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q  Several	 soDware	 packages	 based	 on	 various	 model	 approaches	 have	
been	 developed	 recently	 for	 numerical	 simula?ons	 of	 the	 channelling	
process	 (G.B.	 Sushko,	 V.G.	 Bezchastnov,	 I.A.	 Solovyov,	 A.V.	 Korol,	 W.	
Greiner,	 A.V.	 Solovyov,	 J.	 Comput.	 Phys.	 252	 (2013)	 404,	 E.	 Bagli,	 V.	
Guidi,	Nucl.	Instr.	Meth.	B	309	(2013)	124,	A.	I.	 	Sytov,	V.V.	Tikhomirov,	
Nucl.	Instr.	Meth.	B	355		(2015)	383)	

q  Some	codes	are	based	on	the	concept	of	the	con?nuous	poten?al	
q  Other	group	codes	use	the	scheme	of	binary	collisions		
q  “Basic	Channelling	with	Mathema?ca©”	BCM–1.0	is	the	computer	code	

developed	 by	 the	 authors	 for	 solving	 numerous	 problems	 related	 to	
channelling	 	(O.V.	Bogdanov,	E.I.	Fiks,	K.B.	Korotchenko,	Yu.L.	Pivovarov	
T.A.	Tukhfatullin,	J.	Phys.:	Conf.	Ser.	236	(2010)	Ar?cle	number	012029)	
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Mo?va?on	



The	 first	 version	 of	 the	 computer	 code	 allowed	
calcula?ng		

§  planar	channeling	poten?al	func?on		
§  Fourier	components	of	the	poten?al	func?on	
§  classical	trajectory	of	planar	channeled	charged	par?cles	
in	crystals	

§  wave	func?on	of	the	planar	channeled	par?cles	
§  transverse	quantum	states	ini?al	popula?ons	
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Newly	developed	different	packages	of	this	code	were	successfully	applied	
to	following	problems:	
q  Flux	 dynamics	 and	 angular	 distribu?ons	 of	 rela?vis?c	 electrons	 and	 positrons	 passing	 through	

the	thin	and	half-wave	crystals,	including	mirroring	
q  Depth	oscilla?ons	of	electronuclear	reac?ons	caused	by	rela?vis?c	planar	channelled	electrons:	

quantum	versus	classical	calcula?ons	
q  Cherenkov	radia?on	from	rela?vis?c	electrons	in	a	crystal	
q  Calcula?on	 of	 Cherenkov	 radia?on	 angular	 distribu?ons	 from	 channeled	 rela?vis?c	 electrons	

(positrons)	and	heavy	ions	
q  Op?cal	radia?on	from	channeled	rela?vis?c	heavy	ions	in	vicinity	of	the	Cherenkov	angle	
q  Asymmetry	of	the	angular	distribu?on	of	radia?on	of	channeled	rela?vis?c	electrons	in	op?cally	

transparent	crystals	
q  Angular	distribu?on	features	of	Channeling	radia?on	in	the	op?cal	range	
q  PXRC	(parametric	X-Radia?on	at	channeling)	and	its	quantum	features	
q  Radia?on	energy	loss	of	channeled	rela?vis?c	electrons	in	a	crystal		
q  Channeling	radia?on	from	electrons	in	a	half-wave	crystal	
q  Positron	source	via	electron-positron	pair	produc?on	by	channeling	radia?on		
q  Orbital	angular	momentum	of	channeling	radia?on	from	rela?vis?c	electrons	
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Flux	Dynamics	and	Angular	Distribu?ons	of	Rela?vis?c	Electrons	and	Positrons		
Passing	Through	the	Thin	and	Half-Wave	Crystals,	Including	Mirroring	

§  Equa?on	of	mo?on	

§  Ini?al	condi?ons		
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Flux	Dynamics	and	Angular	Distribu?ons	of	Rela?vis?c	Electrons	and	Positrons		
Passing	Through	the	Thin	and	Half-Wave	Crystals,	Including	Mirroring	
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Flux	Dynamics	and	Angular	Distribu?ons	of	Rela?vis?c	Electrons	and	Positrons		
Passing	Through	the	Thin	and	Half-Wave	Crystals,	Including	Mirroring	
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Flux	Dynamics	and	Angular	Distribu?ons	of	Rela?vis?c	Electrons	
Passing	Through	the	Thin	and	Half-Wave	Crystals,	Including	Mirroring	

