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Measurement of Partial Neutrom Spectrum

from an Am-Be (0{,n) Source

A partial neutron spectrum from an Am-Be (,n) source has been
measured by TOPF accompgnied with f-ray. In the experiment the
4.43 MeV {-ray comes from the reaction of 9Be(d,n)13c*
(130*-2122-‘120 + n + V(4,43 MeV)), The result has been compared
with others.

Introduction ‘

Am-Be neutron source is useful in an ever-widening variety of application,
especially in a neutron physics laboratory. Perhaps one of its most appli-
cations is as a neutron spectrum standard to calibrate neutron detectors and

instrumentations.

Neutron spectrum of Am-Be souce has been measured by a number of labs, but
much differences exist among the measurements, in particular their fine shape
of the spectrum and its lower patt (below 2 MeV). Even the difference of the
spectrum shape measured with the same method is marked. For example, G. Shani
ete (1) in 1976 and K. W. Gelger etc ¢2)

of the spectrum with the same method, Not only the agreement beteem the two

in 1964 have measured the same part

experiments, but also between the experiments and calculated results are poor.
Therefore, we try to measure the same part of the spectrum by the same method
as Shani and Gelger. Otherwise; it is a simple and cheap way to set a Time-
of-Flight spectrometer,

Principle and Method
Am-Be neutron source is based on the 9Be(a,n)120 reaction., The relevant modes
of decay of the compound nucleus system are the following(j):

(1). 130-——~120 + m + 5,70 MeV

(2). 130-—-120' +n+ 1,27 HeV.————120 +m+ J(4.43 MeV)

(3). 130-—>12C' +n - 1.95 MeV-»BBa + X+ - 1,45 MeV—=>30+ 0 - 1,571 MeV

»*
Because of the half-life of the first excited state of 12C is 61 fs (4),

we only measured the neutron spectrum accompanied with 4,43 MeV f-ray in our

experiment.

A schematic diagram of the experimental arrangment and electronies is shown
in Pig. 1. The Y-ray detector consist of a ST-40% plastic scientillator of

5 om diameter and 2 cm length, viewed directly by a fast photomultiplier
tube of type GDB-50L. The neutron detector is consist of a ST-451 liquid
gcintillator of 10,4 cm diameter and 5 cm length, coupled with a fast, lower
noice photomultiplier of type EM19823KP. The neutron source was bought from



A.. EB. 1. Ch-* and it was made of pieces of pressed disec covered with
three layers of stainless steel, Its size 18 30'x 30 mm and the neutron
yield is 1.21x 106/sec.( 11210 %).

For reducing backgréund produced by'neutron scaftered between Y -ray dete~
tor and neutron detector and scattéred from wall and ground the neutron

detector was put into a shielding with double cut-off cone (see Fig.1 ).

Compromising the energy resdlution, detection efficiency and the ratio of
the effect and background events the flight length was chosen as one meter,

and the f-ray detector was 6 cm away from the neutron source,

The signals from the neutron detector were used as the start signals for
a Time to Amplitude Converter(TAC) and the stop signals were the'delayed
fast signals of Y-ray detector. The output signals of TAC were analyzed
by a multichannel pulse height analyzer.

The eleventh dynode linear signals of y-ray detector and twelfth dynode

linear signals of neutron detector were amplified by amplifiers and ana-
lyzed by Timing Single Analyzer respectively. The lower threshold of Y-
ray detector was calibrated by 13708.

For réising the time resolution and reducing the random coincidence we

shose the lower threshold of neutron detector at 0.8 MeV, and higher thres-

hold at B8 MeV,

We used the oscilloscope Tektronix 7924 (assembled with TDR/Sample 7S12)
to célibrated the delay lines which would be used for calibrating the time
linearity of the spectrometer. The precision of time for the delay lines

was better than 0,1 ns.

The zero time for the spectfometer was determined by prompt peak of 6000
]Lray. The time defference of Y -ray flight from 6000 source located at the
neutron souce position to two detectors was used for calibrating the flight
length of neutron. The time resolution of 6OCo,Y-jray prompt peak was 1910ps
FWHM for the spectrometer.

The Time-of~Flight spectrum obtained in this way 1s shown in Fig.2. There
are two peaks near the zero time channel, The lower one was produced by
Y-ray scattered between two detectors, its half width could be used for
determining the time resolution of the spectrometer, The higher-one was
produced from coincidence of neutrons detected by ¥-ray detector and J-ray
detected by neutron detector.

- 2 -
* Atomic Energy Imstituteof China



After scattering background subtraction measured with a copper cone of
45 cm length and random coincidence subtraction, the time spectrum was

obtained and shown in Fig. 2 .

Result and Discussion

The energy spectfum corresponding to Fig.2 1s shown in Fig.3. The energy

region which the spectrum covered is from 1.3 MeV to 6.4 MeV., It was cam-
pared with the results calculated by F. Deguarrinie etc(S) and by A.D.
(6), and was campared with the spectra measured by the same

method by G. Shani etc(1) and by K. W. Gelger etc(z) (see Fig.4 ).

Vijaya etc

Prom our energy spectrum the higher side energy conforme to the results
calculated by ¢, Deguarrinie etc and by A. D. Vijaya etc, and almost con-
forme to the spectrum measurcd by G. Shani etc. But 1t iz not agreeable
to the spectrum measured by K. W. Gelger etc, who gave the higher energy
1imit of 7.4 MeV that is impossible according to the reaction dynamics.

