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Many-body Landau-Zener generalisation

@ One body, many-level generalisations:
» Exact solutions:

Demkov-Osherov

Smallest/largest slope [Shytov]

@ Here, instead many-body

» Time varying energy of single-particle states
» Automatic elevation to many-level problem
> Interference

@ Present two simple but striking examples.
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Overview

© Introduction and Landau-Zener
@ Introduction

© Two-level system/photon field
@ Many body problem, Collapse and revivals
@ Understanding collapse and revivals
o Effects of decay

© Localised fermion coupled to continuum
@ Relating one- and many-body problems
@ Cancellation and “clean electrons”
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Physical system
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Exact numerical result
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Description
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o Hamiltonian: A = wo ¢y + %6'2 +g (d)TcAr_ + LZJ&“‘) )
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Description

Hamiltonian: H = wg e + %6'2 +g (MA)TCAF_ + LZAJC?“‘) )

Initial coherent state: |W(—o00)) = e~ [¥I*/2 don \"%\n, 7

n!

Each pair [n,T) < |n+ 1, |) undergoes LZ transition

H B At/2 gyvn+1 1 _ Ani1
mrtl T\ gy/n+1 0 =At/2 ) 0 Bni1

o Final state:

Yoe) = MY o [Anmn, 1)+ Braaln + 1, Lﬂ
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What to measure?
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What to measure?

i N
| Adjusteble defay 5

-

Detecto

i

After mixing: 12 + ggoei‘s Intensity:

o< (1 + ™) + doe™))
= (#10) + a3+ 00 ((v1) €+ (v) ™)
Measure (W|¢)|W)
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Revivals are not coherent states

Wigner function:
W(x,p) =L [dy W*(x + y)¥(x — y)e*P.
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Revivals are not coherent states

Wigner function:
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t=—oc: W(x, p)

Field amplitude: @ |{|w
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Explaining results

W(T)) = e—|¢|2/2;)\%[A,,+1]n, 1)+ Bhi1ln+1,1)
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Explaining results
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Understanding collapse and revival

(W[ W) = pelVP Z ¥ / i (Pri2—ni1)
1
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Understanding collapse and revival
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Understanding collapse and revival
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Understanding collapse and revival
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Explaining results: approximating phase

Want A¢, for n =~ |2,
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Explaining results: approximating phase

Want A¢, for n =~ |2,

A¢p,=z[(n+1)In(n+1) — nin n+ const]
dAo, <n+1> z
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Explaining results: approximating phase

Want A¢, for n =~ |2,
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Explaining results: approximation
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Explaining results: approximation
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Possible decay channels

0up = —i [, p| + Lalp] + L[]

2
NP

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Possible decay channels

Yr s
K% Ll = =5 (¥ qu+pr¢ 2wpw)

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Possible decay channels

Keeling and Gurarie Landau Zener processes in many body system

December 10, 2007 14 / 35



Possible decay channels

Y )
=% 0up = —i [, p| + Lalp] + L[]
g% . Lulpl = =% (610p + pted — 200"
k4
L[] = = (6+6-p + pb46- — 26— po)

Naive estimate: (yt*,xt*) < 1, with t* ~ g|y|/A

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Possible decay channels

Y )
=% 0up = —i [, p| + Lalp] + L[]
g% . Lulpl = =% (610p + pted — 200"
k4
L[] = = (6+6-p + pb46- — 26— po)

Naive estimate: (yt*,xt*) < 1, with t* ~ g|y|/A

(30) <2
g' g g2 [

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Possible decay channels

Y )
=% 0up = —i [, p| + Lalp] + L[]
g% . Lulpl = =% (610p + pted — 200"
k4
L[] = = (6+6-p + pb46- — 26— po)

Naive estimate: (yt*,xt*) < 1, with t* ~ g|y|/A

(’Y ”) PN SN
g' g g2y 2m|y)3

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Possible decay channels

Y )
=% 0up = —i [, p| + Lalp] + L[]
g% . Lulpl = =% (610p + pted — 200"
k4
L[] = = (6+6-p + pb46- — 26— po)

Naive estimate: (yt*,xt*) < 1, with t* ~ g|y|/A

v K Al 1 _3
- — |« 55— ~ 10
(g g> g2yl 2m|yP

12

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 14 / 35



Results including decay
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Understanding additional decay: adiabatic approx
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Effect of extra decay
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Effect of extra decay
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Results including decay
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Possible systems

Requirement: x/g <1 x 107°, v/g <2 x 1074
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Landau Zener processes in many body systems

Localised fermion coupled to a continuum of states
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Single particle problem

ﬁ%i(t)
EUEC=S
Tvo =0

=
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Single particle problem

Regularly spaced continuum:

g U(x.t) = 3 ()

