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T he possibility o f experim ental detection of the  diffracted channeling radia
tion with the energy 15-40 McV for the conditions of the MSU m icrotron is 
discussed. We propose a  new way of orientation of the crystal according to 
the radiation yield under channeling on the electronic accelerators of the  av
erage energies w ith the  short tim e of the acceleration cycle and dropping of 
the electrons to th e  target (m icrotron, linear accelerator) by the integral char
acteristics of the soft radiation yield from the th in  m etal targets. It provides 
the ten times reduction of tim e spending on the  orientation. The main part 
of necessary experim ental equipment is prepared and test measurements are 
taken.
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1. Introduction

D iffracted channeling  rad ia tion  (DC R) o r, as i t ’s som etim es called, 
d iffracted rad ia tio n  of re la tiv is t oscillator is one of th e  in teresting  physical 
phenom ena, occurring  when fast charged partic les pass th rough  clustered  
environm ents. T hey  were forecast in the  70-80s in th e  works of B aryshevsky 
V.G. w ith  coau thors. Some of them  were registered  experim entally , e.g. 
p aram etric  X ray  (PX R ) of fast particles in  crysta ls  and P X R  a t sm all 
angles to  th e  d irec tion  of th e  particle  speed in c ry s ta ls .1,2

D C R , which is a  resu lt of coherent com bining of two processes - pho
ton rad ia tion  and its d iffraction in a  crysta l (see3 and  references there in ), 
till recent years rem ained  o u t of experim en ters’ a tten tio n  because of som e 
vagueness in the  value of th e  effect and  ev ident com plexity  of its separation
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from the com petitive processes: PX R and diffracted brem sstrahlung (DU) 
TJie additional problem in conducting the researches on the  revealing of 
th is effect is the comparatively narrow range of particles energy where the 
clear display of the effect is possible (7-40 MeV) and very narrow range ol 
photons energies where it can reveal. This makes rigid requirem ents to the 
choice of the observation angle and collimation of rad ia tion .4

Recently, after the cycle of works,4-7 situation with the value of effect 
has become more clear. According to the results of the quoted works in th< 
narrow  angle range the DCR yield can be some orders larger than  PXR 
yield. If this value is true it is possible to  create a new intensive tunable 
X-ray source, because from the practical point of view the radiation sour« ' 
based on the PX R  m echansm  is not profitable.8 The au thors’ idea3 about 
the  possibility of interference of radiation mechanisms when channeling and 
P X R  also seems to be ratLer interesting. In this case, fulfilling the condi
tions of diffraction for photons, em itted during the electron passing from 
one s ta te  to another, we can expect the change of the correlation of peaks 
in the spectrum  of the channeling radiation. As the interference of coherent 
brem sstrahlung and channeling radiation was observed experim entally910 
the  registration of the effect of the interference of radiation mechanisms 
during channeling and PXR is an interesting physical task. Reasoning from 
the  premises the experimental researches aimed a t verification of theoreti
cal forecasts about the value and characteristics of DCR are undoubtedly 
im portan t and actual.

2. E x p e r im e n ta l  s e tu p  an d  m e th o d ic

From the methodical point of view the m ost a ttractive  is a range of photons 
energies 20-35 keV. I t can be realized on the accelerators with energy 20-30 
MeV. Because of the low absorption of photons of these energies in the 
air the experim ent can be conducted w ithout degassing of photon trace, 
and the detector can be carried on the large distance from the accelera
to r to  decrease the background. The experim ent should be carried out on 
th e  split microtron (Research Institu te  of Nuclear Physics, Moscow S tate 
U niversity)11 with the current ~  3 mA ( ~  1012 particles for the cycle of 
acceleration), the frequency 10 Hz and the duration of the radiation cycle 
r  ~  8 — 10/tc. The derived electron beam, the dem anded energy range (15- 
65 MeV) and the possibility to change the particles energy perm it to  hope 
for the successful separation of this type of radiation from PX R  and DB 
background.

T he scheme of the experiment is given in Figure 1. Electrons from 5



c»r li orbit of the m icrotron (£«.=25.2 MeV or 30 MeV) are taken out to 
the je t chamber, where there is a triaxial goniometer (G) with the crystal 
net on it and there are some windows for letting the radiation out. The 
working range of the rotation angles of the crystal around the horizontal 
and vertical axes ©„ and 0 /, -  ± 5° with the rotation step 0.01°. The range 
of the rotation angles around the axis of electron beam  -  ±5° with the 
step 0.04°.

