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Mechanisms of ChargedMechanisms of Charged Particles Motion near <100> AxisParticles Motion near <100> Axis
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Stochastic Mechanism of Beam DeflectionStochastic Mechanism of Beam Deflection
by Bent Crystalby Bent Crystalby Bent Crystalby Bent Crystal

N.F. Shul’ga, V.I. Truten’, I.V. Kirillin (2008-2013)
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Angular distribution of 400 GeV protons after passing
2 mm of bent Si crystal with R=40 m2 mm of bent Si crystal with R=40 m

W S d l t l Ph R L tt

CERN experiment
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W. Scandale et al. Phys. Rev. Lett. 
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Angular distribution of 150 GeV π–-mesons after 
passing 1 172 mm of bent Si crystal with R=40 mpassing 1.172 mm of bent Si crystal with R=40 m

W S d l t l Ph i L tt B
Simulation results

CERN experiment
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Simulation for HESR antiproton beams
(N. Shul’ga, I. Kirillin, V. Truten’ – 2014)
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1

0.5

1

ra
d

0.5

1

ra
d

-0.5

0

θ
y,

 m
r

-0.5

0

θ
y,

 m
r

-1

-0.5 0 0.5 1 1.5

θx, mrad

-1

-0.5 0 0.5 1 1.5

θx, mrad

5

6

7

5

6

7

2

3

4

η
, %

2

3

4

η
, %

12
0

1

-0.5 0 0.5 1 1.5

0

1

-0.5 0 0.5 1 1.5



Beam deflection of high-g
energy protons and strongly 
charged ions by bent crystals
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CERN Experiment (1996) on 450 GeV Proton Beam by a Bent Crystal
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Simulation for CERN Experiment Experimental Situation
A.Greenenko, N. Shul’ga (1999)
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Collaboration AFTER 
(A Fixed Target ExpeRiments)( g p )

Orsay, France; CERN
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Joint with IHEP (Protvino, Russia) work on comparative 
analysis of different mechanisms of proton beam deflection byanalysis of different mechanisms of proton beam deflection by 

means of a bent crystal

Ekin=50 GeV Ekin=15 GeV Ekin=1 GeV

100100 100

60

80

60

80

60

80

40

60
η

(%
)

40

60

η
(%

)

40

60

η
(%

)

0

20

0 100 200 300 400 500 600
0

20

0 100 200 300 400 500 600
0

20

0 200 400 600 800 1000 1200

N Shul’ga I Kirillin V Truten’ V Ganenko et al

0 100 200 300 400 500 600

θy
in (µrad)

0 100 200 300 400 500 600

θy
in (µrad)

0 200 400 600 800 1000 1200

θy
in (µrad)

18

N. Shul ga, I. Kirillin, V. Truten , V. Ganenko et al. 
JETP Letters, 2014, Vol. 99, No. 4, pp. 179–181.



Proton beam deflection, Ekin =29 GeV, Si <110> 
L=4 mm, R=4 mL=2 mm, R=2 m

0 2

0.4

0.6

0.2

0.4

0.6

-0.2

0

0.2

θ
y,

 m
ra

d

0 4

-0.2

0

θ
y,

 m
ra

d

-0.6

-0.4

-0 2 0 0 2 0 4 0 6 0 8 1 1 2

-0.6

-0.4

-0.2 0 0.2 0.4 0.6 0.8 1 1.20.2 0 0.2 0.4 0.6 0.8 1 1.2

θx, mrad

25

θx, mrad

25

15

20

η
, %

15

20

η
, %

5

10

5

10

19
0

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

θx, mrad

0

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

θx, mrad



238U28+ ions, Ekin =1 GeV / nucl., L=1 mm, R=1 m, Si <110> 
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CONCLUSIONS
Antiproton beam from HESR
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Beam Deflection of fast Charged Particles due to 
Plane Channeling Effect in Bent Crystal

(19 6)E.Tsyganov (1976)
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“Volume reflection” effect
A. Taratin, S. Vorobiev 1987

x

Above barrier motion 
Akhiezer Shul’ga 1978
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Collaboration FAIR (PANDA Experiment)
(GSI, Germany – JNRS, Dubna, Russia – …)

Antiprotons, Ekin =10 GeV, L=2 mm, R=2 m, Si <110>Antiprotons, Ekin 10 GeV, L 2 mm, R 2 m, Si 110  
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Collaboration FAIR (PANDA Experiment)
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Antiprotons, Ekin =10 GeV, L=4 mm, R=4 m, Si <110>Antiprotons, Ekin 10 GeV, L 4 mm, R 4 m, Si 110  
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Simulation for CERN Experiment Experimental Situation
A.Greenenko, N. Shul’ga (1999)
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