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Ion Channeling

» Scattering process
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Applications

»» Defects in crystals
¢ Structural and crystalline order

* Location of impurity atoms

Ref: L .C. Feldman and J.W. Mayer, Fundamentals of surface and Thin film Analysis, North-Holland,Newyork,(1986); A.P.
Pathak, Nuclear instr. and methods in phys. Res. R
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(a: ib {z)

Fig, 8.1 Model of lattice atoms showing the atomic configuration in the diamond-1ype
Jattice viewed along {a} random. (b) planar. or () axial directions.
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Backscattering spectrum

RBS channeling and defects
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Positron planar channeling angular scans in quantum mechanical

framework
Scattering yield vs Incident angle (or occupation probability)

Crystal structure, lattice location of host and impurity atoms,
lattice strains and defects

Before entering the crystal ~ ®(x) = Aexp(ikxsin &)
Inter-atomic potential for planar channeled positron
V (X) =V, +% Kx*

After entering into the crystal, if it is channeled

a YV —a’x?
wn=[ Tz”n!j exp( 5 ]Hn(aX)

where coupling constant « = 1/@

Ref: S.V.S. Nageswara Rao, Nuclear instr. and methods in phys. Res. B 202 (2003) 312-316




= Equating the potential energy to the max. possible K.E
(nmax + 1)7’2(() = E klxzmax
2 2

Occupation probability of any energy level (n)

+dp

2
T, = j O(X)y, (X)dx
~d,
2
Therefore
. : 2
f_ 1 exp{—(ksTQ) } Hﬂ(ksmé’)‘
M2"n! a o
where M =%Zax . H,0)
ared (|22

o M can be calculated by using the boundary condition



Occupation Probability
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Dechanneling probability

An =1- Pn

(1-Total Channeling Probabilitry)
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Energy dependence

» Channeling angular scan and its FWHM determine the

channeling critical angle¥

¥ o E% { in classical region)
? To verify E-'V2relation--- applicability for the channeling of

light relativistic particles (in guantum region)

Lower energy regime (ground st.)

« Easy to understand the energy dependenée
5 MeV positron channeled along “
{111} plane of Al S o

-06 -0.4 0.2 0.0 0.2 0.4 06
Angle 6

Ref: J.U. Andresen, et al



Occupation probability
A\ — (ksin9)? ksing
0—17[ eXp ( 2 ) HO( j
a2 0 o
2 (s cin O)2
_ 2A \/Zexp{ (ksTH) }

a a

v 2
Ty =

a

(compare with standard Gaussian equation)
W= ﬁ(ﬁj
K
where w is width of the Gaussian curve

Non- relativistic case: o= ]/@

y=1 WocE_%

v'Critical angle decreases with increase with incident energy



Relativistic case:

E - -3
y=1+_— W=PE 24PE 2+4....
0]
v" Decreases with increase in energy E ----but not just as E-1/2
| ] T Equation: (P1*xAP2)+(P3*x"P4)

P1:0.09562

£ 034 ,{ P2 : -0.53668

= | P3:0.19387

= P4 :-1.41244

% 0.1 1

: 1 I2Ecr)16rgy M:\c; " N

v'The standard E-12 relation is not strictly applicable for relativistic

positrons



High energy regime (including all States)

» Channeling angular scan is superposition of all available states

0.8
. | = FWHM of Tot. ch. prob. |
e Equation : P1x°P2 VIt is not fitting exactly as E-1/2
2 0.5 - I{ P2 :-0.79775
<
é 0.4
; 0.3 4
:
- o . [« FWHM of Tot. ch. prob. |
0.0 . T . T . T . r . T r T 0.6 Equation : P1*x*P2
0 10 20 30 40 50 ; - P1:0.36172
Energy MeV 05 P2 :-0.46056
v'Fitting exactly as E-¥2 when it £ o
enters into classical region \\\

Energy MeV



Anharmonic effects on positron channeling angular scans

Inter-atomic potential for planar channeled positron
1 1
V(X) =V, + =kx* + =k, x"
(x) =V, i 2
- Maximum number of states increase