Fig. 1. Experimental setup

T he extracted electron beam is measured by the drag-type sensor during 
the large current or by the m onitor of the second emission in the regime 
of the spectral measurements. Interacted electrons are turned aside to the 
beam stopper with the breakage magnet. There also the faraday cylinder 
(F) for the calibration of the sensor of second emission can be installed. The 
main problem to  solve is th a t till recent tim e the accelerator has been used 
to conduct the researches of the sections of nuclear reactions where there is 
no need in exact measuring of the current in every cycle of acceleration and 
there are no sensors for measuring small currents. This p a rt of the plant is 
now being worked out and partly  tuned.

From the conditions of the simplicity of the experim ent the channeling 
plane should coincide w ith the horizontal plane and the plane where the  ra
diation diffractions occur under the channeling is unfolded a t the dem anded 
angle 0  =  0 o /2 .  To register the required radiation it is proposed to  use 
the X-ray Nal detectors (as it can be seen from the practice for the photons 
energies more than 20 keV their resolution is enough to  pick out PXR from 
the steady background) or silicon pin-detectors.

For certain marking of the required effect the measurem ents of angle 
distribution of the X-ray yield should be conducted. The angle d istribution 
of DCR should be narrower than PXR distribution. The control test will



be the same measuring of other electrons energies. All conditions for PXR 
and DBS will be saved almost entirely bu t the there won’t be coincidence 
of radiation energy and diffracted photons necessary for the realization of 
the required effect during channeling.

To observe the effect it is necessary to orient the crystal plane along 
the electron beam, i.e. to go out to  the channeling regime. Here the main 
problem is th a t the methods of crystal orientation by radiation yield during 
channeling (with the help of the collision cham ber12 or Nal (Tl) detector 
in Compton geom etry13)), which are usually used on the accelerators of 
higher energies, are not suitable for the electrons with the energy of sev
eral tens MeV because typical radiation energy during channeling is not 
more than 50-100 keV. Besides the correlation of the intensities of coherent 
and deceleration components of radiation decreases with the diminution of 
particles energy.

Using of spectrometric regime of detector working for the crystal orien
tation is not suitable first of all because of the economical reasons. Requiring 
the absence of impositions (the number of detector’s abrasions is not more 
than 0.3 - 0.4 for the acceleration cycle) for the registration of the spec
trum  with sufficient statistics (~  103 events) a t least 5 minutes are required.
I.e. to measure one orientational dependence ~  200 points about 10 hours 
are needed and the process of orientation demands usually more than one 
measurement. It should be noted th a t the necessary for the regulation of 
the registered spectrums measurement of such small currents (~  102 -  103 
particles during acceleration cycle) is a difficult technical task.

T hat is why for the orientation of the crystal we propose to  use the X- 
ray Nal detector with the thickness 1 mm, located a t the angle 90° which 
registers the increase of the  characteristic X-ray yield (CXR) out of the thin 
metal target (Me), installed on 7-beam fulfilling the channeling conditions. 
Such method of orientation in the counting regime was already used in 
the conditions of accelerating hall of Tomsk’s synchrotron for the electrons 
energies 500 MeV and it showed good sensitivity.14 By the exchange of 
this scatterer we can obtain the optimal correlation signal/ background for 
the chosen plane, on which the channeling takes place (see the next part). 
Measurements should be conducted in the current regime of the detector’s 
switching on. The charge, cumulative during the one cycle of acceleration, is 
digitized by ADC. The detector of bigger volume with the same connection 
will be used to measure the intensity of the background bremsstrahlung, 
proportionate to the number of the accelerated electrons. This permits to 
work in the usual regime for the accelerator and almost in order decrease



the time of the crystal orientation. Test measurements of the scattered 
radiation yield confirmed the possibility of the separation of the useful 
effect from the hall background. The correlation of the detector’s response 
with the target on the drag beam wasn’t worse than 2-3 even without it. 
The spectral measurements with the lead target confirmed the predominant 
input of CXR photons in the yield of the registered radiation.

