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Why Atomtronics is the best 
conference in the Universe  



Everything I am going 

to present is uniquely inspired 

by Donatella Cassettari's talk 

at Atomtronics 2022. It resulted in 

1 grant, 2 papers submitted, and 3 to 
be submitted within 

a month    
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This talk happens to be nonlinear, 
the way the project is:   

resonant cascades

 toy modelℕ∖{9}
Goldbach conjecture via 

resonant cascades 

(traditional AMO)

Goldbach conjecture

Goldbach conjecture via 
Grover protocol


(Quantum Information)

Goldbach conjecture via 

an atomtronic 


band-stop filter



Intro 1

Resonance Cascades
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Is this contiguous arithmetic 

progression...
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∀n, n = n2
1 + n2

2 + n2
3 + n2
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Lagrange's four-square theorem

Identity ... a subset of  

this set?
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A variation on the 
theme



∀e, e = p1 + p2
Goldbach conjecture

Is this arithmetic 

progression contiguous?

Identity

p1 + p2 2ℕ

∀e, e = p1 + (p2p3 or p2)
Jingrun theorem
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 ?
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p1 + p2

p1 + 2p2
p1 + p2 + p3

p1 + (p2p3 or p2)

prime

  spectra?
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SUSY techniques: see talk by Andrea 
Trombettoni and Giuseppe Mussardo



Toy problem: "is 9 integer?" 
The - and 

-potentials
ln(n) ln(n)∖ln(9)
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OK, now we know that  is a 
natural number... so what?


Goldbach conjecture is next

9



Intro 2

Goldbach Conjecture



Goldbach conjecture:

   




Tested numerically up to 

[Tomás Oliveira e Silva, Siegfried 
Herzog, and Silvio Pardi, 

Mathematics of  Computation 83, 2033 
(2013).]

∀n : n = even > 2, ∃p1, p2 : n = p1 + p2

n = 4 × 1018

Christian Goldbach (1690 - 1764)

Letter from Goldbach to Euler dated 7 June 1742 



Three ways to search for the violators of  the 
Goldbach conjecture:


1. Resonant cascades (traditional AMO)

2. A Goldbach-Grover scheme (quantum info)

3. An atomtronic low-pass filter (atomtronics)   



A resonant cascade whose 
contiguity is predicated on

validity of  the Goldbach


conjecture   



∀e, e = p1 + p2
Goldbach conjecture

Is this arithmetic 
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where  is a lower twin prime. 


Smallest example: 


     


Indeed: 





How many such incidents: UMB 
Mathematics Honors 

Thesis, Benz De Mitchell 

Pierre 

n = p1 + p2

p1

n = 38 = 7 + 31 = 19 + 19

n + 2 = 40 = 3 + 37 = 11 + 29 = 17 + 23

🍸

Dictionary: one-body transition = twin prime connection between partitions 


Need two-body interactions: not every even  is representable as 
n



paper in preparation

3,5

2
3

5

7

11

13

2
3

5

7

11

13

3,3

4

6

10

12

14

16

2,2

7,7 3,11

5,11 3,13

8

5,5

5,7

3,7

ϵ ×

ϵ × ϵ ×



Goldbach-Grover



−pnmax
≡ − p#(N)

|g⟩ |e⟩

pn′ max
− N ⪆ − pnmin

pn′ − NÛw

pn̄′ − N

−pn

−pnmin
≡ − p1

−pn̄ ≂ |w⟩

pn′ min
− N ⪅ pnmax

|g⟩ Ûs

−lmmin
≡ − l1

−lmmax
≡ − l#(N) ≂ |s⟩

−lm

|e⟩

km′ 

km′ min
≡ k1 ≡ − l#(N)

km′ max
≡ k#(N)

UX

Us

sudden

-pulse2π

-pulse2π

Grover oracle (almost):


            ?

standard: 


            Is there a ?


our: 


|w⟩ =
Ûw = ̂I − 2 |w⟩⟨w |

|w⟩

ÛX = ̂I + {−2 |w⟩⟨w |}( )
Violation of 

Goldbach 

Conjecture 

Grover diffusion:




 

Ûs = ̂I − 2 |s⟩⟨s |

|s⟩ =
1
#p's ∑

p

|p⟩⟨p |
#p's ∼ ln2(N )



|s⟩ ÛX Ûs

Repeat  times
π
4

#p's

... ÛX Ûs

|s⟩⟨s |

If   does not violate Goldbach conjectureN

|w⟩ true lowest prime involved in

Goldbach partitions of  N

1
|s⟩ ̂I Ûs

... Ûw Ûs

|s⟩⟨s |

0

Hilbert space = all candidates for 

the lowest prime involved in

Goldbach partitions if  N

=
#p's ∼ ln2(N )



|s⟩ ÛX Ûs

Repeat  times
π
4

#n's

... ÛX Ûs

|s⟩⟨s |

If   violates Goldbach conjectureN

|s⟩ Ûs
... Ûs

|s⟩⟨s |

0 1

|w⟩ true lowest prime involved in

Goldbach partitions of  N

Hilbert space = all candidates for 

the lowest prime involved in

Goldbach partitions if  N

=
#p's ∼ ln2(N )



Quantum advantage:

Per even number :

           😎,


 = #primes to browse   

N
𝒪( 𝒩(N))

𝒩(N)

Per max  in consideration:

           😟;

current classical:  

          

N
𝒪(ln(Nmax))

Nmax = 4 × 1018

𝒪(ln(Nmax)) ∼ 45.

|s⟩ ÛX Ûs

Repeat  π
4

#n's

.. ÛX Ûs

|s⟩⟨s |

 Oleksandr V. Marchukov, 
Andrea Trombettoni, 


Giuseppe Mussardo, Maxim 
Olshanii [arXiv:2404.00517]


submitted to Quantum 

#p's ∼ ln2(N )



Goldbach atomtronic parallel 
band-stop filter



Engraving of Kilroy on the National World 
War II Memorial in Washington, D.C.



Engraving of Kilroy on the National World 
War II Memorial in Washington, D.C.

Kilroy/Chad as an RLC circuit arranged to create a band-stop filter 
(a.k.a. wave trap, a.k.a. wave discriminator) filter, originally drawn 

in Thomas Pynchon's 1963 novel V.
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Speculative: Avogadro parallelism


Computation time . It is independent of  the 
number of  the evens tested: each atom is a very 
weak classical computer that explores the paths 

to the evens through the primes. But we can have a 
large number of  atoms.    

∼ 1/Γ
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Summary   
resonant cascades

 toy modelℕ∖{9}
Goldbach conjecture via 

resonant cascades 

(traditional AMO)

Goldbach conjecture via 
Grover protocol


(Quantum Information)

Goldbach conjecture via 

an atomtronic 


band-stop filter

Goldbach conjecture
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A shameless ad



New chapters, things you've never heard of:

 - Bohlin-Arnold-Vassiliev map

 - Shrauner's Method of  Power Indices

 - Exact solutions from the scale 

      invariance alone, at , after 

      Newton

 - Turbiner-Ushveridze's 

    quasi-integrability


... and things little known:

 - QM-SUSY

 - Connected ladders of  solutions

   from either continuous scale 

   invariance or self-similar tilings
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Second edition is out
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