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… take home…

• "I have chosen Brain Entropy Mapping Using fMRI, for I am working in 
a Finnish medical imaging company (although mostly on CT) so the 
topic generally fits my interest.”

• "This was a tough choice, I thought both of them were super 
interesting, but I ended up choosing the Brain entropy article. I have 
always been intrigued by brain research and how our brains work in 
general, so finding out that our brains have their own entropy and 
just examining brains from the point of view of statistical mechanics 
settled my choice."



…. On the papers ….

"In the study, they mapped the brain entropy of 1049 subjects and computed the entropy for their 
brains based on the fMRI. To reduce the noise in the imaging, they also computed the entropy for a 
water phantom to serve as a base line. In the study they identified eight clusters in the brain, where 
one was assumed to be a peripheral boundary. These clusters corresponded to the prior knowledge 
of the brain’s regions. Furthermore, the study suggests that the brain entropy could serve as a well-
quantifiable measure of the brain activity and help to detect abnormalities in the brain.The living-
organisms are presumed to have lower entropy in comparison to the non-living matter, which could 
be used as a tool in the search of extra-terrestrial life. “

"The paper is about computing the different entropy contributions, vibrational and configutarional
entropies, of two metallic glasses. The authors do this computationally with a molecular dynamics 
simulation, and the results show that most of the entropy of the glass is vibrational, corresponding 
to the regular dynamical degrees of freedom of the glass, while some of it is configurational, related 
to the different (non-crystal) configurations the glass could assume when quickly cooled from the 
liquid phase. The authors find that their results match experiments pretty closely. Furthermore, the 
configurational entropy of one of the glasses, one with aluminum added to copper and zirconium, is 
significantly higher than the one without aluminum. They attribute this as one of the reasons why 
this alloy has a higher glass-forming ability, as there are more possible configurations for the glass to 
set to near the transition point."



Outline of lecture

1) Idea of a QPT

2) Quantum Transverse Ising model

3) Phase diagrams

4) Scaling hypothesis: classical vs. quantum

5) Classical-quantum mapping

6) Quantum annealing

7) Kibble-Zurek mechanism



Quantum Ising



Paramagnet



Ferromagnet



Partititon function



Quantum model to classical mapping



Summary



Ising again



Ising II



Ising chain



Use a transformation….



… diagonalize… exact spectrum.



Chain: QPT



Quantum annealing

Idea: take a classical Hamiltonian 
(energy function). Instead of doing 
things at finite T and lowering it 
(Simulated Annealing)… Glauber 
dynamics with a decreasing T.

Do the quantum version with 
decreasing quantum effects.

Tunneling through barriers.



Kibble-Zurek

Approach a 2nd order phase transition at a (fixed) finite rate. Eg. The 
Ising transition.

At some point, the correlation time / relaxation timescale becomes so 
large, that the system no longer relaxes (“adiabatically”) or is able to 
follow the change.

Consequence: topological defects are created. The density depends on 
the correlation scale (length) and dimension (“coherent volumes”).

Lots of applications…

Physics depends on the rate of approach (velocity).



Kibble-Zurek II
PNAS 2015



Quantum take-home
The classic reference for this stuff is by Subir Sachdeev (Quantum Phase Transitions) but we utilize here 
two sets of lecture notes that exploit it. The first set is from Warwick

https://warwick.ac.uk/fac/sci/physics/mpags/modules/theory/cqpt/lectures9-10.pdf

And if you want another viewpoint, with partly more detail, check lectures 5 and 6 from Dresden 
(Lukas Jansssen), https://tu-dresden.de/mn/physik/itp/tfp/studium/lehre/ss18/qpt_ss18

For the applications, we have quantum annealing and the Kibble-Zurek mechanism. The take home is 
now like this: check those notes so that you recall the main points of QPT. Then pick either a topic on 
quantum annealing (including the D-Wave simulator), in other words

https://www.nature.com/articles/s41598-019-49172-3

... or if you want to have more insight on the Kibble-Zurek, you should take

https://www.nature.com/articles/s41586-019-1070-1

And your task is like the previous time "2+8" sentences on the selection and main points.

https://warwick.ac.uk/fac/sci/physics/mpags/modules/theory/cqpt/lectures9-10.pdf
https://tu-dresden.de/mn/physik/itp/tfp/studium/lehre/ss18/qpt_ss18
https://www.nature.com/articles/s41598-019-49172-3
https://www.nature.com/articles/s41586-019-1070-1

