1. The Discovery (1964-1980)

1964 — William Happer
begins studying optically
polarized alkali-metal
atoms (like rubidium).

* 1980 — Happer develops
the spin-exchange optical
pumping (SEOP) theory,
using rubidium (Rd) to
produce highly nuclear-
polarized noble gases like

helium (He) and xenon
(Xe).

This discovery would lead to polarized noble
gases being used in magnetic resonance
imaging (MRI).

5. What It Reveals About Long
COVID
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» Studies show many long COVID patients
have a decreased RBC-to-tissue ratio.

» (Gas exchange is impaired at the alveolar-
capillary membrane (a microscopic
“bottleneck™).

* This occurs in both severe cases and
non-hospitalized "mild” cases.

* Abnormalities can persist 6-12 months,
even when other markers look normal.

Xe-129 MRI provides a definitive
physiological explanation for “invisible”
respiratory symptoms, validating the
experiences of millions.

2. The SEOP Process: A Relay Race

1) Rb warms up before the race to move freely.

2) Rb receives a baton (momentum) from the
coach (circularly polarized laser).

3) Rb sprints, gets out over-excited (polarized),
and uses a nitrogen inhaler to stay in the race.

4) Rb collides with Xe and transfers its
momentum (spin-exchange).

5) Rb slows down, while Xe carries the energy to
the finish line.

Image generated by ChatGPT, 2026.

6. Why It Matters

Breakthrough Diagnostic Tool
Now a viable, cost-effective clinical option.

Faster & More Efficient
Advances in polarized efficiency increase
speed and volume of gas production.

Non-Invasive & Radiation-Free

Provides unique physiological readouts of air
distribution and gas exchange at the lobar
level.

More Accessible
Shift from He-3 to abundant, inexpensive Xe-
129 lowers costs

Uses Existing Infrastructure
Requires only minimal MRI| modifications.

3. The Physical Process
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Circularly
polarized laser

7. The Future

1) Heat Rb — RDb
becomes a vapor —
atoms move freely

2) Laser Polarizes Rb
— photons gain
angular momentum

3) Prevent Over-
Excitation —
nitrogen gas absorbs
excess energy so Rb
does not “vomit”
random light.

4) Spin-Exchange —
Rb collides with Xe
transferring its spin
via Fermi contact
interaction

5) Continuous Cycle —
with the laser on, Rb
IS recharged with a
new baton, leaving
Xe hyperpolarized.

mages generated by ChatGPT, 2026.

Xenon-129 MRI is moving from a niche research tool
to a global clinical standard for functional lung

assessment.

It's helping to:

d Monitor chronic conditions (COPD, asthma)

d Guide precise, image-guided treatments

d Improve outcomes for patients with long COVID

and other lung diseases

4. Imaging the Lungs

Before inhalation, the toxic Rb is
removed and the patient performs a
single controlled breath-hold during
MRI.

Advanced techniques like diffusion-
weighted imaging (DWI) and
chemical shift saturation recovery
(CSSR) map how Xe moves through
the alveoli and dissolves into the
bloodstream.
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Images generated by ChatGPT, 2026.
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