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A new method Tor observing the Unruh radiation is consi-

dered. Since the channeled particles in the presence of the

strong fields of crvstallograph!с ахез and planes undergo large

transversal accelerations they must be bombarded by tlie "bath

of thermal radiation" which after scattering i3 emitted as real

photons. The results of the theoretical and numerical calcula-

tions of the spectral distributions of the produced radiation

are given.
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НОВЫЙ МЕХАНИЗМ УНЕУ ИЗЛУЧЕНИЯ КАНАЖРОВАНШХ

ЧАСТИЦ

Рассмотрен новый способ наблюдения излучения Унру. Посколь-

ку каналированные частицы под действием сильных полей кристал-

лических осей и плоскостей испытывают большие поперечные уско-

рения, то они находятся "в бане теплового излучения".которое

рассеиваясь испускается в гиде реальных фотонов. Вычислены спек-

тральные распределения и приведены результаты численных расче-

тов.
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After the prediction that the black holes may emit Hawking

radiation [i] , it has been shown [2-4] that any body moving

with acceleration Q in its instantaneous rest frame feels a

thermal electromagnetic radiation (the so called Unruh effect)

with a Planck distribution and temperature *T= аДТГК.
 (
 where

К is the Boltzman constant (n-C=l). At present many works

(see [5»6] and references therein) devoted to the understanding

of the Unruh radiation have been published. Recently it has

been appeared a work [7] in which the author discusses the pos-

sibility of observing this radiation using the nonlinear effects

Ln media with fastly varying index of refraction. There is no

lirect experimental proof of the existence of the Unruh effect

mainly due to the abscence of possibility for obtaining large

values of acceleration, C\;> 1 (r^cm/s [в]. Only two observed

facts, having other explanations, are interpretated in the work**

Гэ*ю] as manifestation of Unruh effect.

This work is devoted to the study of the possibility of di-

rect detection of the Unruh radiation of high energy channeled

particles undergoing large acceleration in the strong fields of

crystallographic axes and planes.

Let us begin by estimating the transversal acceleration tt^

of a relativiatic particle with V=t/mi(i-^«
X
)" and Boring

in a plane channel of a crystal along the direction of 2 axis



(the case of the axial channeling does not change the results

essentially). For a parabolic potential Ц^Ц
0
Ч where U

o
 is a

constant and u is the distance between the particle and chan-

nel axis in units of &
g
/3- one obtains a^AU^/m^g ( dj is the

interplanar distance)* In the particle instantaneous rest frame

(all physical magnitudes in this frame are primed) which in

this case ( Ф ^ в ) coincides approximately with the so called

accompanying frame and moves with velocity $~?> relative to the

laboratory frame one obtains

L is l
 (1)

l
m '1Г

«rhere /?
t
-=A./w is the electron Compton length. For positrons

channeled in the (110) plane of diamond crystal with oL=1.26A

and \A
o
e23 eV one obtains (for £=1) Q^=1.3.1O25 cm/s2 and

KT/m в8.8.10 )( , i.e. when У~ 10 the acceleration reachep

the value \^ 1O
3 3
 cm/s

2
.

а >1—,1]/\ >
У\ {V JJd^of the

Planck thermal radiation and the differential cross sections

tJff/dlû  of the Compton scattering on electron in rest, where

U-̂  and ur, are the energies of the incident and scattered pho-

tons, after integration over the angles of the isotropic Planck

radiation and over ^ one can derive the spectral-angular dis-

tribution of the radiation under investigation in the particle

Instantaneous rest frame. The limits of integration over UT »



are defined by the Compton effect energy conservation law

ur'/ft.+i^'A'^^u^'^u.^' • Taking into account that the Plank's

photon distribution decreases sharply after the maximum atu^KT'

the integration overur/ one can carry out up to a certain value,

for instance, up to ur^ \>S^ ~lOKV . Then for ^ ^ -°"i -

^^'/(i+S.^'/
1
^ ) the integration over u^' is carried out with-

in the limits ur^ u,̂ ' <и^'Д^-Д. u.̂  jm \ (region I) and for

\jy
f
<us'^ LcV

1
 - within the limits иЛ<ц^'<и5 (region II).

One can obtain the spectral-angular distribution in the la-

boratory frame by using the Lorentz transformations u-
r

2
 -

=Уиг
л
К-&&&»»^

 (
оЛ&р(се&-^)/(4.- bcM^j) • By integrating the

obtained distribution over the angles diL^zV^o^ o\v̂  <ДЧ^

one derives the final spectral distribution of the .radiation.

Let us note that .the limits of the integration over елЪ. in the

region I and II differ from each other depending on the value

of iC^ . Without writing the region of very low frequencies

ur,/™ < \Xr^ /X(i-+?A l-
e
*
 u s
 bring the final formulae for

the energetic distribution of the number of the Unruh radiation

photons per unit length of crystal:

for Л1 f*-u ^ A •$• "> ri



for

where

To obtain the real radiation yield it is necessary to ave-

rage the expressions (2) and (3) over 4 using the 4 -distri-

bution W U ) and fraction$J\$S of the channeled particles [и]»

Since these integrations can not be carried out analytically we

have performed computer calculations for the (110) plane of dia-

mond crystal when the entrance into crystal^ »0 and J^cj-I. The

results of calculations (see Pig.1) show that the intensities

of radiation via Bethe-Heither and Unruh mechanisms become com-

patible at very large о ̂  10 .

Let us note that the spectra of the radiation under investi-

gation extend behind the values X-U\/VV>^>1 which is the con-

sequence of the presence of high frequencies in the Planck's

spectrum* Nevertheless the existence of this region of the

spectra (though the number of such photons is small and decrea-

ses sharply with the increase of X ) requires further investiga-

tion in the senoe of the energy conservation law* In conclusion

6



let us also note that it is possible a similar mechanism for

£*€."" - pair production only at very large value of }{>10 -108.



Figure Captions

J?ig. 1. The energy distribution of the radiation per unit

length С of a diamond crystal. The entrance angle

of the positrons into the crystallographic plane (110)

is £ o =0. X~v£%/rr\){ . The dotted curve is the

bremsstrahlung radiation taking into account the den-

sity effect [12I. The solid curves 1 - 6 are the

Unruh radiation for X = 104, 10 5, 10 6, 1o! 10 8, J Q 9

respectively.
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