3. S im u la tio n

To check the application of the proposed method of crystal orientation for 
the lesser electrons energies than in the experim ent14 we held the simula
tion of the dependencies of the integral response of the detector, i.e. the 
energy absorbed in the detector, on the spectrum of the analyzed radia
tion, material and the thickness of the target. The photon beam falls on 
the target set a t the angle 45°. The scattered radiation is registered by the 
Nal (Tl) detector with the thickness 1 mm, set a t the angle 90° on the 
1 m eter distance from the target. The collimation angle of the scattered 
radiation is 2°. The calculations showed tha t the main input in the yield of 
the registered radiation is given by the  photo effect of the photons of the 
first beam in the target. The input of the  scattered Compton photons for 
all targets wasn’t more than a fraction of a percent. This is caused both 
by the small value of the section and low effectiveness of the counter for 
photons energies u  > 100 keV.

In the process of simulation we considered the absorption of the first 
and scattered radiation in the material of the target and in the air on the 
way from the target to the detector and the effectiveness of the detector. 
The bremsstrahlung of the second particles wasn’t considered because of 
the  small thickness of the target. To compare we used the results of the ex
perim ent15 on the research of the radiation with plane (110) channeling of 
the electrons energy of 30 MeV in the silicon crystal with the thickness 15 
/iin. Figure 2 represents the initial sectors of the radiation spectrums, used 
in simulation. The model radiation spectrum  during channeling (Curve 1) 
renders the experimental spectrum 15 with the error not more than 30%, it 
more likely understates the channeling radiation yield than gives it too high. 
The drag spectrum  (Curve 2) is calculated from the spectral-angle Shiff’s 
distribution16 taking into account the param eters of the given experiment: 
the initial divergence of the photons beam, multiply scattering of the par
ticles in the crystal and photons absorption. The full number of photons in 
the spectrum of channeling radiation is about 25-30of the bremsstrahlung 
from the off-oriented crystal.



Fig. 2. The emission spectra of electron with energy of 30 MeV in a  silicon crystal of 
15 fim  thickness at the conditions specified in:15 1 - the (110) channeling raciation; 2 - 
bremsstrahlung.

The calculation is fulfilled for the targets of lead, tin, silver, molybde
num, niobium and copper, i.e. for such wide- spread materials of which thin 
foils can be made. In Figure 3 the dependence of the detector’s response on 
the target thickness for several materials and different radiation spectra is 
given. As it can be seen from the figure the substances with large Z provide 
larger response because of the larger CXR photons energy. At the same 
time the difference of the response value for the spectrum s of channeling 
radiation and bremsstrahlung, which is the most im portant from the point 
of view of application of the developed method of the crystal orientation, 
is maximum for the substances with average Z (tin, silver, see Fig. 4). It 
should be noted tha t the registered radiation yield practically comes out to 
saturation for the target thicknesses 40-70 nm, th a t is caused by she large 
section of the photo absorption in the area of the energies. T hat is why 
the optim al thickness of the target shouldn’t  exceed 50-100 /x. The further 
increase of the target thickness will lead to  the increase of the input of the 
bremsstrahlung of second particles.

Figure 4 shows the dependence of correlation of registered radia
tion spectrum  yield for the spectra of the channeling radiation and 
brem sstrahlung for ;he targets of lead, tin, silver, niobium and copper. It is 
seen from the figure th a t the best targets to realize the proposed method of 
the crystals orientation by the integral yield of the scattered radiation are 
silver and tin. Copper and lead lose because of the lesser value of the excess 
and small value of response (copper). It should be noted th a t for the targets



Fig. 3. The dependence of the detector response from the emission spectra hitting on 
the target, its material and thickness.

with optim al thickness the correlation of the registered yields of scattered 
radiation for the oriented and off-oriented crystals (~2.4-1.5)is rather bet
ter than the correlation of the photons number in these spectrums ~1.3. 
So the proposed method of orientation really works in the accelerator with 
the short tim e of acceleration and gives the opportunity  to reduce the time 
of crystal orientation.

Fig. A. The dependence of the detector response correlation for emission with different 
spectra from the target material and thickness.



