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ABSTRACT

A staple, handy aoMentum analyzer for 6-rays from a S0Sr-source has

been constructed for the purpose of calibrating the.particle detector.

Characteristics of the obtained B-ray beam have proved to be suitable

for the calibration of plastic scintillation counters and wire spark

chambers; the kinetic energy varies from 0.5 MeV to 1.6 MeV, the energy

spread, AE/E is 0.15 - 0.20 and the intensity is 300 - 1000 partides/s

in the above energy range with the 1 *Ci source.
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1. INTRODUCTION

In electronic experiments on high energy physics, various types of

particle detectora have been uaed, such as a plastic scintillation counter,

a Cherenkov counter, a wire spark chaaber and a wire proportional chaaber.

A full calibration of these detectors is usually carried out with particle

bean froa an accelerator. In an early stage of the calibration, however,

it is very iaportant to test thea with a suitable radioisotope or with a

coaalc ray, because the accelerator beaa depends largely on tha tiaa

schedule of the aachine operation. The available aourcea do not have

sufficient characteristics for the practical purposes. For exaaple, In

tha case of calibrating the thin plastic scintillation counter, y-rays and

B-raya do not give a clear peak in the pulse height distribution because

the charged particles, I.e. electrons, which interact with tha scintillation

aaterial hava a continuous energy spectrua. The o-particle has a definite

«n«rgy, but tha range of the a-particle in astter is very short so that

it ia difficult for the a-partlcle to enter the acintillator penetrating

through a light shield of tha thin aluainiua foil. Tha energy of the

coaalc ray is high enough to pass through alaost all kind of detectors,

but a crucial disadvantage is due Co its low intensity flux. Therefore

a aono-energetic charged particle beaa with an appropriate intensity has

been desited for these purposes.

The simplest way to gat the aono-enargatic beaa ia to analyse tha

aoaentua of fl-rays froa tha radioactive source. We have aada a aaall,

handy aagnat apactroaatar for those purposes. Tha beaa obtained by using
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a 9°Sr <90Y) SOUTC* of 1 mCl h u properties suitable lor calibrating the

thin particle detectors such an a plastic scintillation counter and a

wire spark charter. In this report, we g we a specification of the

spectrometer and characteristic properties of the momentum-analyzed electron

beam.

2. DESIGN AND CONSTRUCTION

A top view of the spectrometer is illustrated in Fig.l. A C-type

electromagnet with a gap distance d of 8 mm is used as an analyzing magnet.

The banding angle of the.magnet for the central orbit is designed to be

90*. The radius of curvature p for the central orbit is designed to be

53 mm under the assumption that the effective edge of the magnetic field

is 5 am apart from the pole edge of the magnet. A copper wire of 1 mm in

diameter is wound up 1262 times aroun.t! the yoke of the pole piece to make

the coil of tbe magnet. The total resistance of the coil was measured

to be 0.91 ft.

The magnetic field B (KG) is given by the equation,

(1)

whero I(A) represent the current exciting the coll. In eq.l the leakage

of the magnetic flux is ignored. Then the electrons which fly along the

central orbit have the momentum of

P (KeV/c) - 3.15 I (A) , (2)
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where p is assumed to be S3 H I . TO analyze the- maxiaum aoaentua of 2.72

KsV/cv the exciting current of 0.863 A is needed.

A VACUUM chaabet aade of stainless steel is used to remove the ale

in the flight pairh of electrons. Hie thickness of the top and bottom

valla of the ch&aber are 1 as. The entrance and exit windows of the •

chamber are Made of Mylar sheets of 1 mil thick. A collimator with a

hole of 3 &• in diameter is set in the vacuua chamber at the entrance of

the magnetic field. A slit set at the exit of the vacuum chaabstr is

designed so that the aoaentum spread AP/P £• given by

AP/P (X) - D (aa) (3)

when the B-ray source is set 58 aa apart from the pole edge, vheix* D i«

the opening width of the silt.

The container of the B-ray source is set in the holder. The distance

between the 6-r»y source and the pole edge can be varied from 34 aa to

74 am.

3. PERFORMANCES

3-1. Field aeasureaent

The aagnetlc field was measured at the center of the pole piece by

using a Hall-probe calibrated in the standard aagnetlc field. Th.t fl«ld

aeaauzeaent was parforaed by two processes, one Increasing the current froa
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0 to 1 A and the other decreasing the current from 1 to 0 A. A systematic

difference of the field strength (0.03 KG) was found between the results

of these two processes. The result of the latter process is snown in

Fig.2. The measured values of the field 6 are approximated by the relation

B (KG) - 1.84 I(A) + 0.025 (4)

and are smaller than the designed ones (eq.l) in nest of the current region.

These differences is due to the leakage of the Magnetic flux from the yoke

of the magnet.

