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Generalisations of Landau-Zener problems

Two-level atom coupled to Quantum dot coupled to 1D wire
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The Landau-Zener problem

Jonathan Keeling Coherent Landau-Zener process CEWQO 2009 3/15



Coherent field Landau-Zener problem

At
e Hamiltonian: H = 752 +g (Ws‘ + ws+> :
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Coherent field Landau-Zener problem

At
e Hamiltonian: H = 752 +g (Ws‘ + ws+> :

o Initial coherent state: |W(—o00)) = e~ [¥I°/2 >on %\n, T

nt

e Each pair [n, 1) <> [n+1,]) undergoes LZ transition
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Coherent field Landau-Zener problem

At
Hamiltonian: H = ==s* + g (wTs— + ws+> :

Initial coherent state: |W(—o00)) = e~ [¥I°/2 >on %\n, T)

nt

Each pair [n,T) < |n+ 1, |) undergoes LZ transition
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Final state:
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Collapse and revivals of field amplitude
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Explaining results: expansion

W(T)) = e~ WP/ Z% \% [A,,+1|n, N4 Bualn+1,1)
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

W(T)) = eW;\%[ © Byaln+L)
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

00 n )
W(T)) = e WY jH + et 11, ])
n=0 ’
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

o0 n i
(T = e S w,{ + (T 41, )

(wige) = eV 3 I
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

(T = S \H #e 1)
— /n!

(V| W) = *WJV Z ] \ / o Dbni1
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

() = e RS jH # e 1 1,1)
(Vi) = ve S - F Ao
A¢n:z[(n—|—1)|n(n+1)—nlnn }

Want A¢, for n ~ [|?.
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Explaining results: expansion

Adiabatic limit: z = g?/A > 1

() = e RS jH # e 1 1,1)
(Vi) = ve S - F Ao
A(pn:z[(n—i—l)ln(n—i—l)—nlnn }

Want A¢, for n ~ [|?.
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Explaining results: comparison

<
<

B | oy (z — 27N 2)2
V= o Xp[ 2R+ 2/

5 —— 5 |

=

Ed P=5

=3 4k -4 4

2

] 3 - 3

=]

=

£ 2

T 1

T
0 L ey, R 0 LN Y
0 100 200 300 400 500 6000 500 1000 1500 2000

Landau-Zener parameter, z=g%/A

Jonathan Keeling Coherent Landau-Zener process CEWQO 2009 7/15



Effects of photon decay

0p =i |F,p| + Lulf]

Llpl = =5 (015 + it — 20001

N =
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Effects of photon decay

= i Oep = —i [.] + Ll

Lulpl = =5 (4100 + ot — 2000

& (ﬁ,@&e‘@ Photon loss does not switch branch
"’{;‘:&\e Time__ N 2
p ‘<”—1a—|¢|”>+>‘ < 27 1
= A <
trans <n,+|1/)T1/)|n,+> — 256n2
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Effects of photon decay
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Consider, Ay = pp nt1:
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Effects of photon decay

AN
= . 0cp = —i | A, p| + L[]
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Effects of photon decay
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Effects of photon decay

AN
= . 0cp = —i | A, p| + L[]
4
Lulpl = =5 (4100 + ot — 2000
2
& (ﬁ,q,ge'ée‘a Photon loss does not switch branch
,,»";{;‘:&\e Time__ R 2
p ‘<”—1a—|¢|”>+>‘ < 27 1

trans — <n)+|1/';_h/';|n7 +> — 256!72 <

Consider, Ay = pp nt1:

dhy _ . [dAebnl] Ak [(n _ ;) A, \/m/\nﬂ]

dt dt
When |t| < g\/n/], decay rate kn =~ k|¢)|? > k.
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Comparison of photon decay
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Comparison of photon decay
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Comparison of photon decay
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Many two-level systems

H = i (Ats? + gls7 + 570

1
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Many two-level systems

H = i (Ats? + gls7 + 570

2n
+1+N
VW) = e %P ¥ n i(Pnr2—n+1)
(Vi) = e S

For N >> n, expand in n/N:
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Many two-level systems

