Ralf Schutzhold

Fachbereich Physik
Universi&at Duisburg-Essen

UNIVERSITAT

DEUS I sSI__JBNU RG

Sauter-Schwinger like tunneling in the Bose-Hubbard medell/13



Schrodinger equation

(non- relativistic) __
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Dirac equatlon (relativistic)
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— positive anchegative I
energy levels!

— filled up in vacuum
(Pauli principle)

— holes: positrons
(prediction!)

ealfMhacccnnaltuloccnnncdagofacccnndigdutacnnnnctgupulocccnndpuelocccnndagofa

Sauter-Schwinger like tunneling in the Bose-Hubbard medeR/13



Constant electric field

— potentialV (z) = ¢Ex

— tilt of level spectrum

— tunneling from Dirac seal!
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Creation ofe™ e~ pairs out of the vacuum
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Exact calculation yields
tunneling exponent
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Non-perturbative QED vacuum effect-(difficult. . .)

Critical field strength (QED birefringence etc.)

cd m?

Eoe=—"" ~13x 1018V
A /m

Corresponds to intensitly = O(10°W /cm?)

Planned ultra-strong lasefs= O(10*°W /cm?)

Enhancement by time-dependent fields, e.g.,
R. S., H. Gies, G. Dunne, Phys. Rev. Ldfd1, 130404 (2008);

G. Dunne, H. Gies, R. S., Phys. Rev8D, (rapid comm.) 111301 (2009)
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Atoms in optical lattice (Iattice sites, u) h=1

A J
H:_EMZTWQ aVJr Z

a)

HoppingJ dominates: . =
super-fluid phase o s
Tunneling matrixZ),, b “
coordination number
Z — ZV TMV b A,
InteractionUU stronger:
Mott insulator state ol N

e e
— energy gapA&é o

|. Bloch, Nature Physic$, 23 (2005)
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Particle-hole palr creation via tunneling (Mott state)
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P. Navez and R. S., Phys. Rev82, 063603 (2010)
Reduced density matrices (for lattice sijes)

Pu = Tr,;j{ﬁtotal} y Py = TrMV{latotal} , etc.
Correlations

A L ACOI’I’ A A
Puv = Puy T PuPv
~COI'T ~COIT ~ ~COIT ~ ~COIT ~

Puvr = Prvx T Puy PA T Pux Pv T Pux Pu T PuPvPA
Hierarchy of correlations fo¥ > 1 (coordination #)

pu=O(1), o = O(1/Z), pios = O(1/2%), ete.
Time-evolution )
0o = f(Pus P) — f(pu) +0O(1/2)

ACOIT ACOIT ~ ¢ ~0 acorr

0" = 9(Pu, D5 Pon) — G(py, Pi”) + O(1/Z7)

— iterative solution: firsp,, thenj$,", etc.
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Particlep,, = \1>M<2] and 9\
hole/,, = |0),,(1] operators™ ## &+ ¢+
— effective scalar fieldb(t, 7,,) = h,(t) + p,(t)

[i0, — V(t,7)]* ¢ = megCog — g V- + O(VZL)} &

Energy gapAE = v/ J2 — 6JU + U? = 2megcy
Propagation speed; o (3JU — J#)
Klein-Fock-Gordon equation in continuum limit!

Quantitative analogy — R. Feynman:

“The same equations have the same solufioff
F. Queisser, P. Navez, R. @r, Xi v: 1107. 3730
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F. Queisser, P. Navez, R. &, Xi v: 1107. 3730

Sauter-Schwinger effect Bose-Hubbard mode
electrons & positrons particles & holes
Dirac sea Mott state
mass of electron/positron  energy gap\&
electric fieldE(t) lattice tilt V,(¢)
speed of light velocCity ceg
a) & b)
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\'/ R.S., J. Low Temp. Phy453, 228 (2008)

Mott — superfluid (symmetry breaking)
— eXxponential growth of fluctuations (initially)

@00} = N O exp /2= (= |

P. Navez and R. S., Phys. Rev8&, 063603 (2010)

with Ceff (3JU J2) o
and/y X (J _ Jcrit) )\ ".".-.
ForJ > J.i, there Is scalé, A

290 {1t} j()(k*|7°/f —7,|)
with Bessel function’, '_
See also M.Uhlmann, R.S., U.R.Fischer, e

Phys. Rev. Lett99, 120407 (2007)
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\'/ R.S., J. Low Temp. Phy453, 228 (2008)

SuperfIU|d—> Mott (symmetry restorlng)

al ()a, (1)) = nexp{—t?U*A*n}, A’n=n(l —e" 7
v p
— freezing of number fluctuations

R.S., M.Uhimann, Y.Xu, U.R.Fischer, Phys. Rev. L&it, 200601 (2006)
Revivals: U.R.Fischer, R.S., Phys. Rev.78, (R)061603 (2008)
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Quantum correlations in the Bose-Hubbard model
e Hierarchy p.NavezandR.S., Phys. Rev8a, 063603 (2010)

pu=0Q1), p" =01/Z), pr=01/2%),...

- Sauter-Schwinger ... s v o
tunneling B
L,

F. Queisser, P. Navez, R. S., 7 1} 17 AT *
ar Xi v: 1107. 3730 - ‘

» Quenches \'/ L N A

J. Low Temp. Physl53, 228 (2008)
Phys. Rev. Lett97, 200601 (2006); Phys. Rev. Le®9, 120407 (2007)
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Mott insulator— band insulator

| ower band— Dirac sea
N. Szpak, R. Sar Xi v: 1103. 0541
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