3-2. Intensity of the analyzed electrons

The intensity of the analyzed electrons from the S-ray source of 90Sr

(1 aCi) was measured as a function of the current of the magnet by using a

plastic scintillation counter. In this measurement, 1) the source con'

tainer was set most inside in the holder and 2) the slit was opened

entirely, D - 10 mm. As is shown in Fig.3 we can obtain the largest yield,

of more than 1000 counts/sec around the current of 0.5 A. The dependence

of the intensity on th« position of the source container is shown in Fig.4.

The beam divergence of analyzed electrons was measured by using a

plastic scintillation counter of 5 mm wide. Fig.5 shows the dependence

of the counting rate on the horizontal position of the acintillator at the :

two distances between the slit and the acintillator,t « 4.2 cm and

Jbm 13.5 cm. In this measurement, the slit was opened entirely. The width'

of the beam defined as the full width at the half maximum was 18 mm and

40 mm, respectively.
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3-2. Energy of the analyzed beam

An absolute value of the energy of the analyzed electron was Measured

by using a lithluM drifted silicon SSD (18 MB in diameter) which was

calibrated with the B-raya froM 207Bi (481.61, 554.37, 975.57 and

1048.1 keV). A typical pulse height distribution of SSD is shown In Fig.6.

The energy E of the analyzed electrons vs the current I of the Magnet is

shown in Fig.7. FroM the above absolute calibration of the energy and

the field value of the Magnet, we obtained the effective value for the

radius of curvature p as 53.9 MM by using the P(MeV/c) • 0.3 BflBG)-p(an)

relation. The obtained value of p is nearly equal to the designed one

(53 MM). FroM the obtained value of p, the effective edge of the Magnetic

field is calculated to be 5.9 MM apart from the pole edge, which is close

to the estimated value of 5 MM in the design stage.

The observed Hoaentua spread of the be*a &P/P (FWW) is shown in

Fig.8. As the resolution of SSD is better than 50 keV, the values of

ahrvn in Fig.8 correspond to ths true aoaentua spread of the beam and

are larger than the designed valuss. At the current of 0.5 A, the data

for D - 10 MM and D • 5 MM cihcv no distinct difference contradicting to

eq.3. This May be due to the Multiple scattering of electrons at the

entrance of the vacuua chamber and/or to the surface scattering at the

colliaator and walls of the vacuua charter.

As shown in Fig.9, no evident change of energy and energy spread of

analysed beta was observed even If the position of the SSD is varied to

the distance of 30 ca froa the slit.
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The dependence of energy and energy spread on the pressure of the

vacuum chamber was also measured. Up to the pressure of 1 at*, no clear

change of the Mean energy was observed. On the other hand, the energy

spread becomes larger with the Increase of the pressure as is shown in

Fig.10. At the pressure of 1 atm, the energy spread is about 30 X (FWHM)

which is twice the one for the evacuated case.

4. APPLICATION

Plastic scintillation counters used in high energy experiments are

usually surrounded by aluminium foils and plastic tapes. The fluctuation

of the energy loss of electrons in matter is large in the pxesent energy

region (E <_ 2.27 KeV). Thus the utility cf the present momentum-analyzed

electron beam for the calibration of the gain of plastic scintillation

counters must be checked. As a first application of the present equipment,

an ordinary plastic scintillation counter (10 cm wide, 20 cm high and

0.6 cm thick) was tested at the current of 0.6 A. As presented in Fig.11,

the pulse height distribution of the counter show a dear peak with the

spread of 30 X (FWfflit), which is about twice the original beam spcead

measured with the SS.D. We show in Fig. 12 the position dependence of the

counter response measured with this beam.

Finally, we conclude following*:

1. characteristic properties of the momentum-analyzed electron beam

have proved to be suitable for the calibration of the plastic
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scintillation counters; the kinetic energy varies fro* 0.5 MeV

to 1.6 MeV, the energy spread AE/E is 0.15 n, 0.20 and the intensity

obtained with the 1 aCi 90Sr source is 300 <\, 1000 partides/s in

the above energy range.

2. the absolute value of the kinetic energy of the aoaentua-snalyzed

electron is calibrated against the 207Bi $ rays by using the SSD

as a function of the magnet current.

3. the energy and energy spread of the analyzed beaa do not chsnga

appreciably when the detector is moved vip to the distance of

30 ca apart froa the slit.

is. the energy spread of the analyzed beaa varies depending on the

pressure of the vacuua chaaber; the energy spread at the pressure

of 1 ata is about twice the value at thit evacuated case.

5. the range for 1.2 MeV electrons is approximately 0.5 g/ca so that

the calibration of the thin particle detector is possible by

allowing these electrons to pass through, the detector aaterial.

. We wish to thank Mr. K. Watanabe for his help in the preparation of

the 90Sr source, Dr. H. Kawakaai for providing us the opportunity to use

the SSD detector in the energy calibration, and the asabers of the machine

shop for their kind help in the construction of the spectrometer.
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