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The interaction between the supersonic molecular beam (SMB) and the low-temperature plasma is a critical issue for
the diagnosis and fueling in the Tokamak device. In this work, the interaction process between the argon SMB and the argon
plasma is studied by a high-speed camera based on the Linear Experimental Advanced Device (LEAD) in Southwestern
Institute of Physics, China. It is found that the high-density SMB can extinct the plasma temporarily and change the
distribution of the plasma density significantly, while the low-density SMB can hardly affect the distribution of plasma
density. This can be used as an effective diagnostic technique to study the evolution of plasma density in the interaction
between the SMB and plasma. Moreover, the related simulation based on this experiment is carried out to better understand
the evolution of electron density and ion density in the interaction. The simulation results can be used to analyze and explain
the experimental results well.

Keywords: supersonic molecular beam, low-temperature plasma, emission, electron density diagnosis, high-
speed camera
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1. Introduction
In the field of controlled nuclear fusion, supersonic

molecular beam injection (SMBI)[1] is an effective fueling
method in Tokamak due to its high fueling efficiency com-
pared with gas puffing (GP)[2,3] and low cost compared with
pellet injection (PI).[4] Therefore, the interaction between the
supersonic molecular beam (SMB) and plasma is an important
issue in both fueling and diagnosis for Tokamak. And in the
interaction, the SMBI is a diagnosis technology[5,6] for the in-
teraction process between the SMB and the edge plasma in the
Tokamak. The density[7,8] and velocity[9] of SMB as well as
the plasma temperature and density are key parameters in the
interaction. In traditional experiments, the SMB is directly in-
jected into the Tokamak and interacted with plasma in order to
study the interaction process.

There are many experiments on the interaction between
the SMB and plasma in the Tokamak such as HL-1M,[5,10]

HL-2A,[11–13] EAST,[14] and JT-60U.[15] These experiments
focused on a global effect of the interaction between the SMB
and plasma in the Tokamak. For example, in the HL-2A, the
injection depth was found to be consistent with the fueling
efficiency of SMBI in Tokamak. The injection depth and fuel-

ing efficiency were determined by the density and temperature
of the plasma as well as the density and velocity of SMB.[16]

And the Hα emission image was used to measure the injec-
tion depth. According to the result of Ref. [16], in HL-2A,
the injection depth was deeper when the electron density or
temperature was lower. If the clusters were available in the
SMB, the injection depth could be further enhanced. In ad-
dition, there were some relative simulations[6,17–20] about the
injection process of SMB based on the parameters of HL-2A.
The results of simulation proved the above conclusions about
injection depth of SMB.

However, the physical properties of plasma such as tem-
perature and density are complicated and varied in the tradi-
tional Tokamaks. For example, in the HL-2A, the temperature
of edge plasma is about 10 eV but it could reach to 725 eV
or even higher in the core plasma,[18] indicating that there is a
large gradient of plasma temperature in the Tokamak. Thus, in
the process of SMBI, the detailed mechanism and process of
the interaction between the SMB and the edge plasma is diffi-
cult to study in depth in Tokamak. In the present experiment,
a low-temperature plasma column (about 5 eV) is generated
in the Linear Experimental Advanced Device (LEAD), which
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was established in 2018.[21] In this device, a magnetic field
(about 0.04 Tesla) with linear configuration is much weaker
than that in the traditional Tokamak (several Tesla). In this
work, the experiment based on the low-temperature plasma
and lower magnetic field is carried out to study the process
of interaction between SMB and edge plasma, and explain the
relative physical mechanism. The physical parameters such as
density and temperature of plasma in the LEAD are close to
those of the normal edge plasma in the real Tokamak. There-
fore, this experiment could be used to simulate the interaction
between the SMB and edge plasma in the Tokamak, and the
results are valuable supplements for the research of the inter-
action between the atom/molecule and plasma. And this study
of interaction process can conduce to better understanding of
the process of SMBI in the Tokamak.

2. Experimental setups
A schematic diagram of this experiment is shown in

Fig. 1. The whole experimental setup could be divided into
two parts: the SMB and the plasma. And they were connected
by a flight tube (with an inner diameter of 80 mm). In this
experiment, argon was used as the experimental gas for both
SMB and plasma. The SMB was produced by opening a cylin-
drical nozzle (type: Series 9, Park Hannifn Corporation) in
vacuum. Then the central part of SMB was injected into the
plasma through a skimmer with the throat diameter of 3 mm.
The open time of the nozzle was fixed at 3 ms. In the diagram,
the horizontal Y direction is the flight direction of SMB, the
horizontal Z direction (“⊗” in Fig. 1) is the flow direction of
the plasma, and the X direction is the vertical direction.
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Fig. 1. Schematic diagram of the experimental setup.

