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Dechanneling by dislocations: A time-dependent approach

L. N. S. Prakash Goteti
School of Physics, University of Hyderabad, Central University Post Office, Hyder&B8d046, India

Anand P. Pathdk
School of Physics, University of Hyderabad, Central University Post Office, Hyder&b&d046, Indid
and Fakultat fu Physik, Universita Freiburg, Herman-Herder Strasse 3 D-79104 Freiburg, Germany
(Received 27 July 1998

The motion of positrons in the planar channel surrounded by two atomic planes gives rise to descrete energy
levels in the transverse potential. The transitions from these bound states to scattering states due to lattice
distortions in the planar channel are described using a time-dependent centrifugal-energy term. The resulting
expressions for dechanneling probabilities and hence for the dechanneling cross section for initially well
channeled particles has been estimated, and qualitative features like dechanneling radius, energy dependence,
etc., are discussefiS0163-18209)04113-7

I. INTRODUCTION dechanneling is mainly due to the distortions of the planar
channel and these distortions give rise to additional centrifu-
The motion of charged particles transmitted throughgal energy in the transverse direction which eventually in-
single crystalgso-called channelings governed by corre- Creases the transverse energy of the particle beyond the po-
lated small-angle soft collisions with rows or planes of at-tential barrier to cause dechanneling. Classically this
oms. This channeling phenomena and its several applicatiof@@rresponds to centrifugal force exceeding the restoring
in defects and radiation damage have been studied extefRrce and shifting of the equilibrium axis away from the
sively within the framework of classical mechanicé.Fur- ~ 9eometrical axis of the plane or afliguantum mechani-
thermore, as the particle velocity increases, the quantal cofally, this is equivalent to the scattering of bound states from
rections to the classical description are negligible. Howeverthe corresponding perturbation potential to the scattering
when the particle wavelength is comparable to the latticsStates. In a recent work we have used a sudden approxima-
period, the wave interference effects are domifdanit is ~ ton to treat this problem for stacking _fa“l'?s and
well established that the motion of positively charged par-d!5|ocat!°”51- The dechanneling mechanism in the case of
ticles (like positrons in the transverse direction can be de- dislocations was described with the assumpnon_ tha.t the cur-
scribed by the harmonic oscillator where as in the case oyature of the planar channel near the dislocation is nearly
electron channeling the shape of the transverse potential is &PNnstant and the overall length of the curved portion is on the
inverted parabold;and the transverse motion of the electronsorder of the particle wavelength. We studied the dechannel-

is confined within the cusp-shaped potential centered arouni#d Process, in the frame of bound-bound transitions in the
the axis or plane of atoms. planar channel induced by the sudden appearance of the

In recent years the problem of particle motion in a one-curved channel. Here we extend that approach to a more
dimensional periodic potential acquired a special signifi-"€alistic model by relaxing the sudden approximation and
cance in connection with the quantum theory of light par-using the time-dependent perturbation theory. These calcula-
ticles (like positron and their propagation in crystals tions show that scattering states play a vital role in dechan-
because of their sensitiveness and importance in probingeling because of the occurrence of additional bound states

various kind of defects present in the sdiiduring the N the planar channel with a change in curvature. Even
propagation of positrons in a planar chan(mirrounded by though the constant curvature model and the sudden approxi-

two planes, the transverse motion is nearly harmonic. Quan-mation helped in a better quantum-mechanical understanding
tum mechanically, the longitudinal and transverse compo®f the dechanneling mechanism, the consideration of the
nents are separated Butith the transverse motion being nonuniformity of the curvature during the propagation of the
described by a one-dimensional Satirger equation with a  Particle as done now is obviously more appropriate. It has
harmonic-oscillator potential and the solution gives rise oS0 been shown here that under suitable semiclassical ap-
quantized transverse energies. Hence, a number of quantupfoximations, the well-known results are obtained.

states are formed and the transverse energy assumes a series

of desgrete values. In.such a potential, the energies less than Il. TIME-DEPENDENT APPROACH
the height of the barrier namely below barrier states repre-
sent the initially channeled particles. In the present calculations the nonuniformity effects in

On the other hand, the states with energies above the paurvature mentioned above are taken in terms of a time-
tential barrier are basically dechanneling states and lead tdependent force term which causes a transition from the
dechanneling phenomena: In the case of dislocations thieound state to the scattering state. The dechanneling phe-
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the particle from a bound statgmarmonic oscillator to a
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nomena under this situation are governed by the transition of o2 (mb) 2( f , p{ _ Zwmr] 2
= ———| 5 w5,eX e
X o Jm2mnt || 27 n Yo,

scattering statéplane wave The time-dependent centrifugal
energy terntt is modified in the relativistic case and is given

by

mb  yiuirt

V = —
R(th) ar (r2+,yzvgt2)zx’

@

where y= 1/\/1—1)22/02, b is the Burgers vectorr is the
distance of the channel from the dislocation, an@s the

transverse coordinate. As we notice, due to the asymmetrifn
nature of the above distortion ter¥y, first-order perturba-

X

2
jXe—(llz)az(x+xo)2Hn(ax)dx dq],
wherews,=[E:(q) —E, /%] andx,=iq/a.

