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Define Hyperpolarized

Uses of Hyperpolarized Noble Gases

Physics of How to Prepare Hyperpolarize Gases
How to build a '%°Xe Polarizer

Dynamics of a 12°Xe Polarizer
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Collimating Optics

Helmholtz
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Depopulation Optical Pumping
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Establish Spin Temperature

m= -2 -1 0 1 i

« Require that sudden processes dominate

» Sudden processes fast with respect to
hyperfine precession frequency

* Allow AF=x1, O transitions
« Slow processes only allow AF=0 transitions






Batch Mode vs. Flow-Through

Xe Gas Mixture Xe Gas Mixture
Stat|0nary FIOW|ng
.Requires Low Xe «Still Use Low Xe
Partial Pressure Partial Pressure
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Building a Flow-Through Polarizer

» Laser
« Polarizing Cell

- Long Cell
- Low-Pressure L
- Counter-Flow =

Light ~.,
Propagation — -
—  Ruset ter
et. al
(2006)

« Separation and v
Storage













Characterization of Polarizer

Characterize Output '*°Xe Polarization as
Function of Variable Parameters

— Oven Temperature

— Xe Concentration

— Total Flow Rate

—  Optical Pumping Cell Total Pressure

Characterize Rb Polarization as Function of
Variable Parameters

Compare Measurements to Model of Polarizer



Nuclea_r Magnetic Resonance Basjcs
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Nuclear Magnetic Resonance

Basics

« Compare Water NMR to Xe
NMR
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Check Rb Polarization Profile

Polanization
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Rb Polarimetry

RF Creates Steady-
State Magnetization

Probe Light Modulated
by Magnetization

Sweep Field and
Detect Resonance

Resonance Area Ratio
Proportional to
Polarization
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Signal (Volts)
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Modeling a Flow-Through System

Step 2: Model Rb Polarization

Rb Polarization Y ;o Optical
‘P = oP Pumping
Rb +T Rate
opt SD

Step 1: Model Laser -
Absorption Rb Spin Destruction Rate
o Y
5 P =—-— Step 3: Model Xenon

z . /L Polarization

r Xenon Spin Destruction
Spin Exchange Rate ~ Rate

Photon Flux Absorption Length 0 AYSE (PRZ? i PXQ) _ FPX@

Density
0- PX e

V

>

Xenon Polarization Linear Velocity



Xenon Polarization
Temperature Dependence
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Xenon Polarization
Temperature Dependence
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Xenon Polarization
Temperature Dependence
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Pressure Dependence
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Temperature Dependence
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Temperature Dependence
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Rb Polarization (%}

Temperature Dependence

Measurments Numerical Model
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Xe Partial Pressure Dependence
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Xe Partial Pressure Dependence
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Rb Polarization (%)
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Total Flow Dependence
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Total Flow Dependence
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Comparing Numerical Model with Data Reveals

Inadequacies in Our Understanding

Temperature Data
Indicates Different

[Rb] than Calculated

Requires Direct
[Rb] Measurement

[Xe] Data Xe-Rb
Spin Destruction
Term Indicates
Complicated
Dependence

Total Flow Data
Suggested Complex
Fluid Dynamics



Summary and the Future

Presented State-of-the-Art '2°Xe Flow-Through
Polarizer

Basic Theoretical Understanding

— Can Explain Most Phenomenon in terms of simple ideas

— Temperature Dependence of Spin-Exchange Rate is
Important

Measurements to Better Understand Inadequacies

— Determine Rb Number Density

— 2D Image Rb Polarization

— In situ Xe Polarization Profile
Improve Model

— Extend Dimensionality
—  Write Fitting Routine
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The SEOP Process

Circularly

polarized laser F'Vfglégriid
e electrons of Rb Polarized '**Xe
lei
(h per photon) atoms nuclei

Relaxation Processes Limit Polarization



Xe Relaxation

Intrinsic Relaxation:
Binary and
Molecular
Interactions

L
T

Extrinsic Relaxation:
Walls and Magnetic
Field Gradients




Gas Phase Storage and Separation?

« Cryogenic Storage . *\\
and Separation

— 2.5 hr Relaxation
Time @77 K&
2000 G

» Gas Phase Storage -

— 5 hr Relaxation
Time @ 30 G &
Rm Temp.

° Gas Phase ’ neom 'C[D[ SN R T 'u.haD_ 0% ot D
Separation

— Gas Centrifuge




Pressure Dependence
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Xe Partial Pressure Dependence
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Xe Polarization{®)}

U of U Flow-Through Polarizer

Performance
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Polarization (%)

Pressure Dependence

Xe Partial Pressure Dependence

24

22

vy

20 ..

18

16

i i1 atiZation (%)

14

et Syl ated Polarization (%) I

02

04

06 0.8
Pressure jatm)

1

a0
s P10 11z (%]
40 &\ e irmulated Palarization (%) |-
| 20
1.2 I 2 4 b B 10 12 14

Xe Partial Pressure (mbar)




Polarization (%)
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Temperature Dependence
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