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Quantum Simulation with trapped ions
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How to trap ions?

1 _ 1
d(x,y,z,t)= Uz(ax2+,8y2+ yz2)+ U cos(w.¢t) z(a’x2+,8’y2+ y'Zz)

with Ad=0

meaning:

a+ B+ y=0

a'+B'+y' =

U\//\
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How to trap ions?

For ex. :
a=pB=y=0 —(a+B)=y>0
CB’+/8':_’)/’ CE’:_B’

/

Linear Paul Trap
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Linear Paul Trap
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FIG. 1: (left) Electrode configuration of a linear Paul trap. (right) Electric potential in the Paul
trap.

Picture from HU-Berlin: https://www.physik.hu-berlin.de/nano-en/forschung-en/np
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Overview of quantum simulation

: ly’ :
: Evolution
]
1
Quantum simulator
—> w0y > v > .
Initialization Evolution Measurement

Analog Digital

— U=exp(-iHt) —

Picture from Nature 484, 489-492 (26 April 2012): http://www.nature.com/nature/journal/v484/n7395/full/nature10981.html
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Digital quantum simulation

—iHt/h _ —i(Ha+Hg)t/h

What we want: e e

—iHat/h  —iHpt/h

What we have: e , —tHat/h —iHpt/h

— €

When is €X+Y — €X€Y ?
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Reminders

([X,Y] = XY - YX)




Zaussenhaus formula

HXHY) X Y =5 (X, Y], %(2[Y,[X,Y]]+[X,[X,Y]]) + O(t4)

SHXAY) X 1Y —L[XY] +O(#)

(DX (t/2Y (= "BEIXY] /20X (1/2Y o~ “REXY] L o(43)

€

= (7 e7)* + O(t*/2)
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Three times

XY (/X L/3)Y 6_(”5’)2[)(,1/])3 +O(%)

tX  tY
3

= (e3 e3)° 4+ O(t*/3)




One last time
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Suzuki-Trotter expansion

, EX LY
etl — lim (e en )"
n—o0

=X+4+Y
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Gate operations

O1(0,1) = exp(—ifo’) O3(6,¢) = exp(—if Yo%)
O5(0) = exp(—1i6 Z o) O4(0, ¢) = exp(—if Z Uébags)
i 1<)

o4y = cos(¢p) o, + sin(@) o,

0, ()
SN CY)
0,6, 9

Global beam
Addressed beams

0,0, )
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04 Gate

n: vibrational quantum number

of the axial COM (center of

mass) mode

Tgate Tgate Tgate Tgate Tgate

1SS) —> |SS) +i|DD) —> |DD) —> |DD) + i|SS) —> |SS) — ---
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Real simulation

n=
1
C = 02(0a/2n)
, D = 04(6a/n,0)
Lines: exact dynamics
3 Unfilled shapes: ideal digitized
Filled shapes: data (a7 ¢]|)
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Simulated phase evolution (1) - 2 \/E
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H= B(c!+oc?) + Jolo!

Linear ramp

Digialstep B=1, J=0..4

4j b Operationsequence = O(/,) o= O(/( )
B .

O LB EEEEEIEE IR IEEEEREE

1 0 o0 o oH o rﬁ Hﬁ HH= aaﬁﬁﬂfﬁ*aﬂfﬁfffﬁ?ﬁﬁﬁﬁfﬁﬂfﬁ?ﬁﬁ*aﬁ’ﬁfﬁfﬁ

0 1 2 3 a4 5 6 7 8 1: 2: 3! 4: 5! 6! 7: 8.

D O:(%ﬁ) D 04(:%6*0)

Digital step

J/B — Exact O Digitized @ Data

Percentages: measured fidelities between the measured and ideal digitised states
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More results :
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0
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Simulated phase evolution ()
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Questions?
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Simulated phase evolution (1) Simulated phase evolution ()
mr, WpP,, 87, WP, Al KNP oo AP RE .
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