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Scaling Collapse of Transverse Field Ising Model

Thermodynamic Limit

Finite Size

Interesting States from quantum ramps

Do all things end in GGE or thermalization?



TRANSVERSE FIELD ISING MODEL
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RAMPS
B GROUND STATES: H|\||Ug|A]) = Eg|A\]|Wo[A])
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Ground state at a given lambda!

® TIME EVOLUTION: |U(t)) = expl[iH |\]t]|P(0))

@ FOR SLOW RAMPS, INSTANTANEOUS GROUND STATE
AND TIME EVOLVED GROUND STATE ARE THE SAME!
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FAST VvVS. SLOW

For linear ramps, adiabaticif T >
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Gap

All ramps eventually fall out of the ground state.

Physically: Correlation time
grows faster then time spent
1n region.
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APPROACH:

@ TFIM Is EXACTLY SOLVABLE.
@ TWO STEPS:
® REWRITE THINGS IN SCALED UNITS

@ CHOOSE THE CORRECT REGIME



SCALED UNITS
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SCALING LIMIT
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VWHAT TO MEASURE

Energy of ramp

Excess heat

Ground state energy

EXCEss HEAT: Q= (V()[H(1)|¥(t)) — (Yo|H ()| Wo)
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FINITE SIZE SYSTEMS

There is always a gap!

Can work out expected curves for different “scaled”
system sizes.

These expected to be universal.
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MOTT INSULATING BOSONS IN TILTE
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Same universality class as transverse field ising model.
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TIME EVOLUTION

1. Start with Uy ;pg = ZT?“[M{”M?. L MF)|orog. .. o)

for ferromagnet ground state. ( ) k x k matrix.

2. Apply exp | it ( Y oT+6(t)) %(af + 1)) exactly. This

0

increases the bond dimension to something too large.

( ) 4k x 4k matrix.

3. Project back to bond
dimension of size k.







Q: CAN RAMPS PRODUCE INTERESTING STATES?
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If 'm up, then you’re probably up as well.
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WHY ATHERMAL?

] 4 In a thermal state, this should be
concave not convex!

Inverted
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Generalized Gibbs Ensembles,
Thermalization,
and
Steady States



Q: WHAT DO CLOSED QUANTUM SYSTEMS
EVOLVE TO?

Sit and wait under some Hamiltonian H:

U(t) = agexplitEy||Vo) + aq explit ]| Pq)

These phases dephase with respect to each other!

Observables in diagonal ensemble.
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Q: WHAT DO CLOSED QUANTUM SYSTEMS
EVOLVE TO?

Sit and wait under some Hamiltonian H(t): ()\ == UtJ
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CONCLUSIONS

@ TRANSVERSE FIELD ISING MODEL SCALING
COLLAPSE

@ ATHERMAL STATES

# RAMP PROTOCOLS EXIST WHICH END IN PHASE
LOCKED STATES
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WE’VE WRITTEN V(¢ k,v) = U, (1)



LOwW ENERGY
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QUANTUM RAMPS

H(AM) =(1—-X—cosk)o; + (sink)og

#@ START HERE

® END THERE



(1 —X—cosk)o; + (sink)oy



@ SLOW RAMPS TRACK THE GROUND STATE






@ IS THEIR SOMETHING UNIVERSAL HERE?
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TS MMM
Paramagnet (PM) 0 Ferromagnet (FIM)



FINITE SIZE EFFECTS



