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For Emmy Noether
Visiting kellow. Gemma
De las CueVas, th
difficult, surreal

ideas of quantum
mechanics are
irresistible.

f all the subjects she could hove studied, Gemma De
las Cuevos was drawn to quantum physics because of
its strange, surreal qualities.

“Everylhing tho! has to do with quantum physics is surprising and
excifing becouse it is so different fo anything we ore used to," she
soys. “Never mind science fiction, it is guite enough lo understand
guantum mechanics.”

De los Cuevos is an Elise Richter fellow, o senior postdoctoral
researcher in quonium information of the Institule of Theorafical
Physics ol the University of Innsbruck, Ausiria. She is also one of
seven Emmy Moether Visiting Fellows who are spending fime al
Perimeter in the 20148/17 academic yeor.

Moether was on influenfial 20* century German mathematicion
whose theorems underpin much of modern physics. Through a
series of Emmy Noether Initiatives, including the visiling feflowships,
Perimeter is seeking Io help redress the long-standing imbalance of
women in physics while encouraging breskihrough discoveries.

While more women ore going into physics, De los Cuevas
acknowledges that there are still challenges, including the lack of
role models for young women. “Ilis not fun, for women or for men,
lo have such an unbolanced sivation. So | think programs such as
this are o good idea.” :

De las Cuevas has an eclecfic and curious mind, and is prone lo
picking up books that range from The History of Western Philosophy

by Bertrond Russell to The Beginning of Infinity by Dovid Deutsch.
She loved mony subjects in school, but chose physics becouse it
ofiered the greatest chollenges.

With its blend of difficult and surreal ideas, quantum physics proved
irresistible. "It hos o mixiure of both understonding the world
physically, ond clso abstract thought,” she says. “[It is] o slarfing
point far understonding the world.”

Her research focuses on tensor networks, which try lo describe
quantum many-body systems that involve o large number of
interocting poriicles. Underslonding these systems is important lo
many areas of physics, such os condensed matter and quantum
information,

Tensor natwork theory can toke the many-body wave functions of
o strongly correlated systemn, like the electrons that maove fightly
logether in a superconducior, encode them ond breok them down lo
a series of iensor operations. This can simplify cur undersionding of
how guanium poricles behove en masse, exhibiting new emergen!
properties that the individual parficles don'l have. (Buoyancy, for
example, is an emergent property of water — single water molecules
don't exhibit buoyancy, but many of them togather do.)

“Wa may understond how o few guanium objecis behove and
how to describe them, but the description does nol work well when
you scale up ond try to put together many guontum objedts. 5o
we nead naw ideas and we need 1o find an emergen! description,”
De las Cuevas exploins. Just as o brain con be described at the



level of neurons or in lerms of psychology, so it is that in physics,
"when we look ol different scoles, we require completely new
descriplions,” she odds.

Her research involves using tensor network theory to improve the
understanding of mixed quantum states and confinuum limits within
cerain closses of fensor networks. But recently, she haos also been
warking on developments of the inlersection between theorelical
computer science and physics.

“| was ohirocted to the foct that it is o young field with close
conneclions lo experiments on the one hand, and to absiract
concepts in mathematics ond theoretical computer science on the
other hand,” De los Cuevas soys.

In thecretical compuler science there ore “universal Turing
machines,” which are cbsiroct models of compulation that help
investigote the limits of computation. These computational models
are “universal,” because with appropriake input, they can simulale
the steps fo compute anything that can be computed.

Earlier this year, De los Cuevas showed that something similar
hoppens in physics. In o poper published in Science, “Simple
Universal Models Capture all Clossical Spin Physics,” she and
co-author Toby Cubitt showed that the physics of “classical spin
models,” which are simplified models of interoctions between
parficles, is reproduced in the low-energy secior of ceriain universal
models in physics.

*

EMMY NOETHER
FELLOWSHIP

Emmy Noether Visiting Fellows are invited to work ot Perimeter for
periods of three months o one year. They pursue research and

collaborate within the Institutes scientific

community while on leave from their home institutions.

Applications for the 2017/18 Fellowships
close on January 10, 2017.

For more information, please visit

perimeterinstitute.ca/emmy-noether-visiting-fellowships.

To learn more about Perimeter’s Emmy Noether Initiatives,
go to www.perimeterinsfitute.ca/research/emmy-noether-inifiafives.

Mow, she is conlinuing o look ot the similorilies between these
universal medels for simulation in physics ond universal Turing
machines for compulation. In theoretical compuler science, there
is the cancept of an undecidable problem, a decision problem for
which it is known lo be impossible fo construct a single olgorithm
that alwoys leads to o correct yes-or-no onswer. De las Cuevos is
investigaling the role of undecidability in physics.

Perimeter's Tensor Metwork Inifiative and the diversity of its research
areas were prime afroctions for De los Cuevas. She recenly
campleted o month-long visit in the lall, and plans to make several
more research visits lo the Institute during her year-long fellowship.

* was really excited to be able lo come here and to be cble to talk
Io people in differant fields ond learn from them,” she says. “I really
am just working on a liny comer of a very big theory, but | feel thot
| om part of o large community and leam.”

She says Perimeler is a “unique and special place” where she gets
io meet inleresling peaple who are thinking deeply about many
guestions. “For me, it is a like o ploce | hod dreomt of, but didn't
know il could axist,”

— Rose Simone

Perimeter is chollenging the under-represeniation of women in
physics through its Emmy Noether Initiatives, bocked by the

Emmy Noether Circle of donars who chompion women in science,
To become o supporer, email jwoly@perimelerinsiitule.co




