER

LIFETIME \
DEAD T I M E /

Fig. 2. The trigger conditions for DEIS Fi
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4. The high voltage pulser. The spark chambers are pulsed in
a master-slave configuration. The coincidence output signal
(NIM) is firing a master high voltage pulser (SAC model 002,
spark gap type) delivering a pulse of 10 KV output amplitude.
This signal then is fed to 15 slave high voltage pulser (fig.3)

in parallel, using a
three-electrode-spark
gap as switching
element. The input
pulse is coupled to
the spark gap via the
10 pF capacity of a
10 cm RG213 cable,
therefore the total
load of all 15 modules
on the master pulser
is very small. The
characteristic data of
the pulser are:
plateau 7 KV, delay
70 nsec, risetime
100 nsec, rate 4/sec.
Tests have been per-
formed at 95# humidity
with 10' shots. Each of
both outputs are fed
via 4 cables RG55 to
the central electrodes
of a chamber module.

MCMTCfiB

Fig\ 3. The HT-spark gap pulser

5. The data acquisition system.
CAMAC-system by a NOVA 1220 computer (fig. 4). An event is

The data taking is done via a

—ftPC (SPARK POSITION DCmZWG) |

H A D C FOR PMS•OUTPimMUON.LEDlN

-HTDCITOF OF MUONS) I

H » T T E R N UNITS (PM.MEANTIMERl

HCOUNTERS (RATES.DEADTIME)

H C I O C K '

—frPUT-REG(SBBT EVENT NTERRUPTfr=»

H D V M (GAS. HT. MAGNET)

signalled to the inputregister by a start-event-signal. The
magnetostrictive readout signals
of the 66 magnetostrictive read-
out wands of the wire chambers
are digitized by 20 MHz in TDC-
digitizers, which can stop up to
16 sparks per chamber, as has
been described in paper I. The
time of flight of the muons, the
pulse heights of the scintillation
counters and the set of any mean-
timer or coincidence are recorded
in TDC's, ADC's and pattern units.
Monitoring the experimental equip-
ment is done by measuring counting
rates and DC-voltages via a multi-
plexer-system. The DC-voltage give
information about the status of
gas quality, the magnets current,
HT and DC supply. Via a» output
register reliability tests can
be started. After data-reduction

_ . . _ . . . ... . and data-checks in the computer a
Fig.4.The data requisition system !

OUTPUT-REG.
SWRT TEST SBWK CHAMBER READ^*
OUT; START LED TEST; VETO EXP

CDC 7600
POP 10 ""

it
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compressed data file is written on tape for further off-line
handling.

ystem. After the reading in step checking and
the data in the computer is done (fig. 5a). The

f th k hb d t t

6. Software system.
reduction or
digitizer words of the spark chamber readout-system are
checked according to label words and an error word is generat-
ed, characterizing the quality of the readout system (paper I,
fig. 4). The front and rear fiducials are extracted from spark
chamber signals and compared to a fiducial map, which has been

t read into the com-
INTERRUPT ROUTINE:

GIVE: VETO

READ: ADC.TDC,

DIGITIZER.TIME.

SCALER ETC.

EVENT COMPUTATION

AND DATA REDUCTION;

CHECK DIGITIZER WORDS

SEARCH FIDUCIULS,

START CONTROL TASKS

b)

INPUT: ACTUAL
PARAMETER:

START EXP

1CHANGE OF
PARAMETERS

CHANGE OF
PERMANENT
PARAMETERS

DATA OUTPUT
OF A SINGLE
EVENT

PICTURE OF
jPARK SIGNAL
JATA

(DATA OF MAGNET
GAS HT

START OR CHANGE
OF WIRE MAP
SAMPLING

^PRESENTATION I
r WIRE MAPS I

TD) I TEST DIGITIZIER

TEST TRIGGER
SYSTEM

STOP EXP.

Fig. 5. Flow chart of the operators
dialog with the computer

puter before starting
a run; During a run
statistics is done
with the error word
and the fiducials.
Efficiencies of
fiducials, positions
of the fiducials and
their variances as
well as their
distances are com-
puted. During a disk-
tape transfer
additional tasks, are
started (fig. 6).
Histograms of 33 w»re
maps of the spark
chambers and the
spark multiplicities
are evaluated and
several monitor and
control tasks are
initiated.
A disk-tape transfer
occurs after about
1 hour of operation
and comprises about
2000 events. Such a
data file is organized
in records, each of
which having a length
of 4096 16-bit words.
1 record contains
about 40 events of
about 400 16-bit words.
The first record of a

data-file contains general informations about this file: old and
new fiducial maps, fiducial statistics, spark statistics (multi-
plicities), error word statistics and the results of the control
and monitor tasks (LED test, readout system test). Each event
in a record is headed by a parameter list, which contains run
number, operator no., coincidence condition, magnet polarity etc.

Each mentioned task can be activated independently and displayed
at the operators disposal (fig. 5b). The on-line program is
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written in a multi task program, besides the event processing
the monitor tasks can be activated by the user without disturb-
ing the data taking.

.Monitoring the experiment. To run a complex experiment
ike DEIS for a long time period, facilities for a continuous

monitoring the equipment are incorporated. Several tasks are
started automatically during the run and / or on the operators
request (fig. 6).

TAPE

TEST

TELESCOPE:

AOC-. TDC-

STARTED
AFTER
EVENT

PRESENTATION.

OF ONE EVENT

FIRED WIRES OF

SPARK CHAMBER

r
STARTED DURING EACH
DISK-TAPE TRANSFER

WIRE HAPS OF

SPARK CHAMBERS;

S W I R E MAPS

« • HISTtKWAMS

OF SPAM MUUd.

a) 24 DC-voltages are moni-
tored via a multiplexing
system in a DVH; these
DC-voltages contain
status informations about
gas quality, gas'pressure,
magnets voltage and their
polarity, HT-voltage,
power lines of crates etc.

b) A LED-test of the scin-
tillation counters is
enabled from the output-
register; the amplitude
of the PM outputs and the
time of flight information
(mean values and their
variances, discriminator
level)are calculated.

Fig. 6. The monitor and control
tasks

c) Automatic check is done
on the counting rates of
meantimers and coinci-
dences.

d) The digitizers of the spark chamber readout system are
checked in an internal test started by a CAMAC-function.

e) A test of the spark chamber readout system Including zero
crosser ZC, delay line DL and digitizer TDC (paper I,fig.4)
is done by a testpulser started by output register.

f) Software monitor tasks on the spark chamber signals (wire
maps, fiducial handling) have been mentioned in chap. 5.
Wiremaps give the spark signal distribution along the read-
out line of a spark chamber. At the same time 33 wiremaps
can be set-up with 100 bins for the readout line position,
thus giving a 2.4 cm position - resolution in the chamber. -
A multiplicity histogram (spark statistics) gives information
about the mean number distribution of sparks in the events.
The fiducial finding program completes the reliability
checks on the chambers.

The results of automatic tests during the run are stored in
the first record of a data file. All checks will give a written
alarm on the teletype.

The authors thank the Deutsche Forschungsgemeinschaft DFG and
the Department of Physics and Astronomy of the Tel Aviv
university for the financial support.
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HIGH ENERGY COSMIC RAY IRON SPECTRUM EXPERIMENT

J.F. Arensa*, V.K. Balasubrahmanyana' , J.F, Ormesa'
Schmidt*3) , M. Simonc), H. Spiegelhauerd)

W.K.L.
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We built an instrument containing a gas Cerenkoy
counter and an iron ionization spectrometer~~Tir~
order to measurerthe cosmic ray iron spectrum to
300 GeV/nucleon. Trajectories,of particles were
determined by entopistic or position determining
scintillator systems. The geometric factors with
and without the gas Cerenkov counter were 0.3 and
0.6 m2ster respectively. The instrument was suc-
cessfully flown in June 1976 without the spectro-
meter and in October 1976 with the spectrometer
from Palestine, Texas. The June flight yielded
14.5 h of data, the October flight 25 h.

I. Introduction. Some recent balloon-borne cosmic ray experi-
ments^ show that the iron spectrum does not fall as rapidly with
energy as the spectra of elements of lower charge. In order to
extend the measurements to higher energies large collection fac-
tors are required. Therefore we built a large area but shallow
spectrometer that would yield a = 40% energy resolution for iron
at 100 GeV/nucleon. A gas Cerenkov counter covering part of the
sensitive area allows the energy of heavy ions to be determined
independently of the spectrometer. A comparison of these two
energy measuring techniques is made possible for the first time.