Beam intensity distribution 255 MeV electrons in (111) Si 0.91 µm crystal 

		 Energy	 Plane	 Crystal	
thickness	

Deflec?on	angle	 D e fl e c ? o n	
efficiency	

SAGA-LS	 255	MeV	e�	
255	MeV	e�	

Unbent	Si(111)	
Unbent	Si(220)	

0.91	�m	
0.74	�m	

0.45	mrad	
0.41	mrad	

29�	
22�	

MAMI	 855	MeV	e�	 Bent	Si(111)	 30.5	�m	 0.91	mrad	 20�	
SLAC	 3.35	GeV	e�	

6.3	GeV	e�	
Bent	Si(111)	
Bent	Si(111)	

60	�m	
60	�m	

0.40	mrad	
0.40	mrad	

22�	
22�	

Experiment (SAGA LS)       Simulation   

Y.Takabayashia,	Yu.L.Pivovarov,	T.A.Tukhfatullin	Observa?on	of	sub-GeV	electrons	
mirrored	by	ultrathin	crystalline	Si//	Physics	Lemers	B751(2015)	453–457	



9	

Channeling	Radia?on	From	Electrons	in	a	Half-wave	Crystal	
CR	spectra	and	typical	trajectories	

Y. Takabayashi, V.G. Bagrov, Y.P. Pivovarov, O.V. Bogdanov, T.A. Tukhfatullin Angular 
distributions of relativistic electrons under channeling in half-wavelength crystal and 
corresponding radiation// Nucl. Instr. and Meth. in Phys. Res. B 355 (2015) 188-192. 



10	

Channeling	Radia?on	From	Electrons	in	a	Half-wave	Crystal	
CR	spectra	and	typical	trajectories	

Y. Takabayashi, V.G. Bagrov, Y.P. Pivovarov, O.V. Bogdanov, T.A. Tukhfatullin Angular 
distributions of relativistic electrons under channeling in half-wavelength crystal and 
corresponding radiation// Nucl. Instr. and Meth. in Phys. Res. B 355 (2015) 188-192. 
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Ioniza?on	energy	loss	
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Cherenkov	Radia?on	from	Rela?vis?c	Ions	in	a	Crystal	

E.I. Fiks, Yu.L. Pivovarov, O.V. Bogdanov, H. Geissel, C. Scheidenberger, Influence of 
slowing down in the radiator on the Cherenkov radiation angular distributions from 
relativistic heavy ions at FAIR, SPS and LHC energies// Nuclear Instruments and Methods 
in Physics Research B 309 (2013) 146–150 

Au ions with initial energies E = 905 MeV/u in a LiF radiator, wave length range 380–740 nm 
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Cherenkov	Radia?on	from	Rela?vis?c	Ions	in	a	Crystal	

E.I. Fiks, Yu.L. Pivovarov, O.V. Bogdanov, H. Geissel, C. Scheidenberger, Influence of 
slowing down in the radiator on the Cherenkov radiation angular distributions from 
relativistic heavy ions at FAIR, SPS and LHC energies// Nuclear Instruments and Methods 
in Physics Research B 309 (2013) 146–150 



14	
 
Channeling 2016 

Cherenkov	Radia?on	from	Rela?vis?c	Ions	in	a	Crystal	



Parametric	X-radia?on	at	Channeling	and	its	Quantum	Features	

15	

K.B. Korotchenko, Yu.L. Pivovarov, Y. Takabayashi, Experimental and theoretical 
study of PXRC (Parametric X-Radiation at Channeling) from 255 MeV electrons in 
Si// Nuclear Instruments and Methods in Physics Research B 309 (2013) 25–29 

PXRC	experiment	(SAGA	LS)	 PXRC	simula?on	



PXRC	(Parametric	X-radia?on	at	Channeling)	and	its	Quantum	Features	

16	
K.B. Korotchenko, Yu.L. Pivovarov, Y. Takabayashi, Experimental and theoretical study of PXRC 
(Parametric X-Radiation at Channeling) from 255 MeV electrons in Si// Nuclear Instruments and 
Methods in Physics Research B 309 (2013) 25–29 

Theory:	
difference	of	
PXR	and	
PXRC	

Silicon	(220)	 Diamond (220) 
	