Here E; is final energy background in which the particle
propagates after getting dechanneled. Because the remaining
integrand has a pronounced maximungat(,., the term
wfznexp(—wanr/yvz) is assumed to be constant with

(q)—w, where » depends onn and is given by
in(Umay) - SINCeE;(q)>E,,, we assume thab is indepen-

tion theory will not give any shift in energy, hence the effectdent ofn and the above equation can be rewritten as

of dislocation on the positron is small for sufficiently small
curvatures. On the other hand, it induces a transition froma —
bound state to a scattering state for larger curvatures and this Xn™

corresponds to dechanneling.

The maximum number of quantum states in undistorted
continuum potential is,,,,~3 for a specific case of 12.25

MeV (y=25) positrons channeled along(AlL1). The initial
and final wave functions of the positron are given by

o

2!

1
X ex;{ - Eazx2

1 12
n(X,y,2)= E( ) exp(ik,z)exp(ikyy)

Hy(ax),

lﬂf(X!Y!Z) = L_slzexr(i kf . I’).

Here the coupling constant is given by y(m, w/#) with
transverse mass, (= ym) and the oscillation frequency
= Jk/ym, respectively:>!

a? —2wr (mbz))z
2mm2™n! P T, 28
e
(4)

Using the Rodrigues formula fdfl,, and incorporating the
appropriate_ expressions, we obtain the total dechanneling

probability x, and it is given by
p( Zz)r)
exp — .
YUz

The above expression for, is obtained with specific refer-
ence to initially well channeled particles.

Corresponding to a given initial statésay |n)), the
dechanneling probability is maximum for those channels
which are situated below the dechanneling radjué.e., the
critical distance of the channel from the dislocation below

2
X

fxe’<1’2>a2<x+xo)2Hn(ax)dx dq]'

Xn=(2n+1)xo with x mob
=(Zn Wi = —
Xn Xo Xo 2\/§ﬁa2

The distortions of the planar channel shifts particle mo-which the particle completely gets dechanngledd this

tion in the transverse directioix) whereas in the direction

the propagation is nearly constant. The expression fo
dechanneling probability of a particle with initial bound state
[n) (due to channel distortionto a final scattering state is

given by

2
with Vfan ( ¢f|VR(Xut)| Un)-

)

1 fnaiosnt
Xn:ﬁ VR elwf” dt

happens forw=yv,/r. Invoking ;n(rn)=l forr=r,, an
Estimate of the upper bound for the dechanneling radius with
reference to a particle of the initial stdte) is obtained as

1\ b vE
(W) ~ L=
n (”+ 2)2.718\/ 2E,’ ©
where E=mv§ and the quantized transverse enefgy

=(n+12)he. 1t
However, one will be curious to have an estimate for the

and the dechanneling probability can be obtained by consiceXploring the possibility that a particle gets dechanneled
ering the transitions to a group of closely spaced stateg¥hen its transverse energy approaches the critical transverse
Hence, total dechanneling probability to any one of final€N€rgy, an equn_/alent expression fOF. the minimum critical
states is obtained by integration over density of final statesdistance is obtained by replacirig, with total transverse

ie., energy, EL=(nmax+1/2)ﬁw=Enmax=E3. Hence, we get

lower bound forr, asr{" given by

1\ b vE 5
n*3)2718V2E," ©)
Figure 1 shows clearly these two limits fgm)=|0) (i.e.,
initially well-channeled particles Obviously this is of prac-

L 3
Xn:a<Z) J'Xndqdwf/dk% € I’g)~

with q=Kkj/@. The straightforward integration ik space
leads to the expression
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corresponding dechanneling width for initially well-

