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Abstract

Baranov V.I. et al. Highly efficient deflection of the divergent beam by bent single crystal:
IHEP Preprint 95-15. — Protvino, 1995. — p. 5, figs. 4, refs.: 3.

We have investigated the proton beam deflection in the geometry where the first crystal
formed a divergent beam and the second one shaped this beam into the parallel one. In spite of
the aberration influence a high bending efficiency was obtained.

AHHOTauUMs

Bapanos B.M. u np. BricokoadpekTUBHOE OTK/IOHEHHE PACXONAMIETOCH MyYKa M3OTHYTHM MO-
HokpuctayioM: Ilpenpunt HPBI 95-15. — IIporBuno, 1995. ~ 5 c., 4 puc., 6uGauorp.: 3.

B nacTosmeit paGoTe ME HCCIENOBAJH OTKJIOHEHME IY4YKa HPOTOHOB B CXeMe, KOrZa ONUH
MOHOKPHCTaJL1 (POPMUPOBAJ pacXonsmmuiics My4YOoK, a BTOPOH KPHCTAJI nIpeoGpa3oBEIBAJ €ro B
napajurenbuniit. HecMoTpa Ha BiuaHRe abeppanuit, 6ElyIa JOCTHIHY Ta BEICOKasf 3$$eKTHBHOCTH
OTKJIOHEHHS.
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Nowadays the bent single crystals of silicon are applied for bending low-divergent (as
compared to the channeling angle 81, ~ 0.02 + 0.002 mrad at 100 GeV - 10 TeV) Ligh-
energy particle beams [1]. The CERN experiment [2] has demonstrated that the efficiency
of bending proton beam of 450 GeV energy and the divergence less than 3 prad is up to
~ 50%.

In [3] a method to focuse a beam with a bent monocrystal in the plane of bending
was proposed. The focusing (parallel to point) was due to the difference of the crystal
bending angles, the end face of which had a special shape. Another important application
of a focusing crystal may be related to the reverse motion of particles — transformation of
the beam diverging from a point-like source into a parallel. To do this, the crystal entry
face must have a special shape. The problem of focusing a divergent beam is typical for
steering secondary particle beams, and in particular for their extraction from colliders.

To extract most of the secondary particles produced in the target located in the vacuum
chamber of the accelerator (at the crystal focal point, Fig.1), certain conditions must be
fulfilled. It is known that most of the produced secondaries exit in the angular range

1o = 0.4 GeV/c, (1)
P
where P is momentum. The acceptance of the focusing crystal is
H
+ p = 2—F'7 (2)

where H is the crystal thickness, F' is the focus distance, should be about +40.
High efficiency of particle trapping into channeling mode may be obtained, if the target

size Az in the bending plane is
Az S 20LF . (3)

Then the particles entering the crystal are aligned w.r.t. the crystal planes within
01, and the trapping efficiency n may be close to the theoretical limit ~ 70%. Under
practicable conditions of the experiment the defects of the focusing device may lower
essentially.
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Fig. 2. The scheme of experiment.



The above conditions for the efficient extraction of secondary particles can be easily
met at TeV energies. The estimates for the LIIC collider (energy of protons is 7 TeV)
show that in this way one can extract secondary particles with intensity of up to ~ 108/s.

The experimental investigation of the efficiency of capture and deflection of the beam
diverging from a point-like source was made with the extracted 70 GeV proton beam
of IHEP accelerator. The experimental scheme is in Fig.2. The crystal Si; (with usual
flat faces) bent by 60 mrad was exposed to the 70 GeV proton beam of 10'!/s intensity
and bent the beam with moderate intensity ~ 107/s toward the magnet-optics system
M@ — M, where two other crystals were placed. The beam formed with the forward
part of the magnet system was brought onto the crystal Si; with had the focusing end
face. This crystal was 2 mm thick, 15 mm high, 70 mm long and 18 mrad bent. The
crystal focused the beam at the distance of 0.5 m into a narrow vertical strip with the
crossover width ~ 80 yum FWHM and divergence 2 mrad. The beam formed in this way
was used as a source of protons. In order to focus and deflect this divergent beam; the
crystal Siz with 2.5 m focus distance was used. It was 2 x 20 x 30 mm? in size and was
bent by 6 mrad (the first and second crystals had orientation (111), the third was cut
along the planes (110)). This crystal had the acceptance of ¢ = 0.4 mrad. According
to preliminary measurements, it gave for the parallel-to-point focusing the crossover size
~ 200pum FWHM (the ideal value is Az = 20, F = 125um). The crystals were aligned to
the beam successively. Each of them had an independent goniometer.

The effect of focusing the beam from the divergent to parallel was detected by mea-
suring the intensity of the beam deflected by the third crystal while the latter was rotated
around the vertical axis crossing its entry face. The intensity obtained in this angular
scanning is shown in Fig.3. The scan FWHM approaches to 26y, (~ 401 at the base),
which attests a good quality of focusing. According to measurements with the remoted
scintillation counters S1 and S2, the crystal Siz at the best angle deflected (15 & 2)% of
the protons incident on its face, which is by a factor of ~ 2 lower than the calculation for
the ideal focusing.

The high-efficiency bending of the divergent beam is confirmed with the data of devel-
oping the beam profile on the nuclear emulsion, which was placed downstream the crystal
Si3 under its optimal alignment. This profile is shown in Fig.4. The wide beam (excess
over the background) corresponds to the divergent beam formed by the crystal Si;. The
dip on the right is the shadow of the crystal St3, due to the capture of beam fraction in
the channeling mode. From the ratio of areas one can find that ~ 30% of particles are
trapped in channeling mode. On the left of the figure the contribution of particles bent
by Si3 is seen, superimposed on the broad profile of the beam divergent from the crystal
Siz. The bent-beam fraction, according to the figure, is 14% of incident particles. This
agrees well with the scintillation counters measurements. The reduction of the number of
bent particles by a factor of 2.2, as compared to the particles trapped in the channeling
mode, is explained by dechanneling. It is also seen from the figure, that the efficiency of
particle bending is not uniform over the crystal thickness (at the edges it is higher than
in the middle). Apparently, this is due to defects of crystal Siz. For focusing the beam
with this crystal from parallel to point, there was observed a characteristic split of the
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Fig. 3. Angular scan of intensity for the beam bent with the third crystal.
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Fig. 4. Beam profile on the nuclear emulsion downstream the third crystal.



beam profile some distance downstream the crossover, similar to that of the profiles in
Fig.4.

At the energies above ~ 500 GeV and for the same crystal size, the fraction of the bent
particles will be close to 30%, as in this case the particle losses in the process of deflection
are insignificant because of the dechanneling length growth. The obtained efficiency is
high despite the defects of both Si; (the source) and Si3. In further studies we suppose
to use microstrip detectors to measure precisely the characteristics of the incident and
bent beams. We hope that detailed information will allow us to improve the quality of
focusing crystals and to bring the bending efficiency closer to the theoretical value.

This work was supported by the grant of the Russian Fund for Fundamental Investi-
gations.
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