II. Apparatus. The apparatus consisted of five scintillators
and two Cereftkov counters above and one scintillator below an
iron spectrometer as shown in Figure 1. The scintillators were
all used in entopistic systems for determining the traversal
positions and thereby the trajectory of each particle. The scin-
tillator below the spectrometer measured the extension of the
trajectory as given by a shower emanating from the spectrometer.
The upper scintillators and solid Cerenkov counter were used for
determining charge, and the gas Cerenkov counter, was used for an
energy measurement. The spectrometer design wasrbased on a Monte
Carlo calculation^) and was relatively shallow. No pressurized
gondola was employed as there were no thin walled gas filled
chambers. Each photomultiplier tube had its own potted high vol-

. tage supply. A styrofoam thermal blanket was built around the
experiment.

A, Scintillators. The scintillators were Pilot Y and were viewed
edge-on through lucite light pipes or white diffusion boxes. The
configurations are shown in Figure 2. Each photomultiplier tube
was pulse height analysed except for the tubes on S4, in which
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the two tubes on each
edge were summed be*
fore pulse height
analysis. By measur-
ing the individual
pulse heights, the
particle passage lo-
cations through each
scintillator could
be found^). A cali-
bration or mapping
of each entopistic
scintillator system
was made by using an
automatically driven
scanner that carried
a pulsed ultraviolet
light source.

1. Ultraviolet
light.

HO

120

100

I"
§ 60
s:

40

20

0

-GAS CERENKOV

S1x,S1y -120 CM x120CM EACH

CERENKOV-100CMx100CM
S2-100CM«100CM
S3x,S3y-85CMx85CMEACH

IRON-CALORIMETER
85CM*85CM

Schematic diagram of the
instrument

Fig. 1;
A pulsed ultraviolet
light source was
used to simulate the passage of.charged particles. A Xenon Cor-
poration air gap discharge pulser gave high intensity pulses but
had a short lifetime and was used for some tests. A PEK lamp
which gave more constant but lower intensity pulses was used
for mapping. A filter with a 100 A transmission band centered
at 3600 A was used to filter out visible light which could be
refracted into the total internal reflection directions by sur-
face scratches. The ultraviolet light is converted into isotro-
pic visible light in the scintillator. This was confirmed with
collimated ultraviolet light shining consecutively at three
different angles on one end of a long scintillator that yielded
signals constant to'at least 5% in a photo tube at the other end
of the scintillator. The light used for mapping the experiment
scintillators was vertically incident. Another check of the iso-
tropy was performed by comparing cosmic ray muons with the light
source. Differences between ultraviolet light produced light and
charged particle produced light could exist due to surface
effects, due to differences in the emitted light spectra, or due
to propagation effects in the scintillator. We found the ratios
of photo tube pulse heights made with ultraviolet light and made
with muons agreed to about 1% which is within the systematic
errors. The PEK light source with filter was 7 times as strong as
a muon passing through 1 cm of scintillator. The spectrum of
light emitted through the filter and the light transmission
curve through the scintillator are shown in Figure 3. It can be
seen that the source light must be wavelength shifted before it
can be transmitted.

2. Scanner. A scanner was built to carry the ultraviolet light
source to a grid of points over the scintillator to be mapped.
Typically 400 light pulses were flashed at each of 30 x 30 points.
The scanner consisted of a cart that rode along a 6 foot long
beam carriage that was supported by rails at each end, similar
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One coordinate
measuring scintillator
(used for S1x,S1y.
S3xandS3y)

Scintitlator S2

r
Scintillator S4 Solid Cerenkov

denotes
active
area

Gas Cerenkov

A
S3

u
ij

5

,Filttr«d Sourn

of Scintillator

350 400 450 500 550

Fig. 2: Configurations of
scintillators and
Cerenkov counters

to an overhead machine shop
crane. Stepping motors con-
trolled by a programmable
pulse generator turned screws
that drove the carriage and
the cart so the ultraviolet
light dwelled at each point
in the rectilinear grid. Each
scintillator could be mapped
in a few' hours.

3. Monitor. In order to check
for photo tube drift during
an experiment using an ento-
pistic scintillator system,
a small scintillator tele-
scope can be put at some
place on the scintiliator.
Any one type of particle pas-
sing through this area should
give steady pulse heights; a
varying pulse height indicates
photo tube gain drift.

Alternatively, a light emit-
ting diode can be optically
coupled to the scintillator
so that internally reflected
light is produced. Light

• emitting diode outputs often
drift with time, but the
position determination
depends solely on the
ratio of the photo tube
pulse heights and so is
not affected by diode
drift. Absolute photo
tube gain drifts can then
be detected and corrected
by using the discrete
pulse heights produced
by the discrete nuclear
charges.

Fig. 3: Filtered source
spectrum and
light transmis-
sion curve for
Pilot Y

too Mm)



No small telescope or light diode system was used in this ex-
periment since the photo tube gain could be obtained with suf-
ficient accuracy by centering the particle distribution on the
scintillator.

A drifting photo tube affects the position determination by
altering the ratio of signals and also affects the charge deter-
mination by altering i) the pulse height, ii) the map correction
determined by the position, and iii) the zenith angle correction
determined from the position. The first and second effects oppose
each other. As the experiment was designed to measure the spec-
trum of the iron group, these errors are relatively unimportant.
However, some systematic errors can be more easily found in a
X2 analysis if other errors are small.

B. Cerenkov Counters. Two Cerenkov counters were included in
the stack: a Pilot 425 radiator in a white box used in conjunc-
tion with the upper scintillators for charge identification and
a 20 psi Freon gas counter used with the spectrometer for energy
determination. The 1 cm thick Pilot 425 radiator was viewed by
8 photo tubes. Proceeding clockwise around the box, odd numbered
photo tubes and even numbered photo tubes were separately summed
and pulse height analysed. Background effects such as a shower
going through one photo tube face can be studied with the two
measurements.

The gas counter had six photo tubes, divided into two sets as
in the Pilot 425 counter. The top and bottom plates were each
0.5 cm thick and curved as shown in Figure 1 and were joined to-
gether at several points with thin rods. Its dynamic range ex-
tends from 30 GeV/nucleon to 60 GeV/nucleon. The Cerenkov count-
ers were painted with a special high reflectivity paint4'.

C. Ionization Spectrometer. The spectrometer was an iron slab
and scintillator sandwich divided into three modules. Each module
contained two scintillators and was viewed on two opposing sides
by photo tubes at the ends of white box light guides. A total of
170 g/cm2 iron plus 5.9 g/cm2 scintillator material was contained
in the spectrometer corresponding to 1.2 proton nuclear inter-
action lengths and 11 radiation lengths.

D. Electronics. The photo tube signals were analysed on linear
pulse height analysers with two or three gain ranges. The gain
range and hence input attenuation was chosen by threshold dis-
crimination. Four trigger modes were allowed, three with high
minimum thresholds on the scintiliator, Cerenkov, and spectro-
meter signals and one for calibration on singly charged particles,
The main flight mode was chosen such that events with 2Z2 ^ 12
were accepted.

III. Particle Collecting Factors. The gas Cerenkov counter
covered only part of SI and so the geometric factor of SI and
the spectrometer was 0.6 m2ster and of the gas Cerenkov.counter
and the spectrometer was 0.3 m2ster. The fall (spring) experi-
ment was suspended under a 22 (11.6) "million cubic foot balloon
at 110 000 (115 000) feet for 25 (14.5) hours at Palestine/Texas
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where the geomagnetic cutoff is 5 GV. The weight of the experi-
ment was 2690 (1080) kg and the weight of the total suspended
payload was 3450 kg.

IV. Fits of Position and Charge. If N photo tubes viewing one
or more scintillators are pulse height analysed, the location
and charge of the particle can be determined3). In order to ana-
lyse the data from this entopistic scintillator system an N
dimensional space might be created on which a x 2 calculation can
be performed5). Correlations of pulse heights, such as in photo
tubes viewing the same scintillator, must be considered and can
be used advantageously.

