The foregoing suggests immediately a method for decreasing the transition
effect. The counter walls must be made so thin, n107H - 1078 cm, that the
relativistic growth of the lonization loss is not suppressed in them. This can
be done by placing the counter in additional pressure chambers or by construct-
ing multisectional counters with thin intermediate walls.
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It was suggested in 1965 that nuclel [1] or atoms [2] can be excited co-
herently when they pass through a single crystal.

Our article is devoied to experimental results demonstrating that this ef-
fect 1s observed when He ions pass through a single-crystal silver film.

The physics of this phenomenon is considered in sufficient detail in [1]
and reduces, in the roughest approximation, to resonant excitation of the atoms

(or nuclei) when the transition frequency vtr = (Eexc - Egnd)/h coincides with

the frequency vo = vg/ag of "collision" of the atom (nucleus) passing through
the crystal with the crystal atoms (ve is the particle veloclity and ag is the
distance between the atoms in the crystal).

For the hydrogen-like atom He+, whose levels are 0 eV (n = 1), 40.80 eV
(n=2), 48,37 eV (n = 3), 51.0 eV (n = 4), ..., such a resonance occurs on
passage through a single-crystal silver film (a. = .07 ﬁ) for a transition
from the ground state n = 1 to the excited state with n = 4, at an energy EHe+

= 526 keV. By the same token, the He™ beam passing through the silver film
should contain, in addltion to the ions excited as a result of+¥arious inco-
herent processes (single collisions, pickup of electrons by He ions, ete.),
also a certain admixture of coherently execited (n = 1 - n = 4) He™ ions.

On leaving the film, the excited et ions wjill radiate. The n = 4 +n = 3
transition lies in the visible region (A = 4685 A). It can be readily separated
by optical spectrometry devices (spectrometer, interference filter) from the
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photons having different wavelengths and emitted by the residual gas by the

walls of the observation chamber under the Influence of the direct and scat-
tered helium~ion beams.

The existence of coherent excitation 1s uniquely connected with an increase
of the intensity of the n = 4 + n = 3 transition at a helium-beam energy V526
keV (since the number of He’ atoms with n = 4 is larger at this beam energy).

Figure 1 shows the experimental setup. The photons emitted from the Het
ions were excited by passing through a thin (1100 * 100 3) single~-crystal Ag
targef film, and were registered simultaneously by two detectors tuned to A =
4685 A (the n = 4 » n = 3 transition).

In detector I, the 14685 R line was separated by the exit slit of an ISP-51
spectrometer, and 1ts intensity was registered by an FEU-13 photomultiplier.

In detector II, the 4685 K line was separated by an interference filter de-
signed for this wavelength, and was also registered by an FEU-13 photomultiplier.

The helium beam passing through the silver was likewise monitored by two
methods: with an integrator that registered the charge of the transmitted beam,
and with a semiconductor counter registering the number of o particles scat-
tered in the silver target through a relatively large angle (V40 - 50°).

o
The single-crystal silver film of thickness 1100 * 100 A and orientation
(100) was obtained by evaporation on rock salt in vacuum [3].

The crysiallographic axes of the film was oriented by using the channeling
(4] of the He" ion beam in the target, as observed on & zinc sulfide screen
placed in the path of the beam passing
ISP-51 spectrometer through the target.

IPhotomult. Figure 2 shows one of the experaj_..

mental plots of the intensity of the
4685-% line emitted by the He¥ beam pass-
ing through the target as a function of
the incident-beam energy. The plot shows
y measurements performed in a rather narrow
" incident~-beam energy region near 570 keV,
2 I\ 7 where preliminary investigations of a
hN #:ﬁ /// larger energy interva)] have revealed an
/

We note that after subtracting the He'-
ion bremsstrahlung losses in the silver
film after passing through the channel
(vh0o keV), the energy 570 keV agrees
5 within 10 - 15 keV with the value 526 keV
at which resonant excitation of the He™
from the ground state to the state with
n =4 is expected. By the same token,
in our opinion, the coherent excitation
of Het occurs only when the energy of the
Het atom emerging from the single-crys-
tal Ag film coincides with the '"resonant"
energy 526 keV. This is agparently to

11 ) increase of the 4685 A line intensity,
Het veam 1 \

&

.
«R:zr:/l,,

I~
Photomult

Fig. 1. Experimental setup: be expected, for if the He™ were to be

1 - diaphragms, 2 - single-crys- excited inside the target, then it would
tal Ag film; 3 - integrator, become immediately ionized, since the

4 - semiconductor counter, probability of ionization of an excited
5 -~ interference filter. atom is larger than the probability of
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Fig. 2. Radiation intensity of a
beam of He™ ions passing through

a single-crystal silver film vs. -
the energy of the He't ions:

a - reading of detector I (ISP-51)
with a semiconductor-counter as
monitor; b - reading of detector I

(ISP-51) with a semiconductor-count-

er as monitor; c) reading of detec-
tor II (interference filter) with
an integrator; d) reading of detec-
tor II with a semiconductor de-
tector; 4) reading of detector I,
integrator monitor, angle between
the normal to the silver surface
and the beam o = 5°; f) detector

I, semiconductor counter, o = 5°.
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ionization of an atom in the ground state.

The observed intensity burst cannot be attributed to any interaction be-
tween the beam and the silver surface, since a slight tilt of the film plane
(3 - 5°) (meaning absence of beam channeling!) causes the effect to vanish.

The authors thank I.V. Chuvilo and S.Ya. Nikitin for support during dif-

ferent stages of the work.

We thank V.V. Viadimirskii and L.L. Gol'din for

interest and support, without which the reported stage of the work could hardly

be possible.

Yudintsov, A.A. Polovnikov, Yu.G. Petrov, A.P.

with the work.

(1966)1].

by

We also thank I.I. Mitrofanov, Z.V. Mamaeva, V.I. Lisovskii, R.P.
Zotov, and A.A. Pavlov for help

(11 V.V. Okorokov, Yad. Fiz. 2, 1009 (1965) [Sov. J. Nuc. Phys. 2, 719 (1966)1].
[2] V.V. Okorokov, ZhETF Pis. Red. g, 175 (1965) [JETP Lett. 2, 111 (1965) 1.
[3] Pashley, Phil. Mag. 4, 324 (1959).

[4] A.F. Tulinov, Usp. Fiz. Nauk 87, 585 (1965) [Sov. Phys.-Usp. 8, 864



