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# Adiabatic evolution of 1D resonant states
# A specific model for resonant tunneling diodes
# Numerics
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Adiabatic evolution of resonances

-

Quantum system

Resonances require a complex deformation
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Adiabatic evolution of resonances

-

Outside deformation

=

e%u(a+69(aj—a)) If x <a,
Ugu(x) =< u(x) Iifa <z <b,
esu(b+e(x —b) ifx>b.

Up unitary when 6 € R

Hh(e) = U@HhU_g
— —h2 _29><1R\[a’b]A—|—V Wh

( fubt) =), )
uw/(bF) =’ (b7),
u(a™) = u(a™),

~F(am) = u/(ah), J
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Adiabatic evolution of resonances

-

Outside complex deformation: 8 = ir

=

r,
!R
-

H"(iT) on L*(R) < H" on L*(T;)

L zi—Xi=0(e ®), S;=da,(suppW" {a,b},V;\). J
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Adiabatic evolution of resonances

o .

o T7h ' .
» ¢t (e)wres — e_trrese_ZtEmswres 0 =11,

® On the real space with Ygres = XWres:

Ime evolution :

- tHh _tFres - .tEres
e’ wqres — € e wqres -+ R(t, h) :

1
PT’GS

The remainder term is negligible only when t = O(1/T,.s).

. . 25 .
Life time of resonances ~ hen exponentially large

o -
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Adiabatic evolution of resonances

o .

Ime evolution :
. h . .
» ¢t (9)¢res — e_trrese_ZtEmswres 0 =11,

# On the real space with ¥gres = X¥res:

- tHh _thr‘es - .tEfr’es
e’ wqres — € e wqres -+ R(t, h)

. . 25 .
Life time of resonances Pl ~ hen exponentially large

We are concerned with time-dependent (non linear)
problems which are governed by resonant states.

. . C . . . .
Life time of resonances e~ ! = ¢» — > adiabatic evolution in

the time scale ¢~ 1.

o -
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Adiabatic evolution of resonances

o .

Ime evolution : Adiabatic dynamics
i€5’t¢ — Hh(e; ?f)lb 77bt:0 — wres(t — O) 9

should be close to e = Jo zres(s) dsqpy (1)
Two problems

25’] (t)

® The exponential scale 7! =T;(t)"! ~ he™» may
depend on 5 and on time.

® (H(0 =1ir;t) IS not accretive

1+ h?sin(27 / P dx
B ar) [ e
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Adiabatic evolution of resonances

- .

Ime evolution : Adiabatic dynamics
i€5’t¢ — Hh(e; t)lb %:0 — wres(t — O) )

should be close to e = Jo zres(s) dsqpy (1)
Two problems

25 (t)

® The exponential scale I';(t)"! ~ ¢
and on time.

may depend on j

® (H(0 =1ir;t) IS not accretive
Re [m?(— () — @ (=) (e — =55

tHh(G)

)} has no sign.

e~ | or ||U%(t,0)|| behaves like ez 1l

o -
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Artificial interface conditions

- .

Hh(ﬁ) = UQHhU_g

—h2€_29X1R\[a’b]A _|_ v Wh

Zubt) =ud7), )
w'(bF) =/ (b7),
u(a™) =u(a™),
w(a™) =u'(a¥), ,

w wl
l\’|q>

-~

l\')|%

DHM0)) = {ueH R\ {a,b}), °

W
v

Boundary term

Re {ihQ(au’(bJr) — @ (a7)) % (6_29 - 8_9239)}

o -
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Artificial interface conditions

-

Hy, (0) =

D(Hg,(0)) =

Boundary term

Re [ihZ ('

UpHg U_y
—h2e 2 man Ay + TV — VR
( e "2 u(b) = u(b")
Jue AR {a.b}), © o V00 =¥,
u & a 10
y +3u<a ) = u(at),
\ e 0 /(CL ) T u,(a+)7

(5) — (7)) x (7% — e ]

Lvanishes for6p =60 =ir.
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Artificial interface conditions

-

With this modified boundary conditions, all the important
quantities of the model, the dynamics (proved for ¢*(2) and

¢''24%) the generalized eigenfunctions, the imaginary parts
of resonances (exponentially small), the terms of the Fermi
golden rule. .., are changed with a relative error of order

O(%) while 6y can be chosen such tat

=

e~ < |0 < OO
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Artificial interface conditions

Adiabatic result:Take 6y = 0 = ih™No, Ny > 5, ¢ = e~ % and let
Py(t) be the spectral projector associated with a cluster of
resonances zy g, (t) ... zx g, (t) around Ao(t).