Anharmonic oscillator wave function

Wy (X) =y, (X) + KCly, 5 (X) = KCw,,, (X) + KC3y,_, (X) = KC,y,.4 (X)
C;' =(2n-1)/n(n-1)
CJ =(2n+3),/(n+1)(n+2)
1 = n(n-Dn-2)(n-3)

Cl = %\/(n +D(n+2)(n+3)(n+4)

A
K= Ahoe HOMeNtum of the incident particle

Ref: M.K. Abu- Assy, Physica Scripta



Occupation probability of any energy level (N)

Therefore
7Z-+ — 1 e _
MU

HnZ(
Hn4(

a

ksing
a

kﬁn@jz

jz_

7= [0 v, (9) 0%

(ksin9)*

a

K* (2n +3)°

256

(

ksing

J

Vo

4K?(2n-1)°

(n—2)(n+1)




Occupation Probability

-0.1

15 MeV positrons channeled along {111} planes of single

crystal aluminum (z,,, -5)
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< The area under the curve of
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Types of defects

JZero dimension — vacancy, substitutional,
Interstitial

JOne dimension — dislocation, slip

JTwo dimension- stacking fault, twins, Grain
boundary

JThree dimension - voids



The Model

A

21



(b}

FIG. 3. (a) Typlcal channel at some {inite distance
[rom a dislocation, (b) Straight model channel replacing
the channel of part (a) and showing the coordinates used
in the tesxt, Here, [ is the half-width of the channel, x_
is the amplitude in the first part of the channel, x, is the
equilibrium position about which the particle will oscil=
late, and ¥ and %; are the positions at which the particle

arrives after having traversed the first and second parts
of the channel, respectively,



Region |

The Schrodinger Equation for planar channeling

he (o 0 | 1 2y 2y NV ! S
+ Pl(X,2)+ -ma’x?¥' (x,2) = E' ¥'(x,z2 E'=(n+1/2)how+
Zm(ax2 azzj x2) 2 x2) (x2) 2m
Equations for the transverse and longitudinal motion,
2 "
T 0+ Emet X () = E'X (%)
2m 2

"=z @)
. 1/4 2m L
solutions X! (x) = (%j (2"n) Y2 H (ax)e "2

Z'(2) = Ae™ + Be where a=(maolh)"?

If X, Is the initial amplitude of the channelon

P'(x,2)=X"(x-x,)Z"(2)
After including the effects of several transverse states

W' (x,2) =A X, "% + ZBn X, e 23
n=0



Reqgion Il

The Schrodinger Equation

_;l_mvi,(p‘f’” (0,0) +V (p)¥" (0,0) =E"¥" (0,0)

The transverse potential due to the curved atomic planes is also assumed as
harmonic around the central region

V(p) =M (o )’

|11 0( 0 1 0 1
———| = = |+ == [¥" (0. 9) + M’ (0 - p) " (p.0) =E"¥" (0, 9)
2m| pop\" Op) p° Op 2

Separation of variables gives the azimuthal equation
F' (p) =—u°F" ()
with solution F'"(p) =Ce"“? + De "

] ] " 2 1 2 2
and radial equation. R" (p)+_T E'" -=mo’(p-p,)° - f “2 R"(p)=0
h 2 2mp 24




Effective potential

Ver (€)= [ (] p) (€ ~2,)% + Uy ]

_ i.
with E=p— P, \
A=a"py +3u° (m*e” 11°)(p—po) —— >
2 et > N i
a, =1’ py 1 2 N

2 2

min min —
Lo

The frequency in the second region
@' = (him) (A py)"?

After including the effects of several transverse states

¥'(x,z)=> Ry[C,e“’+D,e ]

m=0

25



Reqgion 111

The Schrodinger Equation

pPl1oe( o) 1 ¢ 1
_L@)(paf)j+f)za¢z }Pm (p.@)+Zmo’ (o= po) ¥" (p0) =ETYT (p,0)

Separation of variables gives the azimuthal eqn.