Qi of +

Sy

L vt
T ()
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Single particle problem

Regularly spaced continuum:

g U(x.t) = 3 ()

) $ E(t)

Thus, continuum equations:

3128 [0 — E(E)]6(t) = & / dxi)(x, 1)3(x)
(1% + VO )(x, £) = g6(x)(2)

Pt

L vt
T ()
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Single particle problem

Regularly spaced continuum:

g U(x.t) = 3 ()

Thus, continuum equations:

3128 [0 — E(E)]6(t) = & / dxi)(x, 1)3(x)
(1% + VO )(x, £) = g6(x)(2)

Qi of +

L vt
T ()

Given: ¥(x <0,t) = e <t

Ners find:

iet

Ule, €)= /dtw (x >0, t)\e/?
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Solving Schrodinger equations

Equations:

i0r — E(}o(0) = g [ (x5
(10 + ivOx)¥(x, t) = gd(x)o(t)

Keeling, Levitov and Shytov Landau Zener processes in many body system December 10, 2007 23 /35



Solving Schrodinger equations

Equations:
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bty =vo (t-2) = i€o (1~ X)o(0)
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1’4
g2
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Solving Schrodinger equations

Equations:
i0r — E(}o(0) = g [ (x5
(i0¢ + ivOx)ib(x, t) = gd(x)p(t)

Can solve for general E(t), writing:

bty =vo (t-2) = i€o (1~ X)o(0)

1’4
g2
so: [l@t — E(t) + /2‘/} o(t) = g (t)
Introduce decay rate [ = g2 /v
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Scattering matrix for arbitrary times

Solution for ¢(t)
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Scattering matrix for arbitrary times

Solution for ¢(t) = g/t dt'o(t) exp [—g(t —t)+ i/t E(T)dT:|
oo t/
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Scattering matrix for arbitrary times

Solution for ¢(t) = g/t dt'o(t) exp [—g(t —t)+ i/t E(T)dT:|
oo t/

Then: io(t') = %e"'eltl
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Scattering matrix for arbitrary times

Solution for ¢(t) = g/t dt'o(t) exp [—g(t —t)+ i/t E(T)dT:|
oo t/

Then: vo(t') = %e_ielt/ — ¢(t) — P(x, 1)

Y[y
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Scattering matrix for arbitrary times

Solution for ¢(t / dt'o(t) exp [—g(t —t) _|_I/t (T)dT}
t/

Then: io(t') = \/1276—15%’ — ¢(t) — ¥(x, t)

r o0 t r t
Ule, ') = / dt/ dt’ exp |iet — ') — (¢ — t’)—i—i/ E(r)dr
27T _ _ 2 t

o0 [e.9]
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Scattering matrix for arbitrary times

Solution for ¢(t / dt'o(t) exp [—g(t —t) _|_I/t (T)dT}
t/

Then: io(t') = \/1276—15%’ — ¢(t) — ¥(x, t)

r S t r t
= / dt/ dt’ exp [i(et —€t) - 5(t -t + i/ E(T)dT]
T J—co — 00 t/

If E(t) = \t, elementary form:

Keeling, Levitov and Shytov Landau Zener processes in many body system December 10, 2007 24 / 35



Scattering matrix for arbitrary times

Solution for ¢(t / dt'o(t) exp [—g(t —t) _|_I/t (T)dT}
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Then: io(t') = \/1276—15%’ — ¢(t) — ¥(x, t)

r S t r t
= / dt/ dt’ exp [i(et —€t) - 5(t -t + i/ E(T)dT]
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If E(t) = \t, elementary form:
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Elevating to many particle problem: linear time

3= (elU|e')ae

6/
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Elevating to many particle problem: linear time
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6/

For E = \t
(e|U]€') x o~ (T/\)(e=e)=(i/20)(¢2—€?)
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Elevating to many particle problem: linear time

3= (elU|e')ae

!

For E = \t
<€|U’6/> X e_(r/)‘)(6_5/)_(i/2)\)(€2—e/2)
= Ul(E)UQ(G/)

= clo) (o]
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Elevating to many particle problem: linear time

5= > Ule) — O —a
z — O
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Elevating to many particle problem: linear time

3= (elU|e')ae a

6/

For E = )\t 4@7b
(€| UJe') oc e~ (T (e=e)=(i/20)( =) —@
e
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Elevating to many particle problem: linear time

3= (elU|e')ae a

6/

For E = )\t 4@7b
(€| UJe') oc e~ (T (e=e)=(i/20)( =) —@
e

= Ul(E)U2(6/) Pr=U,aUp—p — Usymsy Up— &
— 61 )6 — (64) (6 |2) B+ ) |b)
— (o4 ) (o [b)(b|¢+){(d—|a) = 0.

