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Let us cross two levels once

t Energy

—

Let two levels talk

Drive

"Drive" = energy, chemical potential, voltage, magnetic field etfc



Two level crossing: the Hamiltonian

2) 1)
\/
1) 2)

H = E(@)(|1)(1] — 12)(2]) + Vi2(|1) 2] + |2)(1])
H = vts® + As®

L.D. Landau, 1932 — —
C. Zener, 1932, - .
E. Majorana, 1932 H T B (t) S

E.C.6. Stiickelberg, 1932



Level crossings in optical lattices

H = —J(a}aR + a}}aL) - %(ﬁL —nR)

Hy = Y[ag(ap — 1) + Aag(hg — 1)]

Energy (V)

Chemical potential

H = vtS* + AS® + D(5%)?
Spin 5=2 model with quadrupole interaction

Munich group: I. Bloch et at, 2008



Landau-Zener sweeps and quenches in coupled chains
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Landau-Zener sweeps and quenches in coupled chains

I:I(t) — —(JZ[A)I, zR‘|‘J|| sza it+1 a) + h.c.
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Quantum quenches

H = —h(t)Za;}E — Zafaf_l_l
1) 1)

Quantum Ising model




Level crossing in double and triple well potentials
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Delft group: L.Vandersypen et al 2012




Zener times

Two level crossing
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T. = h/A

TNA = \/ /U Non-Adiabatic
PT—W =1— eEXP (—27‘(‘5)

AZ
§= =
4hv
TA = A/v  Adiabatic

Tz = Max |[TA, TN A

Mullen, Ben-Jacob, Gefen, Schuss, 1989



Fast noise in two-levels crossing

d t
—on(t) = —4/_00 dt; cos (; [+ —tQD Fo(®) fo (t)na(t))
fe(t) = f2(t) T ify(t)
Initial condition (1 (t — —OO) =1
Fo(7) = (fa(t) fa(t + 7)) = JZ exp(—v|7|)
\\ Fast noise: 7Lz > 1/7
/ Average the equation |
e 108 PT—>l _1 (1 oo ( 4W<fx<?t)>fx<t>>>)

Pokrovsky et al 2003, 2004, 2010



Slow noise in two-levels crossing

d t

—on(t) = —4/_00 dt; cos (; [+ —tQD Fo()f—(t1)m. (1)
Fr(®) = fult) £ ify(t)

Initial condition n,(t - —o0) =1

Fo(1) = (fa(t) fa(t + 7)) = JZ exp(—y|7|)

¢ Slow noise: 71,7 <K 1/~
/ Average the solution |
0O 1 »
Fr-y=1

Kayanuma, 1934 14 47TJ2
MK et al 2010, 2013 Y




“"Minimal” model for interferometer: crossing levels twice
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1/4
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Two LZ 1 i1t 0
wo ransitions
are not separable if E <1

E. Shimshoni, Y. Gefen 1991



"Minimal” model for interferometer
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‘Stiickelberg's oscillations
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Stiickelberg's oscillations in QD
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Do we always have only two levels to cross?
(a)

Energy (U)

Chemical potential I. Bloch et at, 2008
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Do we always have only two levels to cross?

L.Vandersypen et al 2012



Let us cross three levels

5=1 Landau-Zener transition
if and extra particle-hole symmetry

is assumed

Non-degenerate

Two-fold-degenerate

“Interacting” Landau - Zener




Three level crossings: the Hamiltonian

3 X 3 matrices

H = vt§5% + AS”

SU(2) S=1 Landau-Zener transition

H = vt(5%)% + AS” + hS*
/ If h # 0, the 2-fold level degeneracy is lifted out
SU(Z) LZ with quadrupole interaction
= linear SU(3) LZ transitions
= vtS* + AST + D(5%)?




"Minimal” model of LZ interferometer

Splitter 1

11 N\
H = vtS* + AS® 4+ D(S5%)?



(A)Diabatic states for 3-levels crossing

SllO ) SOll
H = vtS* + AS* + D(5%)?



Three level crossing: the splitter
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Triangular LZ interferometer : the beats
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What is the period of the beats ?



Triangular LZ interferometer : the steps
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What is the time scale for the steps ?



l h / LZ interferometer : slow oscillations
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How does the long period scale with splitting ?