For the LEAD, the vacuum chamber was divided into two
parts, a small cylinder with a diameter of 400 mm and a large
cylinder with a diameter of 900 mm.[21] And the total length of
vacuum chamber was 3.5 m. In this experiment, the SMB was
injected into the small cylinder part of the LEAD. The interac-
tion position was about 1500-mm downstream from the radio
frequency power source of the plasma, and about 1500-mm
downstream from the nozzle of the SMB. The cross section

of the small cylinder is shown in the right part of Fig. 1, de-
noted as one black circle. The interaction images were taken
by a high-speed camera through a circular observation win-
dow with a diameter of 100 mm. The observation angle (α in
Fig. 1), which was defined as the angle between the observa-
tion direction and the Y axis, was 60◦.

In the interaction between the SMB and plasma, the argon
atoms in the SMB can be excited to a high energy level by the
electrons, and emission was generated in the deexcitation pro-
cess. And the emitted photons were collected by the camera.
The shooting speed of 3200 fps (frame per second) was used
to take the interaction image with a resolution of 1280×720.

2.1. Parameters of argon SMB

In the experiment, the SMB density could be adjusted by
changing the stagnation pressure of the gas jet or the distance
between the nozzle and skimmer. The stagnation pressure (P)
could be adjusted from 10 bar (1 bar = 105 Pa) to 50 bar, while
the distance between the nozzle and skimmer (abbreviated as
D in this work) was fixed at three values, which were 5 mm,
10 mm, and 15 mm. The SMB density in the region of interac-
tion was measured by a microphone according to Refs. [7–9].
The SMB density followed a Gaussian distribution. The cen-
tral density of the SMB versus stagnation pressure for three
skimmer setups is shown in Fig. 2.
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Fig. 2. Radial (along X or Z axis) distribution of (a) SMB density at 1500-
mm downstream from nozzle under three different stagnation pressures and
(b) central SMB density at different stagnation pressures for three skimmer
setups with distance between nozzle and skimmer (D) being 5 mm, 10 mm,
and 15 mm, respectively.

It is obvious that the density is in a range of 1012 cm−3–
1014 cm−3, which increases with the stagnation pressure. And
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the density is much lower when the distance between the noz-
zle and skimmer becomes longer. It is found that the SMB
density in the radial direction (Z axis) conforms to the Gaus-
sian distribution and the full width at half maximum (FWHM)
is in a range from about 110 mm to 160 mm.

2.2. Parameters of argon plasma

A radio frequency (RF) power source was adopted in the
LEAD to generate the argon plasma by discharging the argon
gas.[22] The plasma density could be adjusted by changing the
RF power of the plasma source, which could be adjusted from
1000 W to 3000 W[23–25] in this experiment. The argon gas
pressure in the LEAD was kept at about 0.5 Pa. The average
electron temperature in the plasma was about 5 eV, while the
ion temperature could be neglected. The diameter of plasma
column was about 100 mm.

An image without gas jet was shown in Fig. 3(a). The
outer circle in the image is the boundary of the observation
window. The emission was generated by the deexcitation of ar-
gon atoms/ions in plasma column. The butterfly shaped emis-
sion image might be caused by the reflection from the flange
which was opposite to the observation window. Since the mid-
dle area was less affected by the reflection, the emission profile
in this area (the area within the two black lines in Fig. 3(a)) is
calculated in detail. The distribution of emission can represent
the radial distribution of electron density in the plasma col-
umn. The FWHM of emission distribution is in a range from
about 30 mm to 40 mm, which should be equal to the FWHM
of the electron density distribution.

The electron density could be calculated by several pa-
rameters of experiment. In Ref [24], an equation to calcu-
late the total number of electrons (Ne) in the entire plasma re-
gion was proposed and shown in Eq. (1), where the number of
electrons is determined by the RF power (Pinp), the radius of
plasma column (a), and the total length of plasma column (L)
below

Ne

Pinp
= ka2L, (1)

where k is an empirical parameter which is about 1.65 ×
1015 W−1·m−3. Thus, the electron density can be calculated
by Ne and the spatial density distribution in Fig. 3(b). The cal-
culated central electron density is about 1.97×1012 cm−3 for
an RF power of 1000 W. The radial distribution (Y axis) of
electron density is shown in Fig. 3(b). The electron density at
each radial position can be calculated based on the radial dis-
tribution of electron density. In addition, the electron density is
proportional to RF power as shown in Eq. (1) and the electron
density values for other RF power are calculated accordingly.
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Fig. 3. (a) Emission image without gas jet with RF power being 1000 W and
RF source being about 1500 mm upstream from left side of image, and (b)
corresponding distribution of electron density in plasma column for three
different power values.