Two kinds of entopistic systems were used in this experiment.
One consisted of two orthogonal scintillators, each viewed by
two tubes. SI and S3 are such systems. S2 and S4 are scintilla-
tors each viewed by four photo tube inputs (see Figure 2). Al-
though our ratio contour lines in SI and S3 were not the ideal
rectilinear lines, we analysed the data as though the ratio
errors were independent. The position was found by simply search-
ing the area for the point where the two flight data ratios
were closest to the map ratios; i.e., by minimizing the sum of
the squares of the ratio differences in units of the ratio de-
viations. The ratio deviations were determined in the ultraviolet
mapping.

The positions in S2 and S4 were found by using four ratios.
Three independent ratios can be constructed from the four pulse
heights, but our geometry made a four ratio analysis more symme-
tric. The ratios used were A/(A+C), B/(B+D), (A+B)/(A+B+C+D),
and (B+C)/(A+B+C+D) as given in Figure 2.

The amplitude maps made with the ultraviolet light had systema-
tic errors and could not be used. Flight data carbon and oxygen
particles were used to construct the maps.

V. Conclusions. An experiment to measure the flux of high
energy iron cosmic rays was designed around a large area but
shallow iron and scintillator spectrometer. A gas Cerenkov
counter was included for energy measurement verification.
Results from the flights from Palestine, Texas will be presented
elsewhere at this conference.
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A Balloon Instrument for Measuring Protoni
Helium Spectra from 100 to 105 GeV

W. Ellsworth, J. Goodman, P. Vishwanath, R. E. Stteitmatter and"Gt B. Yodh
Department of Physics and Astronomy, University pi Maryland
College Park, Maryland 20742 U.S.A.

and
K. Balasubrahmanyan, J. Ormes, J. F. Arens and/F. siohan
NASA/Goddard Space Flight Center, Laboratory yor High Energy Astrophysics,
Greenbelt, Maryland 20771 U.S.A.

Theoretical Expe tal

r

is-0.4 mzsr. Special features whic
proposed experiment will be'describ
of the instrument will be discusse

Coordinates:
T 7.4 (Spectrometers)

md

Both D
Abstract

5 A balloon instrument to measure prot/on and ehlium spectra from 100 to
10 GeV which is under construction is described. It consists of:(l) A three
Interaction mean free path deep calorimeter which will measure hadron energy
and jet trajectory, (2) A charge modulrf consisting of two scintillation coun-
ters and a Cerenkov counter and (3) A
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Very narrow air_ gap spark chamber
for vertex finding in nuclear emulsion.

H.Fuchi, K.Hoshino, S.Kuramata, K.Niu, K.Niwa
S.Tasaka and Y.Yanagisawa

Department of Physics, Nagoya University
Chikusa-ku, Nagoya, Japan

We have developed very narrow air gap spark chamber which is supplemen-
tary usable for vertex finding in nuclear emulsion. Air gap spark chamber
has suitable features for the purpose and it changes nuclear emulsion to
triggerable detector. The_ position where a charged particle traverses is
recorded directly on the electrodes and the recorded stain mark is easily
seen by naked eyes. The chamber is so thin and simple that it can be packed
closely with emulsion plates and scanning volume will be greately decreased
using informations recorded in the chamber.

§1. Introduction
Among the various types of track detectors, the spacial resolution of

nuclear emulsion is extremely high as about lym. Because of this high
spacial resolution, nuclear emulsion is regarded as the only tool to separate
visibly the production and decay vertices of short lived particles such as
charmed particles with life time ranging between "10"15 and 10" 1 2 seconds.
Scanning of interactions producing such particles in the emulsion layer,
however, takes a greate amount of man power, especially in the study of
neutrino-induced interaction which rarely occur with extremely snail cross
section but regarded as an effective source of new short lived particles.

In order to give drastical decrease in the event search time, so called
hybrid systems of nuclear emulsions and other visible or nonvisible elect-
ronic track detectors have been currently utilized in some experiments.
A search volume of order of several mm3 in nuclear emulsion is attainable
theoretically by triangulation at the down stream electronic detectors.
In actual case, however, the efficiency of location of events within even
enlarged tagged emulsion colume is not so high and in the worst case, it is
only about 20%. The exact cause of such a low efficiency is not yet fully
analysed.

To overcome such a low efficiency, we intended to developed a supplemen-
tary track detector which can be triggered and stacked easily with nuclear
emulsion plates. Such a detector should have higher spacial resolution of
tens of microns and is also desired to have very simple and compact, easily
handled and exchangeable structures.

This is the first report on a very narrow air gap spark chamber which
we are testing now as a supplementary detector to find vertices in nuelear
emulsions.

§2. Design of an air gap spark chamber and testing arrangement.
The chamber consists of only two parallel aluminium plates with

thickness of 0.3cm, 16*16cmz in area, and separated each other with air
gap of 0.3cm, as is shown in the Figure 1. Inner surfaces of these plates
facing each other are carefully treated to be clean and dry, and the light
of outside origin is intercepted to avoid spurious discharges induced by
photoelectrons.

The experimental arrangements are shown schematically in the Figure 2.
The chamber is put between two scintillation counters for triggering,
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T
6.3cm

Spacer

^Aluminium Plates
thickness O.Jem
area 16X16 cm2

Fig. 1

followed by coincidence circuit
and high voltage supplying system
with Krytron and spade gap. To
observe the performance of the air
gap chamber, conventional spark
chambers filled with helium gas,
25*25cm2 in area and 1.0cm
separation between the plates, are
also put between scintillation
counters in series of the air gap
chambers and all of the spark
discharges in these chambers are
photographed by a camera.

| To Chamber

Fig. 2

Krytron y-jSparkGap\-*

H.V.

When a charged particle
traverses the scintillation
counters A and B, a high voltage
pulse is applied to the two
plates of the air gap chamber,
and a spark discharge occurs at
the position where it traverses
leaving some ions between the
plates. High voltage pulse is
applied by the usual spark gap
as is shown in the Figure 3.
The delay time from passage of
a charged particle through the
two scintillation counters to
application of high voltage
pulse to the chamber is about
0.7y sec in our case.

§3. .Performance and efficiency
A photograph of sparks is

displayed in the Figure 4.
Upper two sparks are that of
the air gap spark chambers and
lower two are of conventional
spark chambers filled with
helium gas.

Trigger \
Pulse C7

To chamber

X7.

'55

Fig. A
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Table I.

Pulse, size applied on the air gap spark chambers and helium spark chambers
is 13kV and 6.5kV respectively. All sparks are in a straight line along
the trajectory of a charged particle.

The efficiency of the chamber
is defined as the number of sparks
discharged along the track divided
by the number of tracks observed
by the helium spark chambers.
The dependence of efficiency on
the pulse size is shown in the
Table I. The efficiency is now
about 77% through the region of

Pulse size

Efficiency

Spurious

(kV)

(X)

(X)

10

77

4

11

81

7

12

78

7

13

74

16

Sometimes spurious discharges occur, and rate of spurious discharges
Increases gradually as pulse size increases. Possible causes of the
spurious discharges are followings; a) nonuniformity of the gap between
two plates, b) dusts and scratches on the surface of the electrodes,
c) photoelectrons emitted from the electrodes, d) humidity. Stable
operation without spurious discharges is serious problem of this type of
detector. By accurate construction of the chamber, carefully cleaning and
(frying the surface of the electrodes and intercepting iight from outside,
however, it will be possible to reduce the fraction of spurious discharges
to less than 1% ) .

§4. Recording and reconstruction of tracks.
The position where a charged particle traverses the chamber is marked

directly on the electrodes by oxidation. A spark discharge in air leaves
a stain in the surface of the electrode and it does not affect the position
of the next discharge. It can ̂ e recognized easily on the surface of
electrodes by naked eyes, and the x and y coordinates of stains are easily
measured refering to certain fiducial points. The size of the stain is
ranging from 50 to 250pm in diameter. The variety of the size may be
related to the condition of spark discharges. In the case of multiple
hits of the charged particles, spark discharges become to be mild and the
size of the stains are smaller, while single spark is violent and the
stained area is larger in the single hit case. Photographs of the stains
are shown in the Figures 5 and 6.

