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C nOMO~b~ ~30rHyTOrO MOHOKp~CTanna 
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Bnep8~e 3Kcnep~MeHTanbHO noKa3aHo, 4TO c noMO~b~ ~sor
HyToro MOHOKp~CTanna MOmHO ynpa8nRTb TpaeKTOp~RM~ 3apRmeH
H~X 4aCT~~. npoTOH~ C 3Hepr~eA 8 r3B, 3aX8a4eHH~e 8 npo~ecc 
nnOCKOCTHOrO KaHan~p08aH~R ~30rHyT~M MOHOKp~CTannOM KpeMH~R, 
OTKnOHRn~cb Ha yron ~o 26,0 M~nn~ap~~aH. Pa~~yc TpaeKTop~~ 
4aCT~~bl COCTa8nRn OKOnO 38 CM, 4TO COOT8eTCT8yeT Cpe~HeMy 
3Ha4eH~~ nonepe4Horo 3neKTP~4ecKoro nonR, 803~eAcT8y~~ero 
Ha 4aCT~~y, OKOnO 0,5 • 1010 8/CM. 3TO 3KB~8aneHTHO MarH~THO
MY non~ c ~H~YK~~eA OKano 72,0 T. 

Pa6oTa 8bmonHeHa 8 Jla6opaTop~~ 8~COK~x 3Hepr~A OHRI-1. 
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Steering of the Charged Particle Trajectories 
by a Bent Crystal 

The first experimental evidence has been obtained for 
steering the charged particle trajectories by a bent silicon 
crystal. In the process of planar channeling, the 8 GeV pro
ton beam has been deflected up to 26 mrad relative to the 
incident beam direction. This corresponds to the bending ra
dius of a range of 38 em. The effective transversal compo
nent of the electrical field is equal to 270 MV/cm. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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The statement has been made in paper / 1/ that a bent sing
le crystal may be used for steering the charged particle 
trajectories. The particles entering the crystal and captu
red by the channeling process can follow the shape of the 
crystallographic planes until the bending radius of the crys
tal is greater than some critical radius. The calculated 
value of the critical radius for the charged particle is gi
ven by: 

R = M. v 2/ Z. e • E 
c 

where M and v are the particle relativistic mass and veloci
ty, respectively, z.e is the charge of the particle. The 
meaning of E is the average electrical field intensity de
fined on suchca distance from the plane of the crystal lat
tice (in the case of planar channeling for positively charged 
particles) where the trajectory of the particle no longer 
remains stable due to the interaction with individual atoms. 
The value of E is equal to 0.5.1010v/cm for the case of 8 GeV 
protons inciden~ upon a silicon crystal, and the critical 
radius in this case is equal to 2 em. 

The purpose of the present studies was to check the hypo
thesis stated in Ref.l. The experiment was performed by using 
the 8 GeV external beam of the JINR High Energy Laboratory 
accelerator. The beam pulses with a pulse time of 0.3-0.4 sec 
contained, on the average, 10 5 protons and had an angular 
divergence of±o.3 mrad. The beam size in the position of 
the crystal was about 20 mm. The experimental setup is shown 
in Fig.l. The trajectories of the particles incident onto the 
target crystal were read out by 20 drift planes. The system 
of coincidence and anticoincidence counters triggered the 
spectrometer to select the particles that passed through the 
crystal volume. The precision goniometer with polar and azi
muthal degrees of freedom was used to rotate the crystal with 
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an accuracy of 0.001° . The apparatus was connected on-line 
with a computer which could store up to 500 events per beam 
pulse on the magnetic tape. 

The front part of the 2.0 em long silicon crystal was pre
pared as a totally depleted semiconductor detector. Simple 
technique was employed for the controllable bending of the 
back part of the crystal in the vertical plane. The bent 
plane of the crystal coincided with the crystallographic 
plane (111). The accuracy of measurement of the bending angle 
of the crystal was about 5 per cent. The side view of the 
bending device is shown in Fig.2. 

Figure 3 presents typical spectra of the particle energy 
losses for the crystal oriented randomly with respect to the 
primary beam direction and when the crystallographic plane 
(111) was oriented alqng the beam direction. As is seen from 
Fig.3, the channeled particles may be identified through 
their anomalous low energy losses. This gives the possibi
lity to orient the crystal and to select a fraction of the 
particles involved in the channeling process. 

Measurements were performed for crystal bending angles 
of 0, 0.5, 1.0, 2.0, 3.0, 4.5, 12.5, and 26.0 mrad. It was 
found that the channeled fraction of the beam followed the 
geometry of the bent crystallographic plane for all crystal 
bending angles. It was also observed that the number of de
channeled particles did not change significantly with increa
sing the crystal bending angle. 

The angular distribution in the vertical plane for the 
particles outgoing from the crystal bent at 4.5 mrad is pre
sented in Fig.4. The main broad peak is due to the protons 
multiply scattered by the silicon crystal. The narrow right 
peak corresponds to the deflected part of the beam. In order 
to select only the channeled particles for the analysis, we 
chose the events with energy losses in a range of (0.2-0.7)~E 
where ~E is the most probable energy loss deposited by the 
particles in a randomly oriented crystal. 

Furthermore, to ~educe the number of multiple-scattered 
events, the scattering angle in the horizontal plane was 
limited by a value of ±0.1 mrad. Figure 5 presents the an
gular distribution of the selected events. This figure con
firms that the right peak corresponds to the true channeled 
particles. Figure 6 presents the angular distribution of the 
outgoing particles in the vertical plane; the picture was ob
tained with the selection of the nonchanneled events. This 
figure also confirms that the right peak in Fig.4 is due to 
the deflection of the particles by the bent crystal. 
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Figure 7 shows the angular distribution of the outgoing 
particles for the variety of crystal bending angles. The 
events were selected on the same criteria as in Fig.5. It 
is clear that the angular peak position is consistent with 
the crystal bending angle. It should be noted that for an 
angle of 26.0 mrad the value of effective transversal field 
intensity may be estimated as much as 270 MV per ,centimeter. 

Therefore, in the presen~ investigation the first experi
mental evidence for steering the charged particle trajecto
ries by the bent single crystal has been obtained. This new 
phenomenon can find applications in high-energy physics. 

The authors would like to express their gratitude to 
Prof. N.N.Bogolubov, Prof. D.D.Kiss, Prof. A.M.Baldin, Prof. 
R.Wilson and Prof. L.Lederman for their support and interest 
during this work. 
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Fig. 1. Schematic drawing of the experimental setup: S1, S2, 
S3, S4, A

0
-scintillation counters. DC1, DC2, DC3 -drift 

chamber modules. 
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Fig. 2. Side view of the single crystal with the installed 
bending device. 
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Fig. 3. Energy loss distribution of the events obtained by 
the silicon semicondu~tor detector: a) crystal oriented ran
domly with respect to the primary beam direction; b) crys
tallographic plane ~111) oriented along the beam direction 
(planar channeling). 
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Fig. 4. Angular distribution in the vertical plane for the 
protons outgoing from the crystal bent at 4.5 mrad. 

6 

• 

• 

N 

1779 EVENTS 
250 

200 

150 

100 

Fig. 5. The same as in fig. 4 except for the fact 
channelled particles were selected. 
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Fig. 6. The same as in fig. 4 except for the fact that the 
nonchannelled particles were selected. 
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Fig. 7. Angular distribution in the vertical plane for pro-
tons at va~ious crystal bending angles. The channelled partie-~ • 
les were selected. a - 0 mrad, b - 1.0 mrad, c - 3.0 mrad, 
d- 12.5 mrad, e - 26.0 mrad. 
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