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WEW LECHANISIS ¥OR UNRUII RADIATION OF
CHAINELED PARTICLES3

A new method for observing the Unruh radiation is consi-
dered, Since the channeled particles in the presence of the
strong fields of crvstallographic axes and planecs undergo large
transversal accelerations they must be bombarded by the "bath
of thermal radiation" which after scattering is emitted as real
photons. The results of the theoreticel and numerical calcula-
tions of the spectral distributions of the produced radistion

are given,
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C.M.IAPEIHH, K.AJJCIMPAH, A,T,MAPTAPIH

HOBH:! MEXAHM®M YHPY U3WIEHA KAHAJIIPOBAHHILX
JACTIL

PaccmoTpen HOBHI CIIOCOG HaGAONEHAS H3AyYeHAs YHDPY. ilocKoab-
{y KaHRJMpPOBaHHHE 4YAacTHUH IOX IeiiCcTBAEM CHABHHX HOJell KDpAcTal-
JUYECRUX Oceil ¥ NJ0CKOoCTel MCONTHBANT COJABIME IOIEePEeYHHE YCKO-
PeHus, TO OHM HAXOmATCA "B daHe TEILNOBOIO nanyqeﬂns".ndwopoe
DACCENBAACh UCIYCKAETCA B BUNE DEaNbHHX JOTOHOB. BHUMCIEHH CIEK.
TpajibHHe pacnpenejieHds ¥ NpABENEHH pPe3yAbTaTH 4MCIEHHHX pacye-

TOB.
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After the prediction that the bia.ck holes may emit Hewking
radiation [1] s 1t 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 1= 0/ITK | where

K is the Boltzman comstant (R=c=1). 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 euthor discusses the pos-
8ibility of observing this radiation using the nonlinear effects
in 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 possibilit.y for obtaining lerge
values of acceleration, Q> 1033cm/s2 [8]. Only two observed
facts, having other explanations, are interpretated in the workws
[9,10] 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
érystallcgraphic axes and pleanes.

Let us begin by estimating the transversal aeceloration a;
of a relativistic particle with ¥=E /m= (&-@ )' and moving
in a plane chammel of a crystal along the direction of Z axis



(the case of the axial chamneling does not change the resulta
essentially). For a parabolic potential U:\}o\an where Uo is a
congtant end % is the digtance between the particle and chan-
nel axis in units of 0‘2/2- one obtains GFL\uo“é/W\Xc‘E ( o‘g is the
interplanar distance), In the particle instantaneous rest frame
(ell physical magnitudes in this frame are primed) which in
this case (%_L« @2) coincides approximately with the so called
accompanying frame and moves with velocity ?}z?’ relative to the
leboratory frame one obtains
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vhere 7Kc-zﬂ./m is the electron Compton length., For positrons
shamneled in the (110) plene of diamond crystal with df=1.2611
and \\, =23 eV one obtains (for Y =1 Q;=1.3.1025 em/s® and
V\T’/W\ -8.8.10'8X s 1.2 when Xf::. 10B the acceleration reacher
the value Qi’;’, 103 cm/sz.
Using the well known spectral densities &n’@')/éw;of the
Planck thermal radiation and the diffqrential cross sections
J,f / dw’l' of the Compton scattering on electron in rest, where
u.“; and u—",’ are the emergies of the incident and ecattersd pho-
sons, after integration over the angles of the isotropic Planck
radiation and over w’; one can derive the spectral-angular dis-
tribution of the radiation under investigation in the particle

instantaneous rest frame, The limits of integration over w’fx



ere defined by the Compton effect energy comservation law
w\;/a_+ wy m)<\-0’ <ch1 . Teking intc account that the Plank's
photon distribution decreases sharply after the maximum atw'«.\ﬂ"

the integration over W, one can carry out up to a certein value,

—~ ! ! —
for instance, up to wy'<u9; ~40KT', Then for 0<\.U’ u=
~, ~, '
=uY i—'ri\k" the integration over W, is carried out with-
s
in the limits u—*<U~" 4wy /(5. 2“’ /V“\) (region I) and for
! .
W< wy'g W)~ within the limits W <uwy €W, (region II),

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

\LT’:
27

=Yy (4-0eesy) corbi(cas®,-B) /(4 - pe®,) + By inmtegrating the
obtained distribution over the angles o\.\li: &wgi 0\51 o)«‘ei

boratory frame by using the Lorentz transformations

one derives the final spectral distribution of the .radiation,
Let us note that .the limits of the integration over m‘ei in the
Tegion I and II differ from each other depending on the wvalue

of Wy e Without writing the.region of very low frequencies
- 57/ bri , final formul
u.z/m < u) /X U_+ ga) let us bring the ormulae for
the energetic distribution of the number of the Unruh radiation
photons per unit length of crystal:
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To obtain the real radiation yield it is necessary to ave-
rage the expressions (2) and (3) over 4 using the é ~distri-
bution\,\/(g) and fraction .ﬁk%o) of the chamneled particles [11].
Since these integrations can not be carried out a.nal_ytically we
have performed computer calculations for the (110) plane of dia-
mond crystal when the entrance into crystalfl =0 and J(0J=1. The
results of calculations (see Fig.1) show that the intensities
of radiation via Bethe-Heithef and Unruh mechanisms become com=~
patible at very large er 108.

Let us note that the spectra of the radiation under investi-
gation extend behind the values X:u:.*/\m(>i 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 K ) requires further in.vestiga-

tion in the sence of the energy conservation law, In conclusion
6



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

Q+€_‘ - pair production only at very large value of X> 1 07-1

08.



Pig. 1.

Figure Captlions

The energy distribution of the radiation per unit
length Q, of g diamond crystal. The entrance angle
of the positrons into the crystallographic plane (110)
is £, =0. x:usi/m}( . The dotted curve is the
bremsstrahlung radiation taking into account the den-
sity effect [12]. The solid curves 1 - 6 are the
Unruh rediation for Y = 10%, 107, 10%, 107 108, 1¢?

respectively.
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