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Photons of energy hv > Eg + (3/2)kT generate in a semiconductor hot car-

riers capable of producing new electron-hole pairs. The question of the
threshold energy (TE) starting with which the quantum yleld n exceeds unity has
been under discussion for the last few years [1 - 8], in view of its practical
importance and the ambiguity of the conclusions of the performed quantum-
mechanical calculations.

Thus, according to the calculations of [1], the TE for InSb is hv=
2(1 + me/mh)Eg’ i.e., practically equal to EEg. In [4, 5] the importance of

energy scattering by optical phonons is emphasized and it is assumed that
TE >> ZEg. A Monte Carlo calculation [2, 3] shows that the probabllity of

ionization by the carriers differs from zero even at energies close to 2Eg, but
there is doubt in the literature concerning this conclusion [2, 6].

We have already reported on the fine structure of the quantum yileld for
InSb [7]. These investigations were continued and principal attention was
focused on the determination of the value of the TE, which according to [7]
is close to 2Eg

The photon source was an IKS-14 spectrophotometer with CaFa2 prism, placed
in a vacuum-tight chamber with continuous drying of the atmosphere. This
eliminated completely the atmosphere lines in the 1 - 5 u region. The results
were recorded simultaneously with the aid of the bolometer of the IKS-14 and
the investigated photocell. We used
only mirror optics; the p-n junction
was in the short-circuited mode, when
the relation Ipn v o 1ls valid.

B =
It can be seen from the figure .1/"'~“7~*~—~_*'__L_‘
that n begins to grow at hv = 0.43 5 — [
eV. This means that, within the 7 °
1imits of experimental accuracy, the

TE equals 2Eg if account 1s taken of
the fact that Eg = 0.22 eV at 90°K. 4T

For hv > 0.48 eV we have 9n/9(hv)
< 0, which is unexpected and should
be investigated further. GT

7, rel.un.

Similar results were obtained o
by us in an investigation of the o3 an
photoconductivity and the photo-
magnetic effect in InSb.

i i

i i I L 1 1 1 i J

ll,lbz [X7] a5 a5 0358 M. eV

X
Quantum yield vs. photon energy in
It is possible that the relation InSb. The data are normalized to

observed by us for n = f(hv) holds also hv = 0.35 eV; the reflection coef-
for other semiconductors having a band ficient 1s assumed constant.
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s?ructure similar to that of InSb. We could state then that intense ioniza-
tion by hot carriers, capable of raising the quantum efficiency, takes place
in semiconducting crystals already at photon energies close to 2Eg

In light of the foregoing, 1t seems to us also that calculations of energy
scattering by hot carriers, carried out by the Monte Carlo methods, apparently
agree with the actual facts.

[1] A.R. Beattie, J. Phys. Chem. Sol. gﬁ, 1049 (1962).

[2] W. von Roosbroeck, Phys. Rev. 139, A1702 (1965).

[3] E.O. Kane, Phys. Rev. 159, 624 (1967).

[4] E. Antoneik, Czech. J. Phys. 18, 157 (1957).

[5] W Shockley, Solid State Electr. 2, 35 (1961).

[6] K.I. Britsyn and V.3. Vavilov, Zh. Eksp. Teor. Fiz. 34, 1354 (1958) [Sov.
Phys.~JETP 7, 935 (1958) 1.

[7] V.N. Ivakhno and D.N. Nasledov, Fiz. Tverd. Tela 6, 2094 (1964) [Sov.

Phys.-Solid State 6, 1651 (1965)]7.

CONCERNING ONE EXPERIMENTAL POSSIBILITY IN NEUTRINO ASTRONOMY

G. Zatsepin!) and B. Pontecorvo

Joint Institute for Nuclear Physics

Submitted 30 July 1970

ZhETF Pis. Red. 12, No. 7, 347 - 349 (5 Cctober 1970)

In spite of the fact that the potential feasibllity of obtaining infor-
mation concerning the sun by means of neutrino astronomy has become evident a
long time ago [1], there exists so far only one setup cagable, in principle, of
registering solar neutrinos [2]. We have in mind the C1 7 > A%7 padiochemical
method [3]. This setup has already yilelded significant information concerning
the sun, although it has not yet been possible to record solar neubtrinos with
its aid [2].

Other radiochemical methods [4] proposed to date can yileld, in principle,
important additional information, but they are much more difficult to realize.

Various electronic methods [5] proposed for the registrations of neu-
trinos from the sun have not yet been realized and do not satisfy many impor-
tant requirements.

What are the desirable properties of a solar-neutrino detector based on
electronic registration methods?

1. The apparatus should register electrons from the v-e scattering process
or electrons from the inverse B process, with energy on the order of several
MeV (and possibly lower).

2. The sensitive part of the detector should amount to not less than 10 %.

3. The apparatus should yield information on the direction of arrival of
the registered neutrinos.

4. The apparatus should yield some information concerning the energy spec-
trum of the electrons produced by the neutrinos.

5. It is desirable that the apparatus distinguish quite strongly between
electrons having a "neutrino nature" and background electrons.

1)P.N. Lebedev Physics Institute, USSR Academy of Sciences

236





