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Hydrogen

H

Why to study H gas? 1.008

- The only gas at T=0

- Bose-Einstein Condensation

- H-H interactions, cold collisions
- Magnetic resonance

- Spin waves, BEC of magnons



Basic parameters
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Spin waves in quantum gases
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Pulsed NMR, spectra after FT

Nuclear spin waves in H| gas
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Basic equations of ISR spin waves

C. Lhuillier and F. Laloe, J. Phys (Paris) 43, 197 (1982)
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Schrodinger type equation:

,u~ﬂ>>1\ oM, Dyh_,
ih—=—""-—V"M_ +hyoB,M
a — 8’{ ,U \ + T 0 +
M, <M,=M — kinetic potential
Particle € Y 1L
—| JHe -1 negative neg/pos
H +1 positive negative |,
proton
H +1 negative, negative
electron large
High field seekers —— Hno o Low field seckers |




Calculations of n for H and *He
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Fig. 14. — « Identical spin rotation » coefficient y in 3He
13 Identical spin rotation » coefficient g in H{ Versus temperature. The full line curve has been calculated
Fig. 13. — «ldentical sp ' with the Lennard-Jones potential (Eq. 2), the dashed: one

versus temperature. with the Aziz potential (Eq. 3).
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Experimental setup
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Compression region
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Hyperfine structure of H atom ground state in magnetic field
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CW spectra in static field of optimized homogeneity

ESR absorption
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B(2)

Large positive gradient ~40G/cm
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Large negative gradient ~40G/cm
_B@)

Magnetic field sweep, V (@0.4G/V)



CW spectra in static field of optimized homogeneity
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Large positive gradient ~40G/cm, CW
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Large negative gradient ~40G/cm
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ESR spectra with no gradients applied

Is the observed lineshape caused by
main ESR peak inhomogeneity of RF field
\ plus the static field inhomogeneity?

magnon peak
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Peak position, V (3.8G/V)

-0.05 -

-0.10 A

-0.15 A

0.00

15 -1.0 05 0.0 0.5
SR coil current, Amps

| =+3A

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Sweep [V ] (0.78 G/V)




Static magnetic field profile, no gradients applied
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crn below rnirror

Moving trap position with applied gradients
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Particle in a box + parabolic potential
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CW spectra, no grad applied
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N, increases at higher T
and shallower trap
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FID signal
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Conclusions

Spin-polarized H gas is a rich system where a large number of magnetic
excitations (magnons) can be studied by means of magnetic resonance.

We identified four basic types of magnon modes, distinguished by their
behavior in magnetic field gradient, at different densities, sample shapes
and gas temperatures.

Applying negative axial magnetic field gradients we observed magnon
modes of exchange origin, caused by the ISR effect. These modes do
not depend on the sample shape, and are not pure standing waves.

We found a spectrum of magnon modes trapped in the magnetic field
maximum. At high enough gas densities we observed excessive
occupation of the ground state in this trap, with long coherent
precession of magnetization, similar to the HPD in experiments with
liquid *He.