1.00
channeled particles\) can be obtained as
xo previous [11]
> o -—--present . b \/ E 0.4 b
z 0% = 2718V 47z, 2,6 ar e eV g
L0
o J—
a = (049X quereZ3 b, ®)
5 060 . . . .
e whereb is in A . Using the above equation, the dechanneling
o width for He ions has also been estimated and compared
= with existing theory and experimental dafaThese details
s 040 are given in Table(b), showing reasonable agreement.
o
§ Ill. RESULTS AND CONCLUSIONS
o 020 . ) .
The expressions for the dechanneling radius and hence for
the dechanneling width is derived. These expressions are
——— e qualitatively similar to the expression obtained by equating
0-00 brrrrprrrries m'mz”ofl—zlﬁ 7'3' JAABS AR SREDE A the deflecting force to the restoring forteln the present
001 0.5 1.01 1.51 2. st 3. S0 L calculation we obtain an expression for the dechanneling
distance (micron) width purely on the basis of quantum-mechanical consider-

- . . _— ations. By incorporating appropriate limits in the present ex-
FIG. 1. Val’la’[IOIlOf dechanneling probability for initially well pression );or thepdecha%nglpi)ngpwidth an equivalgnt classical
channeled particlesy) with channel distance from the dislocation. expression is obtained. For examplé in the case of a heavy
Xo corresponding to the lower and upper bounds are denoted asdonrelativistic particle herey~1, the above expression is
and 2, respectively. identical to the one obtained in classical analyssThe
. , _ . present procedure provides a simple and convenient way to
tical interest and provides the definition for the dechannelingsgtimate the order of magnitude of the effect and its scaling
radius and at the same time, to a certain extent, enables us g particle energy and planar potential. This expression is
relax the approximations mentioned above. . very close to that obtained by Quere’s classical analysis
The dechanneling cross section with reference to an initialnere the continuum model and the phase dependence of the

state|n) is obtained by the expression approaching particle are considered. Quantitatively the
present calculation may overestimate the actual dechanneling
o= dr=2 7 width by a numerical factor and this may be because of the
n Xn(r)dr Mn. (7) - . . . Lo
semiclassical approximation, namely, the maximization of

dechanneling probability and fixingo correspondingly.
However, one may set an appropriate numerical constant to
fit with the experimental data as was done by Lindhard for
his power-law potential @ = \/§).

The result also confirms the results of earlier wdrk

o P . where one can notice thege=/yE, hence one can say quali-
nar critical anglé. So for the case of nonrelativistic positive tatively that the dechanneling cross section is linear \ith

particles and other heavy iong€1), and one may replace and for higher energies this will be slower thnetc., and it

E, by the equivalent classical expression, an estimate of th% «\/E as proposed in the case of heavy particles which in

the classical framewof® are obtained as semiclassical lim-
its. These results also make uniform the qualitative energy
dependence, i.e., the dechanneling cross section varies lin-
early with E at relativistic energies as confirmed by the bent
e crystgl channeling expgriments dong by_ Cgrriéj‘hhle also
Dechanneling widths inum mentioned that increasing the bending is in “some sense”
Particulars of like raising the atomic number of the crystal. From E8).
the crystal No N\ o A3 one can see that the dechanneling radius increaseszwith
which means that the critical region increases \@ih which
in turn implies that the channels are distorted heavily. So the
present theory shows that the bending increases Zyithnd
(b) B hence is also applicable for the channeling studies with bent
Dechanneling width X) in A crystals. So one may infer that materials with higher values
of Z, are appropriate for bending of beams. Figure 1 shows
a comparison of the present calculation with previous
Al(111),b=2.86 A 85E 79JE 90E  work! As expected, the dechanneling probability falls off
sharply(for a large curvature, i.e., large distortjoas com-

The dechanneling width?En are estimated using Eq®) and
(7) for positrons along AlL11) and results are given in Table
I(a).

Classically, that abovds, is equivalent to the critical
transverse energy, given Iﬁ)j%Eng, wherey, is the pla-

TABLE I. (a). Dechanneling widths for positrons in Al for vari-
ous initial states(b). Dechanneling width for He in Al{HereE is
expressed in MeV.

Al(111),b=2.86 A 0.47 1.41 235 3.3

Particulars of
the crystal Experimental(Ref. 13 Quere Present
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pared to that obtained with bound-bound transitions in thdem. We hope to carry out further refinements and improve-
sudden approximation. On the other hand, for sufficientlyments of this simple model in the near future.

smaller curvatures, the dechanneling probability decreases
slowly as compared to that obtained with bound-bound tran-
sitions. We expect the present theory to be valid for a wider
range of dislocation concentrations. The quantum- L.N.S.P.G. is grateful to the University Grants Commis-
mechanical results under suitable limits reproduce the knowsion for financial support. A.P.P. thanks the vonHumboldt
classical results qualitatively. The quantitative agreement ifoundation, Germany for financial support and Professor J. S.
also satisfactory as seen from Table I. This gives us confiBriggs for hospitality at Freiburg. This work was partially
dence in the basic concepts applied to this complicated protsupported by the ONR Grant No. NO0014-97-1-0994.
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