Fig. 5 Fig.6
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After certain number of triggers, the plates of the chamber is
exchanged to find the position where charged particles passed through.
The space resolution of the chamber, we are now investigating, will be
the same order as the stain size itself, about lOOVta. By this method
of recording we are able to obtain three dimensional information of
tracks of chargad particles easily and no reconstruction error is
introduced as in the case of. usual position detectors combining several
one dimensional informations. The number of events which can be stored
in each chamber depends on the' space resolution of the chamber. ,

§5. Possible application
Because of its simple structure of the chamber and relatively higher

spacial resolution, this type of chamber will be suitable to be stacked
with nuclear emulsion plates as a supplementaly triggerable track position
detector. To avoid the confusion in reconstruction of tracks, however,
the number of events stored in each chamber should be kept below a certain
value.- Therefore, this chamber is effective in vertex finding in nuclear
emulsions, especially in studying very rare type of events such as
neutrino-induced interactions. Figure 7 shows"an example of set up of
target detector in accelerator experiment.

Other Counter SystemPackage
Emulsion Air gap

Spark Chamber

Fig. 7

At the moment of occuring of a special type of event which we are
interested in, high voltage pulse Is applied to the air gap spark chamber
within less than IV sec. Spark discharges occured in some of the chambers
leave stains on the surface of electrodes. A package of emulsion plates
with the air gap chamber in which a certain number of events .are recorded
is exchanged and analysed. Informations recorded on the electrodes of the
air gap spark chamber are utilized to determine the scanning volume in the
emulsion target together with informations about the direction and position
of the events from down stream counter system (drift chamber, spark chamber
etc). The efficiency of location of events In the emulsion will be much
higher than the other type of hybrid systems without our type of chamber.

§6. Summary
We have tested very narrow air gap spark chamber. This type of

detector has been revealed to have. following usefull char'actoristics as a
vertex finding detector supplementary used with emulsion plates.

a) Relatively higher spacial resolution of about lOOym.
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b) Easy to record and read out positions of tracks traversed.
Position where a charged particle traversed Is recorded directly on

the plates as a stain with a diameter of 50^250ym, easy to see by naked
eyes and we need not expensive read-out devices.

c) Simple, compact and easily exchangeable structure.
It consists of only two parallel plates In air and It Is very easy

to construct and exchange. The compact structure enables us to utilize
It with nuclear emulsions with ease.

d) Easily operated without rare gas.
It can be operated easily without purified rare gas, but along the

same way as ordinary spark chambers.

The simple structure of this type of chamber guarantees us very low
cost for construction and maintenance. This Is very advantageous for our
purpose.

We axe now Investigating how to reduce spurious discharges to less
than lZ*!and Intending to do test experiment of this type of chamber with
nuclear emulsions. The results will be reported in near future.

Reference
1) T.E.Cranshaw and J.F.Debeer; Nuovo Cimento _5, (1957), 1107.

:-
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A LARGE CYLINDRICAL DRIFT CHAMBER

F. Kajino, M. Nakashita, T. Takahashi,

Y. Teramoto, S. Higashi and S. Ozaki

Department of Physics, Osaka City University

Sumiyoshi-ku, Osaka, Japan

Large cylindrical drift chambers with simple
mechanical structure have been constructed and
tested using radioactive B-source and cosmic
rays. The drift chamber consists of a cylindrical
aluminum pipe, 5 m long, 9.4 cm in diameter, and
an anode wire'at the center. The linearity of
the drift time - drift length relation has been
measured with various argon- methane- isobutane
mixtures. The measured time resolution of the
chamber is 16 _ns(fwhm), this corresponds to

.. a space resolution of 0.75 mm (fwhm).

1. Introduction. Very large drift chambers(Cheng et al 1974)
have been constructed in high energy experiments. A drift
chamber has the advantages of larger size and good space
resolution, which make it useful as a detector to measure
the location and the direction of the incident particle in^
cosmic ray experiments, such as large magnetic spectrometer and
multi-penetrating particles. We have constructed and tested the
large cylindrical drift chambers with very simple mechanical
structure.

The drift chamber described in this paper consists of
a cylindrical aluminum pipe, 5 m long, 9.4 cm in diameter
and 3 mm thick, and an anode wire of gold-plated tungsten of
50, 100 ym, or stainless of 250 ym in diameter, at the center.
A possitive high voltage is applied to the anode wire and
the pipe is grounded. The drift chambers have been tested with
various mixtures of argon, methane and isobutane at atmospheric
pressure.

The electric field in the chamber decreases inversely with
increase of the distance from the anode wire, then it is
difficult to keep the drift velocity constant over the drift
region. But a mixture of argon and small amount of methane or
isobutane has a broad peak of the drift velocity at low electric
field, ~300 v/cm (Palladino et al 1975, Loeb et al 1955).
The drift velocity, therefore, is constant enough to obtain
a space resolution of 0.5~l mm. We describe the drift velocity,
its linearity and the space resolution in this paper.

2. Measurements of the drift velocity. The drift velocity
hao been measured using a collimated p-ray source and cosmic
rays. The chamber is mounted between a collimated 90Sr source
and a plastic scintillator, and can be moved horizontally by
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ollimator

Fig. 1. A readout logic
diagram for the
cylindrical drift
chamber.

(a)

(b)

PMAMP

means of a micrometer screw as shown in Fig.la. The drift time
is measured with a time-to-amplitude converter(TAC) and stored
in a pulse height analyzer(PHA) as a function of the source
distance from the anode wire. Fig.2 shows the measured drift
time as a function of the source distance from the anode wire,
for various combinations of gas, diameter of anode wire and
high voltage. The drift time is linearly proportional to the
drift length except close to anode wire. The drift velocity
measured is 21.6, 20.6, and 29.5 ns/mm for PR-gas(argon-10%
methane), PR-5.4% isobutane, and argon-4.1% isobutane
respectively.

The other method to obtain the drift velocity of electrons
in the chamber is so called integral-time-spectra method
(Cheng et al 1974) as shown in Fig.lb. A scintillation counter
provides the time reference, and its area is so large that
the cosmic ray flux over the drift region of the chamber is
uniform.

1.5

Fig. 2. Drift time
vs drift length.

1.0

0.5

50jJm . +2.9KV
f PRgas-5.4'/. Isobutane

* I 250pm, +A.4KV
A J Ar-A.IV.Isobutane

l250j im. +3.0KV

I
1 2 3 4
DRIFT LENGTH X (cm)
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PRgas , 50 pm , +2.9 KV
PRgas-5A°/oIsobutane, 250pm, +4.4KV
Ar-4.1°/,Isobutane . 250pm. +3.0KV

r
0.4 0.6 0.8 10
DRIFT TIME (usec)

1.4

Fig. 3. Distribution of cosmic ray drift time
for various gases.

#
The drift time is measured with TAC and the distribution of
events per time bin in interval from zero to the total drift
time is recorded on PHA. IF cosmic rays have a uniform
distribution in space, the drift-time distribution obtained,
measure the drift velocity as a function of the total drift-
time, and shown in Fig.3 for various combinations of gas,
diameter of the anode wire and high Voltage. Integral of the
drift-time distribution reproduces the drift time - drift
length relation and the results reproduced has agreed with
those in Fig.2.

3. Measurment of space accuracy of the drift chamber.
The three equal drift chambers, 5 m long, 9.4 cm in diameter,
align vertically between the two multiwire proportional chambers
(wire spacing 9.5 cm), which collimate cosmic rays as shown in
Fig.4. We measure for each track the quantity:

AT = (T2+Td-T!) + (T2+Td-T3)
with two TAC's, an ADD and a PHA, where Td is constant time
delay of drift time T 2.

! Cosmic ray

Fig. 4. A read-out
logic diagram to
measure the space
accuracy of the drift
chamber.

AMP DISC AT=2Td*2T2-T1-T3
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Fig. 5. Example of a measured,
distribution of AT.

Fig. 6. Time resolution
vs drift length.

5 50
z
1*0
u.

30J

450 500
CHANNEL NUMBER

1 2 3 4 5
X(cm)

The distribution of AT is measured at various locations of
cosmic rays for PR-gas. An example of the distribution of AT is
shown in Fig.5. From the distribution of AT about 2Td, we can
reduce the time resolution of the chamber (fwhm) for various
locations as shown in Fig.6. Assuming equal errors in 'the three
chambers, the average time resolution of each chamber have been
found to be 16 ns (fwhm) at X = 3.3 cm. This value corresponds
to a space resolution of 0.75 mm (fwhm) fpr each chamber.
Both values are upper limits, since the influence of multiple
scattering and alignment of the chamber.

