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Development of Directional Detector
o for High Energy Neubtrons.

£,='Intréduction

The measurement of energies and directions of neutrons at the .
top of the atmosphere is 1mportant for 1nyestigating the origin
of certain components of the trapped radiatione Singer and others,
for exampleg have proposed tnat the decay of albedo ‘neutrons from ‘
the atmosphere nay constitute a source of trapped protons in the
inner radiation belt. _

Awprogr@m is underway to 1nvestigate alhedo neutrons, first at
balloon altitudes and then from satellites. In preparation for
-.‘this the research reported herein concerned the development of a
suitable directional detector 1n the energy range 30-120 Mevc

Iz, ﬁeutron Dztection A
Neutrons, being uncharged, cannot be detected direetly by rost:
seandard counters, which are sensitive to 1onizatiqn, Since neutrons
‘interact almost entirely. through nuclear processés,_neﬁtron detectors
generally involve the detection of chargedISeépndary particles re-
: suitinglfrom nuclear interactibﬁs of the incident neutrons. Such
deteetors include Boron tr&fluorlde counters, iission counters and
pnotcn recoil counters,
Borbn trifluoride and fission detectors employ spacific reactions
bf posicive Q and are insansitive to particles other than neutronsu
However, they dre not directional and are not suitable for high.

{

energies.



The proton recoll process is inherently directional and retains
reasonable efficiency at high energiles. In the ideal case proton re-
coils from a pure hydrogen targeg are analyzed yith respect to energy
and direction. This information'gives the direction of the incident
neutron if the energy is known and vice versa, An example of such
a detector is the 1iquid hydrogen bubble chamber. Por natural radiae
tion, however, bubble chambers suffer from the impossibility of trigm
gering them by random events, HNuclear emulsions contain a low pere
centage of hydrogen and are not readily adapted %o satellite telemetry,
' In the system considered in this report proton reooils venerated
by noutrons incident upon a hydrogenous material were analyzed by
a set of scintillation counters, Since the target material used
(scintillation'plastic).contained.oarbon as well as hydrogen it was
necesgsary bto provide a means ofoidentifying proton recoil events.

At 90 Mev, for example, 25% of all neutron-induced events are pﬁre'
recoils, , | ' ‘ (

In addition, the problem is complicated by the fact that instead
of an ideal collimated beam of pure neutrons the detector would be
exposed to radiations of all kinds and from all directions. Thus
the detector would be called upon to select neutronninduced events
from all others while an anticoincidence counter will permit charged
particles %o be elim;&?zated° Further selection is required o difw
ferentiate neutrons from gamma rays.

I1X. Proton Recoil Neutron Detector System
- A; Qeneral Description
The counter geometry developed in the present research is shown
to half scale in Pig. 1. In the case of the counters labeled "cone
vertor" and "de/dx", the photomultipliers view diffusely reflectiig



'surfaces below the corresponding counters., The entire system is
surrounded by plastic scintillator fluor uhich is viewed by two
photomultipliers above and one below., This scintillator functions
as an anticoincidence detector to eliminate charged particles.

A block diagram of the asSociated circuitry is shown in Fig. 2.
A neutral particle event 1s defined by a coincidence between the
convertor and de/dx counters in the absence of a coincident pulse
in the anticoincidence countero When such an event occurs three
gates are opened which peﬁmlt the heilghtste-width convertors to
respond respectivery to the pulses in the convertor, de/dx, and
energy counters, Although posi@ive pulses from the last dynode in
each tube are used to operateﬂthe trigger c¢lrcuits, negative pulses
from the anodes are read out via the height-to-width convertors %o
avoid distortion due to pulsing of the trigger circuits,

~ The resolving time of the two~fold coincidence circuit is:
90 nanoseconds and the anticoincidence dead time is 450 nanoseconds.
There is sufficient delay in the coincidence gate to permit the
anticoincidence to lag by 15 nanoseconds relative to the two-fold
coincidence and s%ill eliminate the output. |

Proton recolls are selected from other neutral-produced events
by requiring certain relationships between pulse heights in the
three counters. In particular the de/dx outpdt must be appropriate
for a proton of the observed energy in the energy counter., In addi-

tlon, the pulse height in the convertor must be apprdpriate for a
proton of the observed energy originating somewhere within the con-

vertor, Recolls originating in the energy counter and proceeding
backward through the system will not generaliy-show the correct
relationship of pulse heights. Similarly, gamma rays will not be
able to imitate recoil protons.



B, Detéctors
511 scintillators in the system consist of "polyfluor” plastic

£luor menufactured by Semi-Elements, Inc, This material, which

hagwa polystyrene @aae,:ha&ran-ﬁéc ratio of 1:1l, The anticoincile
denoe &nd the energy counter axre painted with Nuclear Enterprises
white reflector paint. In the case of the convertor and de/dx
countemsg which are not viewed directly by the;r‘phbcomultipliers,
the bottom surfaces are machined but not poliahe§ or painted? light
diffuses out of the scintillabors and illuminates the walls of the
cavities viewed by the photomultipliers.

