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The Effect of Magnetic Fie1ds on the Resyonse of
Gamma-Scintillation Counters

J. D. GRAvEs
%aiba/ Radio/ogica/ Defense Laboratory, San Francisco, California

March 13, 1950

A MARKED change in the response of scintillation detectors
has been observed with their use in magnetic fields. The

extent of this effect has been determined for several conditions.
A 1P21 photo-multiplier tube and a phosphor were mounted in a

light-tight brass cylinder and the cylinder was placed in a long,
stationary solenoid. Variable direct current through the solenoid
windings was used to produce axial magnetic fields, and a constant
voltage was applied to the photo-multiplier. Radium was used as
the source of gamma-radiation. Two phosphors, a CaW04 crystal,
q inch in diameter and 1 inch long, and a NaI(Tl) aggregate ap-
proximately g inch&( inch were used. ' Magnetic 6elds of the
magnitude used here had no apparent effect upon the light output
of the phosphors.

In Fig. 1, curves I and III show a maximum counting rate at
a magnetic Geld strength of about 12 gauss directed from the
base through the photo-multiplier. Curves II and IV for 6elds
directed toward the base, show a diminishing counting rate with
increasing magnetic 6eld.

Figure 2 shows integral bias curves taken for the two phosphors
without the applied magnetic field, and with 11.7 gauss applied
axially and directed from the base. With both phosphors the per-
centage change in counting rate between the two 6eld strengths
decreased with decreasing discrimination level. It appears that
for a given phosphor, extrapolation of these curves will result in a
common ordinate intercept for both field strengths. The effect of
the magnetic 6eld appears as a simple change in amplification of
the photo-multiplier, as evidenced by the constant percentage
change in the discrimination level at the two 6eld strengths for
any one counting rate.

Figure 3 shows that the maximum total anode current occurs at
approximately 12 gauss directed from the base. The current is
seen to drop rapidly with increasing 6elds directed toward the
base. Curves similar to those in Figs. 1-3, with the exception of a
shifting of the field strength for maximum response, were ob-
tained for several photo-multiplier tubes. A variation in shape and
position of the curves with applied voltage was observed.

Nearly exponential integral bias curves of the form

N, =No exp( —s,.}

l0,000
lotal r

ll
l,000

l

Ll

4CA) Q

IOO

EO

Z

Z

Q
O

IO

I
0

I I I I I

10 20 30 40 50
DISCRIMINATION I.EVEL &ARSITRARY UNITO)

Fic. 2. Integral bias curves for the sintillation counters at zero applied field
and 11.7 gauss directed axially from the base.

were observed, where Ni is the counting rate, No the total number
of scintillations occurring, —si the slope, and ~ the discrimination
level. This distribution was due in part to the energy distribution
of the Compton and photo-electrons, statistical variations within
the tube, and edge effects and optical transmission properties of
the phosphor.

In any distribution, if No is independent of the tube amplifica-
tion, the ratio of counting rates at any two ampli6cations is
dependent only upon some function of the discrimination level.
In this case the ratio is exponential with v, or

R= Ni/N~ ——expf{s2—si) vg.

Since the slope of the integral bias curve is a function of the
efficiency of the crystal as well as of the tube amplification, the
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Fic. 1. Fixed discrimination level counting rate from scintillation
counters as a function of axial magnetic field strength. Radium gamma-field
adjusted to give equal counting rates at zero applied field for the two
materials.
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Frc. 3. Total current output for the scintillation counters as a function of
axial magnetic field strength directed from the base.
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relative effect of tube ampli6cation on R for phosphors of different
efficiencies is of interest. The relation between slopes {—si) and
{—s~) at two amplifications for phosphor A and slopes (—s~) and

(—s4) for phosphor B can be shown to be

si/$3= $2/$4= s.
Hence the relation between the counting rate ratios Rg and Rg is

Rg= Rg".
From Fig. 2,

RCaXVQ4= R Nal('Tl) (1)

If the time constants of the pulse are independent of the pulse
amplitude, the percentage change in anode current resulting from
a change in magnetic 6eld would be constant for both phosphors.

In the case of CaWO4 a 40 percent change in counting rate was
observed when the 6eld was changed from 0 to 1.5 gauss through
the tube. Discrimination took place just above the dark current
level. This corresponds roughly to the change that would result
from positioning the tube axially with and against the earth' s
6eld. The 3 percent change predicted from expression (1) for this
same 6eld change with NaI{Tl) was not detectable with the experi-
mental accuracy observed. The change in total current for the
1,5 gauss change was about 9 percent.

i The NaI(TI) sample was obtained through the courtesy of R. Hof-
stadter, Princeton University, and the CaW04 sample was obtained from
the Linde Air Products.

TABLE I. Coincidences with 0.25 psec. delay.

Conditions

Trans- Genuine
verse coincidence

electric rate
field cpm

Field-
sensitive
genuine

coincidence
rate
cpm Remarks

Normal

Boron interrupting
slow neutron beam

Cadmium in beam,
eliminating slow
neutrons and substi-
tuting strong source
of capture gammas

on 0.74 ~0.05
off' 0.08 W0.04 0.66 &0.07

on 0.13 &0.03
oH 0.03&0.03 0.10+0.04

on 0.18&0.08
off 0.17 &0.10 0.01 +0,13

Conditions would
allow neutron de-
cay coincidences
to appear.