/

F" (p)=-1"F" (p)
with solution _ _
F" () =Ge“? + He ™
and radial eqn.
1 hZﬂZ

" 2m
RIII (p)+h_2|:EII _Ema)Z(p_pO)2+2mp2:|Rlll (IO)EO

26



Effective potential

Vo €)= (X pi) (E+a,) ]
with A'=a'p; —3u° (M 7)o py)* ——
a, = 1 py | A v
oo O oy T

po A
The frequency in the second region

0" ={Im) (A pi)H?

After including the effects of several transverse states

\PIII (X, Z) _ Z err:l [Gmei,u(P + Hme—iﬂ§0]
m=0

27



Reqgion IV

Region 4 is a perfect channel, wavefunction of positron in this region is of the
same form as in the 15t region

PV (x,z2)=XN1_e"’

28



Boundary Conditions

Boundary |

! _ !
z=0 p=0
ov'| 1 0¥
0Z o0 Po oQ
Boundary |l
\P“ ‘ _ \PIII ‘
P=Po ¢=0
a\PII 8‘1”'”
8(0 P=q 8¢ ¢=0
Boundary IlI
\{,m‘ :qjlv
P=Po z=1
l a\ljlll aqjlv
Po 0P =0 0z 2=t

p=0

AX' +BX' =R"[C + D]

ikAX' —ikB X' = X R"[C - D]
Lo

R"[Ce"? +De™?]1=R"[G+H]

R"[Ce“? —De™?1=R"[G - H]

R"[Ge"? + He ] =IX"e™X

I R Ge™ ™ + He #¢] = ikIX " ™
/90 29



The Reflection and Transmission co-efficient in terms of the various
parameters of the dislocation affected channel

WL i (-4 +K*p3)Sin* (2upy)
A® 4K* " pgCos® (2upy) + (1® +K*pg ) Sin* (g,

T =1-|rf = Aot _
4k* 1 psCos® (2 ugy) + (u” +k*pg )* Sin* (2 ey )

30



Effects of dislocation and anharmonic
interaction on channeling radiation

31



Reqgion |

The periodic potential of a positron including the anharmonic term is

V(z) = Voz? + Vit

where v -il?TZlZQEECH-Qh'Tp
f"ﬂ
(1 +a)?

4?r2122€30a2ffp

V; =
! (14 a)b

In the region | the total transverse energy can be written as

EY, :(n + é) fiw + %1”1&4(2?12 +2n+1)

The wavefunction in this region is given by

Ul (z,z) = AgXTeto® 4 E B, X1emthnz
n=>0

32



Reqgion Il

The Schrodinger equation for the region,

Pl1a [ o 1 9
— | —— S _ lIIH ) Ir IIJH ) = EII ‘-IJ'II o
2m [p 9p (‘Oap) T3 awz} (P, ) + U(p)T ™ (p, ) (p, )

Ulp) =Volp —po)* + Vilp — po)?
where (p) =Volp — po 1(p— po)

Separating variables, the azimuthal and radial equations,

FHII [59;' — —p.EFII f&ﬁ‘]

2m K2 12
RHII _|_ - .EII _ 1’! _ 2 _ 1}; _ 4 I RII — U
(p) 2 olp — po) 1(p — po) Im p? (p)

The effective potential after including the centrifugal term is given by,

h2 2

Verr = Valp — po)® +Vilp — po)* + om 2

33



The effective potential,

Vers(€) = 2;{ (& —ay

Where

IS Lov ] LGS Sl Lo Y L
fmin — }.;14 }.1 _?

