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Letter to the Editor

We have published a variety of data that are related
to the self-quenching streamer (SQS) formation in a
gas counter [1-5]. On the basis of our observation of
the SQS transition in Kr- and Xe-mixtures [3,4], we
emphasized that VUV photons from excited molecular
states of these rare gases cannot directly ionize
quenching gas molecules, such as CO, and CHo.
Against our discussion, Tang [6] proposes a possible
source of highly energetic photons for the SQS forma-
tion.

Before discussing his proposition, we put in order
the condition required for the SQS formation. It can
be divided into the starting, developing and stopping
stages.

(1) The starting stage: Self-induced space charge
effect of positive ions produced in an electron
avalanche is essentially important for that an SQS
starts and develops. When an electron avalanche grows
up with a high gas multiplication, the applied electric
field is cancelled in the avalanche and enhanced at the
tip of a positive ion cone owing to the space charge
effect of positive ions having very low drift velocity. Fgr
sufficient enhancement in the electric field for the SQS
formation, the electron avalanche must be confined by
short mean free paths of Townsend ionization near the
anode. All of the data indicating the SQS transition
show saturation in avalanche sizes; the SQS transition
occurs in the limited proportional region [1-5]. It is,
however, not clarified how an avalanche is confined in
different mixtures at the last stage of Townsend ioniza-
tion of gas multiplication, or what the critical condition
is for the SQS formation.

(2) The developing stage: According to theories of
the streamer formation in a uniformly high electric
field [7], a streamer develops near the tip of the posi-
tive ion cone through further gas multiplication of free
electrons that are formed by some processes. Our
present problem is by what process free electrons are

formed near the cathode side of the tip, where the
electric field is the highest; Atac et al. [8] and Zhang
[9] have proposed mechanisms for the electron produc-
tion. This process continues with growing of the
streamer until it is stopped by other reasons.

(3) The stopping stage: The streamer stops its grow-
ing in a coaxial counter. The applied electric field in
the coaxial counter decreases rapidly with the l/r
dependence on radius r. The enhancement in the
electric field induced by positive ions, therefore, be-
comes insufficient for electron multiplication at certain
radius, even if free electrons are produced near the tip.

For Tang's proposition, the following should be
noted: A VUV photon spectrum measured for 200 eV
electron impact to Ar by Mentall and Morgan [10]
shows emission of energetic photons of 70-80 nm
(17.8-15.5 eV). The emission cross section of these
high energy photons is about 1.7 Mb, and that of the
strong lines of 106.6 and 104.8 nm photons, which are
origins of the molecular excited states of Ar at high
pressures such as 1 atm U1,,I27, is about 34 Mb: The
cross section ratio of the higher energy photons to the
106.6 and 104.8 nm lines is about 0.05 at the electron
energy of 200 eV. The situation must be similar for Kr
and Xe with decreased photon energies [13]. On the
other hand, the maximum electron energy in an
avalanche is about 35 eV, as shoWn in a result of a
Monte Carlo simulation of an avalanche in a coaxial
counter, which is filled with Ar or Ar-CO, and ap-
plied with a high field of 70s Y/cm at the anode [14].
Even if it is taken into account that collisions are
nonequilibrium process in a high applied field near the
anode, the probability to that electrons have more than
60 eV would be small. The photoabsorption cross sec-
tion including the photoionization cross section by
quenching gas molecules decreases gradually with in-
crease in photon energy [15]. Hence, the contribution
of high energy photons (Tang [6] exaggerates the pho-
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ton energy is to be 60 eV) may be small, though
photons with higher energies by a few eV than the first
continuum energy of the molecular excited states can
be emitted in avalanches at high gas multiplication.

