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1. Mo@va@on


Is	an	intense	photon	source	with	micro-undulators	
and	electrons	feasible?	

W.	Greiner,	A.V.	Solov’yov,	and	A.V.	Korol	et	al.	



Results: Planar Channeling of Electrons in Diamond


		

180	MeV	e-		(MAMI)	

40	µm	Diamond	(110)	

M. Gouanere, et 
al.,  
Phys. Rev.  
B 38 (1988) 4352 



Mo@va@on: Micro-Undulator
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How long remains an electrons in a channel? 
(Classical picture)


De-channeling 

Re-channeling 

De-channeling	rate	�de	

Re-channeling	rate	�re	

for	straight	and	bent		
crystals	
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2. MAMI Experiments on Diamond
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Basic Setup for the De-channeling Measurement 
with Electrons at MAMI 




Flat crystal 

Planar Channeling Characteris@cs 
Angular � - Scans at 855 MeV


High energy loss of electron 
after emission of a Bremsstrahlung 
photon with !� � 855 MeV/2 



Analysis of De-channeling Length Measurements 
for Diamond (110)
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A	and	C	are	fit	parameters		
leading	to	the	asympto9c	de-channeling	length	

E	=	855	MeV	E	=	450	MeV	

[ ]( ) ( )de rex xλ λ− required	for	analysis		Crucial	point:	



    3. Analysis of MAMI Experiments on 
Diamond with Solu@ons of a  

Fokker-Planck Equa@on




The Fokker-Planck equa@on


continuity equation with density F and current J 
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De- and Re-channeling Rates �de and �re 
De- and Re-channeling Lengths Lde and Lre
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Essen@al Ingredients of the Fokker-Planck Equa@on
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Standard	probability	for	a	quasi-periodic	transverse	mo9on	

X0	=	0.1213	m	is	radia9on	length,	u1	=	0.04226	Å thermal	vibra9on	amplitude,		
Es	=	15.0	MeV	standard	scalering	parameter,	pv	=	855	MeV,	U0	=	22.34	eV	poten9al	depth	



0 0
22Baier

de
s

U pv XL
E

=

( ) ( )2 22 2 2
, 2

2 2 15.0 MeVs Baier eE m m c
e
π π

α
= ⇒ =

2 2
2

0

0

2Baier
s de

plane crit
E L U
pv X pv

θ ψ⎛ ⎞
= = =⎜ ⎟
⎝ ⎠

see	also:	B.	Rossi	and	K.	Greisen,	Cosmic-ray	theory,	Rev.	Mod.	Phys.	13	(1941)	240		
§	22.	Mul6ple	Sca:ering.	Calcula6on	of	the	Mean	Square	Angle	of	Sca:ering	

Evalua@on of the ScaXering Parameter Es




Variance of ScaXering Angle  
according to Baier et al. for Diamond at 855 MeV
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Modified Variance of ScaXering Angle  
at Small Thicknesses for Diamond at 855 MeV
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Par9cle	Data	Group		

violel:		
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NIM	B58	(1991)	6	
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Conclusion:	Es	=	10.6	MeV	has	to	be	used	always	instead	of	Es	=	15.0	MeV		



Various De-channeling Lengths for Diamond (110)


with	Es	=	10.6	MeV	instead	of	15.0	MeV		0
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Simula9on	calcula9on	with	MBN	
explorer	sogware	package		
A.V.	Korol	et	al.,		
Eur.	Phys.	J.	D	71	(2017)	174	
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Modelling the Fokker-Planck Equa@on


np	is	distribu9on	of	the	posi9ve	charge		

ne	is	distribu9on	of	the	posi9ve	charge	
(neglected)		

Poten9al	calculated	in	Molière	approxima9on	
0 / 2E U⊥ =



Modified Channel Occupa@on Probability dP/dy
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De-channeling Lengths for Diamond (110) 
with Results of the Modified Dri[ Coefficient
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De-channeling Lengths for Diamond (110) 
with Results of the Modified Fokker-Planck Equa@on 


[ ]( ) ( )de rex xλ λ−Difference																															is	taken	from	solu9on	of	the	Fokker-Planck	equa9on	with	
Es	=	10.6	MeV	and	modified	dP/dy.	

Eur.	Phys.	J.	D	71	(2017)	174	

modified	
MAMI	experiment	



4.	Results	from	a	Modified	Fokker-
Planck	Equa9on	for	(111)	Channeling	of	
Electrons	in	a	Bent	Silicon	Single	Crystal	

(SLAC	Experiment)	
	

T.	N.	Wis9sen,	U.	I.	Uggerhøj,	U.	Wienands,		
T.W.	Markiewicz,	R.	J.	Noble,	B.	C.	Benson,	T.	Smith,		

E.	Bagli,	L.	Bandiera,	G.	Germogli,	V.	Guidi,		
A.	Mazzolari,	R.	Holtzapple,	and	S.	Tucker		

Phys.	Rev.	ST-AB	19,	071001	(2016)	
	



Target Setup and Intensity Distribu@on on a 
Luminescence Screen for Channeling of Electrons 

in a Bent Silicon Single Crystal at FACET (SLAC)
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De-channeling Length Measurements at  
(111) Bent Silicon Single Crystal (SLAC)


T.	N.	Wis9sen,	U.	I.	Uggerhøj,	U.	Wienands,et	al.,	Phys.	Rev.	ST-AB	19,	071001	
(2016)	
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Modifica@on of Fokker-Planck Equa@on 
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Solu@on of Modified Fokker-Planck Equa@on for 
(111) Bent Silicon Single Crystal with R = 0.15 m


�	SLAC	
Experiment	

Blue:	MBN	Explorer	calcula9ons		
of	G.B.	Sushko,	A.V.	Korol,	A.V.	
Solov‘yov	NIM	B	355	(2015)	39	



5. Conclusion

1.	De-channeling	lengths	were	measured	for	straight	crystals	and	
compared	with	results	from	the	Fokker-Planck	equa9on.	A	
modified	scalering	parameter	Es	=	10.6	MeV	must	be	used.	
2.	The	results	are	also	sensi9ve	on	the	probability	dP/dy	(y)	across	
the	channel	coordinate	y.		
3.	Our	analysis	of	the	de-channeling	length	is	model	dependent!	
Difference	[�de(x)	-	�re(x)]	is	taken	from	solu9ons	of	the	Fokker-
Planck	equa9on!	
4.	Results	from	simula9on	calcula9ons	of	[�de(x)	-	�re(x)]	as	well	
as	dP/dy	(y)	would	help	to	improve	our	analysis.	
5.	The	de-channeling	length	measurements	at	(111)	bent	silicon	
single	crystal	(SLAC)	were	calculated	with	a	modified	Fokker-
Planck	equa9on	with	addi9onal	drig	term	due	to	centrifugal	
force.	
6.	For	further	details	see	recent	references	quoted	in	the	abstract.	
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