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CLASSICAL  PHYSICS MATHEMATICS 

QUANTUM  PHYSICS 



  

NUMBERS NATURE 

Fundamental building blocks



  

In some sense quantum theory is a bending of physics
towards number theory. However, deep facts of number theory
play no role in questions of quantum mechanics....

In particular we do not know of any fundamental physical theories
that are based on deep facts in number theory.

I would think that quantum mechanics will be
completely reformulated and that number theory will play
a key role in this formulation.

                                                     C.   Vafa  (2000)



  

While we wait for this reformulation
let us see if Quantum Mechanics 
can do something for Number Theory
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N
um

ber of prim
es p less than or equal to  x 

e.g.

G
auss – Legendre law
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D
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If the R
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C
ould the P

rim
e state be constructed?

D
oes it encode properties of prim

e num
bers?

W
hat are its entanglem

ent properties?

C
ould it provide the m

eans to explore A
rithm

etics?
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irichlet theorem

:
 There infinite num

ber of prim
es of the form

 1 + 4n and 3 + 4n
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Tw
in prim

es : p, p+2 

C
ounting function

(H
ardy-Littlew

ood
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“There is entanglem
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es”
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O
riginal partition carries

m
ore entanglem

ent (!!?)
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ent entropy
for different partitions



C
onstruction of the P
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G
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# calls to G
rover

O
verlap betw

een
G

rover state and the P
rim

e state 

W
e need to construct an oracle!



C
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Latter case: a is a strong liar to x

•
E
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inate strong liars checking  less than                w

itnesses
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ounting of P

rim
e num

bers

quantum
 prim

ality oracle  +  quantum
 counting algorithm

B
rassard, H

oyer, Tapp (1998)

C
ounts the num

ber of solutions to the oracle
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E
rror of counting is sm

aller than the bound
for the fluctuations if R

iem
ann hypothesis is correct

A Q
uantum

 C
om

puter could calculate the size of fluctuations
m

ore efficiently than a classical com
puter

B
est classical algorithm

 by Lagarias-M
iller-O

dlyzko (1987)
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plem
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latt (2012)
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B
eyond P
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bers:  the q-functor
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C
onclusion

 Q
uantum

 S
im

ulation of A
rithm

etics

S
uperposition of series of num

bers using appropriate q-oracles

M
easurem

ents of arithm
etic functions

M
ore efficient approaches are likely
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