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Introduction

Recombination of atomic and molecular cations with electrons is very important loss process

of charged particles in plasma. At 300 K, molecular ions usually undergo dissociative recombi-

nation to neutral products with typical rate coefficient α ∼ 10−7 cm3s−1. Atomic ions usually

recombine radiatively with rather small rate coefficient α ∼ 10−12 cm3s−1. In plasma at temper-

atures below 100K ternary recombination processes with very strong temperature dependences

start to influence overall recombination process. There are no experimental data for these pro-

cesses at temperatures below 77 K except [1, 2].

The ternary recombination can be described as a two step process. After the collision of e−

with cation A+ a neutral excited intermediate state A∗ is formed. In following collision with

another particle the complex is stabilized and the recombination process is terminated. In case

of collisional radiative recombination (CRR) the third particle is another e−:

A+ + e−+ e−
KCRR−−−→ A+ e− . (1)

This process can be described by ternary recombination rate coefficient KCRR. If CRR is the only

loss process, the process can be described by effective binary recombination rate coefficient

αCRR

αeff = KCRR ·ne , (2)

where ne is electron number density. Dependence of KCRR on T and ne was predicted by Steve-

felt [3]:

KCRR(T,ne) = 3.8 ·10−9T−4.5
e ne +1.55 ·10−10T−0.63

e +6 ·10−9T−2.18
e n0.37

e cm6s−1 . (3)

At our conditions (ne ∼ 109 cm−3 and T < 100K) only the first term is dominant and we can

write

KCRR(T,ne) = 3.8 ·10−9T−4.5
e ne . (4)

The second ternary process which have to be considered is recombination through collision

with neutral particle of the buffer gas M:

A+ + e−+M KM−−→ A+M . (5)

39th EPS Conference & 16th Int. Congress on Plasma Physics P4.167



In experiment, KM can be obtained from the dependence of the effective recombination rate

coefficient on the number density of neutral particle [M] and

αeff = KM · [M] . (6)

Theoretical value given by Bates [4] is in our case (He as a buffer gas)

KHe(T ) = 5.9 ·10−28 ·
(

300
T

)−2.91

cm6s−1 . (7)

Experimental apparatus
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Figure 1: Drawing of Cryo–FALP II appara-

tus.

In this study we used Cryo–FALP II appara-

tus (see figure 1). It is based on a classic flow-

ing afterglow with Langmuir probe (abb. FALP)

design [5]. Buffer gas is flowing through a flow

tube. Discharge (2.45 GHz, ∼ 20–25 W) is ig-

nited in a microvawe cavity at the beginning

of the flow tube. Downstream, reactant gas (or

gases) are added and plasma decay is monitored

by means of Langmuir probe, from which we

can determine concentration and temperature of

electrons ne and Te. Position of the probe is converted into the decay time by known gas velocity

[2].

At temperatures below 300 K, plasma decay is driven by two processes – its recombination

and ambipolar diffusion. Accounting quasineutrality of plasma and presumption that we have

only one dominant ion, time evolution of electron concentration ne can be described by follow-

ing equation [6]:
dne

dt
=−αeffn2

e −
ne

τD
, (8)

where αeff is an effective recombination rate coefficient and τD is a characteristic time of am-

bipolar diffusion. αeff can be rewritten with (2) and (6) and accounting binary recombinatio rate

coefficient (negligible in this experiment) as:

αeff(T ) = αbin +KCRRne +KHe[He] . (9)

One can see, that from measured dependence of αeff on helium number density (i.e. pressure)

both KCRR and KHe can be obtained.

In order to study processes which occur at temperatures below 77 K, we built a new Cryo–

FALP II apparatus [2]. Flowtube itself is divided into the three main parts. The first part (A),
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where microwave discharge is ignited is kept at room temperature. The second part (B), where

reactant gases are added (argon in this case) can be precooled by liquid nitrogen to ∼ 110 K

temperature. The third part (C) is connected to the coldhead and can be cooled down to∼ 40 K.

Results

We studied collisional radiative recombination of Ar+ ions:

Ar+ + e−+ e− −→ Ar+ e− . (10)

Temperature dependence of measured coefficient of collisional radiative recombination is dis-

played in figure 2. Our current data (red triangles), older data measured at Cryo-FALP (open

green circles) [1], data from other experiments (green open square and orange rhombus) [7, 8]

and theoretical dependence (dashed line) [3] can be seen. Very good agreement across the whole

temperature range is observed.
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Figure 2: Temperature dependence of KCRR.
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Figure 3: Temperature dependence of KHe.

Ternary recombination of Ar+ ions

Ar+ +He+ e− −→ Ar+He (11)

was also studied. Temperature dependence of the measured ternary recombination rate coeffi-

cient of Ar+ ions with electrons is shown in figure 3 (red circles) together with the data form

other experiments [7, 10, 9, 13]. The obtained rate coefficients follow the T−2.9 temperature de-

pendence in agreement with theory for ternary recombination of atomic ions [4, 12] and agree

well also with the data from other experiments with exception of H+
3 ion [13]. To our knowl-

edge, these data are the first one for ternary recombination measured below 77 K.

Discussion

We studied recombination of Ar+ ion with electrons in the temperature range of 57–100 K

using Cryo-FALP II apparatus equipped with Langmuir probe. Obtained results for collisional
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radiative recombination and helium assisted ternary recombination rate coefficient are in a good

agreement with theories.
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