Rather high sensitivity of the proposed method and the threshold char
acter of the dependence of the photo absorption section on the photons 
energy perm its to test the interference of the PXR mechanisms and chan
neling radiation in the case of fulfilling the diffraction conditions tor the 
photons of one or another peaks in the radiation spectrum during channel
ing (see the introduction and3) without laborious spectral measurements. 
We take the silicon crystal with the orientation <111 > , and the plane (110) 
coincides with the horizontal, and (112) with vertical and electrons energy 
30 MeV. In compliance with the results of the experim ent15 (see Fig. 2) in 
the radiation spectrum with plane (110) channeling of the electrons witli 
the energy 30 MeV in the silicon we can observe 4 clear peaks with energies 
45 keV, 29.2 keV, 19.7 keV and 13.6 keV.

For the orientation <  111 >  and the chosen geometry the strongest reflec
tion should be observed on the plane (112) (reflection (224)) and 2 planes 
of the type (110) (reflection (220)), unfolded relative to vertical plane at 
the angles ±30°, see e.g.2 If the required effect exists then in the radia
tion spectrums during the plane channeling the peculiarities for the angles 
of off-orientation of the crystal axis 0= 82 .9  mrad and 124.6 m rad (u>=45 
keV), 0= 127.9  mrad and 192.2 mrad (w=29.2 keV), 0= 192  mrad 287.8 
m rad (w=19.7 keV), 0 = 2 7 7  mrad and 424.6 m rad (w=13.6 keV) should 
be observed. The first value of the angle of off-orientation corresponds to 
the Bragg’s condition for the photons of these energies on the planes (110), 
and the second - on the plane (112). In other words while measuring the 
oriented dependence of the scattered radiation yield for these angles of the 
axis off-orientation the yield of the registered radiation should change.

The threshold of the absorption on K shell for tin - 29.2 keV, for silver - 
25.51 keV, for niobium - 18.99 keV, for copper 8.98 keV, th a t is why during 
the measuring of the oriented dependencies using the th in  foils of these 
m aterials the spectrum  change caused by the fulfilling of the diffraction 
condition will reveal not equally. E.g. thin target of niobium should be 
more sensitive to the change of peak intensity with u>= 19.7 keV for the 
angles of orientation 0-190-300 mrad, while for the tin  targets the change 
of this peak intensity won’t influence on the registered radiation yield.

W ith the increase of the crystal thickness the correlation of the inten
sities of channeling and drag component decreases. Nevertheless for the 
crystal thickness 0.2 mm the correlation of the registered radiation yield 
for the spectrum of channeling radiation and bremsstrahlung remains 1.1
1.2, tha t let us hope for successful registration of the required effect for the 
larger thicknesses of the crystal.



The necessary minimum of the required equipment and conducted evalu
ations allow hoping for the successful fulfilling of the proposed researches. 
At the first stage we will finally test the proposed method of the crystal 
orientation by the scattered radiation yield and search the influence of the 
diffraction conditions on the radiation yield during channeling. The work 
is fulfilled with partial support of RFBR (grants 05-02-17648 and 09-02- 
01445) and the programme of inner grants of BelSU.
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T he C U P experim ent is a  first im portan t s tep  of a m ore am bitious p ro jec t th a t  
investigates the possibility to  create  new powerful sources of high-frequency 
m onochrom atic electrom agnetic radiation: crystal undu la to r and 7-laser based 
on channeling of positrons in crystals. M oreover, w ithin th e  C U P project we 
are going to  design a new experim ental facility based on positron  source. In 
this work the m ain goal of th e  C U P experim ent and th e  first m easurem ents a t 
th e  DA4>NE B T F  facility will be presented.
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1. The C U P experim ent

T h e  final ob jective  of th e  C U P  experim ent (C rysta l U n d u la to r for 
Positrons) is th e  investigation  of rad ia tion  em itted  by positrons channeled 
in a  c ry sta l und u la to r.

For ou r studies, we are  p lanning to  use th e  positron  beam  of th e  DA<£NE 
Beam  T est F ac ility ,1 whose tran sfer line is reported  in Fig. 1.

It provides e lectrons and positrons w ith energy rang ing  from 20 to  800 
MeV (750 MeV for positrons). W orking around the  nom inal DA4>NE energy 
of ab o u t 500 MeV, we expect to  identify in a  silicon single plane crystal 
th e  rad ia tio n  a t (110) channeling of positrons having a peak  a t  a  photon  
energy of 1 MeV. T h e  DA<!>NE B T F  is the  unique E u ropean  Facility  th a t
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