and wavefunction in this region

=0

IIJ'HIIp,gD] _ Z RII|: mt”?"w’“ + D, E—a,m;?:|

34



Reqion Il

The effective potential

. . - . he p?
Verr = Volp = po) +Vilp — po)* — 5=

After simplification,

, h? A2 A 612 p2 a
Verr(€) = %{p—%(ﬁ +ap,)? + p—g(ﬁ +a) ) — L6+

where

U = #'EP% (A2 +ﬁ!'2]}‘f33 4+ 51°
min )"54 Ao

35



Wavefunction in region Il

IIII'” ,I'f-' \?9) ZRIII[ ﬂlei.tw-f_l_H oY

Reqgion IV

Wavefunction in the region (straight channel) where there are only
transmitted waves

OV (2, 2) = XIVI,e"n*

36



The Schrodinger Equation for electron planar channeling
Reqion |

nt (o o mV?  7%k?
o [8)(2 + 822}11' (x,2)+U(X)¥P'(x,2) =E' ¥'(x,2) E' = 2h2;2 +
U _ VO 2 2

Equations for the transverse and longitudinal motion,

2 "
_I (X) + Vo
2m X+a;

h2 I" o
—%Z (Z) — ELZ (Z)

X'(x)=E{ X" (x)

If X, Is the initial amplitude of the channelon
P'(x,2)=X"(x-x,)Z"(2)
After including the effects of several transverse states, we can write
P'(x,z) =A X, " + > B, X, e a7
n=0



Reqion |l

The Schrodinger Equation

_;l_mvi,go‘f’” (0,0) +V (p)¥" (0,0) =E"¥" (0,0)

The transverse potential due to the curved atomic planes is assumed to
shift with respect to lattice plane, due to curvature;

V.
V(p)=- :
(0= p) + 2y
hz 1 8[ 8) 1 82:| 1] V Il ] I
=] o= |+ ¥ (p,0)—- ° Y (po)=E"Y" (p,9)
Zm{p op\" dp) p° op° (0= p,)+2

Separation of variables gives the azimuthal equation

F' (¢) =42 (p)

with solution F" () = Ce'? + De

38



and radial equation
VO - hzﬂz

(p-po)+a, 2mp’

RII"(p)_i_il_rzn|:Ell + :|RII (,O)ZO

Effective potential for electron case

A )\f'&i )\fﬂ )\H
r 1 1 1
Verr(&) = 2m | \2.4.3 9 Moo plad plad
A poarp|2€ + 53] PORTE - FORTE
)\1 = _2&4;03 -+ 3}'.12{1%"5' V(§)
Y 2 3 x10° o
/\1 = a poarp + 1 apppPo Dislocation affected channel
1" a.4,.4 2 2.3 2
Al = —2a pyapp + piarepy
> Straight channel
-1.5 (10 2t zo s 107 5010 210t
§ —

After including the effects of several transverse states

P (x,2) =Y Ry[C,e“"+ D,e ]
m=0

39
39



Region |11

Effective potential is given by Ay = —2a’p; —3ptapp
Vos(€) = h { A _ A3 i A2 X, = —d'pyarr — prarppo
) 2m | A2p4a3 [2¢ + 221 Mapiaip  pPoaip L .
2P007p 28+ 5] N, = —2a’pyarp — Hlarep

After including the effects of several transverse states

\Pm (X, Z) _ Z err:l [Gmeimo+ Hme—iuw]
Region IV "

Region 4 is a perfect channel, wavefunction of electron in this region is of the
same form as in the 15t region

PV (x,2)=X"1_ e’

40



The Reflection and Transmission co-efficients in terms of the various
parameters of the dislocation affected channel

R = B _ (-4 +2mEp})*Sin* (2,
A" 8MEL’p;Cos” (2p10) + (u” + 2MEp;)”Sin® (2 )

8MEp; 44°
8ME* p;Cos® (2up,) + (1* +2mEp; ) Sin® (2 g,

Tf =1-[R] -

()
i
If
()

X
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hY
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9
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For a relativistic particle, the emission process is considered in the rest
frame of the particle moving through the crystal.