4. Conclusion. The cylindrical drift chamber described in this
paper is useful as a detector with large area and space
resolution of^l mm. For PR-gas, the anode wire with a diameter
of 50 ~- 100 ym is necessary to achieve a sufficient drift field.
For mixture of PR-5.4% isobutane and that of argon-4.1%
isobutane, 250 pm must be used.

A special type of discharge occurs with thick wire (Brehin
et al 1975) and produces a local dead time of~0.3 ms. We have
observed these large pulses with the drift chamber with anode
wire of 250 pm, at high voltage of 4.6, 4.4, and 3.0 KV for
PR-gas, PR-5.4% isobutane and argon-4.1% isobutane respectively.
But this is not a problem for low countig rates and low
densities as cosmic ray experiments.
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A PROPORTIONAL DRIFT CHAMBER ARRAY FOR COSMIC RAY INSTRUMENTS

F. S. Bieser, D. E. Greiner, E. Beleal, and D. D. Aalami
Space Sciences Laboratory § Lawrence Berkeley Laboratory

University of California, Berkeley, California 94720 U.S.A

A proportional drift chamber array useful for measuring
cosmic ray trajectories is described. Designed for use in our
cosmic ray experiment on the NASA/ESA ISEE-C satellite',
the drift chamber array provides <1 degree angular resolution
and <1 mm spatial resolution for all ions H through Fe at any
angle up to 45 . Chamber design and signal processing elec-
tronics are discussed. Experiment results using heavy ion
beams at the Lawrence Berkeley Laboratory's Bevalac are
presented.

1. Introduction

Our cosmic ray instrument on NASA/ESA's ISEE-C satellite has a 45°

half-angle field of view to allow the maximum possible count rate. To

prevent degradation of isotopic resolution in the silicon detector tele-

scope, each particle's angle of incidence must be known to an accuracy

(dependent on Z and angle) ranging from 3° (S.D,) for protons, etc. to

0.2° (S.D.) for Fe isotopes at wide angles. The apparatus for determining

these angles must be very reliable - able to survive the rigors of a

rocket launch and continue working for at least 3 years. It must also

require very little power, be relatively compact and lightweight, and

present a uniformly low mass to the incident cosmic rays.

The six element array of single wire proportional drift chambers

(SWPDC) described here can provide this angular resolution. A replenish-

ment gas system allows a minimum 3 year life. The total weight including

all power supplies and processing electronics is 3.5 kg and draws a scant

1.5 w.

2. Chambers

In general, traiectory measuring detectors can trade-off spatial

resolution for increased length provided there is sufficient room in all

three axes to maintain the required geometric factor. In our case, there

was only 15 cm x 15 cm available in the plane perpendicular to the

telescope axis, so with 0/2 = 45°, the array must be <h x 15 cm/ tan 45 =

7.5 cm in thickness and have a spatial resolution <7.5 cm Atan9 = 330

microns (for an average 0=27°, A0=O.2°).

The high spatial resolution, low density and low total weight

requirements rule out the use of hodoscopes of solid detectors, so we
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considered gas-filled chambers. The choice here was between multiwire

and single wire systems. The overwhelming number of arguments in favor

of single wire chambers include (1) increased reliability - fewer wires to

break; (2) less power and weight in electronics needed to process signals

only one amplifier per plane; (3) a more readily compressed gas mixture

for in-flight sustenance - multiwire,chambers use "magic gas", one

constituent of which liquefies at < 3 atm: (4) the unique ability to

overcome the ruinous spray of delta,-rays signals produced by relativistic
2

heavy ions.

At the C.E.N, Laboratoire de Physics at Saclay, single wire drift

chambers have been built with drift paths in excess of \~ meter, The

challenge of this experiment was to squeeze six chambers (3 x-y pairs)

into 7% cm total thickness. This required a reduction in the thickness

of each chamber and a redesign of the drift electrode metalization to

completely shield one drift space from the disturbing electric fields

of its neighbors. Double-sided, gold-plated Kapton (8 microns thick) was

etched to form 1 mm wide lines on 2 mm centers with the patterns staggered

to provide 100% electrostatic shielding. This material was folded over

thin epoxy-fiberglass frames as shown in Fig, 1. A uniform high voltage

gradient of 300 v/cm was created (oh both sides of the Kapton) by a thickr-

film resistor network with gold contact pads for every line on the Kapton.

The negative end of the drift region is terminated with a metallic

strip tied to the high voltage end of the resistor network. The opposite

end is closed by a half-cylinder cathode at ground potential and a 20

micron anode wire stretched along the axis of the cylinder, A positive

1400 volt bias is multiplexed through the amplifier to the anode.
fto-D

Figure 1.

Construction of a

Single Wire

Proportional Drift

Chamber >

1
1

T
DIVIDER



93

Each chamber is 6 mm thick and a 6 mm space between adjacent chambers

is sufficient to stand off the 5 KV worst case potential difference.

Chambers 1 and 2 have an active area of 15 cm x 15 cm, 3 and 4 are 12 cm,

and 5 and 6 are 9 cm. Each chamber is rotated 90° from the previous one.

All six chambers are mounted in one machined aluminum housing with .005"

Be-Cu windows front and rear. Since each x-y pair of chambers is a

different size, 3 high voltage feedthrough connectors are required to

bias the drift fields. Six anode connections plus a floating ground

lead make a total of 10 vacuum feedthroughs. These connectors plus the

0-ring seals for the removable front and rear windows of the chamber

housing exhibit a combined leak.rate of <10~5 cc per second. Over the

three year expected life of this mission, approximately 900 cc of gas (we

use 90% Argon, 10% methane) must be supplied to maintain a fixed chamber

pressure (nominally 1,1 atm). A simple two-valve regulator system with an

80 cc x 500 PSI reservoir tank should serve for <v» 10 years.

3. Electronics

The downfall of multiwire chambers in heavy-ion work is delta-rays,

If the discriminators are sensitive enough to detect the lower Z cosmic

rays, they are also able to trigger on the multitude of low energy

electrons produced in the window and gas by heavier particles. By having

only one' anode wire in a chamber, it is possible to preview the entire

frame of signals from one event and, in real time, set the discriminator

to just the right level to pick off the core ionization and not the

surrounding delta-rays. The anode avalanche gain must be low enough to

keep even the largest heavy ion signals from saturating.

f-v
Figure 2. Signal Processing Electronics

JL
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The amplifier, discriminator chain shown in Fig, 2 has a minimum

threshold of ,02 picocoulombs, By operating with very low gas gain (MO1*),

minimum ionizing charge l's produce ,04 pc while slow iron ions can produce

as much as 80 pc. The second stage in Fig, 2 compresses this dynamic range

to a more reasonable 200jl, The pulse is then fed to a peak detecting

integrator (A4) and through a 4 microsecond delay line (The longest drift

time is 3,5uS), The outputs of the integrating amplifier and the delay

line are compared by A5 whose output is a logic pulse used to stop a time-

to-digital converter, The decay time constant of the peak detector is

chosen such that after 4yS, the comparator sees a threshold (at the --.input)

of 50% of the fast pulse height arriving from the delay line (+ input).

Due to the log-compression, this corresponds to a 50% constant fraction

discrimination for small pulses while for large pulses, the threshold is

closer to 20% of the total charge.

The time-digitizer is a standard ramp-down-gated clock-ripple

counter type with nine bits to cover the range of drift times (0 to 4yS

for the largest chamber, 0 to 2yS for the smallest),. Since the discrim-

inators introduce less than one channel of jitter for all but the smallest

pulses, the electronic resolution is, therefore; 15 cm/512 = 300 microns

for the large chambers, 230 microns for the medium size, and 170 microns

for the small ones.

4'.' Tesjt Results

Monte Carlo calculations have been performed to aid in the design of

the electronics and predict the ultimate performance of the entire system.

1000 events of several particle species from protons through iron have been

Monte Carlo'd looking at the energy deposited by the primary ion and all

secondary electrons in each quantum of drift path length (defined by the

time-digitizing electronics), The effect of the compressor circuit and

the peak detecting integrator were folded in to allow an absolute resolution

calculation.