The lower side energy limit in our spectrum 1is about 1.3 MeV, Which is dif-
ferent to the calculations. All measurements have demonstrated that the
neutrons associated with 4.43 MeV J-ray at the region below 1.7 MeV still
exist, And they have also shown that there are more events at the region
from 3 MeV to 5 MeV than the calculation.

The difference between experlments and calculations is reasonable because

of the fechnique and physical state of the neutron source are not 1dentical.
The lowest energy limit of 1.7 MeV of the spectra calculated by the two labs
may be got from the lowest energy limit of 1.5 MeV (X particles. It might be
unrealistic because of that the yield of neutron at the region below 1.5 MeV
couldn't be negligible 1f the amount of lower energy (o particals was large.
The actual situation of the Am-Be source is too complex to calculate its
spectrum on the simple supposition. The reason of having different Spectrum
shapes between experiments and calculations 1s similar to the lower part

mentioned above,

A. D. Vijaya has mentioned the same problem on his thesis and pointed out
that the better agreement (between theory and experiment) might be sought
by improving and including some of the factors that enter into the primary
spectrum calculation such as the alpha particles stopping-power, elastic

scattering of alpha particles and nonhomogeneity of the source medium,

The partial spectrum measured by us showed that there were no any neutrons



associated with 4.43 MeV i-ray at the region below 1.3 MeV, The result is
(2) ' but much daifferent to 6. Shani''). 6. Shani's

measurement showed that the intensity of neutrons at the retion below 1.3 MeV

the same as of K. W. Geiger

was greater than any other part of the spectra, and there was a peak around

0.8-0,9 MeV. And they mentioned that the peak at 0,8-0.9 MeV would be due to
multibody break-up process 9Ba + R ———- 3He4 + n . But according to E. W.

(4) the excited states in 9Ba from (ot,uﬁ reactions decay almost entire-

9

Lees

ly by neutron emission to give

(7)

Be (&, Xn) with no observable gamma-ray.
G. Venkataraman etc also pointed out that the energy of the alpha-particles
produced in the multibody break-up process was too low to contribute neutron
or gamma-ray ylelds, Hence the measured spectrum by G. Ghani otc(1) at the
same energy region by the same mofhbd as ours seems doubltful, And their ex-

position for the spectrum might be incorrect.

Now let us inspect the peaks in the spectrum. The two peaks'in our spectrum
are marked and agreement with others, But there could be a peak at 2.2 MeV
in our spectrum,., Hence it is possible that G._Shani(1) has pointed out that

there was a peak at 1,9 MeV in their spectruam,

The relative intensity of the various neutron groups at 3.2 and 4.4 MeV pre-
sent in the spectrum are different from each other. This phenomena were sSup-

(8)

ported by the point of view what was emphasized by E. A. Lorch « He has
mentioned that it is well known that the spectral features are dependent on

the source construction and especially on the particulate size of the AmO2

and Be powder, as this will strongly influence the distribution of alpha

- particle energies, He has also point out that the ratio of the peaks would
be a function of particulate size, and the ratio measured by them may there-
fore be taken as cheracteristics of the neutron source produced in their la-
boratory. lience we also compared our data with Zhang 11(13) and Li An11(14)
because of that the Am-Be neutron sources were made in the same laboratory.

And the agreement is very well.
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Pig. 1. Bxperimental set-up

1 plastic sci. 2 neutron source 3 ligquid sci.

4-1 iron 4-2 paraffin 4-3 paraffin + L12003 4-4 Lead
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Plg. 2. Partial Time-of-~-Plight spectrum of Am-Be neutron souce.

The threshold level of neutron deteotor is 0.8 MeV, Width of
per channel is 0,335 ns., The flight path is 1.0 M, The time
of measuring is 24 houres.
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Fig. 3. Partial neutron energy -pectm F 7
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P,is. 4

1" Caloulated by F. Degnarrimt
' 22 Calenlated by A, D, Vijaya
3 Heasured by K. W. Geiger ste
4 Measured by Shani ete
5 Proaoni; vwork
-6 Measured by Zhang Yi ete
T Measured by Li Anli ete



References
(1) Gad Shani et al. , INIS-MPF-3663, 80(1976)
(2) K. W. Geiger et al., Nucl. Physics, 53, 204(1964)
(3) F. Ajzenberg et al., Nucl. Physies, 11, 1(1959)
(4) E. W. Lees et al., AERE-R8891, 2(1977)
(5) F. Deguarrini et al., Nucl. Imstr. Meth, 92, 291(1971)
(6) A. D. Vijaya et al., Nuel. Instr. Moth, 111, 435(1973)
(7) G. Venrkatarman et al., Hucl. Instr. Meth. 62, 49(1970)
(8) fdgar A. Lorch, Inter. Journal of Applied Radiation
and Grotopes, 24, 588(1973)
(9) S. Notarrigo et al., Nucl., Physics, 4125, 28(1969)
(10) H. Kluge, Z. Naturtorsch, 24a, 1289(1969)
(11) H. Werle INR-4/70-25 (1970)
(12) L. Vander, Zwan , Cgn.d. Phys., 46, 1527(1968) _
(13) Zhang Yi et al., Chinese Journal of aAtomic Scice 2, 139(1982)
(14) Li Anli et al,, Chinese Journal of Nucl ,Phys., 4, No.2, 145(1982)