Since the crystal is rushing back at a speed -v, it appears Lorentz-
contracted

Lab Frame Vix) _
r 0—0—0—0—0—0 B
I =
14 0—0—0—0—0—o0
W
R X
E,~ =/E R
Rest Frame V)= TV(x)

-

— V< 0—0—0—0—0—0
R & _
Vi=yV e
0—0—0—0—0—0

A 4
X




The frequency in the rest frame

gF R
> a = Y
o'zl o

The emission in the rest frame is observed in the lab frame
M a)l‘ — Wo
Z 1- pcosé

The maximum frequency is in the forward direction,

ie,atf=0(F=1)

O, = 27/20)0

43



Crystalline Undulator

A spontaneous undulator emission
}?
L L] L]
'i' ™ .-' ™ ..'. ™
e . * . . . o . *
e . [ .® . N

. .-'\.'I l‘l', ..'II - ) II"- ."I
channeling ".“,- .'-“." \ Seeqe®

particles g ;““U =,' periodically bent channel

. |

A crystalline Undulator consist of

A channel which is periodically bent
Channeling of ultra relativistic positively charged particles

Channeling takes place if the maximum centrifugal force due to the bending is

less than the maximal force due to the interplanar field. »



We consider a crystal whose planes are periodically bent following a

perfect harmonic shape
r(z) = a sin(k,z)

The transverse and longitudinal coordinates of a channeled particle in such
a periodically bent crystal

T =x—asin(k,z)

Where a is the amplitude of bending of the channel and



Region | & IV

The Schrddinger Equation for planar channeling

he 6?82
( + ) U (2, 2) + Ulz) Ul(x, 2) = B W (z, )

2m \dxr?  Hz2

Region Il & 111

Centrifugal force proportional to 4/p,° is responsible for the curved
regions of the channel.

w>=I(1+1) with | as the orbital angular momentum quantum number and
0, IS the radius of curvature of the channel.

46



Assume that a finite number of undulator periods are there
in a length of the dislocation affected region of the channel.

If 1, Is the wavelength of the dislocation affected region and

X4 IS the corresponding a \. = =\, "the waves |
ry = a sin(nkyz)

re = x4 sin(kyz)
Both these waves can be written in the form
r=A sin(kyz + P)

Addition of the waves aives
A% = a4 1%+ 2ax, cos[(n — 1)kgz — ¢

tan B — a sin|(n — 1)kyz| + x4 sing

a Cos[(n — ljkdz] + &,y cosd 1.003

the final wave. 102 \ /
I 1.001

Amplitude is no longer constant ) e N /T
but varies periodically with 0.
0.997

respect to the depth

z(hm) —



hP Lo/ 0 1 02 )
“2m lﬁap (”a,o) N Fﬂ} T (p, ) + Up)®" (p,0) = B 0 (p, )

With the channel periodically bent, the radius of curvature of the dislocated

affected region,
VO

(p—po)+2y

V(p)=-

po = po — x4 sin(kyz) + A sin(k,2)

Larger the value of a, larger is
the variation of 5, with z.

7.36001 X107

T 7.36 107
7.36 5107 &

N 7.36 510" |
Po 7.35999 10”7

(nm) 0



Assume a finite number of undulator periods in a length of the
dislocation affected region of the channel (low or medium dislocation
concentration). If 4, is the wavelength of the dislocation affected region
and X, is the corresponding amplitude of the waves

A = n A,

The equation of motion of both the waves
ry = a sin(nkyz)
ro = xg sin(ky2)

Superposition of the two waves gives
r=A sin(kqz + ¢)

Where A and ¢ are the effective amplitude and phase of the final wave.

A? = a®+ 2%+ 2az4 cos[(n — 1)kgz — ]
a sin[(n — 1)kgz| + x4 sing

t T E = :
e a cos[(n — 1)kgz| + x4 cosg

49



(nm)

1.003 }
1.002 |

1.001 |

0.99 |
0.9% |

0.997 |

1000

000

3000 4000 /5000 6000

z(nm) — »
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The Schrddinger Equation

P10/ 0 1 92 )
2m [Eap (p&o) N ?8-'—&} U(p,0) +U(p)T" (p, ) = E" 0 (p, )