As shown in a photograph taken by Atac et al. [8],
contribution of photoionization must be effective for
the SQS formation. It is because a streamer can branch
on its halfuay (this is referred as the double SQS). This
phenomenon may not be explained by Zhang's model
[9], in which metastable states accumulated during the
avalanche development de-excite at a time and the
photoionization is not taken into account. In addition
to Atac et al. [8], de Lima et al. [16] and Ohgaki et al.
[17] have discussed photo-mediated processes for the
SQS formation from macroscopic view points. Tayler
[18] has analyzed SQS transition properties on the
basis of only the Townsend ionization process, which
cannot explain the jump in avalanche size.

Another important evidence observed by us is that
the SQS transition for incident X-rays cannot be ob-
tained with either sole quenching gas or sole rare gas,
as shown in fig. 1 and ref. [1] #1. The evidence has
been confirmed by rneans of the dead zone measure-
ment. This means that use of a rare gas mixture with
quenching gases is essential for the SQS transition.

According to the model by Atac et al. [B], the
emitted photon energy depends on the energy of cooled
and recombined electrons: hu : E.l (Ei - E*), where

#r Although we have observed the SQS transition in sole
quenching gases by incident c-rays, this is due to that
dense ionization tracks formed by ct-rays feed free elec-
trons to the high field tip of positive ion cone [1,2].

E" is the electron energy, E, the ionization potential of
rare gas, and E, the excitation energy of rare gas. The
electron energy E" is required to be about 10 eV in
order to obtain hv > 14 eV for photoionization of
quenching gas molecules, because quenching gases of
CO, and CHo have rather high ionization potentials of
13.78 and 13.12 eY, respectively. The required electron
energy does not seem to be so cooled in the weakened
field for the radiative recombination.

In Zhang's model [9], the process proceeds through
interactions between rare qas atoms in the metastable
state as follows:

R ' + R - - + R + P - + + e + h v ,

R ^ + h u - - R + + e ,

where R represents the rare gas atom and hv a low
energy photon that can ionize rare gas atoms in the
metastable state, and R- is assumed to include the
molecular excited states. The energy balance for the
chained interactions can be written as foliows: 3L,Es:
zEi+zEe.k;., where AEu is the excitation energy of
metastable state, E, the ionization potential, and E,,6n
the kinetic energy of the electron [a]. The kinetic
energy of electrons can be positive for ail the rare
gases of He, Ne, Ar, Kr, and Xe: Hence, this process is
energetically possible and may be important. This
model, however, does not assume the photoionization
process, which may be effective for the SQS formation.
In addition, it should be noted again that sole rare gas
does not indicate the SQS transition.

The photoionization rnay occur through following
processes. The molecular excited states being
metastable decay with emission of VUV photons
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Fig. 1". Avalanche sizes measured for an Ar-CHo mixture of different proportions. Sole rare gas of Ar or quenching gas of CHo
does not indicate the SQS transition. Measurement methods were almost the same as described in refs. [3-5].
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llt,12):

R * + R * R - - + R t * + R ,

RI* - R f R *ft21 (first continuum photon),

R } * + R - - + R j * R ,

RI -- R * R * hv., (second continuum photon).

where Rj * and Rj represent the molecular excited
states. Energies of these photons are insufficient for
direct ionization of quenching gases, as discussed pre-
viously [3,4]. For example, the 8.5 eV photon from a
Xe molecular excited state lacks about 2-5 eV for
photoionization of quenching gases. On the other hand,
quenching gas molecules and their dissociated products
may be excited to high vibrational states up to excita-
tion energies of about 5 eV in the avalanche develop-
ment [19]. The high vibrational states must be
metastable [20] and their excitation cross sections were
reported to be a few 100 Mb [19]. The dissociated
products are resulted by photoabsorption and colli-
sions in the avalanche with the dissociation energy of
about 5 eV. Hence, the photoionization process is
possible for the SQS formation.

In summary, we propose a model for the SQS
formation, in which energetic photons from the molec-
ular excited states of rare gases ionize quenching gas
molecules and their dissociated products that are ex-
cited in high vibrational states. The process based on
Zhang's model may be also effective, but it cannot
explain the fact that sole rare gas does not indicate the
SQS transition.
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