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Alkali Rydberg atoms

Rydberg atom is a neutral atom with one or more electrons in
a highly excited state with principal quantum number n > 1.

Alkali metals, particularly rubidium and cesium, are the species
of atoms most commonly used for Rydberg atom experiments

due to their single valence electrons.
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C-NOT gate and Bell states
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Parallel Implementation of C-NOTN gates
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Parallel Implementation of C-NOTN gates
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Spatial configurations of CNOTN gates
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Spatial configurations of CNOTN gates

He=Hy ® Iy, @ Iy, ® Iy, + Iy, ® Hy, ® Iy,
®In, + Iny @ Iny @ Hiy ® In, + I, ® Ly,
®In, ® Hty,

Control-target Hamiltonian:

[r){r| ® |[R)1(R| = |[r)(r| ® (|R>1<R| ® In, ®

®th ® th),

Target-target Hamiltonian:
[R)1(R| ® |R)2(R| = In, ® <IR>1<RI ®|R)2(R|®

®th| ® th) .
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Spatial configurations of CNOTN gates
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Interaction energies and Fidelity

These values are calculated using ARC considering An = 2, Al = 2,0 = 7 /2,

¢ = 0, minimum state contribution = 0.2, and maximum energy difference

AE/h = 25GHz.
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: ms:?l::smj 1/2) \77529?1?@ yy | M| 4 & A
2| g sﬂfii'“jil ) ‘Bls‘f::'“;“?lm 20 95 1.92 2364
s msiu,?guf 1/2) \815“‘2(.:75:;@—1/2) HOKEE 2 ol

[ARC, Comp. Phys. Com. 220, 319 (2017).]

e Rp R is the interatomic distance where the theory of

Le Roy-Bernstein is satisfied.

® R4y is crossover distance, marking boundary between

dipole-dipole and vdW regimes.

e C3 is the dispersive coefficient of d-d interaction energy.
e Cg is the dispersive coefficient of vdW interaction energy.
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Interaction energies and Fidelity

These values are calculated using ARC considering An = 2, Al = 2,0 = 7 /2,
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Fidelity contours

Homonuclear architectures of symmetric Rb atoms
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Fidelity contours

Homonuclear architectures of symmetric Rb atoms Heteronuclear architectures of Rb & Cs atoms
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Fidelity contours

Homonuclear architectures of symmetric Rb atg¢
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Demonstrating C,NOT? gates
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Fidelity of C,NOT?

e Interaction of cesium atoms as control and rubidium atoms as targets.
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Gate Errors | Heteronuclear architectures of Cs control atom(s) and Rb target atoms
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Foremost Experimental work demonstrating EIT weoor

e @ o 81D
PBS - Local ke )

I, PRL 129, 200501 (2022)
ArXiV:2204.03733 (2022)

-~
Addressing
Optical Qwp ot | Q.
Pumping ‘ \
oy Global
DM Lens Raman
QWP 7 Bo~7 G
x
zT Q. Tweezer
> Traps

' Experiment Setup

17720



Foremost Experimental work demonstrating EIT weoor

o @ O 81D
PBS - Local ke )

~

t al, PRL 129, 200501 (2022)
ArXiV:2204.03733 (2022)

Addressing
Optical Qwp ot [
Pumping ¢
DM N Lens
QWP
X
z Q. Tweezer
7 Traps

Experiment Setup Gate Measurement

17720



Foremost Experimental work demonstrating EIT wcoonnei etal, prL 128, 200501 (2022)

ArXiV:2204.03733 (2022)
Q, Q, (
PBS " L 81Ds/2 1)

ocal
Owtical awp K Addressing
ptical

Pumping @ \
Global

(Lens -

Tweezer
Traps

o | Qe

(b) FO' = 0.82

' Experiment Setup

(a) 81D5/2F}r‘" (b) 1 p—
0.9
A =5 &
% ; 0.8
(1) ’

Gate Measurement

(1) 077
5/27T (IVIHL)
0.5 =
(©) == Z (1)
'y — [0)[0)
B Q. =0 N/ —
£os ‘): [0)elr)e
5 —]1)[0),
Eoz2 AN —— D),
£, SN [elr)e
s e —_)
0 o i
0 0.5 1 1.5
Time (ps)
. A /27 = 1.05GHz.
EIT Protocol via 6 Py, F—o0.98

17 /20



Foremost Experimental work demonstrating EIT weoor

o @ O 81D
PBS Local ke )

~

t al, PRL 129, 200501 (2022)
ArXiV:2204.03733 (2022)

Optical awp Addressing ot |
Pumping ¢#’ \
Ny Global
DM Lens Raman
% “ -
Qz Q. Tweezer
Traps — —i 5
y
‘ Experiment Setup ‘
(a) 3135/2?)!’ (b) 1 — (a)
LY. 0.9 90D
A =k o
6Py )» [jer 0.8
) [£o=2) Ve
0.7 )
¢} 0.1 0.2 0.3
§/2m (MHz) A )
2,(t) Py ;
— }(!;(}();, ( ) \ >
—0),|1), Dt v ¢
0)c|r) —
_— ilgiog, () 0.1 'I ‘\ I
—_ 1))
}1;,&), S_ 1) $ '/ ‘\
JR—) 6 —"
R ) 0 01 02 03 04
o 0.5 1 1.5 .
Time (us) 1) Tm/le (1s)
- 27w = 1.05GHz. n A /27w = 5GHz.
EIT Protocol via 6 Py, = e | EIT Protocol via 7 Py /5 | ' "oo N\




Foremost Experimental work demonstrating EIT weoen

PBS = Local

~

I. PRL 129, 200501 (2022)
ArXiV:2204.03733 (2022)

Optical QWP 2 Addressing
Pumping ' \
- Global
oM Lens Raman
QWP BTG
Xz Q Tweezer
k © Traps
Yy
(b) FO' = o
| Experiment Setup | S Naauraiiars
1.00r@ - ,-\
0.95f |
& \
0.90} oo |
0.85L. , . |
1 > 5 .

18/ 20



Conclusion and Outlook

We can conclude the following:

>

»

Heteronuclear architecture of alkali atoms is much better than the homonuclear
architecture in terms of fidelity.

The obtained Fidelity for CNOT#, with cesium control atom and rubidium target
atoms, is ~ 97.5% for fast gate implementation 7 = 1.303 us and moderate value
of Rabi frequency Q. > 27 x 125 MHz.

The obtained fidelity is higher than the lower bound fidelity threshold for creating
logic qubits of CNOT gates without the need to perform error correction surface
codes. ® IEEE Access, 7, 121501-121529, (2019).

Using the 2" resonance levels of target atoms (for Rb 5 S1/2 = 6 P35 = 1Sy,
and for Cs 65y, — 7 P35 — n’Sj/,) enhances the fidelity of the combined
system.
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Using the 2" resonance levels of target atoms (for Rb 5 S1/2 = 6 P35 = 1Sy,
and for Cs 65y, — 7 P35 — n’Sj/,) enhances the fidelity of the combined
system.

Future work

>

Study the effect of coherent transport of a moving control atom implementing
CNOTN gate and the mutual information of the subsystems.
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End of text!
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