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Bosons are Remarkable

 Bunching |

A

50/50 Beémsplitter



BosonSampling
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Computationally Complex

Aaronson and Arkhipov, Theory of Computing 4, 143 (2013)



Certification

Does the machine work?

So-called
BosonSampler

| et’s calculate the result!

The reason why we like
BosonSampling is also the
reason why we cannot directly
certify It
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Obtaining the Statistical Signature

o
-
o
®
®
J s
o
o
o
o
®
®
Histogram
- = Bosons
= Distinguishable
= Fermions

—0.004 —0.003 —0.002 —0.001 0000 0001

C = <N;N;> — <N;><N;>

Cij = (Rifiy) — (M) (Rg)

Calculate this quantity
for all modes i and |
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Benchmarking the Statistical Signature

Random Matrix Theory Averaging over the Unitary
group allows to analytically
estimate the first moments
of the C-dataset
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Statistical Certification

2nd and 3rd moment of
C-dataset for one U
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Ditfferent data points obtained by either changing
the circuit or varying the input state



Take Home Message

Complex systems require a statistical treatment

Two-point correlation functions contain a significant
amount of information on many-body interference

Doing statistics on all possible two-point correlation
functions -“C-dataset’- allows us to certify that the
sampled particles are bosons

Interested”? arXiv:1410.8547



Extra Slide: Bosons Bunch...

Idea: Bosonic quantum statistics enhances
the probabillity of events with multiple
particles per output mode.

o §

Carolan et al, Nat. Photon. 8, 621 (2014)
Tichy, J. Phys. B: At. Mol. Opt. Phys. 47, 103001 (2014)




...but they are not alone

Idea: Mean-field theories have been eftectively applied to

mimic many-particle behaviour. -~ “Simulated Bosons”
“or | » Repeat n times for
1 22.9;; o o one sampling event
@ @
7n s l s Add random phase to
: J . each sampling event
: :
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Tichy et al, PRL 113, 020502 (2014)



Extra Slide: Correlation Functions
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Extra Slide: RMT averaging
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*....Can be obtained recursively

In practice you look them up In tables



Extra Slide: Results written out

Fermions
: - n(n—m)
v (Cr) = m (m?—1)
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Extra Slide: Results written out
Distinguishable Particles

n

Ev (Cp) = — (1)
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Extra Slide: Results written out
Bosons
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Extra Slide: Results written out
Simulated Bosons
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