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1.EF5HE (Quantum Computation)
2.2F2al—<3r (Quantum Simulation)

3. =F&TAl(Quantum Metrology)



Quantum Computer
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Criteria for Quantum Computation
DiVincenzo(2000)

1. K{EHEENT= Qubite. ZHBE~DHLIEM

2. Qubit®#HA{E

3. UL Fdn (decoherence BFFE])

4, FEDT —FEFEH AHEE
(B —Qubit?D[E#5 & C-NOT Operation)
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C-NOT Operation
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Candidates of Quantum Computers

lon Trap Nuclear Magnetic Resonance
Superconductors
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Six laser beams
for laser cooling

e Number: 107

e Density: 101/cm?3
10mm
* Temperature: 10uK
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Vertical
lattice #3
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mirror Laser beams:
cold atom wavelength: A

“JL#&F: Optical Lattice ”




Yt#&FQuantum Computation

DiVincenzo(2000)

1 SCEBENL Qubits, SME~0HLEE ()

2. Qubit®#HA{E O

3. UL Fdp (decoherence BfiE]) O

4, FEDT —FEFEH AHEE
(B —Qubit?D[E#5 & C-NOT Operation)

5. BE—RF7FLy oI ERE X



3D optical latticeHr 0) B — [/ F D &7l

[K. D. Nelson, X. Li, and D. S. Weiss, Nature physics 3, 556(2007)]

2.8 um field of depth  —» Imaging only one lattice plane

AL

A =845.5nm
(blue-detuned)

Cs atoms: MOT+3D lattice:initially 6 atoms per lattice site
“Pairwise Light-assisted collision” ...
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“ electron spin qubit”
‘O>'E ‘ me = +3/ 2>
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Quantum Simulation

“Interesting”

Many-body

Quantum System

Hubbard Model:

H=-t)»C'C +UZ”.¢”.¢

<i,j>




Quantum Simulation

“Interesting” Many-body

Quantum System

Hubbard Model:
H=-t)»C'C +UZ”.¢”.¢

<i,j>

“Controllable”

Many-body
Quantum System

Many-body
Classical System

“"HARD”
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Quantum Simulation of Hubbard Model using
“Cold Atoms in Optical Lattice”

H=-t)»C'C +UZn n,

<i,j>

t=E,(2/V7)E%exp(-2£%) U =Eqakv8/7&?
E=(V,/Ex)"* |E.=(nk)?/2m ,a,: scattering length

Controllable Parameters

hopping between lattice sites  : t lattice potential 'V,
On-site interaction U II‘ scattering length ‘2,
filling factor (e- or h-doping) :n atom density n

No impurity, No lattice defects, Various geometry




Bose-Hubbard Model:
“Superfluid - Mott- insulator Transition”

H_—JZaa+ Zn(n -1)

N <i,j>
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% i‘ < At “Superflmd

No lattice V,/E; = 3 7
a b e d [M. Greiner, et al.,

8’Rb BEC . * B * Nature 415,39
N =2x10° C] ¢+ @ o || B 0| ﬁ o | . (2002)]
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Fermions in Optical Lattice

“Fermi-Surface £ :8|”
[M. Kohl, et al, PRL94, 080403 (2005)]

“A Mott insulator of 90K atoms in an optical lattice”

] . 1 [R. Jordens et al., Nature 455, 204 (2008)]
| v,
4 ] [U. Schneider, et al., arXiv:0809.1464]
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Bose-Fermi-Hubbard Model for a 3D optical lattice

H=-t; ) a’a + BBZHB.(HB. -1 -t Y C'C, +UBFZ”B.”F.

<i, > S
174Yb(Boson) +173Yb( ): a. = 7.3 nm
/1 Iattlce_ 532 n
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174¥Yb(Boson)

BEC, Ng~12000=%2000

TOF10 ms
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174¥Yb(Boson) +173Yb(

)

V= 5k

BEC, Ng~9000+£1000
Fermion, T/T: ~0.6,
N~3600%800 ”
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[K. Gdinter, et al, PRL96, 180402 (2006)]

)-8’"Rb(Boson)”

[S. Ospelkaus, et al, PRL96, 180403 (2006)]
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Various Quantum Information Systems:
classification by system size and complexity

Optical Lattice Quantum Computer
proposal of Yb-based optical lattice guantum computer

Quantum Simulation of Hubbard Model
alkali and Yb atoms quantum simulator

Quantum Metrology
Improvement of optical lattice clock by spin-squeezing



Quantum OptI.CS Group Members

T. Tsujimoto T. Fukuhara H. Kakiuchi H.Wayama M.Okano Y. Saito
S. Kato K. Doi S.Uetake Y. Takasu S.Sugawa H.Hara

R. Namiki Y.T. M. Muramatsu H. Shimizu T. Takano S. Taie