With the channel periodically bent, the radius of curvature of the dislocated
affected region,

po = po — xq sin(kyz) + A sin(k,z)

7.36001 107

T 7.36 x107

7.36 5107 }

N 7.36 10"

5o 7.35999 x10°
(nm)

51



The variation of parameters of the dislocation affected region with dislocation
density,

Dislocation density o Radius of Curvature | 2z (Length of the curved part)
1017/ em? 0.5% 10° nm 10.28 x 10° nm 6.28 x 10% nm
107 /em? 1.58 x 10° nm | 10.26 6x 10° nm 9.92 x 10* nm
10% /em? 0.5 x 10° nm 10.28 x 107 nm 6.28 x 10° nm

Range of various parameters of the periodically bent channel affected with
dislocation corresponding to a dislocation density of 108/cm?,

a Au R, E T4
(cm) (cm) (cm) (Mev) | amplitude of the dislocation wave
1 x 1077 | 3.14x 107* | 2.5 x 1072 | 142.363 2.198 x 103
10 x 1077 | 3.14x 107* | 25 6% 1072 | 14.236 2.198 x 10~
100 x 1077 | 3.14 x 107* | 2.5x 10" 1.412 2.108 x 10%

52




When 4,< 4,

Range of various parameters of the periodically bent channel
affected with dislocation at A4 =2 A,

Dislocation A Ay a R, E
density (cm) (cm) (cm) em) | (MeV)

1.5x10%/em? | 1.66x 10~* | 3.32x 107% | 1 x 107" | 2.8x 1072 150
10 x 1077 | 2.8% 1073 15
100 x 1077 | 2.8x 1074 1.5

Equation of motion,

T =x—a sin(k,vt)

=T+ a.ﬁcﬁ-vj sin(k,vt)

1 .
— = ak? sin(k,vt)

R



2
. qe ., . %),
T Ulx) —

i my (@) R

r=10

The maximum amplitude of oscillation

N my2v?

. T qeVoR
And the equilibrium axis shifts to,

- m }’2'1,-‘2

T =
"7 24eVuR

The period of oscillation of the particle in the channel,

mey \1/2 2eVo R
o m Cof. 2geVh )
T _( i ) Sin {1 ez eos(h, _,)}

54



The reflection and transmission coefficients FOR ELECTRONS case

RP = (=4° +2mEp; )* Sin® (2 ug,)
8MEw’ p,Cos* (2 up,) + (11 + 2mEp; )* Sin® (21109, )

8MEp, 4’

2
‘T‘:8E2~2C 2(9 2 2omEB2)2Sin2(2
MEu®pyCos* (2u@,) + (1” +2MEpq ) Sin* (2 4¢p,)

Dislocations in a periodically bent crystal changes the channeling and
dechanneling coefficients by the parameters of the crystalline undulator.
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For low dislocation density, 4, > 4, , the
channelled particle SEES the effects of
dislocations because several undulations of
crystalline undulator are within one period of
dislocation affected channel.

In the opposite case of 4, < 4, (High
dislocation density) the undulator effects are
largely UNEFFECTED by dislocations,
because dislocation affected regions are like
point defects on the scale of undulator affected
regions
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Positron channeling In Stacking
Faults

* Quantum model[1]

* Energy dependence|2]

[1] L. N. S. Prakash Goteti, Anand P. Pathak, J. Phys. C 9
(1997) 1709.

[2] V.S. Vendamani, S.V.S. Nageswara Rao, Nucl. Instr. Meth.
Phys. Res. B 268 (2010) 2312-2317.



