Dynamics of entanglement entropy of interacting
fermions in a 1D driven harmonic trap
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Experiments show local thermal behavior in

globally pure states

Quantum quench
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Information and entropy

10010110 10111001
28 = 256 strings
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Information and entropy

10010110 10111001
28 = 256 strings

What if we restrict to
a subset of 8 strings?

00000000 00000111
00000001 00000011
00000010 00000101
00000100 00000110
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Information and entropy

10010110 10111001
28 = 256 strings

What if we restrict to
a subset of 8 strings?

00000000 00000111
00000001 00000011
00000010 00000101
00000100 00000110

000 111 001 110
010 101 100 011

23 = 8 strings
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log, (# of strings) = # of bits

How much information is
needed to specify a
particular string?




Information and entropy

10010110 10111001
28 = 256 strings

What if we restrict to
a subset of 8 strings?

00000000 00000111
00000001 00000011
00000010 00000101
00000100 00000110

000 111 001 110
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23 = 8 strings
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log, (# of strings) = # of bits

How much information is
needed to specify a
particular string?

Ss == p(0)logp(x)

For 8 strings, p(x) = %:

S = —logzé = 3 bits

(not necessarily a whole number)



Information and entropy

Correlations reduce uncertainty
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Extension to quantum mechanics

von Neumann:

Syn = —Tr(plog p)

Rényi:

Sp = logTr p™

1—n

S, = —logTr p?

Trp?
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Pure state: S, =0 (T =0)

Mixed with equal weights: S, = log N
= log(rank p)

Maximally mixed: S, = logVy (T — o)

~ weighted # of states contributing to p



System of interest

Transfer matrix:

n 2 A\ _ ~
_ 1 t T = expl—TH
Hsz——g6(9?T—5c‘l)+§ma)3£T’¢2 <1+asinT) p( )
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Ground state prolectlon:

Jim TN W) = W)

Wick rotation:

T - i6t

Real-time evolution:

TIW(@®)) = |¥(t + 6t))

Not Monte Carlo;
numerically exact

WIJ Porter and JE Drut, Phys. Rev. B 94, 165112, 2016.
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Agreement with previous work
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Small subsystems appear thermal




Small subsystems appear thermal
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Energy reveals unstable regions

Attractive Non-interacting Repulsive
EqoolEqg 2/Eo Lo/t
R 0.04
B4 5.532 5.532
-18.93 5.040 2040
—-28.41 4.547 4.547
-37.90 4.055 ;:Z:
- 3 -47.38 3.562 '

2 bOdy EEET 3.070 3.070
il 5 &5y 2.577
. 5 bis 2.085
—85.32 1.592 1992
1.100 1.100

15

T T

1.0 Emax/E
5.532 5.532 5.532
5.040 5.040 08 5.040
4.547 4.547 4.547
4.055 4.055 0.6 4.055
3-b0dy 3 3.562 3.562 & 3.562
3.070 3.070 0.4 3.070
2.577 2.577 2.577
2.085 2.085 0.2 2.085
1.592 1.592 1.592
1.100 1.100 0.0 1.100

0.5 1.0 15 2.0
T

N THE UNIVERSITY

|I Il ({]'I\'()I{TII CAROLINA
i at CHAPEL HILI



Hilbert space occupation around resonances

Attractive
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Summary and acknowledgements

Entanglement causes locally

thermal behavior in a globally

pure state

* Measured by

entanglement entropy,
fraction of Hilbert space

Driven behavior is coupling-

dependent

Off-resonant driving yields

non-trivial entanglement

structure
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