These calculations predict: *

1.) very low charge particles can occasionally produce delta-rays

whose signal is greater than that of the primary ion.

2,) the worst case will occur around Z=6 where the angular resol-

ution will be .22° using all 6 chambers to find the best straight

line fit.

3.) for heavy ions (Z > 10), the core ionization will be very large
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while the maximum delta-ray signals have already plateaued,

providing improved resolution, typically 0.1°.

Bench tests of the chambers using a collimated 0-source and a

scintillator confirm that the chambers have uniform efficiency and constant

drift velocity over the entire active area.

The complete flight instrument was tested in March using a carbon

beam from the Lawrence Berkeley Laboratory's Bevalac. Preliminary

analysis of the data from that run confirms the chamber's uniformity of

response and the observed angular resolution is consistent with that

anticipated by the Monte Carlo calculations.

Remembering that the 6 chambers are oriented to measure +x, +y, -x,

-y» +x, +y, Fig. 3 is a scatter plot of Tan8 vs. x where Tan8 is calculated

from chambers 2 and 6 only and x is taken from chamber 5, Clearly the

crossed electric fields from adjacent chambers are well isolated. Fig. 4

also uses chambers 2 and 6 only, this time demonstrating the angular

resolution's independence on incident angle, Improved accuracy can be

expected when all six measurements are combined to determine the angle.
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ATTAIHIBG THB RELIABILITY OF THE
COSMIC RAY VARIATION SPECTROGRAM DATA

A.L« Yanchukovsky

Siberian Institute of Terrestrial Magnet lam t
Ionosphere and RadJ.o Wave Propagation,Siberian
Department, Academy of Sclencea

Irkutflk-33, Post Box 4. USSR
The cosmic ray Tar iat ion spectrograph of SlblZMIS
unites three automatic cosmic ray atationa (ACRS)
positioned at the heights 435 , 2000 and 3000 meters
above sea level* The -apparatus complex Is considered
as an information-measuring computed system, ACES of
which operate in real time. It is shown that utili-
zation of different kinds of redundancy (information,
algorithm, signal and structure) and methods of fun-
ctional control makes 'it possible to solve the problem
of attaining the reliability of obtainable data with
the help of the cosmic ray variation spectrograph*

Eliysical and mathematical aspects of the spectrograph
technique of investigating the intensity variations of cos-
mic ray secondary components were more than once discussed
elsewhere /1/. The structural schema of spectrograph is de-
picted in Fig.1« The technical and physical characteristics
of the instrument are given in Table 1*

Table 1

Station j
i

ACRS-1
(E.Sayan)

ACBS-2
(E.Sayan)

ACRS-3
(Irkutsk)

Altitude i
(atmospheric
pressure) i

3000 m
(700 mb)

2000 m
(800 mb)

435 m
(965 mb)

*c
{Orv)

3.97

3.97

3.81

Device

6HM-64

12BM-64

18BM-64

count
velocity
(imp/hr)

1.6 106

1.7 106

5.1 105

a tat .
accur.

+ 0.08

* 0.08

+ 0.14

Baro-
metzw
eoeff.
<*mb>

-0.73

-0.72

-0.71

The information of ACRS-1 is fed via telemetric chamnel into
ACRS-2 where the reliability of the two stations data is evaluated
and the functional control of the operation of both the equipment
and the communication channel by means of a local digital compu-
ter is carried out. The check of the ACRS-3 operation is carried
out by means of another digital computer positioned in Irkutsk.
The three ACRS information is plotted onto the perforated tap*
and then treated on digital computer according to common program
as complex information of spectrograph. The output results pun-
ched cards, graphs, tables for data exchange are also exeouted by
digital computer.
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The spectrograph consisting of
three spaced stations and solving
one common problem of data accumu-
lation and treatment may be attri-
buted to the category of information
system /2/*

The reliability model of the
instrument is consecutive chain,the
links of which are ACRS* The proba-
bility of a faultless operation of
the spectrograph in the range from
0 to trt

P(t0)sp,
n
JI

i - 1 V i ACRS

Fig*1* Spectrographfs
structural scheme
1,2,3-ACRS; 4-Digital
Computer; 5-Result
(punched cards,graphs,
tables).

A decrease in reliability or the absence of data of at
least one of ACRS would in full measure affect the results of
solution of the problem because the number of cosmic ray re-
cording levels n is equal to the quantity of the unknowns
(B, R, if), when solving the set of equations of cosmic ray
variations* The reliability of the output result ' x.> implies
the probability of realisation of inequality J

where c*1- is the real value of the output paprameter x^, Eji*
some value which determines the accuracy* d

The causes of output data reliability decrease may be as
follows: effect of noise during measurement, transmission and
storage of information; failures and faults of equipment ope-
ration: utilization of unreliable input information; human
error ( man as link of system)*

At the present time universal means of increasing the re-
liability of information By stem operation is the introduction
of different kinds of redundancy (information,algorithm,signal,
structural) and methods of functional control /2/»

This paper shows the application of redundancy to spect-
rograph ACRS, The redundancy of a discrete source implies non-
dimensional value of 1 - fi/Boax.' W f l e r« H is *&« entropy of a
given source*

The spectrograph ACRS information redundancy
and initial data redundancy in signals

The complexity of evaluation of the statistical information
reliability is due to the need for using a great number of da-
ta from different Bources and to the presence of a large number
of correlational links between different data* Due to these
circumstances redundant (additional) information is introduced
to all spectrograph ACRS*

Redundant data may imply: measurement and record of envi-
ronmental parameters (temperature inside and outside the sta-
tion, record of lightning discharges in the vicinity of ACRS,
wind velocity measurement); measurement and record of the
state of feed sources; record of parameters characterizing
the reliability of equipment (means of functional control) |
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H W M W W . t and record of noise exceeding the preset level
(utilisation of the measuring channel with transfer characte-
ristics similar to the parameters of the measuring channel of
BH-64 neutron monitor but connected to the counter equivalent
(BF 3 ).

The basic spectrograph data are also presented as redun-
dant* The ACBS neutron monitor measuring channel is divided
into independent chain-like measuring channelss BF* counter -
measuring amplifier- discriminator - counting channel - recor-
ding unit channel* She total number of spectrograph ACBS cos-
mic ray neutron component recording channels is

n k • ^ + 1 + 12
where n o is the number of independent measuring channels with
standard (hr) intervals of data accumulation corresponding to
the number of BF3 counters in neutron monitor; 1 means the re-
cord of the total count velocity of the whole BM-64 detector;
12 is the number of the whole-detector total count velocity
recording channels but with 5 min intervals of averaging*

For the measurement of a second basic parameter - atmos-
pheric pressure - to be made the DB -1 Digital Barograph is
employed, in which the type-CP-A (CP-B) mercury barometer as
an atmospheric pressure primary detector /3/* The pressure
measurement procedure in the device is the measurement of the
interface between the barometer nonius positioned at a given
level,and the meniscus of the mercury column* The device auto-
matically calculates the magnitude of temperature correction*
The final result of the measured atmospheric pressure is auto-
matically provided bj D3 -1 corrected for the barometer indica-
tion at 0°C* In order to control the measuring-computerizing
processes carried out by the digital barograph, three parametexB
are additionally fed into the recording unit: magnitude of the
measured atmospheric pressure not corrected, for 0°C; magnitude
of the calculated temperature correction; measured temperature
of barometer mercury*

Fig* 2 illustrates the actually employed ACBS information
sources*

TO MABS-8
Fig*2* Information sources of ACBS spectrograph*

1 - cosmic ray detector (RH-64); 2- atmospheric pressure
measuring device ( 2>3 -1); 3 - noise level meter; 4 -
discrete temperature detector iieide ACBS room; 5 - outer
temperature discrete detector; 6 - wind velocity detector;
7 - local lightning discharge detector; 8 - discrete de-
tectors of supply voltage of M - 6 4 measuring channel and
discrete operation equipment; 9 - signal simulator; 10 -
Hf-64 measuring channel ( by arrow •=$ is marked infor-
mation in which signal abundancy is introduced]
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To record the above-said complex of ACBS data, as well as

to control the outer units of information conversion, telemet-
ry equipment, units of digital printing and perforating MAHS-8
multi-channel recording subsystems are utilised /4/.

