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Will a quantum information processing device rescue us?

e

T1981 T1994 TZﬂUT? T203U? -
Quantum computer Quantum computer Quantum simulators  yuantum computer
concept R. Feynman power P. Shor technology

(& )
‘DiVincenzo commandments”
l. Scalable set of qubits

Il.  Easy initialization :> 203072
Itl.  Universal operations

IV. Long decoherence time
V.  Easy final readout

> Atom traps

* Cavity QED

* Electron floating on helium ¥
> Electron trapped by surface acoustic waves

¥ lon traps

\,giéNuclear Magnetic Resonance
¥ Quantum Optics
* Quantum dots

¥ Solid state
Vv%‘éplntronlcs
*Superconductlng Josephson junctlons
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Example: Resonant Impurity Scattering

A) System to simulate: I. = na, R; = iz (n := # of modes, (.-Lrn = r‘f )

— Z(C:Cf+1 -+ '5:1—1{’:5] SRR z Tb + 5 ¢

=1 ‘J—]

B) Property to compute: Probability to stay in |W(0)}} .
G(t) = (TOIBHF (0)T(0)) . b(t) = &'t b(0) =X

C) Initial state: Fermm sea of N, < n fermions

MNe—1 I

_ — 1 | 1 thi Ry
|T(0)) = |F'S) = ;[1 k|00 - €, = ﬁ; e

AJ = ELEU- . with n, an integer (—Z < &k < Z),|0) := vacuum

,:a-u

E

Quantum Algorithm to compute G (7)

Spin-Fermion Mapping: First Fourier-transformed modes

b=go! bt = O'_]|_
1.2 ol s ;
Cpy = =002 Ch, = —G,0%
_ WL e w41 ] _ T S Rt o tt+1
Cp,_, = (1) "apoy ool oy ==L OGO s OGS T

Standard Model Hamiltonian: (2-qubit problem) &£, = —27 cos k;a

2=

w—1 e—1
F—I—ZF;,I]]—I—FG —G—ZF a2 L V(ala? -|-Gr 7).

H
A= i =1

Preparation Initial State: Same as before




Physical Quantity: G(t; = {A(f}}

N i IR Y 7 N B ¥ P
A{f) = b{1)}s (0 = &0 e e
_ Cpn uy W
= E ol + %O’ﬁ + — 5 —(olo? + f:r,;rr;;f :
Exact Unitary Mapping: ¢~ — [ro—iHratt

. hed . .
- i _-,.3‘5;1,-_, f%ﬂ'l S

(r_T e Ef?o—:l:e_'lfio—?!e =g

1. T 1 ; 0
ey = (B = VA + Vo, + S(E+ VA +VEo?,

Approximate Unitary Mapping: Trotter breakup

Quantum Network for Resonant Scattering

[#(0)) = 10, @ [1)1 & [0}
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Green'’s function G(t)

e=—8,E=-2,V=4

5 Re(GM) _
= in —
I
| |

in
I
|

Time (s)

e=0,&==2, V=4

Energy Spectrum

e=—8,86=—2,V=1/2







