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* |ntroduction to Fermionic Information Theory (FIT)

 Review 1: Qubits vs. Classical bits: a mathematical comparison
* Febits vs. Qubits: a mathematical comparison

* Review 2: Bell (CHSH) game: Qubits beat Classical bits

* Our game: Febits beat Qubits
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Qubits — Classical bits

1. a|0) + 4| 1) ——— Infinitely many classical bits needed!
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Review 1: Qubits vs. Classical bits: Mapping

Classical bits

Infinitely many classical bits needed!

Non-local operation
XA

Q— P -
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Qubits
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2. EPR:

Local operation
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OKk... but is there a fundamental
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difference? o
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Review 2: CHSH game
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Febits vs. Qubits: Mapping

Qubits —— Febits
0),, — 10,0,)5 1 qubit — 2 Febits
| 1>Q - [ 1;1,)F

X = f1f3 +hf

e Separable states remain separable

 Operators remain local
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Febits vs. Qubits: Mapping

Febits —— Qubits

1. Jordan Wigner:

i—1
(F) (@) ) y(Q)
0 — ([122)x

k=1

e Separable states remain separable

* Operators become highly nonlocal

7/15



Febits vs. Qubits: Mapping

Febits —— Qubits  with a given locality structure

2. Superfast Bravy Kitaev:

[4] Kanav Setia, Sergey Bravyi, Antonio Mezzacapo, and James D Whitfield. Superfast encodings for fermionic quantum simulation. Physical Review Research,
1(3):033033, 2019.
[5] Tommaso Guaita. On the locality of qubit encodings of local fermionic modes. Quantum: the open journal for quantum science, 9, 2025.
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o K &/ e Separable states become entangled

* Operators remain roughly local
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OKk... but is there a fundamental difference?

Distributed Computing: LOCAL model Fermionic to Qubit: SBK

Communication steps €&——3 Two-body gates

- Potential fermionic advantage may

emerge In distributed computing
settings !
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Review 2: CHSH Game: Qubits beat Classical bits
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Classical distribution cannot violate the
Bell inequality.

a®b=x,.xp
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XA Xp
Voo Y A
A —ailid— B 1. One round of communication
$ i o 2. Recelving input bits
a b 3. Outputting a bit
P(a,b|x,, xg)
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Review 2: CHSH Game: Qubits beat Classical bits

XA XB
oY Y A
A —alil— B 1. One round of communication
$ * g 2. Recelving input bits
a b 3. Outputting a bit
P(a,b|x,, xg)
Classical distribution cannot violate the What is the target distribution?
Bell inequality. Qubit trusted strategy:
|01) + | 10)
a®b=x,.xg [ Wap) =
V2
. v _ X+Z
MXA=O =X =0 \/5
M)gfil =7 B X-Z

xg=1 \/5
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Our game: Febits beat Qubits

. The referee connects the parties
One round of communication to left
Receiving input bits

:
2.
3.
4.

Outputting a bit
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Our game: Febits beat Qubits

What are the target distributions??

XA Xpg
04
Fermionic trusted strategy: i - é
‘-.,‘.llll.r——’
[01) +]10) B
\/z XA o Xc
Hi — {H? — ‘OOXOO‘iRiL’ i\ /.\ é
2 = |11X11],, -
[T} = |01X01],;, + [10X10,,; } v e
2 - c
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Our game: Febits beat Qubits

What are the target distributions??

XA Xp
a
Fermionic trusted strategy: i - é
\./
|01) + | 10) B
v, = lwp) = ly,) =
\/5 XA o Xc
Hi — {H? — ‘OOXOO‘iRiL’ i‘ /.\ é
I = [11X11]; ;, .y
I1; = [01X011;,;, + [10X10];,; } W X
(i) _ + + — — B C
Mxl- o ‘mi,xi><mi,xi‘iRiL’ |mi,xi><mi,xi IR, \./
Y
m )y =u' |01} + v’ 10},
m; ) =u; . |01), . +v [10), .
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Our game: Febits beat Qubits

Intuition of the proof

when everyone obtains 1 particle:

01,...,01) + (= )M 10,...,10)
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Our game: Febits beat Qubits

Intuition of the proof

when everyone obtains 1 particle: v
A —a>—

\ eeq, ¥
A, —al— 4> , \ /
= O \ 14 ,8
a;

TA

Xc

W0 =

'X§41 XA

\W)b — ‘GHZ;>
‘W)f — ‘GHZ;>

10)
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Future Directions

 Comparing the fermionic game with the bosonic/distinguishable particle
(Qubit) games with more than one step of communication.

* Finding a practical computational task.

15/15



Future Directions

 Comparing the fermionic game with the bosonic/distinguishable particle
(Qubit) games with more than one step of communication.

* Finding a practical computational task.

Thank youl!
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Superfast Bravy Kitaev

Z(F) N H Z(Q)
k:(j,k)EE

(F)y (F)
D e | I | 2
p:(.p)<i(J.k) g (k.q)<i(k.j)
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Other mappings

Fermionic to Qubit mappings iy p = (Y2 () | Q)
2. Parity:

|nny...n)p — 1 q195--.9,,) 0 qg=n®&nd- - dn

fi=5z.%-iv) || X% f=5Z.x+iv) ] X
k=j+1 k=j+1
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Other mappings

Fermionic to Qubit mappings iy p = (Y2 () | Q)
3. Bravy Kitaev:

|nny...ny) e > @19, -90) 0

e Some qubits store the occupation numbers, some store
partial parities.
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| +.0)1, h +f§
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Quantum Mechanics

1. First Quantization Picture

Distinguishable Particles:  |y), € £, |p), € #, — |VY),r,=|y);|¢),

Indistinguishable Particles:

1 Bosons I‘P>b=\/1§(\w>®\¢>+\¢>®lw>>
| 1
2. Fermions | W =——(1w) ® 1)~ ) ® )

V2

2. Second Quantization Picture

Distinguishable particles/Bosons: la;, Cl;] — 517 I, la;, aj] — [a;, Cl;] =0

Fermions: {fpfj} — 51,]1, {fvf;} — {fi’f,fi?“} — 0
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