Introduction
Experimental Results

Connecting field ionization to photoionization
via 17 GHz microwave fields

Josh Gurian
H. Maeda
T.F. Gallagher
May 20, 2009
—_
AllE
UNIVERSITY
JVIRGINIA

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Experimental Setup
Expected Results

v
Rydberg atoms
Z
> W= i
- 2n?
> rocn?
» Lifetime o m®
> Wiepler < 1/ n®
_1 EEESE]
> Veoulomb = =
] ol
000
[e]e]6)
o
]

_ Connecting field and photoionization via 17 GHz microwave fields



Introduction Experimental Setup
Experimental Results Expected Results

Microwave lonization

Wil

w — 1/n?
What happens as we approach
the photoionization limit?

w=l/n®=w

n

Field lonization Process
F=1/9n*

w<1/n®=wyg

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Introduction Experimental Setup
Experimental Results Expected Results

Experimental Setup

np

~614 nm

3s

813 nm

2p

671 nm

2s

Laser 200 ns
Pulses _ MW Pulsg_
IO-ZOO V/em Field Pulse
0 200 400 600 800 1000 1200

time (ns)

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Introduction Experimental Setup
Experimental Results Expected Results

Experimental Setup

np

~614 nm

3s

813 nm

2p

671 nm

2s

Laser 200 ns
Pulses _ MW Pulsg_
IO—200 V/em Field Pulse
0 200 400 600 800 1000 1200

time (ns)

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Introduction Experimental Setup
Experimental Results Expected Results

Experimental Setup

np

~614 nm

813 nm

2p

671 nm

2s

Laser 200 ns
Pulses _ MW Pulsg
IO—ZOO V/em Field Pulse
0 200 400 600 800 1000 1200

time (ns)

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Introduction Experimental Setup
Experimental Results Expected Results

Experimental Setup

np

~614 nm

813 nm

2p

671 nm

2s

Laser 200 ns
Pulses _ MW Pulsg
IO—ZOO V/em Field Pulse
0 200 400 600 800 1000 1200

time (ns)

J. Gurian Connecting field and photoionization via 17 GHz microwave fields



Experimental Setup
Expected Results

Number of MW photons to the ionization limit
20 15 10 5 0

Normalized bound state electron signal (arb)

-400 -350 -300 -250 -200 -150 -100 -50 0
Binding Energy (GHz)

Connecting field and photoionization via 17 GHz microwave fields



Multiphoton MW lonization
Above-Threshold Bound States
Single Photon lonization Rates
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50% lonization
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Schelle et al., Phys. Rev. Lett. 102, 2009.
Jensen et al., Phys. Rev. Lett. 62, 1989.
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50% lonization
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Above-Threshold Bound States
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MW pulse can drive states both up and down in energy
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lonization Rates - Timing
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Summary

» First measurement of 50% microwave ionization from the
field ionization limit to the photoionization limit

» Results in agreement with recent theoretical predictions of
Schelle et al. and Jensen et al.

» Multiphoton ionization microwave field intensity similar to
single-photon ionization field intensity

» Microwave ionization is n independent when wyy > wiepler

» Single-photon ionization rates lower than perturbation
theory prediction
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