Let ®((t, s) denote the parallel transport

8t<I>o + [P(), 8,5P0] (I)() = O, (I)()(S, S) = Id.
The solutions to
1e0iu = Hgo(ﬁ,t)u,

and  icdyw = $o(0,t) Po(t)Hy (0,1) Po(t)Po(t, 0)w,
w(t=0)=u(t=0)=wug, Fo(0)ug=ug

satisfy

Ju(t) — @o(t. 0)w(t)|] < Cpe' .
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Explicit adiabatically driven system
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Explicit adiabatically driven system

- . .

» Hamiltonian : Hy (t) = —h*Ag, + Vol (x) — ha(t, h)d.,
€ (a,b).
® Assumptions on «(t, h):, C*°, 0;a = O(h) and there exist
J, N such that max;< ; |/ a(t )y > h forall ¢.

# |Initial state : gg(z,y) fo k), —(k, x)g, — (K, y)
Vg,.— (K, .) Incoming generallzed eigenfunction

for Hy' (0).
supp g C {[k* — Xo| < Ch}.
® Dynamics : icd;o = [Hy, (1), 0]

® Observable : Ay, (t) = Tr [x(z)o(t)] with supp x C (a,b),
x = 1 around c.

o -
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Explicit adiabatically driven system

-

Result: Set \; = V) — %’5)2 and assume

. —|ogld(e,{a,b})
)\i/z € suppg C (0, V01/2) forallt and fixe = e~ =&

Then

® Forall ¢, Hy (t) has a single resonance
E(t) = Er(t) — iT'(¢) such that Er(t)Y/? supp g with

=

_ Ja(®)]d(c,{a,b}) _ la(@)]d(c,{a,b})
h h

ERr(t) = M+0(e ), T'(t)=0(e ) =0(e).

® There exists 75, > 0 such that

Agy(1) = alt) + T (1) + O(13) + O™ ).

o -
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Explicit adiabatically driven system

-

Result i), = v, — 2@

4

=

® There exists 75, > 0 such that

T

Agg () = a(t) + T (1) + O(-0=) + O™ )

® When d(c,{a,b}) =d(c,a),

3/2 |2

o N =00,
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Explicit adiabatically driven system

-

9

9

=

ldea of the complete calculation :

First note that Ag, (t) = Tr [Ug, .0, (t,0)00Us,.0,(0,t)*x(x)], where Uy, g, (¢, s) is
the complex deformation of Uy, (¢, 0) with 6 = 6 (contraction).
Decompose ¥ (k, .,t) = Ug, .0, (t,0)9_ g, (k,.) iNto

k2

e e b gy (K, t) + C(k,t)G(k2, x, c) where ¢ o, and G(k?, z,y) the gen. eigen
and the Green function of —h?Ag, + Vo1[a,b].

When k2 is close to E(t) then the Green function is close to the resonant state
G(E(t),x,c).

Use the adiabatic result for the evolution of Uy, ¢, (¢, s)G(E(s), z, c), the comparison
results 6y # 0 with g = 0, the Stone formula and contour integration to compute or
estimate the four terms of

o0 , dk
/ / g (k)| (k, )22 dz.
[c—e,c+e] JO 2mh
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Numerics
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E

Numerics

volution of the charge for linear variations of «(t)
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Numerics

-

Evolution of the charge for linear variations of «(t)
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Numerics

The density att = 0

60 T T T

T T
' /valeurs/densI' +

FEt++++7]
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Numerics

he densityatt =1T,,4
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Numerics

-

The “density of states”, [ x(z)|w(k,t)|? dv w.r.t E = k?, at
t=20
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Numerics

The “density of states”, [ x(z)|v(k,t)|* dz w.r.t E = k?, at

L= Tend
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Osclllating variations of «(t

Total charge

1
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Oscillating variations of «(t)

-

The “density of states”, [ x(z)|w(k,t)|? dv w.r.t E = k?, at
t=20
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Oscillating variations of «(t)

-

The “density of states”, [ x(z)|w(k,t)|? dv w.r.t E = k?, at
t = Tend
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