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* Cold atoms in cavity-generated dynamical
optical potentials

* Self-optimizing classical dynamics in multi-
mode cavities

* Quantum annealing
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Collective potential

Dynamical potential:

V(z,a) = in(a+ a”) cos(kx)



Collective potential
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Self-optimizing dynamics
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Self-optimizing dynamics

N =100 particles
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Optimization methods

Simulated annealing

— Thermal fluctuations

Kirkpatrick et al., Science 220.4598 (1983)
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Simulated annealing

— Thermal fluctuations
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Quantum annealing

— Quantum fluctuations

H(t) = A(t) Hign + B(t) Hpror

Kadowaki, Nishimori., PRE, 58.5 (1998)
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All-to-all interactions
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All-to-all interactions
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Quantum annealing
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Quantum annealing
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Quantum annealing
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Open system dynamics
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Conclusion

* 2 main ingredients:

- Dynamical cavity field — global interaction

- Many modes - tailor interaction matrix

* Annealing dynamics by pump intensity ramp

 States can be measured via cavity output field









Semi-classical model (1D)

Semi-classical approximation yields stochastic differential equations:
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Optical lattice in a cavity
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Example: 8 sites, 4 atoms, 36 modes.
Figure: TEM20 mode for n = 100.



Hopfield associative memory

Dynamics from update rule:

8; +1 if Zj Wiij Z 0,
—1 otherwise.

Energy function:

E(s)=—) Wys;s;

i<

Memory: M = {wp},—1..p

Hebbian learning rule: W;; = D wiwy



Hopfield network

Memory: M = {wp,},—1..p
Recall pattern: x
Interaction matrix:

1 o
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p
Hamiltonian:

H= -] Z(JLlJi + O’IO'?;_I_l) — g ZWijafJJz- + L/ZXz’Jf

i< i

J. J. Hopfield, Proc. Natl. Acad. Sci. USA 79, 2554 (1982)
S. Santra, O. Shehab, R. Balu, arXiv:1602.08149v1 [quant-ph]| (2016)




Recall of x1

Memory:
wy, = (1,1,0,0,1,0,1,0)
wo = (1,1,0,1,1,0,0,0)

Input state:
Xl — (17 1:- 1:- 0? 07 0:- 17 0)

Bias strength:
5 = 0.7
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Minimum gap A = 0.56.J at ( =
}.28.J.
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Input parameters

IILJ1f]11,1HI1J1]I‘.‘,,,1L1Jlr.milr

f

10}

5
]
-5
~10

W4 siajawesed ndu)

=15

—20

-25

[0 ‘6611

11z '861]

[0 ‘B61]
[T ‘061l

1lz ‘e61]

[T 1611

11T "'08T)
1lz 'BL1l

[o'BL1]

IZ "eL1)

[z ‘go1l]
[T ‘99T]

1[0 ‘¥91l

[z 'To1l]

11T "65T)

[0 ‘BsT]
[o 'ps1l

{iz zs11 4

[T 'zs1l
[Z ‘6¥T]

It ‘s¥1l

[z ‘owTl]

110 "0FT)

[z ‘BET]
[T 'BET]

11T "se1l

[0 'seT]
[0 "0ET]
[t zrz1l
[z 'zz1l

11t ‘ozTl

[t etal
[0 FTT]

AIT “LoT1]

[z 'soT1]
[z ‘not]

).

2
m

/(0 m

2
m

—hoc,m1

fm

Blue: Recall x;, Red: Recall x5

A

ij = Wij + vxioi;
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