Effects of stacking fault on positron planar channeling — energy
dependence (Harmonic potential)

Dechanneling probability varies as (in classical region)
- point defects E1/2
- dislocations E

- stacking fault E° (independent of incident energy)
? To verify whether this relation is applicable for light

relativistic particles (in quantum region)

: \ !
Channeling on stacking faults 0 /\)\//\/
() W
\
(iii) \/\_/\'\/\\
(iv) \
\\

\

Ref: A.P. Pathak, Rad. Eff. 61, 1 (1982); J.J. Quillico and J.C. Jousset, Phys. Rev. B 11, 1791 (1975)

« Mismatched stacking sequence




2 2.2
(04 —a X
Wi =V, [Tz”m} XIO( > j L (axx)

d ) —a’(x+a,)’
z//f:y/R:[ ] exp > ® H_(a'x+ala,)

wv,(X)=[n> and ¥;(X)=[m>

. 2
<n | m > Z (_l)n—m+r2m—r mc (b)n—m+ r
- \/2m+n min! r=max(0,m-n) r (n —M+ r)l

nmax
Channeling probability P = Z ‘< njm >‘ 2,
m=0

Dechanneling probability X = 1— Pn

Ref: L.N.S. Prakash Goteti, J. Phys.: Condens. Matter 9, 1709 (1997)



Energy dependence

» Characterize the nature of defects present in crystals

» Well channeled configuration (all particles are in grd. St.)

2

2 nmax
<0/m> exp
= 4
n (_
where f (b) = |exp
. 4
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v'Decrease with increase in energy

bi

and g(b)= Z ,
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v'Increase with increase in energy




Channeling and dechanneling probabilities for ground state
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Effects of stacking fault on positron planar channeling — energy
dependence (Anharmonic potential)

« Matrix element across the stacking faults

(i) = ' |0} kG % -2} k7 (| -+ 2%) k] ) n-4%) -k} i) -+ 47
+kCP(m-2"n®)+kcre (m-2%|n-2%)-keicy (m- 2%+ 2%) +kCiCy {m- 2% n-4°)
-K%CT C<m+2 n-2%)+kciC{m+ 2% n+2%)-KCiC m+ 2% n-4%) +kCIC m+ 2% n+4°)
+kCy(m-4"|n®)+kCye (m-4"|n-2%)-kCyCy (m-4%n+ 2%) +KCTC m-4%n-4%)-KCyC {m- 4% n+4°)
-G} (m+4° )=k’ C](m+4%n-2%) +K7CTC (m+ 47 n+ 2°)-k°C]C m+4% 047 +K7CTC (m+ 47+ 4°)

nmax
Channeling probability P = Z ‘< n|m >‘ 2,

Dechanneling probability X = 1— Pn



« Well channeled configuration
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v" Decreases with increase in energy and saturates as the system approaches to
classical regime.
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v'Dechanneling probability follows similar trend in both anharmonic and

harmonic cases.
v Anharmonic approximation is found to be less when compared to harmonic

approximation.



« Initially well channeled configuration
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£ - v'Saturation of energy dependence occurs
2 085 . . .
: for lower energies Iin anharmonic
: 7 T approximation.
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‘Well channeled configuration
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v'Transition probability decreases with increase in energy and saturates at higher

energies.
v" Transition probability in platelet is less as compared to stacking fault case.
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Initially well channeled configuration Doy = f N (pi:(H i xXp j%k)
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v'Dechanneling probability is independent of energy in case on classical regime.
v" At high energies platelet behave as stacking fault.



Conclusions

v" The standard critical angle ¥ (E-¥/2 relation is not strictly valid for light relativistic
particles (positrons).

v" The area under the curve of total channeling probability for anharmonic case
resembles with harmonic case for increasing energy.

v" Total channeling and dechanneling probability are not independent of energy in the

presence of stacking fault.

v" Dechanneling probability follows similar trend in both anharmonic and harmonic
cases.

v" Saturation of energy dependence of dechanneling probability occurs for lower
energies in anharmonic approximation.
v" Dechanneling probability due to platelets is also independent of energy in classical

regime as known for simple stacking faults.






Equation of motion of a crystalline undulator

=t

l.

r=x—a sin(k,2)

Where a is the amplitude of bending of the channel and

2T

;‘:u —

Au

The dislocation affected region,
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Region |

The Schrddinger Equation for planar channeling

h? ( 52 52

522 522) U (2, 2) + Ulz) U (x,2) = B! O'(x, 2)

2m

Ulz) = Vpi?

