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neutron groups and taking into account the behavior
of the detector efficiency with energy, it is possible
to say that the cross section of production of a
neutron of the second group at 0°, relative to
the deuteron beam in the case T + d(F , = 14.4 mev)
is approximately 300 millibarn/sterad, nd, in the
case D) + d(E; = 13.0 mev), 100 millibarn/sterad.
The authors express their gratitude to colleagues
in the Cyclotron Laboratory, headed by L. M. Ne-
menov, for providing the possibility of carrying out
this work.

* The results of this work were communicated in the
discussion at the Geneva conference in August, 1955.
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THE spectrum of luminescence due to gamma ray
excitation coincides with the spectrum of photo-
luminescence*. This means that the last step in
the process of the excitation of gamma lumines-
cence is the transition from the same excited state-
that is involved in photoexcitation. Therefore, the
energy yield for gamma luminescence can be repre-
sented as B+, = pBZS, where Bgsis the absolute
quantum yieYd of photoluminescence, depending on
the correlation between the transitions with and
without radiation; p can be called the effectiveness
of the excitation. The magnitude of p shows what
fraction of the energy absorbed in the substance
is used for the excitation of the molecules which
are effective in luminescence.

The aim of the present paper was to see if
the magnitude of p is the same or differs appre-
ciably for a number of substances. For this pur-
pose the relative yields during gamma and photo-
excitations were measured. Aromatic carbohy-
drates in the shape of monocrystals (dimensions
1.5 x 1.2 x 0.7 cm?®) were investigated, and for
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comparison purposes the alkali-halide crystals
Nal and KI, activated by Tl. Co%° was used as
the source of gamma rays.

During the gamma excitation the amounts of
energy absorbed in the crystals were determined
from the relative absorption coefficients of gamma
rays. As is known, during the passage of gamma
rays through the substance the electrons are freed,
and these electrons cause luminescence. The ab-
sorption of gamma rays with an energy of the order
of 1 mev in organic substances takes place at the
expense of the formation of Compton electrons; in
Nal and KI crystals the probability for the Comp-
ton effect is 95% and the remaining 5% are due to
the photoeffect. The probability of the Compton
effect is proportional to the number of electrons;
the number of electrons in P grams of the substance
is (PZ/M)N, where Z is the number of electrons in
a molecule, ¥ — molecular weight, N — Avogadro’s
number.

Relative yields for gamma excitation were mea-
sured by two methods: a) by the observation of
the average intensity of luminescence, b) by the
observation of individual scintillations. For the
measurement of the average intensity of lumines-
cence, the crystal was placed in a photometric
sphere which was covered on the inside with MgO.
The light of the luminescence, excited in the crys-
tal by gamma rays, went through an opening in the
sphere and was incident on the window of the pho-
tomultiplier FEU-19. The values obtained for the
photocurrent were divided by (PZ/M)N. A scin-
tillation counter with an integral discriminator was
used for the determination of the relative magni-
tude of the scintillations. For a comparison of
the magnitude of the impulses it is necessary to
reduce the distribution curves to such a scale that
the total number of impulses contributing be the
same; for this reason the ordinates of each curve were
divided by (PZ/M)N. For the comparison of the
relative magnitudes of the impulses the method of
constant counting rates was used, i.e., the magni-
tudes of the displacements were compared, when
the counting rate was the same for different crys-
tals.

Me asurements of the relative yields of photolu-
minescence were made during excitation by the
254 my line. This line was separated from the
light emitted by the PRK-2 lamp by means of a
monochromatic quartz and was focussed on the sur-
face of the crystal which was placed in the photo-
metric sphere. The sphere had two windows: one
for the entrance of the excitation light, and one
for the photomultiplier. The absorption of 254 muy
line in organic crystals is known to be complete,
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_ a B A
Substance ~ By s

m “h 1 2 1 2
Tolane . . . . . . . .. 380 | 1.14{ 50 | 0.60 0.59 1,2 1.2
Stilbene . . . . L L 394 | 1.10 50 | 0.61 0.61 1.2 1,2
Naphthalene  « « « « -« - . - 350 [ 1.23] 17 |o0.21 0.23 2] 1.4
Terphenyl  + « oo 295 [1.12 30 [0.30 | 034 | 10| 1.1
Dibenzyl - o 373 | 125 | 44 |0.39 040 | 0.9 0.9
KI-TI**  « -« « o o o .. 417 | 1.02 76 1,7 0,71 2.2 0,9
Nal.TI* o v ove o a1 66 | 1.25 1.21 19| 1.8
Naphthalene ‘With anthraceae - - — | — — — 0.740,2 — —

the fraction of reflected light, according to the mea- scintillations.

surements by Morgenshtern made on the same
samples2, is 10-16%. Alkali-halide crystals were
excited with the 291 my line in the first absorption
band of TI.

As aresult of the measurement for gamma ex-
citation as well as for photoexcitation, magnitudes
proportional to [E fy dA were obtained, where Ey
is the energy distribution in the luminescence
spectrum, and f) is the spectral sensitivity of the
photomultiplier. In order to convert to magnitudes,
proportional to the real yields, i.e., [E) dA, we
measured f) and £y for all substances. From these
data the magnitudes of [Ey dX were determined in
relative units. Previously we measured the abso-
lute quantum yields of photoluminescence for naph-
thalene and stilbene?, and in reference 4 the abso-
lute energy yield for gamma excitation of crystals
of naphthalene with anthracene. This allowed us
to give all magnitudes of yields in the absolute
scale*.

In the above table X — is the average wave length
of the luminescence spectrum, K — relative sensi-
tivity of the photomultiplier for the luminescence
spectra, which is equal to [E ) fy dA/[E) dX;

B, B, and p have the meaning given above. The
magnitudes in columns 1 are from the measurements
of the average intensity, those in columns 2 are
from the scintillation measurements. For organic
crystals p is the same with the precision +15%;
this precision is within the limits of accuracy of
the experimental measurements . The variation of

p for the organic alkali-halide crystals cannot be
explained by the fact that the latter have a greater
probability for the photoeffect, and thus points out
the different processes of excitation in these two
types of crystals. The difference in the magni-
tudes of the yield in KI - Tl, as determined by the
average intensity and by the scintillations methods,
is explained by the phosphorescence of ¥1- TI,
which is not taken into account in the method of

We express our gratitude to I.. M. Beliaev for
submitting the crystals.

* The data obtained should be considered as the
characteristics of the given samples, and not the sub-

stances, since it is possible that the samples contained
small impurities which would influence the yield of lumi-
nescence.

** Crystals Nal and KI contained Tl in the concentra-

tion of the order of 1073 gm/gm; this corresponds to a
regian where the intensity of gamma luminescence de-

pends weakly on the concentration®.
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ARLIER 1+2 one of us observed anomalies in the
E thermal behavior of the intensities of the primary
R aman series lines and explained these on the ba-
sis of the hypothesis of reciprocal deformation of



