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In a hydrogen maser atomic clock [1], a beam of state selected hydrogen atoms is sent towards a
storage bulb located at the center of a cylindrical electromagnetic cavity to induce stimulated emis-
sion processes at 1420.406 MHz between the hyperfine levels F'=1 and F'= 0 of the 1512 hydrogen
ground state. The hydrogen atoms are obtained through molecular dissociation in a standard ra-
diofrequency (RF) discharge bulb. The RF electromagnetic wave sustains a plasma (see Fig. 1
inset) where many atomic and molecular processes take place and compete, among which molec-
ular dissociation. The experimental parameters (mainly the bulb geometry, RF injected power,
molecular gas pressure in the bulb, and bulb inner surface composition) are properly selected to
optimize atomic hydrogen formation.

Here, we shall present a comprehensive global plasma modeling (see Fig. 1) with a set of as many
as 17 possible chemical reactions inside the plasma volume, 8 atomic and molecular hydrogen
excitation processes and 4 surface reactions. The plasma particle densities for atomic and molec-
ular hydrogen, as well as for all possible hydrogen ionic species (i.e., H", H2*, H3" and H), are
predicted as a function of all experimental parameters. The specific role of the ion species H3" and
H" will be discussed. We shall show that lower pressure regimes in comparison with what is usually
considered for ground and spatial hydrogen maser atomic clock operation should preferably be
considered for optimal atomic hydrogen production.

Plasma global modeling mechanism

Inputs
* Reaction rate coefficients

* Excitation energy thresholds
* Recombinationrate y

+ Bulk reaction set
* Energy loss mechanisms

* Surface reaction set

Experimental conditions Global model o =
* Bulb geometry * Particle balance equations asma variables

« Gas pressure p * Power balance equation * Electron temperature T,

- Gastemperature T * Quasi-neutrality condition * Particle densities for all
sop ions, neutrals and electrons
* RFinjected power P

w/wo electronegative effects

Fig. 1: Principle of a global plasma modeling (inset: hydrogen discharge bulb and its plasma).

[1] H. M. Goldenberg, D. Kleppner, and N. F. Ramsey, “Atomic Hydrogen Maser,” Phys. Rev. Lett., vol. 5, pp. 361-
362, 1960; D. Kleppner, H. M. Goldenberg, and N. F. Ramsey, “Theory of the hydrogen maser,” Phys. Rev., vol.
126, pp. 603-615, 1962 ; D. Kleppner, H. C. Berg, S. B. Crampton, N. F. Ramsey, R. F. C. Vessot, H. E. Peters,
and J. Vanier, “Hydrogen maser principles and techniques,”
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