8'0 shutter known
to leak about 10%
of the slow neu-
trons through thin
spots.

Pile power re-
duced until indi-
vidual counting
rates about equal
to those in other
tests. (Factor 1/7. )

Neutrons again
present in beam.
Local captures in-
creased many fold.

0.0002 in. Al foil
covering multiplier
aperture

on 0.05 &0.04 Reassuring check;
off 0.05 &0.04 0.00 &0.06 contributes little

new.

Hg gas in vacuum
tank to 5 times
base pressure

on 0.73 +0.05
off 0.06 &0.04 0,67 &0.07

No more field-
sensitive coinci-
dences than in 1,
4or 8.

3 sq. ft. Cd wrapped on 0.73+0.08
around vacuum tank oS 0.19&0.07 0.54 &0.11

Radioactive Decay of the Neutron*

ARTHUR H. SNELL, FRANcEs PLEAsoNToN, AND R. V. McCQRD
Oak Ridge Nationa/ Laboratories, Oak Ridge, Tennessee

March 6, 1950.

0.051 in. Al over
AB counter window

Repeat 1

on 0.11&0.04
off 0.12 &0.03 —0.01 &0.05

on 0.75 &0.04
off 0.08 &0.03 0.67 &0.05

Sufficient Al to
stop betas of ex-
pected energy (0.8
Mev).

q XPERIMENTAL evidence concerning the instability of the
neutron' has been obtained with the apparatus shown in

Fig. 1. A beam of neutrons from the Oak Ridge uranium-graphite
reactor passed longitudinally (perpendicular to paper) through an
evacuated tank shown in section. An electric field was applied
between an open-sided cylindrical electrode {+)and a plane elec-
trode (—) such that positive particles appearing in this region of

WISQLKN
FOR FOIL 48SOV TO PIIKANP

I 1 c'& c") I "I
g «Fir P2WLr~rlr AI' "Il PW~

rgb' &

El EHlELE~ I
EE«rrr~

l
- EEOOEEEEY ELEETEOE

NULTIP LIER
KNLARSKD
FIRST DYNODK ".Wr r r~~- ORAPHITK NKSATIVK

KLKOTIIODK

——NEUTRON SEAN
OOOI" AI
O,OOS" Al

SETA OOUNTKN A
SETA -COUNTER S

F'08ITIVK
AOGKLKIIATINS
KLKGTNODK

f+4COQV)

INSULATINS
SUPPOIIT

I
L ~ 2

I )
)E)

vxmmrm awry~ ver r.
Rs rR
%' 'W

SCALE
0 } R 54 i@CHES
I I I I I ADEIUSTASLE LEAK

SOU%OK OF
+IIASNKTIOALLY

ANALYSKD PIIOTONS

FON TKSTIN0
NLTIPLIKN

Fic. 1. Apparatus used for seeking beta-proton coincidences arising from
neutron decay. The neutron beam is indicated in section at the center. A
vertical electric field accelerates the protons upward and focuses them upon
the secondary electron multiplier; the beta-particles register in the double
beta-proportional counter below.

the beam would be accelerated upward through 8 kv and would
be focused upon the enlarged 6rst plate of a secondary electron
multiplier situated behind an aperture in the negative electrode.
The aperture and the multiplier plates were 7.3 cm long in the
direction parallel with the beam. The two-celled beta-proportional
counter placed below the beam had an effective length of about
11 cm.

Triple coincidences were sought; namely, coincidences between
discharges of counter A and counter B resulting from beta-
particles emitted from neutrons in the beam, and pulses in the
multiplier caused by the focused product protons.

Because of stray radiation the single counting rates were high
( 75,000 per minute in A and B, and 1500 per minute in the
multipher). With an effective resolution time of 1.3 @sec., the
random coincidence rate was almost equal to the expected genuine
rate. Genuine coincidences were nevertheless observed. They
could be divided into two classes:

(1) Coincidences which appeared when no special delays were
were introduced in the circuits. These coincidences did not depend
upon the presence of the electric 6eld. They were probably caused
by fast secondary electrons in the background radiation, which
traversed the three detectors. They do not concern us further.

(2) Coincidences which appeared when 0.25 psec. delay was
inserted in the AB counter channel. These coincidences depended
upon the presence of the electric 6eld across the beam. A 6eld plot
had shown that 0.25 @sec. was approximately the minimum time
required for a recoiling proton to be collected upon the multiplier.

Table I gives some observations made with the 0.25 psec. delay
in the AB channels. Random coincidence rates which have been
subtracted were about 0.9 counts per minute throughout. A field-
sensitive effect was present (column 5) which was the same under
conditions 1, 4, 6, and 8, but which essentially vanished under
conditions 2, 3, 5, and 7. Tests were also made with the reactor off,
using a pure gamma-source (Co') to actuate the detectors to
approximately the same individual rates as prevailed when the