Depth	oscilla?ons	of	electronuclear	reac?ons	caused	by	rela?vis?c	planar	channelled		
electrons:	quantum	versus	classical	calcula?ons	

ρρρδσρσω !!!! dzzFz kk ))((),,(=),( −∫

The	 electronuclear	 reac?on	 yield	 is	 propor?onal	
to	 the	 func?on	(Yu.M.	Filimonov,	Yu.L.	Pivovarov	
and	 S.A.	 Vorobiev,	 Nuclear	 Physics,	 47	 3	 (1988)	
894-895):				

Flux	density	of	electrons	E=255	MeV	(quantum	calcula?on)	

Flux	dynamics	of	electrons	E=255	MeV	(classical	calcula?on)	

L.	C.	Feldman,	J.	W.	Mayer,	Fundamentals	of	
surface	and	thin	film	analysis,	North-Holland,	1986	

17	
 
Channeling 2016 



Depth	oscilla?ons	of	electronuclear	reac?ons	caused	by	rela?vis?c	planar	channelled		
electrons:	quantum	versus	classical	calcula?ons	

Electronuclear	reac?on	yield	
(quantum	calcula?on)	

Electronuclear	reac?on	yield	
(classical	calcula?on)	
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Radia?on	energy	loss	of	channeled	rela?vis?c	electrons	in	a	crystal		

Angle-of-incidence  dependence  of  the  total 
yield of channeling radiation of electrons at 
(100) planar channeling in Si  

q  Angle-of-incidence	dependence	of	the	total	yield	of	
channeling	radia?on	in	a	thin	crystal:	

§  Planar	and	axial	channeling	for	the		
(100),	(110)	(111)	planes	and	<100>,	<110>	axes	

§  Electrons	and	positrons	
§  155-855	MeV	energy	range	(extendable)	
§  Si,	C,	W	crystals	
§  Ini?al	electron/positron	beam	angular	divergence	is	

taken	into	account	

q  Angle-of-incidence	dependence	of	the	total	yield	of	
the	CR	can	be	used	for	the	thin	crystal	alignment	in	
more	 complicated	 channeling	 experiments	 and,	
even	 more,	 for	 diagnos?cs	 of	 angular	 spread	 of	
moderately	rela?vis?c	electron/positron	beams	
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S.V. Abdrashitov, O.V. Bogdanov, S.B. Dabagov, Yu.L. Pivovarov, T.A. 
Tukhfatullin, Total yield of channeling radiation from relativistic electrons in thin 
Si and W crystals // Nuclear Instruments and Methods in Physics Research B 
309 (2013) 59-62 
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Positron	source	via	e—	-	e+	pair	produc?on	by	channeling	radia?on		

The energy spectra of positrons, produced by 
the radiation from 200 MeV electrons in W: 
(а,  b)  axial  CR;  (c,  d)  BS.  Solid  lines 
correspond  to  converter  thickness  0.35  cm; 
dashed – 0.71 cm. 

q  Energy	spectra	and	the	total	yield	of	 the	positrons	
calculated	for	the	hybrid	scheme	of	positron	source	
using	 the	 channeling	 radia?on	 from	 200	 –	 1600	
MeV	electrons	and	thin	amorphous	converter	

q  Comparison	 energy	 spectra	 and	 the	 total	 yield	 of	
the	positrons	for	cases	of	channeling	radia?on	and	
the	bremsstrahlung	is	carried	out	

q  Studies	on	hybrid	positron	source	using	channeling	
radia?on	 and	 a	 thin	 W	 amorphous	 convertor	 are	
extended	to	the	case	of	more	thick	radiators	

q  Positron	 beam	 emimance	 and	 the	 influence	 of	
dechanneling	processes	in	thick	radiator	crystal	are	
in	progress	
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S.V. Abdrashitov, O.V. Bogdanov, Y.L. Pivovarov, S.B. Dabagov, T.A. 
Tukhfatullin Hybrid scheme of positron source at SPARC_LAB LNF facility// 
Nucl. Instr. and Meth. in Phys. Res. B 355 (2015) 65–68. 
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Conclusions		

q  New	version	of	computer	code	BCM–2.0	is	developed.	

q  Newly	developed	different	packages	of	this	code	were	successfully	

applied	to	simulate	scamering,	radia?ons,	electron-positron	pairs	

crea?on	and	other	effects	connected	with	channelling	of	rela?vis?c	

par?cles	in	aligned	crystal.	
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