Spectrograph ACBS functional control
A periodic check-up performed in order to reveal the state

of the system and technical diagnostics is one. of the forme of
introduction of redundancy for the ratwtpg of reliability of
information systems operating in automatic functioning regime*

In developing the equipment complex of spectrograph devi-
ces a means is suggested of a continuous functional ACBS con-
trol which allows to increase appreciably the reliability of
the received data*

This technique is based on the verification of a correct-
ness of algorithms realisation for all branches of the basic
ACBS information conversion in the process of its treatment*

Fig*3 presents the structure of the ACBS-1 information
conversion (not depicted are the subsystems of ACBS and infor-
mation sources power supply)*

INPUT

TO DC
Pig*3 Structural scheme of ACBS-1 information conver-

ter* 1*17 - control units (CO); 2 - input unit: 3 - conraata-
tor unit; 4 - address unit; 5- memory unit (IB); 6- output
unit; 7- error detection and correction unit; 8- constant
memory unit (CHI); 9- interface; 10- arithmetic unit (AU);
11,13 -digital printing and pedbrating units; 12 -model of
transmitter: 14- model of receiver; 15 - radio receiver unit;
16- radio transmitter unit (by arrow znf> is marked Information
transmitted in abundant code)* r
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The 1ABS-8 recording subsystem operates in redundant code*

In information output from MARS-8 and its input into the te-
lemetry channel data control XB carried out, whereas if a pro-
hibited code word appears, there is performed its erasure, '
error oode formation and recording in the last HARS-8 chan- '
nel of the fact of error detection (probability of error om-
ission not worse than 10-3). '

Three information channels in MARS-8 are employed direc- <
tly Cr functional control of its operation* MARS-8 employs the
"truncated11 control algorithm, which in program volume, an
utilised number of MD elements and time of operation is signi-
ficantly less than the basic algorithm* At the same time, how-
ever, a total control of AU operation and that of output unit
and a partial one of MU, address unit and control unit are
realised*

The control of telemetry channel operation is carried out
by means of feeding, in intervals between transmitted communi- •
oat ions, code words from the known set on the reception end*

The operation of both MABS-8 and the telemetry channel in ~ •
common redundant code together with the utilization of the fun-
ctional control means not only increases the reliability of in- t
formation conversion in the system but also allows one, when
ACHS data are transmitted through the eosBsonicating lines, to
separate errors arising either in ACES equipment by data treat-
ment or in the communicating channel in data transfer*

The reliability control of epectrograph <
ACHS output date

The well-known papers /5»6/» devoted to the evaluation of
the cosmic ray station (CHS) output data, treat this problem
only in connection with the control of CHS information conver-
sion under the assumption that data arrive at the inputs of
the devices with absolute reliability*

In many cases, information arriving at the inputs of the
devices is not reliable to a sufficient degree because the am-
bient (physical) medium, though indifferent to CBS, affects
the input information in the form of different kinds of Inter-
ferences and noise*

Standard data treatment of spectrograpb ACES is carried
out using the redundant information and the ratio method /5/ for
the evaluation of reliability of statistical information recor-
ded by independent channels. '

If in the analysis of ACRS data for quiet period it turns
out that one or several channels have parameters with abnormal
values, information selection is then performed by a digital ;
computer according to the raajoritary principle* 1

Xf there exists any deviation from the norm in independent '.-
measuring channels in disturbed periods, the evaluation of re-
liability of recorded information is carried out by specialiste ,C
using indirect indications for logical correspondence« All re- •; •
dundant data are used in this procedure which support normal C
operational regimes of all subsystems of ACRS and the reliabi- , t
lity of input information* '-
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If either the final results are unsatisfactory or any dis-
crepancy is revealed in the process of data analysis, a deci-
sion is taken of a verification of the measuring channel
transmission characteristics and if necessary, operative con-
trol of functioning of all subsystems of spectrograph ACRS is
carried out by means of simulators.
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CALCULATION OP MEUTROH SUPERMONITOR
ENERGETIC CHARACTERISTICS

K.I.Pakhomov, V.S.Sdobnov
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The calculations of the characteristics of HM-64
neutron supermpnitor • have bê en, made ,with due regard
for the real geometry of the device. The calcula-
tion is based on the cascade-evaporation*model of
inelastic nucleon-and-pion nuclear interaction
and enables.one to determine the density of the
stream, angular and energetic distributions of the
particles generated in superatonitor body. The (
distribution of the neutrons with-energy T^10.5
NfeV was estimated in the. transport approximation i
with regard for thermal motion of the nuclei of the
'monitor matter. Probability P (T> of that the
supermoni tor-could record -n tJf particles after a
particle fallen on the monitor with energy T was
calculated. The dependence of probability on .̂ he
duration of the gate length and deadtime of the
radiotract was investigated.

At the present time, the complex method of continuous record
of intensities of various secondary components of cosmic rays
at stations spaced in latitude and longitude and located at dif-
ferent depths in the atmosphere plays a deciding role for the
determination of single types of cosmic ray variation, and for
their investigation /1,2/.

One of the devices in present use, employed to record the
cosmic rays and with which the world-wide network of stations is
equipped,* is the neutron supermonitor. The purpose of both single
elements and the device as a whole, as well as the constructive
solutions are described in /3,4/. Historically, the neutron super-
monitor was made for a continuous record of the neutron component
of cosmic rays on the basis of a major requirement - a high statis-
tical accuracy of obtainable data. This, in particular, determines
the size of the delay element (polyethylene) and the generator
(lead), spacing between the counters.

Various workers investigated both experimentally /5/ and the-
oretically /6,7,8/ the characteristics of neutron supermonitor*
Experimental studies, however, were incomplete. Moreover, the the-
oretical work is made in the framework of rather approximate models.
In addition, in spite of a standard design of the devices, operati-
onal conditions are distinct at the world-wide network stations. The
parameters of radiotracts are different too. These features might
be the cause of the difference of energetic and diagram device
characteristics and, as a consequence, of the difference of the
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recorded variations of cosmic rays. It is these circumstances
that made the authors carry out the present investigation.

This paper presents the preliminary results of a calcula-
tion of energetic characteristics of the 6-UM-64 neutron super-
monitor of real geometry. The calculations have been made by
the Monte-Carlo method for different energies of the neutrons
falling on the monitor. The description of the particle genera-
tion processes in the device body is based on the cascade-eva-
poration model of inelastic nucleon-and-pion nuclear interac-
tion /9, 10/, which yields a plurality consistent with experiment,
energetic and angular distributions of the secondary particles
after interaction. Hereby, the effect of diminishing of the number
density of nuclear nucleons was described by. the Saxon-Woods formu- •
la without dividing the nucleus into zones with constant density. :
The decay of excited nuclei remaining after the cascade stage of •
the interaction process, was calculated by using the evaporation ,
model. j

• |
Ionization loss for the propagation of the charged particles j

in the neutron monitor, was calculated employing the approximation j
expressions from /11, 12/. j

For the neutrons with kinetic energy T {• 10.5 MeV, the Simula- j:
tion of propagation processes in the neutron monitor body is simi-
lar to that of nuclear particles in gas media /15/- A unique essen-
tial feature lies in the determination of the free path in matter
of the device. In its design, the neutron supermonitor HM-64 is a
uniform block of matter.

The behaviour of the neutrons with energies T £ 10.5 MeV was
described by using the transport approximation. In calculating the
propagation of the neutrons with kinetic energies T > 1 eV, the
nuclei of matter of the neutron supermonitor were assumed as free.
At energies of the order of 1 eV and below, the description of the
delay processes becomes significantly complicated. The properties
of neutron delay at such energies (comparable with .the energy of
the coupling of atoms in. a molecule) lie in quantization of neutron
energy loss, which is associated with the discrete state of the
energy levels of a molecule. The effective cross-section of neutron
scattering in this region has a complex dependence on the energy,
subject to resoaance jumps at the neutron energies equal to those
of excitation of a molecule.*" Besides, ut low energies, the scatte-
ring in the system of inertia center-turns out anisotropic. Hence,
in considering the propagation.of the neutrons with the energies
T £ 1 eV in the supermonitor, data on the cross-section interaction,
scattering angles, neutron energy loss in polyethylene, published
in /13, 14/, have been utilized.