= Vo(z — a sin(k,2))?

Region |1

Centrifugal force proportional to 4/p,° is responsible for the curved
regions of the channel.

w>=I(1+1) with | as the orbital angular momentum quantum number and
0, IS the radius of curvature of the channel.
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Assume a finite number of undulator periods in a length of the
dislocation affected region of the channel (low or medium dislocation
concentration). If 4, is the wavelength of the dislocation affected region
and X, is the corresponding amplitude of the waves

The equation of motion of both the waves

A = n A,
ri = a sin(nkyz)
ro = xg sin(ky2)

Superposition of the two waves gives
r=A sin(kqz + ¢)

Where A and ¢ are the effective amplitude and phase of the final wave.

A? = a® + 23+ 2ax4 cos[(n — 1)kaz — ]

a sin|(n — 1)k;z| + x4 sino
tan = = [( ) d ]+ d '

a cos[(n — 1)kgz| + x4 cosg
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The Schrddinger Equation

P10/ 0 1 92 )
2m [Eap (p&o) N ?8-'—&} U(p,0) +U(p)T" (p, ) = E" 0 (p, )

With the channel periodically bent, the radius of curvature of the dislocated
affected region,

po = po — xq sin(kyz) + A sin(k,z)

7.36001 107

T 7.36 x107

7.36 5107 }

N 7.36 10"

5o 7.35999 x10°
(nm)
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The variation of parameters of the dislocation affected region with dislocation
density,

Dislocation density o Radius of Curvature | 2z (Length of the curved part)
1017/ em? 0.5% 10° nm 10.28 x 10° nm 6.28 x 10% nm
107 /em? 1.58 x 10° nm | 10.26 6x 10° nm 9.92 x 10* nm
10% /em? 0.5 x 10° nm 10.28 x 107 nm 6.28 x 10° nm

Range of various parameters of the periodically bent channel affected with
dislocation corresponding to a dislocation density of 108/cm?,

a Au R, E T4
(cm) (cm) (cm) (Mev) | amplitude of the dislocation wave
1 x 1077 | 3.14x 107* | 2.5 x 1072 | 142.363 2.198 x 103
10 x 1077 | 3.14x 107* | 25 6% 1072 | 14.236 2.198 x 10~
100 x 1077 | 3.14 x 107* | 2.5x 10" 1.412 2.108 x 10%
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The effective potential

, |
Verr = Volp — o) +E?

Vers(€) = 5— | =7(€ = @)* + Unin
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The frequency of oscillation in the region,
AW
=)

With the effective wavefunction
@II(.IO? ‘;‘9) — Z Ri{ [Cmeémp "I_ D:rne_i#w]

=0
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Reqgion 111

The effective potential

: RN o
Ifff(g) — m F(E + a';})z + '["I::r!in
2T L

)\f _ _3}5{3 n 54‘5']'-1-
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The wavefunction in region 111

T () = Z pli [Gme?""““*“ L e

Reqgion |V
|R|E B ( ,U:Z + k‘z -~ 2). sin ()MHJUJ
The reflection aitl fransmidsitn Coettidnts™
_1;{.2 2 - 2
T =

T ) + G £ R s G
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When 4,< 4,

Range of various parameters of the periodically bent channel
affected with dislocation at A4 =2 A,

Dislocation A Ay a R, E
density (cm) (cm) (cm) em) | (MeV)

1.5x10%/em? | 1.66x 10~* | 3.32x 107% | 1 x 107" | 2.8x 1072 150
10 x 1077 | 2.8% 1073 15
100 x 1077 | 2.8x 1074 1.5

Equation of motion,

T =x—a sin(k,vt)

=T+ a.ﬁcﬁ-vj sin(k,vt)

1 .
— = ak? sin(k,vt)

R
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mf* (&) = R

r=10

The maximum amplitude of oscillation

3 my2v?

tm = ViR

And the equilibrium axis shlsztsgtdi&
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2qeVo R
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