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What’s BEC?

In a BEC, the system has a large concentration of particles in the
system ground state. Furthermore, due to bosonic final state
stimulation, the speed of cooling is enhanced by a factor N+1,
where there are N particles in the final state.

What do you
mean by a

"condensate”
?

-

A condensate is a new form of matter
where all the particles sit in the same
state. The graph above shows atoms at
different temperatures, and below a
critical femperature you can see all the

\ atoms in the same placel /

NP-complete problems as cost minimi

Example: The Graph Partitioning Problem (GPP)

Given 2N points with arbitrary connections between them, divide the points
into two groups (A and B) of N points, minimizing the number of connections
between them. Any kind of NP-complete problem can be formulated as GPP.

7= N

Dividing points?
Isn't that easy

i for a computer?

Well, for some few points it's
easy, but for lots of points it
suddenly becomes very difficult.

There is no known way to solve
these problems easily so far.

Cooling to thermal equilibrium

2 level system

1

E

ONPROO

s ]

/

2 =

2 site Is

iIng model

1p————— Due to final state
S8 { stimulation, the
E 06| .-=="7 speed of cooling
S 0.4 for large boson
0.2 number is
0 increased.

At thermal equilibrium bosons have a larger ground state population
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Conclusions

* Bosons speed up the equilibriation time of the Ising model by final state stimulation.
An enhanced ground state population is present due to bosonic statistics.

* The Sca“n_g with Slte_ number Is probably a (_large) constant, since no quantum | This work is supported by DARPA, JST/SORST, the University of Tokyo, the Special Coordination Funds
coherence is present in the system. Introducing quantum coherence may help this. for Promoting Science and Technology, Navy/SPAWAR Grant N66001-09-1-2024, and MEXT.

How is this useful for computation?

NP-complete problems can be typically formulated as a cost minimization problem.

EA

\/\ \

Ground State

Energy Landscape >
By finding the o . L =
ground state you That's rlgh’r! The idea ‘: =
can solve is to take advantage =
computational of BEC to accelerate =
problems? \’rhe cooling process. 7

Device idea

Each site is correspondent to a point in the Interactions between sites are created
given GPP, and has N bosons, each of externally via feedback loop

which can be in one of two states(=*1).

e =) B(S)S,
/By replacing each si’rh i

N
with a large number of S, = ZG.k
bosons, we have a large k=1
ground state population
and the cooling speed is
enhanced. The problem

is then to find the
ground state of the

\ Hamiltonian H.
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Equilibriation time for standard | |
Ising model (above). Speedups obtained using bosons

for 2 and 4 site Ising models.
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Not exactly. Our results show

that there is a large speedup,
So does this mean but this still doesn't meanwe can | } ®

+hat we have solved solve a really large NP-complete | @
§ the NP-complete problem. By combining this with

problem for good? other quantum effects, we may
be able to solve bigger systems.
k We are looking into this.
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