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Quantum Matter meets Quantum Computing
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M Phase diagrams and Phase transitions
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M Ising Model Thermodynamics

Phase transitions:
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M The density matrix p on QC

Mixed states can be obtained from pure states by
tracing out part of a pure state (dilation theorems).
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M The density matrix p on QC
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For a thermal state py,
¢ P = z-1 Z e_BHWQ(W
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Big question: How do we make such a state?



M The density matrix p on QC

Generation of thermofield double states and critical
S ground states with a quantum computer
mexian, u an 11mo y 5 sie

Variational Thermal Quantum Simulation via Thermofield Double States
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M The density matrix p on QC

Once we have one, how do we measure the density matrix p?

b
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Nature Physics volume 8, pages 596—600 (2012)



https://www.nature.com/nphys

M An alternative approach: the partition function 2
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M Partition Function Zeros

« Think of Z in a different way: as a function on the
set of parameters of the Hamiltonian: Z(h,T)

» Aslong as the number of states N < 00,Z is a Z(ﬁ h) _ tre—ﬁﬁ(h)
“nice” function. ’
* Thus, it admits a polynomial expansion in h. /\ /
/’ % "2 2
» Every polynomial is characterized by its zeros in
its domain. Z(h) = ] (h— ho)
ho

« 7 is positive definite for real Hamiltonian

parameters, thus the zeros must lie in the b/
complex plane of parameters. 2

Lee, T.D. and Yang, C.N., Physical Review, 87, 410



Partition Function Zeros
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Viewpoint Experimental Observation of Lee-Yang Zeros
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M Partition Function Zeros on Quantum Computers

Z — tr 6—5 D oia Jacr,?‘af‘_,_l—ﬁhr >, 0:i—1Bh; ) . 07
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1
Thermal state p

Time evolution

3 problems to be addressed:

1. How do we produce a thermal state? Thermofield Double States
2. How do we accomplish the time evolution?  p(t) = e~ *7int p(0)e™*int

3. How do we map this onto QC?

15



Produce a thermal state p

Generation of thermofield double states and critical
ground states with a quantum computer

D. Zhu**“@, S. Johri?, N. M. Linke®®, K. A. Landsman®®, C. Huerta Ald 2525, N. H. Nguyen®®, A. Y.
T. H. Hsieh', and C. Monroe®b<g.!
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Partition Function Zeros on Quantum Computers

Time evolution
Apply imaginary h field
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M Partition Function Zeros of the XXZ model
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Measurement of L(t) for two-site system

Phase Transition

t
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The nature of zeros changes signaling a (Quantum) Phase Transition.
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Measurement of L(t) for two-site system

Phase Transition
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M Reconstructing Partition function and Free Energy

Given the set of zeros measured from the quantum

computer, we should now be able to reconstruct the Z (57 J’ h) = C H (h — hO)

partition function (and thus the free energy):

Exact

Trapped lon
Quantum Computer

Science Advances Vol. 7, no. 34, eabf2447
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In 1980, the first ordered phase beyond symmetry breaking was discovered.

M Emergence of topological matters (after 1980)

Electrons confined t(
magnetic field show,
temperature, plateau
conductance” appea

How do we use quantum
computers to determine
topological properties?

a: M. Cage)
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Nobel Prize in Physics 2016



Topological states are robust... or are they?

Floquet topological states, Mei et al (PRL 2020) Kitaev Honeycomb Model, Xiao et al (arXiv:2006.05524)
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M A Brief Detour Into Geometry

The earth is round. [citation needed]

How can we tell?

LA+ /B+/C=180°

unless you're on a curved space...
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M A Brief Detour Into Geometry

We could also use parallel transport.

0

__’v
08

If you are on a curved space, as you make a
loop your vector may point a different way
than you started.
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M Quantum Geometry
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Q: If you walk a closed loop around the torus, what phase do you pick up?

A: Some integer multiple of 2x

26



M Quantum Geometry

How can we measure the topology of a wave function (bundle)?

® + 00
CBerry — <\IJ@|3@|\IJ@>
00(¥e|0o|¥e) ~In[l +00(Ve|de|Ve)| =~ In(Ve|¥e+s0)
Q)
(C)anciIIaQ H T LRY(—%) f?ﬁ' real
[ = —_ = .
[T F &8 | e
2 & PO
"l @ ;8;_ % E
. g g s




Chiral p-wave
superconductor

“Trivial”

H(k) =A(sinkyo, + sinkyoy) — e(k)o,
(k) = t(cosky +cosky)+ p
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Quantum Geometry

Chiral p-wave  H(k) =A(sink,o, + sink,o,) — €(k)o,
superconductor
(k) = t(cosky +cosky)+ p

Phase: 27C
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Conclusion

» Thermodynamics on quantum < Examining topological
computers using partition physics on quantum
function zeros computers
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https://www.physics.ncsu.edu/kemperlab/papers/Xiao-holonomy/
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Quantum Matter meets Quantum Computing
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