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Introduction to Rydberg Atoms

Properties of Rydberg Atoms E—
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Introduction to Rydberg Atoms

Properties of Rydberg Atoms

For n=100:
» W =—-1.4meV

- —1
7/ = 53 » <r>=0.5um
» 7=1ms

r o< n?
Lifetime o< n® > Whepter = 27 X 6.5 GHz
Wkepler X 1/713 > Bionization = 5.7V /cm

4
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Huge Dipole Moments

KBr Rydberg Atoms
Dipole Moment: 10.41D Dipole Moment: 2.54n2 D
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Dipole-Dipole Interaction
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Dipole-Dipole Energy Transfer
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Dipole Energy Transfer
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Forster Resonance Energy Transfer

Analogous to FRET in biochemistry

ﬁg:f:ﬁ — Substrate
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D. W. Piston, M. E. Dickinson, & M. W. Davidson, FRET Microscopy
with Spectral Imaging
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Dipole Blockade

Dipole interaction prevents excitation of multiple Rydberg atoms

Aga { a5 |B)

L)

K. Singer et al., PRL (2004).
D. Tong et al., PRL (2004).
T. Vogt et al., PRL (2006).
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Rydberg CNOT Gates

Rydberg Atoms Dipole Interaction Motivation

Two Rydberg atoms, |c) and |t), entangled via dipole-dipole

interaction

H-Cz CNOT
o r) - IN ouT
) [t) [ le) It)
= 2 4 3 0 0 0 0
\t) 15 1 0 1 1
‘0) /2 /2 1 1 1 0

control target

Many CNOT gates with low gate error — A Quantum Computer

L. Isenhower et al. PRL 104 (2010), T. Wilk et al. PRL 104 (2010).
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Many-body influence

Many-body effects can cause computation errors beyond 15%

Noel Group: Weidemidiller Group:
31d 4+ 31d — 33p + 29k 32p3/3 + 32p3/2 — 325 + 33s
Require up nine atoms to explain Require 4-10 atoms to explain
their 2-body results their 2-body results

Can we directly observe a many-body Rydberg energy transfer?

A. Mizal & D. Lidar, PRL 92 (2004).
T. J. Carroll, S. Sunder, & M. W. Noel, PRA 73 (2006).
S. Westermann et al. Eur. Phys. J. D 40 (2006).
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Cs Stark Map
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Cs Stark Map
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Energy Difference

Background Exp. Setup Results

_v p/

v S/

79.95 V/cm 80.4 V/cm
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Energy Difference
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Apparatus

» Background loaded
Cs MOT

» Four parallel wire
grids

» Two MCP detectors
for ion and electron
detection

» TOF and charged
particle imaging
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Rydberg Excitation

> 6s — 6p — 7s — np
Excite 2 x 10° 23p atoms

v

v

260 pm diameter gaussian cloud
Peak density 9 x 10? cm~3

v
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Field lonization
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Field lonization
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Oscilloscope Traces

Background Exp. Setup Results

500 ns excitation in 79V/cm, 2 us delay, SFI

N

23ds

M 24s
o i,

‘ /\\ 23]?1/2

Norm. ion signal (arb. units)

23p3 /2
6.5 7 7.5 8
Time (us)
dout 1.0494 —0.1911 —-0.1223 din
Sout | = | —0.039 2.559  —0.3257 Sin
Pout —0.0104 —1.3685  1.448 Din

Removes signal overlap and BB transfer
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Two Body Resonances
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Background Exp. Setup Results

Intensity
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True 4-body process?

d
s AE(ES s

Background Exp. Setup Results
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On-resonant 4-body process creates more 23d atoms than
off-resonant two-body s — d process!
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|ms| = 3/2 Comparison

2 x 23p§|m|:1 — 23s + 24s: 80V/cm
2 2
2 % 23p%|m|:% — 23s + 24s: 88V /cm
6000 | -
5000 i
=
[ 4000 | -
3
8 3000 | ]
g
=
Z 2000 - } ]
il hl |
0 l }{ 1 l ll l l S |+$++$¥JI I LJ_A:F;;H- +
79 79.5 80 80.5 81 87.5 88 88.5 89

Electric Field (V/cm)

J.H. Gurian (Laboratoire Aimé Cotton) Rydberg Resonant 4-Body Interaction 22 /27



Introduction Experiment Model Conclusions Intoduction Results Exp. Comparison

Toy Model
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Toy Model
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Toy Model
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Toy Model Results
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Toy Model Comparison

Intoduction Results Exp. Comparison
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Next Steps

300
200
100

-100
-200
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Rel. energy (MHz)
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Field (V/cm)
Requires two excitation lasers to excite both |m| = § and |m| =
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Conclusions

» Observation of direct product of Stark-tuned 4-body Rydberg
interaction

» Density scaling approaching n*
» On-res. 4-body process > Off-res. 2-body process
» J.H. Gurian et al. PRL (arxiv:1111.2488)

» Next: Two color 4-body resonance

» Future: Further control multibody Rydberg interaction via RF
or B-field.
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Gamma Distribution

= 109 Cmig 47TTLR267(4/3)"7TR3 < Return to Talk
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S. Torquato, B. Lu, & J. Rubenstein, PRA (1990).
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Cs Levels

AA
h/A = 2
ot / vl o= 6 P3/2
ot o o
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6231/2

D. A. Steck, “Cesium D Line Data”
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Cs Levels
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D. A. Steck, “Cesium D Line Data”
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Magentic Trapping

J=0
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Rydberg Lifetime

Einstein's A coefficient: A,p 0 = 4w nm/@/ Q’ﬁ“ﬂ( n'l|r|nt)|?

As n — 0o, w — constant.
(ground state|r|nf) oc n=3/2

Tne = [Zn/g/ An’é’,né] -

TO(’I’L3

This ignores blackbody radiation and ¢ scaling!

< Return to Talk
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What's a Rydberg Atom?

Any atom with one or more electrons of large principal quantum
number n, where n > 10.

This Talk: 23 <n < 306
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