Max number of particles transfered = rank of U.
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Linear timed dependence, exact state

W, o e (/)= (i/20) ()

Spatial profile:

A lwl?

Vx
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Conclusions

@ Exactly solvable many-body generalisations of LZ.
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Understanding additional decay: adiabatic approx
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At t — 00, Pirans — 0.

At t ~ 0,
p Wn=vn-17 1 1
e T 2(2n+1) 16n2  16[y*
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Understanding additional decay: Density matrix equation

If adiabatic, A, = pp nt1:

dAn - |:dA¢n1:| An

dt dt
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Understanding additional decay: Density matrix equation

If adiabatic, A, = pp nt1:

d;?tn = [dAjtn1:| An — K [(n — ;) An — 1/ n(n + 1)An+1

When |t| < g/, decay rate kn =~ k[{|> > k.

k/g < 1/(2mp[3) ~ 5 x 107>
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Additional decay perturbatively

An . |dA¢,- 1
ddt :/[d jt 1] An—/{[<n—2> An—/n(n+ 1A
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Additional decay perturbatively

dAn . dA¢n—1 1
™ —/[ ™ ]A,,—/{Kn—Q) A,,—\/n(n—l—l)A,,H]

Gauge transform: A, = A,e~A¢n-1

A, 1\ - . .
ddt =—K [(n - 2) Ap—/n(n+ 1)A,,+1e’[A¢"—1_A¢"]}
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Additional decay perturbatively

dAn . dA¢n—1 1
™ —/[ ™ ]A,,—/{Kn—Q) A,,—\/n(n—l—l)A,,H]

Gauge transform: A, = A,e~A¢n-1

A, 1\ - . .
ddt =—K [(n - 2) Ap—/n(n+ 1)A,,+1e’[A¢"—1_A¢"]}

-
— Iﬁ?/ dt [(n — ;) A, — \/m,anﬂeim%—rmﬁn]}
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Results of perturbative decay

Remove “naive decay”,

<\U‘¢("{? ¢0)|w>naive = <\|/|1/}(07 7/)06_”T/2)|\ll> e_”T/2

5 (W[ W) = (k[Y*) Y Pax
[Tef[Aml(T)Aml(T)] + TellAbn(~T)-6n(T)]

.
_ ellBGn(~T) =B 1(T)] / ollBbn 1-A6n] gy
-T

Keeling and Gurarie Landau Zener processes in many body system December 10, 2007 31/35



Results of perturbative decay

Remove “naive decay”,

<\U‘¢("{? ¢0)|w>naive = <\|/|1/}(07 7/)06_”T/2)|\ll> e_”T/2
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.
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Results of perturbative decay

Explicit form in large n approx:

_ 2 —izIn(T2/zn)+iz/2n [ZNTZ z
S (W[ W) = —ah(k|e)| )Zn:Pne \/jznj1 (2n)
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Results of perturbative decay

Explicit form in large n approx:

_ 2 —izIn(T2/zn)+iz/2n [ZNTZ z
S (W[ W) = —ah(k|e)| )Zn:Pne \/jznj1 (2n)

At g2/\ = z = 27 N|¢|?

SOUWY | o [Z,(szf/ZwP]
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Noisy driving

E()

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

[e’e} t [e'e} t
N oc/ dt/ dt’/ ds/ ds’ ... x Fuoise(t, t'ss,5)
—o0 —00 —00 —0o0
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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:

[e) t o0 t
Nex oc/ dt/ dt’/ ds/ ds’ ... x Fuoise(t, t'ss,5)
—00 7OCt>' —00 7005
Fnoise - <exp [’/ U(T)dT - i/ 77(0')0'0'} >
t/ s’
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Noisy driving

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

@ Find Froise = exp[-T2 (|t — t'| +|s — §'| — L(t,t',s,5))]
- —
| : I
bOL(tt,sS) '
=

-
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Noisy driving

@ Find Froise = exp[-T2 (|t — t'| +|s — §'| — L(t,t',s,5))]
’
It |

- S : S,

| :
bOL(tt,sS) !
_— =

o Cansimplifyto A=t—sandA=t—t' =s—¢
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Noisy driving

@ Find Froise = exp[-T2 (|t — t'| +|s — §'| — L(t,t',s,5))]
’
It |

- S : S,

| :
bOL(tt,sS) '
- =

o Cansimplifyto A=t—sandA=t—t' =s—¢

NEE —r? /°° dA /°° dAelCA—T-T2)A+T2L(AN)
27TC o (A — 10)2 0
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Noisy driving: results

@ Integral log divergent: white noise

limit
Nex . 1 c > FF2
B + 22, c<IT,
(r+r2)2 ri
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Noisy driving: results

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

\ g

@ Infinite no. crossings of Fermi surface

e {1 c>TT,

A n 2 c< T,

(r+r2)2 + S
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