The resolutions of all three counters were checked with cosmic
ray Me-mesons selected by external counters and absorbers. Pulse
height spectra showed spreads (FUEM) of 10-15% or roughly .5 Mev
in the case of the convertoyr, fbr example., It would be possible
to improve the resolution by experimenting with the 1ight collection
geometfy,.but~in view of other more fundamental causes of spreading;
such a study was not deemed necessary. ‘ |
- The detectors are viewed by EMI 9514S two-inch thirteen-stage

) phbtomnltipliers selected by the manufacturer f@r good signaletoe

noise ratio, The use of these tubes eliminated the need for am-
plifiers and simplified the problem of stability under varying

" environmental conditione, Pulses from the tubes are in the range
- of geveral volts and circuit thresholds are approximately one-half

volt, o 4 -
€. Electronics . | o
Tre cireultry is completely sransistorized in anticipation of
balloon and satellite work, In Fig. 2, the "mrigger circuits"
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are complementary pair univibrators which act as disériminators
and which provide the coincidence circuit with standardized puises.
The cpincidence circuit is a standard diode Rossi-type gate with
a resolving time of 90 nanqsecdnds as determined by the trigger .
pulses, These circuits are shown in detail in Figs. 3 and 4y -
In the height-to-width convertor (Fig. 5) the negative photo-

multiplier pulses arxre passed through a shunt gate to an emitter
follower. The emitter follower charges a capacitor through a
series diode. The resulting discharge sawtooth cuts off a trans
sistor and causes a positive square pulse of length determined by
the amplitude of the sawtooth to appear on 1ts collector., This
pulse 1is then amplified and eventually converted to digital form
for readout. =

. The readout system comprises a set of 1ndicator lights giving
each pulse height in digital iorm. These lights are recorded on
cont;nuousiy nmoving f£ilm by é ¢camera consﬁﬁﬁcted specially for
the purpose. Each pulse height is allocated five lights so the
data is quantized in steps of one part in thirty two. The presénce
of a colncidence gate is indicated by a separate iight and various
other parameters are also recorded on the f£llm., The entire cir-
éuit power requirement exélusive of the indicator lights is .75
watt.

IV, Calibration Methods

Although a measurement of the type contemplated in this project
does not require extremely precise calibration, it is necessary to
ingure that a pulse height can be translated into energy loss within
10% accuracy in order to make full use of the counter resolution.
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Two major methods were used to effect calibration: (a) finding
the response to cosmic ray A4 =mesons, and (b) obtaining a de/dx
vs E counter response curve for charged particles which stop in the
E-counter.' Method (a) is simplest to undertake, but it gives only
one point on the response curves. It is most useful as a rapid
check on the photomultiplier settings. Method (b) is most im-
portant because 1t gives the very pulée height correlation that
will be used to single out the recoil protons from background,

To be sure of the absolute energy response the correlation curve
80 obtained must be fitted o the minfmum lonizing ( L-meson)
puiée heights with the use of a theoretical de/dx vs E relationw'
ship modified by scintilliator response,

Calibration data are not included in this report because the
work is still in progress. -Preliminary data indicate the feasi~
blility of these calibrétion methbds and they have been used in
analyzing the neutron data obtained to date. '

Y. Results of Measurement

Ne rﬁns have yet been made to obtain the data eventually de~
sired, that is, the neutron albedo flux at the top of the atmos-
phere. ‘Héwever, a number of runs have been made at Albuquerque
and at Sandia Crest. The system had an effective overall effip
ciency of approximately 1%, To analyée the results the data points
were plotted on a graph of de/&xyvs. E counter responses, A
typical plot is shown in Fig. 6., It will be noted that the poeints
tend to lie along a curve similar to the theoretical de/dx - B
curve. These events may thus'be 1dentified as proton recoils



(after comparison withﬂﬂiameson points). ?he separate group of
--points lying below the curve 13 caused by gamma rays. Some
scattered points may be due to scattered particles traveling back-
’wards. '

It will be seen that the apparatus does single out recoil pro=
tons fairly well. It should also be noted tha backward«going re=
coils originating in the EBEecounter will -1ie on a curve with approxia
mately a reversed alope.

’ A preliminary measurement was made to. determine the directional
response. An indication of the result is given by the fact that
the ratio of upward-pointing counting rate to downward-pointing
counting rate was eight to one, In this energy range one would
expect very few neutrons to be traveling upwards, eo this ratio
probably reflects the frontsto-back sensitivity ratio. Thus
ronghly one out of eight events 1s ambiguous as to direction.

‘ Attempts are being made to determine how sériously the events
1n carbon will complicate the analysis and runs are being made
with different'H-C ratios to determine this, Preliminary results
. indlcate that the contributions to the measured recolls from
-carbon and from hydrogen are roughly the same. This result is. 1n
agreement with our theoretical estimates. - !

VI. Puture Pléxié |

‘The research will be continued under & NASA grant with the aim
of developing a balloon—borne package and undertaking several flignts.
Detailed calibratlon runs will be taken to insure correct data
analysis. The balloon data wlll be analyzed to determine high eoergy
neutron albedo flux and, if possible, speotrum shape.
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