H= XN: (Ats? + gls7 + 570
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Quantum dot coupled to 1D wire
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Quantum dot coupled to 1D wire

—%C; H = \td'd + Zechc + g(chp + C;Ld)
O
+ — o
d $)\t & o Initially: Filled fermi sea H 9
L o0— + Ep<EF
1 4%% @ Find final state of wire
T =
1 particle: Demkov-Osherov problem E —
-~
7~
7~
f
7~
7~
7
t

Jonathan Keeling Electron injection into quantum wire CEWQO 2009 11 /15



Quantum dot coupled to 1D wire
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Many fermion problem

T(e,€') o exp [gj\l/(e —¢) - L(s2 _ 6/2)]

407 Transitions between fermion states:
— O &= T
—O— =
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Many fermion problem

T(ee') o exp [g ey (2 )] = Clow (oo ()

407 Transitions between fermion states:
— O &= T
—O— =
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Many fermion problem

T(ee') o exp [g ey (2 )] = Clow (oo ()
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Many fermion problem

2y i
T(ee') o exp [g (c—)- (& )] = Clow (oo ()

Transitions between fermion states:

¢ = Z T(e,&)co
{}a

Jonathan Keeling Electron injection into quantum wire CEWQO 2009 12 / 15



Many fermion problem

+b’ Transitions between fermion states:
&= Z T(e,&)co

E./
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Many fermion problem

+b’ Transitions between fermion states:
&= Z T(e,&)co

E./
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Many fermion problem

2y i
T(ee') o exp [g (c—)- (& )] = Clow (oo ()

Transitions between fermion states:

— @V
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Many fermion problem

2y i
T(ee') o exp [g (c—)- (& )] = Clow (oo ()

Transitions between fermion states:

— @V
a &= Z T(e,&)co
=
~O-a
—(OF—b Po=ToaTpoty — Topy Thoa
+

= (2|61 )(¢-[a) (b'|p1) (¢-|b)

— @ — (|64 ) (6| b) (b|6 ) (p—|a) =

@ Max number of particles transfered = rank of T = 1.
o Particle transfered to state |¢p(¢)).
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Current pulse profile
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Current pulse profile

Driving need not be adiabatic
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Conclusions

@ Dynamically driven single two-level system:
W :
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Extra material

© Coherent Landau-Zener process
@ Wigner function
@ Graphical description of revivals
@ Decay effects
@ Systems for LZ problem
@ Many spins LZ problem

@ Localised fermion coupled to continuum
e Finding T(g,¢’)
@ Periodic driving
@ Measuring Noise
@ Noisy driving
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Revivals are not coherent states
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Revivals are not coherent states
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Revivals are not coherent states
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Revivals are not coherent states
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Understanding collapse and revival

(W[ W) = pelVP Z ¥ / i (Pri2—ni1)
1
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Understanding collapse and revival

(V]| W) = *IwIQ Z ] 7

A¢n:Z[(n+1)'n("+1)—"'"”+'” (ﬁ”
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Understanding collapse and revival

(V]| W) = *IwIQ Z ] 7
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Understanding collapse and revival
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Understanding collapse and revival

(V]| W) = *IwIQ Z ] 7
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Understanding collapse and revival
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Understanding collapse and revival
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Results including decay

Z
%610

k/g

4x104 50

Ymax/& = 2 x 1074 Kmax/g ~ 1 x 107°
Ynaive/g < 10 x 1074 Knaive/& < 100 x 1075
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Possible systems

Requirement: x/g <1 x 107°, v/g <2 x 1074

System Source K/g /g
Quantum dots/Microdisk CNRS 2005 2x1071 3x1071
Atom /Optical cavity ETH 2007 1x107! 3x107!
Josephson junction/stripline  Yale, 2004 2x1072 2x1073
-
<
Atom/Microwave cavity ENS, 2004 7x1073 2x107*
g
ENS, 2007 2x107% 2x107*
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Many two-level systems

If many spins:

H = ZNj (Aes? +g(s7v +5701)

]

N

A — Initial state
0 2]
S / Final state for é Initial state
S N<
T / Il on

N> |@[?
Excited Spins Excited Spins”~
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Many two-level systems: Converting spins to photons

