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Outline

e Pair Interactions

* Experimental Apparatus

* Time-of-Flight Velocity Distributions

e Photo-Initiated Collision Measurement
 Macrodimer Measurements
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Rydberg Atom Pair Interactions

 Interesting for a
variety of reasons

— Resonant energy Y ()

transfer
— Dipole Blockad e
— Exotic states of matter
e Macrodimers -/

* Requires detalled
knowledge of Pair . —

Interaction potentials
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Calculations by Matrix
Diagonalization

* Includes dipole and quadrupole contributions
* Diagonalized in the Stark shifted basis wih|| R
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M. R. Flannery, D. Vrinceanu, and V. N. Ostrovsky, J. Phys. B 38, S279 (2005)
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E-Fields and Avoided Crossings

e Electric fields have a

strong influence on| »wgEe—
avoided crossings 'z
— Existenciof wells | £ ... ;A\
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Centered on Cs MOT
e UHV system (~16°Torr)

e Z-Stack microchannel plate
detector

—res. x-y:2@um, z:500ps
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Signalsand Timing
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Time-of-Flight Distributions

 Expansion of TOF
distribution depends
on:
— Thermalvelocity

— Recoll velocity
determined by
collision exit channel

— Coulomb repulsion
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Temperature M easur ement

130

e Resolution of spectrometer
calibrated using thermal o |
expansion = 1 %,}-.{-%-%‘}“
: i : : = |
— Gaussian distribution =
Fz,t) oc e =2/ Az " T U pdyee
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Pl collision can occur from
excitation at a stationary point
— Collision products gain velocity

V., determined by the energy of
the exit channel

e Macrodimercan be excited in a well

— EXcitation with narrow band cw laser
light cause$k to havefixed distribution

— Vibrational period (~2us) < excitation
time (~5us)
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Delay Dependence of TOF
Distributions

e Coulomb repulsior 3sg
INn TOF identifies

pair interaction

— EXpansion at sho
delay can identifjR
as constant

— EXxpansion at long
delay is a direct

R
measure oY, 0 100 200 300 400 500
Delay (us)
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Pl Collisson M easuremen
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Signal (arb.)

Pair |dentification

(a) 2-photon for 689D 4

(b) 2-atom from charge
pulse height distribution

(c) 2-photon 6S-6P
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Exit Velocity M easurements

« Expansion the result of
thermal and exit
velocities

— 88D + 90D resonance is = E
acollision process.

— Exit velocity of s
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e Lower principal quantum

numberadvantageougor ==190 mV/cm, all M
measurements of Coulomb o
repulsion for bound states. “
— Lower n— resonances a 5
farther from atomic lines 2 '
* Pros: % -0
— Less atomic background & 2100
signal
— Deeper wells 0

1 2 3 4 5 o6 7 & 9 10 11 12
« Con:
— Less oscillator strength
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lon Rates and TOF Velocity
Distributions
* |on rate isquadratic — T T 1
e Coulomb repulsion easily resolved

from TOF distributions 3 I I
— Black: atomic state =
N - i
— Red: molecular resonance 'c—é
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Width vs. Delay M easurements@a?
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* The red line is #Monte Carlosimulation of collision with thermal velocity
recoil.

* Circles are molecule data

* Triangles are atomic data (dashed line is fit to thermal expansi
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Future Directions

 Investigate angular distribution of Macrodimers
— 3D imaging to study applied spatial dependence

 Measure macrodimeifetimesby observing
state distribution of produc

* Perform detalled spectroscopy of wells
— Electric field dependence of wells
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e James

The Group

Shaffer

— Arne Schwettmann: contributed calculations of
pair interactions

— Jonat
— Dona

narTallant. assisted with experimel
d Boothe: currently assisting Arne with

calcu

ations
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Pair Excitation

* Near resonant 2- oD
photon transition (n-1)D+(n+1)D

— Excitation rate
Increased due to
proximity to nearest
atomic duplicate pa S Y S ——— 6P+(n+1)D
State

— Palr interact strongly
at shortR and mixes In
nD state character

— Excitation rate higher
for highern 6P+6P

e L LR 6P+(n-1)D

The University of Oklahoma, Atomic, Molecular and Optical Physics



