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Dynamics in guantum many-body systems
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Quantum entanglement

Quantum state Schmidt decomposition
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classical product state: large entanglement

no entanglement

For larger Sy, it is far more difficult to describe the quantum state.



Quantum entanglement

Quantum state

W) = ;Zﬂ: W |¢$> |¢5> = Z/\i i) |B:)

i
Schmidt decomposition

voIL;'r.ﬁé”‘
Entanglement entropy  Sp, = — Z /\12 1n/\12 aree
l
Area law: Calabrese, Cardy J. Stat. Mech. 06002 (2004)
Area of a bipartition
SA OC ( p ) 2.5] critical XX c=1/2
/
ground state of 1D systems g
A a 1S 24
xx2( d) critical Ising-XY c=1/2 ]
1.5} .F gappe NSRS S s o Solalal
Volume law: EEEEEEEEEEEEEEEEEEEEEEEE
1 Ising(gapped)
SA X (Volume of A) | | | |
tod H | 10 20 30 40
excite states, thermal states Na Subsystem size



At finite T,
entanglement entropy ~ thermal entropy
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Quantum contribution from B converted to

So(N4) Boltzmann weight (classical contribution).

Renyi-2 entropy
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Why is quantum dynamics difficult to treat?

How fast does the correlation spread? It is rather local.

Lieb-Robinson bound (1972)

Quench: start from a product state (no entanglement)
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For these simplest cases:
Area law of entanglement entropy (dynamical)

but ... grow very fast in time.
Sa < co+ clt]

Eisert & Osborne PRL (2006) C1 X |t|
40 Ca + .

lon number More complicated case: quantum scrambling
P. Jurcevic, et.al. Nature 511, 202 (2014)



Why is quantum dynamics difficult to treat?

Approximations cannot follow

the growth of entanglement.

We are living in a finite temperature world.
Most of the states will thermalize toward

Kaneko, Danshita, Comm.Phys.(2022) o[
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Linear response in 2D kagome spin 1/2 Heisenberg model N=27.

We can almost exactly track finite T finite-time
evolution.

Endo, Hotta, Shimizu PRL(2018)



Questions in dynamics
B
- How does the information spread ? @
(2) Motome: Quantum reservoir probing

- When/how the system thermalizes ?
(3) Mori : Timescale of thermalization

- How to properly calculate guantum dynamics ?

(4) Harada : Quantum Glauber dynamics
(5) Kaneko : Long-time dynamics by mode coupling

- Observing particular features in dynamics
(6) Tamura : Bose gas in optical box

- Recovering information of quantum states (entanglement)
(7,8) Yamamoto & Ozawa : Tomography