+1+N
U] \U —|¢'|2 ’ n i(Pnr2—Pnt1)
i) > TN,
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+1+N
U] \U —|¢|2 ’ n i(Pnr2—Pnt1)
i) > TN,

If adiabatic ¢ dominated by logarithm, t — o0

UDY: g\/N(n+1) 0
Lol e N(n+1) (¥ —1)At gv2(N —1)(n+2)
= 0 g\/2(N —1)(n+2) (5 —2)\t
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Many two-level systems: Converting spins to photons

+1+N
V| W) —le2§ ’ n i($ns2—dni1)
(Vp[v) \/ nt1l ©

Similar expression from t — 4o00. For both:
¢ = bt +d— = A(N) + B(N)n+ Czn* + O (1/N)
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Single particle problem

oW

) £t

s

L vt
T ()

i
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Single particle problem

Continuum states: ¢(x, t) Zw e'Px
40*%(1:) Thus, continuum equations:

[i0e — E(1)]6(t) = /dxw(x, £)3(x)

t
o $ E(t) (i0c + D) 0(x. 1) = g5(x)o (1)

JARAL

L vt
T ()

i
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Continuum states: ¢(x, t) Zw e'Px
40*%(1:) Thus, continuum equations:

[i0e — E(1)]6(t) = /dxw(x, £)3(x)
(i0r + ivOx)(x, t) = gd(x)p(t)

Fv0 =S o i

. o g2 g2 t
T(e,e) = // dtdt'e/Ft=t) 2 _exp | -2 (t — t') + i / E(r)dr
>t v 2v o

) ) E)

JARAL
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Single particle problem

Continuum states: ¢(x, t) Zw P

—%%(t) Thus, continuum equations:
407
= i0: — E(2)}o(0) = g [ dxwlx, 5(x)
L o] 4.7: (iat + iV@x)w(Xv t) = gé(X)(]ﬁ(t)
407 :t
+V(t) ::Iigtg Transition amplitude:
Ue, ') =2rd(e — ') + T(g,&)
T(e,) // dtdt’e <) E exp [—gi(t—t')+i/,t E(T)dT]
If: E(t) =M\t
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Single particle problem

Continuum states: ¢(x, t) Zw P

—%%(t) Thus, continuum equations:
.
—o— i0: — E(2)}o(0) = g [ dxwlx, 5(x)

WONEO== o e o
Y (04 00 0) = g3000(0)

oyt
+V(t) —::Iigtg Transition amplitude:
Ue, ') =2rd(e — ') + T(g,&)
T(e, &) // dtdt e’ Et==") & exp [—g(t —t)+i / E(T)dT:|
- 2

Jonathan Keeling Electron injection into quantum wire CEWQO 2009 24 / 30



Periodic driving: example results

Suppose E(t) = E + Asin(Qt): Find N**(t) vs E.
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Comparing E(t) = E + Asin(§2t) and square wave
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General time dependence: measuring noise

Number of excitations:

N*= Y (Ul + Y [eule)

e>ep>e e<ep<e’
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Noisy driving

E(®)

o Suppose E(t) = ct + n(t)
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Noisy driving

E(t)
o Suppose E(t) = ct + n(t)
(n(t)) =0, (n(t)n(t)) = F26(t — t').

o To find N, need: (|U(e, €)|?)
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Noisy driving

E(t)
o Suppose E(t) = ct + n(t)
(n(t)) =0, (n(t)n(t)) = F26(t — t').

o To find N, need: (|U(e, €')|?)thus:
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Noisy driving

@ Find Froise = exp[-T2 (|t — /| +|s — §'| — L(t,t';s,5))]
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Noisy driving

@ Find Froise = exp[-T2 (|t — /| +|s — §'| — L(t,t';s,5))]
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Noisy driving: results

@ Integral log divergent: white noise
limit

e {1 c>TT,

A n 2 c< I,

(r+r2)2 + SR
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Noisy driving: results

o Integral log divergent: white noise E(t)
limit » EF

\ g

@ Infinite no. crossings of Fermi surface

Nex — 1 c > FF2
A n 2 c< T,
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