
the source is proportional to erf [(E/kTs)112} where kTs = 
0.117.ev. 

To test the sensitivity to the source term, infinite me-
dium spectra have been obtained using the free proton 
model as such, the Nelkin model as such, and the Nelkin 
kernel with the free proton source. The compositions t reated 
correspond to the measured spectra of Beyster et al. (3). 
Table I shows macroscopic absorption cross sections aver-
aged over the spectrum for each composition for the three 
models used. The percentage differences of values for the 
free proton model and for the Nelkin kernel with free pro-
ton source from values for the Nelkin kernel are indicated. 
The absorbers and absorption cross section at 2200 m/sec 
are shown in the first column of the table. 

The differences between the Nelkin kernel values for 
the two sources are significant. Moreover, it is especially 
noteworthy tha t for the non l/v cross sections, the major 
par t of the difference between the free proton model values 
and the Nelkin model values is associated with the source 
term. 

The Nelkin model is based on the short collision time 
approximation (6) which improves in accuracy with the 
incident neutron energy. This is supported by some com-
parisons of theoretical and experimental values of the scat-
tering law for part icular values of the energy and momen-
tum transfer (7). Of the three models in Table I, the values 
obtained from the Nelkin model are almost certainly the 
most accurate. 

However, the significant point of Table I is t ha t the 
spectra for non \ /v cross sections are sensitive to the source 
term. On this ground, experimental investigation of the 
kernel for energies above 0.625 ev would be of interest . 
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The Time Scale of Neutron Slowing Down 

in Water 

Measurements on the time behavior of neutrons during 
the slowing down process have s tar ted at the 5.5 Mev van 
de Graaff accelerator at Studsvik, Sweden. The neutrons 
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FIG. 1. Reaction rate R(t) (arbitrary units) between the 
slowing down flux and cadmium as a function of time. 
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FIG. 2. Reaction rate R{i) (arbitrary units) between the 
slowing down flux and gadolinium as a function of time. 

are generated in bursts by the Li (p, n) reaction in a target 
inserted in a large volume of water. A small amount of a 
neutron absorber can be placed at a chosen position in the 
moderator. The rate of neutron capture in the absorber is 
dependent on the flux spectrum and the capture cross sec-
tion of the absorber. The capture gamma rays are detected 
by a fast scintillation counter, the pulses from which are 
fed to a multichannel time analyzer. 

In the first experiments very dilute solutions of cadmium 
and gadolinium salts, contained in 250 cm3 plastic bottles, 
were used. The time resolution was about 0.2 ^sec. The 
source neutrons had a mean energy of 0.5 Mev. Figure 1 
and 2 show the observed capture rate as a function of time 
for the cadmium and gadolinium experiments respectively. 
The center of the absorber was 9.5 cm from the target . The 
curves are corrected for overlap and dead-time, and the 
contribution from neutron capture in water is subtracted. 

In Fig. 1 the capture rate increases to a maximum at 3.8 
Msec, corresponding to the slowing down into the cadmium 
resonance region. From the shape of the cadmium cross 



section and assuming tha t the flux tends towards a Max-
well d is t r ibut ion the mean neut ron energy may be es t imated 
as about 0.1 ev a t th is t ime. La te r , f rom 7 /usee, the decay 
can be described as a sum of two exponentials wi th t ime 
cons tan ts of about 4 and 200 Msec respect ively. T h e first 
is ascribed to the thermal iza t ion process and the second 
to the decay th rough absorpt ion of thermal neu t rons by the 
water . T h e thermal iza t ion t ime cons tan t , 4 ^sec, is some-
what shor ter t han expected (1, 2). 

T h e cap tu re ra te predic ted for neu t rons f rom a homo-
geneous source and modera ted by free protons is also shown 
in Fig . 1. I t was obta ined f rom the cadmium cross section 
and the t ime dependent neu t ron veloci ty spec t rum vt2/l2 

exp (— vt/l), where I is t he mean free p a t h , assumed to be 
0.75 cm (1, 3). The two curves differ a l ready in the i r rise; 
the theore t ica l one reaching i ts maximum at 3 ^sec. The 
difference is main ly due to the effect of chemical binding, 
bu t t he different source condit ions may also have some in-
fluence. However , t he b inding effects dur ing the slowing 
down to t he cadmium resonance are not so large as was in-
dicated by an earlier experiment (4, 5). 

T h e gadolinium curve, Fig. 2, has qui te a different look 
because of t he deviat ion of t he cross section f rom the l/v 
law in t he opposite direct ion compared to cadmium. Here 
t he last p a r t of t he curve can be described as a sum of a 

posi t ive slow exponent ia l and a negat ive fas t exponent ial 
wi th approximate ly t he same t ime cons tan t s as for cad-
mium. This suppor t s t he va l id i ty of t he thermal iza t ion 
t ime concept as defined by Puroh i t (2). 

F u r t h e r exper imental and theoret ical work is under way. 
Among other th ings it is impor tan t to s t udy the influence 
of the change in t he spat ia l d is t r ibut ion of t he neut rons 
dur ing the t ime of measurement . 

R E F E R E N C E S 

1 . G . F . VON D A R D E L , Trans. Roy. Inst. Techn. Stockholm 
7 5 , ( 1 9 5 4 ) . 

2. S . N . P U R O H I T , Nuclear Sci. and Eng. 9, 1 5 7 - 1 6 7 ( 1 9 6 1 ) . 

3. R . E . M A R S H A K , Revs. Modern Phys. 19, 1 8 5 - 2 3 8 ( 1 9 4 7 ) . 

4. M. F . C R O U C H , Nuclear Sci. and Eng. 2, 6 3 1 - 6 3 9 ( 1 9 5 7 ) . 

5. J . A. D E J U R E N , Nuclear Sci. and Eng. 9 , 4 0 8 ( 1 9 6 1 ) . 

E . M O L L E R 

AB Atomenergi 
Studsvik, Tystberga 
Sweden 

N . G . S J O S T R A N D 

Chalmers University of Technology 
Goteberg, Sweden 

Received October 23, 1961 