The calculations are made for the neutron monitor 6-UM-64 at
the ambient temperature 20° centigrade. '
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Figure 1 (curve "1") presents the spectral sensitivity
of the neutron supermonitor as function of kinetic energy of
the incident neutron, which is the probability of detection
of nuclear splitting in the monitor body (the probability of
recording at least one of the neutrons formed when the nuc-
leus is splitted by the incident particle). It is evident
that the probability of neutron record increases with incre-
asing energy of the incident neutron, at least, up to 100
MeV. It may be noted that even for T=10 MeV, the probability
of neutron record is rather high. The curves "2" and M3" re-
present the probabilities of record of the first multiple for
the gate 800 jvjsec and 2000 »secf respectively. It is evident
that with an increase in energy these probabilities diminish
because the contribution of multiples of higher order increa-
ses. With an increase in the gate length, the record probabi-
lityof the first multiple diminishes, which is also due to
an increase in contribution of higher multiples.

Figure 2 illustrates the probability of neutron record
as function of distance from the point of their formation in
the monitor. The numbers of counters are indicated on the X-
axis in order of their remoteness from the point of the spli-
tting neutron formation. It is evident that most 'of the spli-
tting neutrons are recorded in the nearest counter. This re-
sult means that the splitting neutrons^ do not move far away
from their birth place, therefore it is necessary to install
radio measuring amplifiers on each counter.

Our theoretical analysis of the sensitivity function of
neutron monitor is an attempt to improve the methods for the
use of neutron monitor data# We believe that the combination
of experimental and theoretical efforts would allow informal
tion to be obtained at a higher level.

I
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INCLUSION OF THE HEUTROH MONITOR COUNTING LOSS
ASSOCIATED WITH THE DEAD TIME OF TEE DETECTING CIRCUIT

Ya.L. Blokh , L.I. Dorman
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F.A. Starkov , A.P. Tipikin
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4BSTRACT: The empirical formula for the inclusion of the
counting loss associated with the dead time of the detecting
circuit has teen obtained on the "basis of the model of
neutron generation in a supermonitor. The counting loss de-
termined by the effect of superposition of two and more ge-
netically irrelated stars is considered.

Detection of the cosmic ray neutron component using a >~

supermonitor with different dead times of the radio-frequency

circuit makes it possible to extend the experimental potentia-

lity of the instrument /1/.

We shall dwell below on the various situations arising in

case of detection with dead time. Only those pulses are count-

ed that are supplied to the counter input in the intervals

between the dead times ^ , i.e. in the interval of the time

of expectation of the next pulse ^ttp • I n this case, the

detecting system is open for a period*

where Â fetf is the number of detected particles T is

the detection interval.

Then, the particle number for time T (the input flux)

may be found from the formula

This ̂result obtained in /2-5/ by other methods permits the

input flux intensity for independent particles in the input

flux to be determined on the basis of the number of the

detected particles at the dead time of ttie system ^

In our case, several neutrons are produced in the interac

tion of a cosmic ray nucleon with heavy nucleus. Since the

wandering time of each neutron &fc ̂  the monitor is diffe-

rent, each of the incident nucleons will generate several
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pulses (the so-called multiple neutrons or stars).

If the incident cosmic ray neutrons;̂ : are spaced sufficient-

ly far Upart (to exclude the effect of superposition of stars

produced by them) and the pulses from the multiple neutrons

are fed to the detector with dead time ^ ,such detection

system will be calledideal* Pig. 1a shows the case of the

incoming and detected (Fig,ib) pulses in case of the ideal

detection.

Fig.2

Fig.*',

In reality, the pulses from two and more genetically irre-

lated stars are superimposed.

Pig, 2a shows the case of generation of 11 Hi

new stars where the multiple neutrons 111 111 IH "^
of the previous star have not diffused

yet. The resulting stream of the pulses -iH fHH m _

in the input of the detecting system

(Pig, 2b) prevents the pulses from

different stars from being distinguished. Formula (2) fails

to make it possible to include the counting loss arising ±n

the detecting circuit. Even in case of detection with a sig-

nificant dead time of some 1200 mcsec, where the pulses from

a single star can be completely covered in practice by the

action of a single dead-time interval,;; the formula (2) give

overestimated results since the next nucleon incoming at

that time may trigger the detecting circuit by one of the

multiple neutrons.

Analytical derivation of the formula for inclusion of the

counting loss in a real system of cosmic ray intensity de-

tection with different dead times is sufficiently cumbersome.

Therefore, the circuit of star generation and the dead-time

of the radio-frequency circuit of the supermpnitor were sta-

tistically simulated. The following procedure was used for

simulation.

V-

i
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(1) Generation of the PoiBson flux (cosmic nuoleons)

with exponential distribution of the time intervals

where J is the random value with uniform distribution law
in the interval (0,1)*

(2) Imitation of a'star. The imitation was two-staged:
(a) imitation of the neutron number in the star

where Brvt is the integrand of the number; k • 1.4 is
the aean coefficient of neutron multiplication in lead, and

(b) imitation of the arrival time of the multiple neutrons
relative to the primary nudeons using the exponential law

where
.-6

(5)
• 330 x 10 sec is the constant of neutron
the sensor.

(3) The pulses in each star are arranged to form an in-
creasing variational series, then fed to the unit of ideal
detection, and stored in the buffer memory.

where T is the simulated detection interval, the particles
in the buffer memory are arranged to form an increasing
common variational series and then analyzed in the detecting
unit (real detection).

The above described procedure was used to computer-simu-
late the circuit of the neutron generation and detection for
the intensities of the incoming flux ranging from 0 to 60seo
In this case the dead time of the system is taken to be
1200 Msec. The random values were imitated using the technl9
ques presented in /6/« The method of least squares 111 was
used to obtain the empirical formula of the form

Af*
i- •MML

where * N is the particle number in case of the ideal

detection; Hcfa± is the number of detected par tides;
' is the storage interval in seo; c>C is the empirical

coefficient*
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For the extremes of the input flux intensities and the
values of the dead, time in which the simulation was carried

oC - 0,8784 T^ ± 0.12 x 10"° (7)

Thus, the eventual empirical formula (6) makes it possible
to include the counting loss due to the effect of superposition
of the genetically irrelated stars. It can be seen from (7)
that the relative error in including the loss decreases with
increasing the dead time* It should be noted that the coeffi-
cient (7) is valid only for the above mentioned values of the
multiplication factor and the mean lifetime of neutrons in

sensor.
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ABSTRACT: A device permitting the sensitivity at the amplift
.fier^discreminator input to be controlled? accurate within O.25&
is proposed. The device includes a visual control unit assembled
on the basis of two light diodes and
discriminator sensitivity to be detern
several seconds. In case of sensitivil
by more than 0.2%, both light diodes
below 0.2%, both light diodes go out-

Bitting the amplifier-
led and adjusted within
at the input increases

Lash; if the increase is

A control device consisting &£ a generator of calibrated
pulses and a diode-based visual control unit is used to accurately
adjust (not above 0.2%) the response threshold and to control
-the operation stability of the amplifier-discriminator. The ge-
nerator of calibrated pulses (OOP) /1/ periodically produces
two amplitude-calibrated pulses differing by 0.5% from each other.
This difference is maintained/constant for discrete adjustment
of the output pulse amplitude within 20-150 mV with a 5 mV step.
OCP ( Fig.1) consist of an Input multivibrator (1), two forming
one-shot nultivibrators C2p and (3), matching keys (4) and (5),
former of stable pulses ^6), and a unit of the signal, amplitude
adjustment (7).

The input multivibrator is assembled on the basis of
stanetrie circuit with/two MP42B transistors /2/ • A 4 kHz pulled
frequency is deter mi tied by the brightness of the light diode
luminiscence in the visual control unit. The forming one-shot
multivibrators prodaoe the pulses with the maximum steep fronts
and <v 40 me duration, which is sufficient to ensure the re-
liable operations/of the light diodes. The pulses from the FO-1 and
and FO-2 outputs/are fed through the matching keys assembled on
the basis of Xhi 6T308 T transistors /2/ to the former of stable
poises (FSF) assembled on the basis of two KT315 B transistors
operating^in jthe key mode .In this case the emitter-Earth voltage
is maintained constant using a high-stability stabiliser. The
collector resistance of the transistors is the unit of signal
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