
DECHANNELING	MECHANISMS	

�	Planar	dechanneling	by	the	poten=als	of	nearby	axes	
	

�	The	correla=on	between	atom	displacements	can	
influence		axial	dechanneling	

	
�	Quantum	versus	classical	aspects	

	of	axial	dechanneling	
	
	



Planar	dechanneling	by	the	
poten=als	of	nearby	axes		

-	Experimental	results	by	Yu.	V.	Bulgakov	and	V.	I.	Shulga			
	
-	Simula=on	results	(work	with	Nabil	BoutasseOa,	
unpublished)	and	interpreta=on		
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English	:	Influence	of	secondary	axes	on	the	stability		
of	planar	channeling	in	a	crystal		

Year	1992-1993		



y	

x	

Δy	 d(axis)		

	Δy/d(axis)	=	Δ(phase)	=	number	of	crossed	cell		
		in	the	half-period	of	channeling	mo=on	

T	

Projec=on	on	a	plane					to	the	string	axes	



×	10-4	1.9	

ini=al	vy		≈		sin	α	≈	α									
	
	

2.2	1.6	

Number	of	half-oscilla=ons	before	dechanneling	
(	limited	to	400	)	

unstable	
region	



<	Δphase	>	
	

	α										

=	average	
number	
of	crossed	
cells	per	1/2	
period	of	
channeling	
mo=on		

2	

0	

-2	

		c+
++
++
+	

5	

4	

Note	:	
In	stable	mo,on,		
<	Δ(phase)	>		is	locked	at	integer	values		

unstable	
region	



Dechanneling	
	è	chao=c	mo=ons	
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	Condi=on	of	stable	mo=on	
perfectly	stable	mo=on		

Unstable	mo=on		



	Why	is	Δ(phase)	locked	at	integers?	

slightly	
larger	α	

a	too	fast	vy	is	followed	by	a	too	slow	vy		
=>		Δ(phase)	oscillates	about		<	Δ(phase)	>	

perfect	stable	mo=on		



Axial	dechanneling	

•  Atom	displacements	
•  Residual	poten=al	
•  Correla=ons	
•  Classical	or	quantum	treatment	?	



Atom	displacements	

Posi=on	of	the	nth	atom	of	the	string	:		<Rn>	=	(0,0,nd)	+	un(t)			
												un(t)	=		displacement	(quantum	+	thermal)		
=>		convolu=on	by	exp	(–	r2	/	<u2>	)	for	the	string	poten=al		
⇒ 		increases	dechanneling.	
In	a	brutal	and	naive	computer	simula=on,	the	par=cle	trajectory	is	
built	with	binary	collisions,	with	un	distribu=on	~	exp	(–	u2	/	<u2>	).	
	=>	This	ignores	correla,ons	between	the	displacements		
					of	neighbouring	atoms					[X.	A.		Nucl.	Instr.	Meth	(2017)]	
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SPRING	picture	of	correlated	displacements		
		

correlated	vibra=ons	

STRING	axis	



Correlated	atom	displacements	(simulated)	
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These	correla=ons	can	increase	dechanneling		
and,	by	coherence	effects,		channeling	radiaEon	



Quantum	versus	classical	de-channeling	

•  Comparison	classical	and	quantum	cross	sec=ons		
in	scaOering	on	an	isolated	atom	
	

•  Residual	atomic	poten=als	or	«	remnant	atom	»	

										[	X.	A.		JINST	15	C		04010	(2020)	]	
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Efficiency	for	dechanneling	
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Classical	de-channeling	is	faster	than	quantum	de-channeling.				
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Zero	mean	value	:	∫	d3r	δVA	=	0	

Residual	poten=al	δVA			(with	respect	to	the	Lindhard	poten=al)	

δVA=	VA	-	VLindhard	

VLindhard	

RT	
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1)	Atom	on	the	string	axis	

ê	
dσ	/dq2	vanishes	at	zero	
momentum	transfer	q			
(instead	of	finite	limit		
for	an	isolated	atom,		
or	1/q4	divergence		
for	unscreened	charge)	

(«	remnant	atom	»	in	russian	liOerature)			
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δVA	is	asymmetrical	

2)	Atom	off	the	string	axis	
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(but	dσ/dq2	is	symmetrical)	



The	scaOering	on	a	remnant	atom	should	be	treated	
quantum	mechanically.		
But	how	?			
	
	�	The	(Born)	quantum	cross	sec=on		
d2σ/d2q		~	|	∫		δVA	(r)	e-iq.r	|2			
applies	to	ini=al	and	final	plane	waves,		
but	the	par=cle	wave	func=on	is	not	a	plane	wave.	
		
	�	if	we	assume	the	wave	packet	has	a	transverse	size	Δr,				
then	the	use	of	quantum	cross	sec=on	needs		
								Δr	>>	size	of	δVA		~		aTF	or	u1	.	
	
è	we	must	give	up	simula=ons	based	on	
					classical	trajectories.	
Solu=on	:	Wigner	distribuEons	?	[V.V	Tikhomirov,	2019]		
	



Conclusions	(some	of	which	are	well	known)	

•  The	axial	poten=als	of	atomic	strings	can	destabilize	the	channeling	mo=on	of	
par=cles	(of	posi=ve	charge)	at	small	angle	α	w.r.t.	these	strings.			
But	there	are	islands	in	α	of	stability.	Here,	the	average	number	of	crossed	cells	
per	channeling	period	is	locked	at	integer	values.		

•  The	thermal	mo=ons	of	atoms	along	a	string	are	correlated.	It	can	increase	
channeling	radia=on	and	de-channeling		

•  The	classical	scaOering	differen=al	cross	sec=on	predicts	a	faster		
de-channeling	than	the	quantum	one.		

•  The	incoherent	scaOering	on	atoms	is	due	to	a	residual	potenEal	δVA	.		
The	scaOering	at	small	angle	is	inhibited	due	to		∫	d3r	δVA	=	0		
(	~	Landau-Pomeranchuk	effect).		

•  It	is	not	easy	to	find	a	good	phenomenological	model	including	a	quantum	
treatment	of	incoherent	scaOering	by	δVA	and	classical	par=cle	trajectories.		
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