Basis of SU(3): Gell-Mann matrices

(V3As £ A3)/2

A+



Correspondence between SU(2) and SU(3)
SU(2) SU(3)

Pauli Matrices O’a, a=1-—-3 Gell-Mann Matrices )\a, a=1-—38

n = t?“(p . O'a) Bloch vector n® =tr(p-\%)
(7)? = 1
(7)? =1 Surface «[
n-nxn=1
Equation of Motion for the Density Matrix = Bloch equation
. d . d s s
i=n® = tr([H,p] - o) jn® = tr([H, p] - A°)
L d_ &, - L
H=DB(t)-5 E’n—— AT H = B(t) -\
(B AR = e*PYBOnY (é AR = FOPYBPRY
1 1
afy _— a B1. 47 aBy _ a \B1. \7Y
€ 4@,757“([0 ,o’] - a7) f 42,757“([)\ AP AT)

Welcome to the 8-dimensional world |



Three level crossing: the equations %n — —BAii

- %}Et) = —A? /t dty (Kr~(t,t1)S(t1) + Kr(t,t1)Q(t1)) + 24P _(t)
. %it) — —3A2 /t dty (K7 (¢, t1)S(t1) + K™ (¢, t1)Q(t1)) + 6AD(2)

L W)= [ dn (Kit (6 0)S(0) + Ki (6 0)Q(0)) + Do(t)

d (t) :—é/t dt, /tl dts Krmot ) KrE(t 1) — Ki2 (4, 1) KiE (¢, tl)} dis(tz)

—4A2/ dt1/ dts Kr (b1, ) KT (1) + K29 (11, t0) KrE (¢, tl)} W (ts)
t1 d 2

C4A? / dt, / dt2 (b1, ) Kt (1, 1) — Ki2 (th, t2) Kt (t,tl)} W (t2)

K75 (t,t1) = Re[exp (i(£(t) — f(tl))] Ki®(t,t1) = Im [exp (i((t) — £(t1))]
Kr( D) =K () £ Kr® (1)

t1
/ dt1/ dts Kr (b1, o) Kt (t, 1) + K2 (4, to) K (1, tl)} 4 sty)
0 t 0

Kz'i(t,tl) = Ki% (1, 11) £ Ki% (,t1)  pi = % (1 + ‘; + ?)
Q) =vt*  1C: 9(Zo0) =Q(=o0) =1, W(-o0) =0 _Llu_g
- 3
OF (1) = (tj:—> iabati —5(1+5-%
(t) = v . Diabatic Probabilities pss = 3 (1 +5 - 7)



SU(3) beats and steps:
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Bloch's experiment on interacting blockade and Landau-Zener (PRL 2008)

Energy (U)
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System of coupled interferometers _
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Transition Probability
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SU(4)

H = vtS* + AS” + D(S%)* + v [(5%)% — (9Y)]

5 0 5 10 15 20 25

tVa



0.005}

0.0041

Transition Probability
=) =)
= =
S S
) >

0.001f

0.000¢

Inverse engineering of dynamical Hamiltonians

I=3/2

-3/2)

-172)

+172)
+3/2)

0.005¢

0.004¢

0.003F

e
=)
S
[ )

Transition Probability

0.001p

0.000F -

tVa

Va






SU(N) quantum spin dynamics
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Controllable way for 1/N expansion?

S. Davidson and A.Polkovnikov PRL 2015



Perspectives (to do list)

Dissipative two-level crossing : SU(4) LZ model
“Longitudinal” and "transverse" relaxations in BE

Loschmidt echo and statistics of works for LZ transition
Quantum quenches to- and from- degenerate GS

Fast and slow noise in SU(3) LZ: a random magnetic field
“Parabolic” SU(3) LZ interferometry: superconducting qubits
Periodically driven SU(3) systems

Singlet/Triplet transitions in DQD and TQD: SO(4) LZ model

Berry phases in SU(3)/U(2): an exotic AB effect?
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Conclusions

H = vtS* + AS® 4+ D(5%)?

(8% (8%
—n®(t) = —f*PTB(t)n"(t)
t MK, K.Kikoin, M.Kenmoe, Europhysics Letters 104, 57004 (2013)
A. Adhikari, MK, K.Kikoin (2015)



