Observation of intensive y-radiation of 900-MeV electrons
in the case of channeling in a diamond
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Gamma-radiation spectra were recorded when 900-MeV electrons passed
through single-crystal diamond and graphite targets of the same radiation
thickness. We show that in the case of electron channeling the yield of 16-MeV y-
rays is ~ 50-fold higher for disoriented diamond or graphite.

PACS numbers: 61.80.Mk

Recent theoretical works'™ discuss the characteristics of specific electro-magnetic
radiation in the case of channeling of ultrarelativistic charge particles in crystals. The
mechanism of this radiation was discussed earlier for low-energy electrons.®” In com-
parison with the known synchrotron and undulatory radiation the photon spectrum in
the case of channeling is shifted into the hard region and the spectral density is as-
sumed to be two-three orders higher than for bremsstrahlung. Electromagnetic radi-
ation with similar properties is of considerable interest, in particular for applications,
and, therefore, experiments to discover and study it are essential. Indications that -
radiation is possible in the course of electron channeling is, clearly, given by the
anomalous increase in the flux of bremsstrahlung photon energy in crystals,® and also
by preliminary results on the increase in the spectral density of the low-energy y-ray
yield.>'°

In this work we present the first experimental results of investigation of the spec-
tral composition and orientation functions of y-radiation yield for 900-MeV electrons
which pass through a diamond single crystal in the axial channeling mode.

Measurements were carried out on the internal electron beam of the Tomsk
synchrotron. The experimental setup is similar to an earlier scheme.’ In the course of
passing through a diamond single crystal 0.35-mm thick (0.0028 rad. unit length)
placed in a goniometric device, electrons emit photons in a cone with an aperture
A0~y ~ ! (yis the Lorentz factor). At the energy E =900 MeV, y ~ ! =0.55x 103
rad and, therefore, 8, = 0.6 X 10~ rad for the photon beam collimator. The spectral
composition of radiation N, (@) was investigated by means of a double arm magnetic
y-spectrometer with energy resolution & = 6-7% in the energy interval o = 8.5-40
MeV, and for y-rays @ = 200 MeV, £ = 3%. The total energy of the photon beam was
measured by gaussmeter with 3% error. The accelerator current was measured by an
induction pickup (number of electrons N, on a stable orbit directly before discharge
onto a target for each accelerating cycle) with a relative current measurement error of
3%. The angular divergence of the internal electron beam according to data from a
back-scattered laser beam,! did not exceed (1-3)x 10 ~* rad which was less than the
critical angle for axial channeling ¢, = 310 ~* rad.

Figure 1 shows the total yield @ /N, and the yield of y-rays with energy o = 20
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MeV as functions of angle ¥, between the (110) plane of the diamond and electron
momentum p, . Figure la corresponds to disorientation in the (001) plane ¢ = 0 (¢-
is an angle between the planes (001) and (p, ,<1TO>). A maximum is observed when
electrons travel along the (110> axis for both the total energy Q /N, and y-ray yield
N,/N, o =20 MeV, which contradicts predictions of the theory of coherent brems-
strahlung.’> The total width of the maximum is the same for both functions
A = 1.1x 10~ * rad which is in agreement with a value 2¢, of the critical angle when
the angular divergence of electron beam is taken into account. The yield maximum
width Q/N, is apparently independent of y-beam collimation in the interval &,
= (0.4-2.5) X 10 ~? rad. Figure 1b shows results obtained for the yield from the (001)
plane (¢, = 1.4 10~ * rad > ¥, ); anomalies were observed in neither the total yield
nor y-ray yield with @ = 20 MeV.

To study the spectral characteristics of radiation we measured y-spectra normal-
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ized to the number of electrons: 1) N, (w),—oriented diamond (¥ = ¥, = O—channel-
ing along the {110} axis); 2) N, (w),~disoriented diamond (¢ = 3°, ¥ = 0.5°); 3)
N, (@)geapn—graphite target with a thickness equal to that of a diamond (in radiation
lengths). Figure 2 shows yield ratios of y-rays from oriented diamond to disoriented
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diamond 7, = N, (w),/N,(®), and to graphite 17, = N, (®)o/N,(®)grapn- When find-
ing the ratio  we eliminated errors associated with the determination of effectiveness
of the y-spectrometer in the low-energy region. In the case of y-rays with energy
w~16 MeV we observed a maximum yield excess of 77, .., ~43 and 7, .., ~60, and
in the case of y-rays with energy > 120 MeV the yields are practically identical for all
three cases. For energies w < 16 MeV a statistically significant decrease is observed for
the y-ray yield ratio.

The observed anomalous yield of low-energy y-rays may be explained in terms of
emission of electrons in the course of channeling when they move connectedly with
individual atomic chains in a crystal along spiral trajectories. In the field of the atomic
chain U(r) = — 2'2Zée’a;;/rd,” where a, is the screening radius, d is the interatomic
distance, the trajectory oscillation frequency of a given particle is £2, = (2/€,)**d
(2*Ze*arym'?) "', where m is electron relativistic mass and €, = U (r;) + Eyis the
total transverse energy with the 7, -coordinate point of particle injection into an atomic
chain field. This results in a frequency of the first harmonic of radiation in the direc-
tion & of the angle of observation

w, = Qo(l - v/ccos )~ = 1.85:°1013| fJ_|y2(l - v/ccos ) ~! [sec ~'],

where € may take on values for stable trajectories (10-50) eV which corresponds to an
energy region of y-rays o = 15-165 MeV for 6 =0, that is in agreement with the
experimental data. To calculate the spectral properties of radiation, for example within
the framework of the method in Ref. 13, one must take into account the angles and
point coordinates of electron beam injection into the field of an atomic chain. In the
general case, the process of y-ray emission from single crystals will determine not only
the electrons of the current associated with the atomic chain but also particles with
motion exceeding the barrier energy with €, > U (r,) (7,is one half the distance be-
tween atomic trains) from the region of “intermediate channeling” which is responsi-
ble for the coherent effects.’

In conclusion the authors thank V.L. Ginzburg, A.F. Tulinov, V.S. Letokhov,
M.A. Kumakhov, N.P. Kalashnikov and V.N. Baier for attention to this work and
useful discussions.
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