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<~ 2D interface condition

Pull interface condition

/2

f(Xoutapouta Hout) — / ) R(QinQPina Qout)f(xinapina (gin) dbi,
—7/2

/2
+ / T(ein§ Gin Hout)f(xina din Hin) db;,
—7/2

Push interface condition

/2
f(Ximpina Hin) :/ ) R(eouﬂpouta Hin)f(xoutapouta Hout) dOout
—7r/2

/2
+ / ) T(eouﬂ Qout Hin)f(XOUU Qout; HOUt) dOout
—7/2

(with ¢? = p? + 2AV)

26 / 38
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m Initialization

0 Solving time-independent Schrodinger equation for each
E = %p2 and 6;,.
0 Calculate T'(Oout; p, Bin) and R(Oout; p, Oin)-

m Liouville Solver:

Example 2

Future Directions

[0 Particle method
[0 Push interface condition
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Scattering Probabilities
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Interface condition 5(9 9 ) _
7p7 In -

Implementation

f-component to flux scattered across interface

incident flux

Scattering

QTBM ) —

Particle Method Current density: J(x,y) = Im (w(az, y)V(x, y))
Example 1

Example 2

Future Directions SOlUtion in C] for constant ‘/}

Gilay) = | ay@)emettinn g1

—Tr

Flux

/ J(az,y)dy:/ pla(8)|*(cos ,sin 6) db
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Scattering Probabilities

Background
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Two Dimensions . . .
overien For particle incident from left at angle 6;,:

Interface condition

Implementation

/2

_ _1p1(x cos b;,+ysin 6;, —1p1(x cosO+ysinb
QBN i (x,y) = el ) + r(0)e~ Pl ) df
Particle Method —/2

xample /2

E p: ; . (0 ip2(x cos O+y sin 6) 40

baay) = [ H6)e

Future Directions —m/2

cos 6 P cos

R(0;p1,0i) = |r(0)]? and  T(0;p1,0in) = [t(0)|?

cos b;, p1 cos B,

I Find r(6) and t(6) by solving Schrodinger equation in Q.
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Implementation 82 62

catterin N 9 a8 9 2 —
Scasein 52%e(@y) 0y2¢g(ﬂ%y)+ Vo(z,y)a(z,y) =p

Particle Method

Example 1 in @ with matching conditions
Example 2

2

Future Directions

Vvo(zj,y) = v;(xj,y)

9, 0 .
%109(339',9) = %%(%‘,y), j=1,2

We must eliminate unknowns r(6) and ¢(#) from boundary

|
- conditions. But r(0) and t(0) are coupled by the integral.
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Overview Fourier transform of 1) into momentum space (y — &)

Interface condition

oo

Sz ol@ O+ €)ba(e. -2 [ Vole,y)vle.p)e i dy =0
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Implementation 82
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1 Z2

In C1 and C»

r(2,6) = 8(€ = &in)e MO 45 (e O
w (CC f) — 82(5) in2(§)(z—w2)

Eliminating the unknowns s1(&) and s2(€) gives the mixed
boundary conditions

. 9 .
i (§)o + a0 = 2im (§)0(§ — &in) at x =1

.
in2(§)ha — 7ve =10 at © = Ty
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1 Z2

After solving Schrodinger equation

AN

T(Qapa ein) — ¢Q(I1ap5m (9) o 19:9in
t(eapa ein) — ?;Q(ZUQ,pQ(p) sin (9)

Il We need to do this for every incident p and 6,.
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=  Quantum Transmitting Boundary Method

Difficult to solve. lterative solver:
Au(mD) — By

where wu;; discretization of @Q(Zi,fj)

A= T 2Ax 25Z+1J + (A z T (53)) ij ﬁ&'—u

B = —ZfVQf_

If Vo(x,y) is independent in y, Schrodinger equation is
separable and problem reduces to one-dimensional case.
Otherwise, exploit geometry of the barrier.
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Particle Method

Initial conditions

N
folr) = /Q PPt —7ydi — =S wd(r — 1))
j=1

dx dp
Solve n D, ; V.V

Push interface condition is one-to-many

Monte Carlo take a path randomly from

S(eouﬂpa Hin)
Deterministic take all paths (binary tree)

Reconstruct density distribution with bicubic cutoff function
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= Example 2: Diffraction Grating

82 ~ . o0 :
S0l €) + (€ bo(e.&) <2 [ Volay)ile.p)e dy =0
with boundary conditions
) o -
in(€)de + 5o = 2in(§)3(€ — &n) v =-1
in(€)io + %ﬂg =0 r = +1
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= Example 2: Diffraction Grating

2 () cos®(ay/2)
0 . 00 A |
s tbo(@,€) + 1(€)a(w,€) — 2 / Vo g, )€ dy = 0
with boundary conditions
0 -
in(€)io + —%DQ 2in(§)0 (€ — &in) r=—1
in(€)io + %ﬂg =0 r = +1
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= Example 2: Diffraction Grating

5 f(x) COSQ(Oéy/Q)
0* R 0 e |
—5v0(, &) + 1’ (O)do(e, ) - 2 /_ Tole vy v dy =0

- _/
~

f(@) (Yole,€ +a) + 20o(w,€) + ol & — )
with boundary conditions

9
ox

. 9 .
in(§)Yo + %@DQ =0 r=+1

in(€)hg + =g = 2in(€)8(€ — &n) x=—1
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Example 2: Diffraction Grating

5 f(x) COSQ(Oéy/Q)
0* R 0 e |
—5v0(, &) + 1’ (O)do(e, ) - 2 /_ Tole vy v dy =0

. J/
N/

f(@) (Yole,€ +a) + 20o(w,€) + ol & — )
with boundary conditions

. 9 .
in(§)vo + 5y Ve = 2i1(£)0(€ — &in) r=—1

AN AN

in(§)Yo + %@DQ =0 r=+1

m Linear system. Block tridiagonal matrix.
m Discrete scattering angles correspond to the Fraunhofer diffraction grating
mA = (sin 6, + sin 6,,)
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Where do we go from here?

m  Mesoscopic barriers
m  Periodic crystalline structures

Assumptions require that each barrier be independent.
We need to construct a coherent semiclassical model.

Naive approach

O(z,p,t) = \/f(x,p, )P (f =|®?)

0P 0P L))
o TPy Vg =

with the interface condition & = r®; 4 t®,

0
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