EFFECTS OF DISORDER ON ELECTRON HEATING IN
ULTRACOLD PLASMAS

Dumin Yu.V.,*"2 Lukashenko A.T.?

YMSU, SAI, Moscow, Russia, 2IKI RAN, Moscow, Russia, 3 Nimbl Acad.,
Astana, Kazakhstan
*dumin@yahoo.com

Starting from the beginning of their research in the early 2000’s, the ul-
tracold plasmas were considered as a promising tool to achieve considerable
values of the Coulomb coupling parameter for electrons [1]. Unfortunately,
this was found to be precluded by a sharp spontaneous increase of temper-
ature, which was often attributed to the so-called disorder-induced heating
(DIH) [2]. Tt is the aim of the present report to quantify the effect of spon-
taneous heating as function of the initial ionic disorder and, thereby, to
estimate the efficiency of its mitigation, e.g., by the two-step formation
of ultracold plasmas, involving the intermediate stage of the blockaded
Rydberg gas in a “quasi-crystalline” state [3].

As a result of the performed simulations [4], we found that dynamics
of the electrons exhibited a well-expressed transition from the case of a
quasi-regular arrangement of ions to the disordered one; the magnitude
of the effect being about 30%. Thereby, the two-stage formation of ultra-
cold plasmas can really serve as a tool to increase the degree of Coulomb
coupling, but the efficiency of this method is moderate.

Yet another interesting finding of our study is that the spontaneous
heating remains considerable (by an order of magnitude) even if the initial
arrangement of ions was almost regular. Therefore, the disorder-induced
heating can hardly be the dominant effect in this situation. A much more
reasonable explanation could be based on the effect of “virialization” [5],
which was suggested even before DIH but was not taken into account for
a long time.

1. Killian T\, et al. // Phys. Rev. Lett. 1999. V.83. P.4776.

2. Gericke D., Murillo M. // Contrib. Plas. Phys. 2003. V.43. P.298.

3. Robert-de Saint-Vincent M., et al. // Phys. Rev. Lett. 2013. V.110.
P. 045004.

4. Dumin Y., Lukashenko A. // Phys. Plas. 2023, in press.

5. Dumin Y. // J. Low Temp. Phys. 2000. V.119. P.377.



