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Distinguishable
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Bosons Fermions * Information via presence/absence of a fermion

Via internal ° = empty mode = |0)

degree of

freedom * () = one fermionic mode = | 1)

Via * Particle statistics are important here because
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absence quantization
o Ldll EX AB — [ 11 /B
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+ N febits all sent clockwise: |y.) = [1--:1);,

» Or sent counterclockwise: |y/,)

| | = 11y g = (= DIT 1)y = (DY)

. (=1)¥lis encoded by febits in 1 communication step!

D B
1. How can we detect this phase? Global phase of |i,)
T T = (=N ) is undetectable?
4 — 3 2. How can we make sure qubits do not reproduce this

phase?
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 Superposition (\l//d)+h/fc))/\/§ for a detectable relative

A O 2 phase!
* For experiment-minded physicists:
1. Initialize with cold atoms with frozen degrees of freedom
D B

2. Fermionic beam splitter by tunneling between optical
traps

3. 1 communication = moving the optical traps (or
hopping)

4. Measurements with fermionic linear optics

[Gonzalez-Cuadra et al., Fermionic quantum processing with programmable neutral atom arrays, 2023]
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. (‘Wa)+‘l,lfc))/\/§ with detectable relative phase

e @ LN « But qubits can simulate (\yfa)+h/fc))/\/§ in one step by
b @ explicitly introducing (—1)"V~12

 Varying and hiding N with a router R!
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The Gedankenexperiment

The febit Strategy and CO rrelatiOn (I;nseelorel:t‘liy choose a configuration / and redistributes.

R sends each A, B, C a bit x; € {0,1}
With local operations, A, B, C outputs a; € {0,1_,1,,2}
Get correlation p'(ay, ag, ac | x,, X, X¢)

1. Aprepares (| ©)aaF 10 )aadV/2=(101), o +[10), 4 )//2

o K~ b

xAl 2. A sends A, R secretly choose a configuration [ and redistributes.
A AL .
3. Rsendsabitx; € {0,1}
= \\ff‘R
R 4. A counts number of fermions € {0,1,2}:
! ¢ 0:2,= A, = ,thena, =0 |
2-dim state space — orthogonal
aAl XA TT*A —
e 2:7,=0,A, = O ,thena, =2 measurements [1'4, IT'* fora, = 1_,1,

e 1: rpositionof |  © nd | ©
pflebit(aA’ ag, Ac | X, Xg, Xc) SUPErposition o | )AL?R and | )AL?R

11



Main result

In this distributed network, under the same communication rule, no qubit-based strategy
can reproduce pflebit(a 1> A, ¢ | X4, X5, X) for all configurations [ simultaneously!
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Local vs global entanglement
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Local vs global entanglement
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« Want a qubit strategy to have a global state (|01,01---) + (— I)N_IHO,IO---))/\/E when count 1
qubit everywhere

Each party j can locally prepare (|01) + e'%| 1()))/\/5, s.t. Hei j = (=1)N!

| | In our game, j does not know [, so they cannot
IRU1gkelofol(elolgEICRUIEERVIEC SN S USRI choose the local phase to that simultaneously

satisfies pflgbit and plN—l'

febit
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Backup: Distant identical particles reveal exchange statistics?

* [Roos et al., Revealing quantum statistics with a pair of
distant atoms, 2017] (a) (b)

atom1 atom?2

* (a) Undetectable global phase () [’ OJ

atom1 atom?2 re

f.
» (b) Reference + exchange gives relative phase [, Q} (i [ ™9 [) Qj
» @ = 0 for bosons, @ = x for fermions \ 3 i) [pi‘i":é"?ﬁ'f?wj \mi’éi"?&%e%
 Exchange statistics can be measured with distant [O ‘J ) [Q Oj [O ’j
massive particles, discussion on possible \ /
implementations, but device-dependent S @) é}
Position >

 Our Gedankenexperiment takes this fact to the
distributed network for a no-go theorem against qubits



Backup: mappings from febits to qubits are not local

» Jordan-Wigner transformation: mapping to encode febits with qubits

o (FDIEDS- (i) i= |myny--n,) = |nyny---n,,)
c 1=2f1f:=ZV  Z

i—1
. fl}” +f = Xi(f) N (HZk)Xi

k=1

* Other encoding, such as Bravy-Kitaev superfast simulation, also requires more nonlocality and
entanglement [Guaita, On the locality of qubit encodings of local fermionic modes, 2024]



Backup: mappings from febits to qubits are not local

» Jordan-Wigner transformation: mapping to encode febits with qubits

e D (FRIQ) == Imyyeeony) > |nymyeeem,)

c 1=2f1f:=ZV  Z

i—1
. fl}” +f = Xi(f) N (HZk)Xi
k=1

* Other encoding, such as Bravy-Kitaev superfast simulation, also requires more nonlocality and
entanglement [Guaita, On the locality of qubit encodings of local fermionic modes, 2024]