3. Experimental and simulation results
3.1. Physical model and simulation

The experiment and analysis are mainly based on the
emission images obtained from the camera. When the argon
atom in the SMB is excited to higher excitation state by the
electron in the plasma, a photon might be generated during the
deexcitation. For the electron with 5 eV, the common emis-
sion is the well-known argon “red” lines, which are generated
in the transition between the 4s and 4p configurations of ar-
gon atom.[26] The corresponding wavelengths of this emission
are likely to be in a range of 760 nm–780 nm.[27] And relative
electron excitation cross section is on the order of 10−15 cm2

for the 5-eV electrons. The emission intensity is proportional
to the density of SMB, the density of electron and the emission
cross section.

For the interaction between the argon atom and argon ion,
the elastic scattering, momentum transfer, and charge transfer
are the three main interaction modes.[28] The elastic scattering
is the dominant interaction mode for energy lower than 0.1 eV
whose cross section is on the order of 10−13 cm2. While the
cross section of momentum transfer and charge transfer are
about 10−14 cm2 and 10−15 cm2 in this energy range, respec-
tively. In this experiment, the temperature of argon ions and
atoms are both lower than 0.1 eV. Therefore, the elastic scat-
tering is the main mode, and the injection flux of SMB might
decrease during its interacting with ions in the plasma.
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A relative simulation in three-dimensional space is con-
ducted to better understand the experimental results and study
the variation of density of electron and ion in the plasma dur-
ing the whole interaction. In the simulation, the minimum
length step is fixed at 0.4 mm and the simulated space is a cube
of 100 mm3. The density of electron and ion in the plasma are
the same before the injection flux interacting with the plasma.
In the interaction, the SMB flies along Y axis from the top to
the bottom in minimum length steps. And the SMB collides
with ions along the path, leading the ion density and SMB
flux to change. The electron density may decrease due to the
emission, and the electrons from the plasma source are able to
diffuse along the Z axis slowly due to the variation of electron
density. The ion can be considered to be static and its diffusion
is neglected in simulation because of its much lower velocity.
The SMB is injected into the plasma in the Y direction and
argon atoms interact with electrons and ions in the plasma.

In the simulated interaction, for a fixed moment (T ) and a
fixed position (L), the emission and collision are given below:

IL,T
emi = σemiρ

L,T
e FL,T

SMBTunitL3
unit, (2)

IL,T
col = σcolρ

L,T
ion FL,T

SMBTunit, (3)

where IL,T
emi is the emission intensity which is defined as the

number of photons at moment T and position L; σemi and σcol

are corresponding to the emission cross section and elastic col-
lision cross section, respectively; ρ

L,T
e and ρ

L,T
ion are the elec-

tron density and ion density, respectively; FL,T
SMB is the SMB

flux which is defined as the product of the density and velocity
in the interaction; Lunit and Tunit are the unit length and unit
time, respectively; IL,T

col is defined as the density of collision
pairs between the atom and ion. In order to compare with the
image of emission in the experiment, the number of photons,
density of electrons and ions in the simulation are averaged
in the X axis separately. Thus, the two-dimensional simulated
images about the plasma density can be acquired.

The electron density and ion density are changed continu-
ously in the whole interaction process. The relevant equations
are shown as follows:.

ρ
L,T
e = ρ

T−1
e − IL,T

emi/L3
unit +ρ

L
dif, (4)

ρ
L,T
ion = ρ

L,T−1
ion + IL−1,T−1

col − IL,T
col , (5)

FL,T
SMB = FL,T−1

SMB − IL,T
col . (6)

In Eq. (4), the variation of electron density is determined by
the loss of emission and the diffusion from plasma source.
The ρL

dif is the diffused electron density, which is viewed as
constant at a fixed moment, and ρL

dif conforms to the Gaussian
distribution in the radial direction of plasma (Y axis) and de-
creases along the direction of electron diffusion (Z axis). In

Eq. (5), the variation of ion density is determined by the colli-
sion and the addition from the former step (IL−1,T−1

col ). Because
the ions in the former step will fly into this position due to col-
lision. In Eq. (6), the variation of SMB flux is determined
by the collision with ion (IL,T

col ). The five relevant equations
(Eqs. (2)–(6)) are used to calculate the plasma density in the
simulation.

3.2. Plasma extinction by high-density SMB

When high-density SMB interacts with plasma column,
the electrons in the plasma can be depleted fast and generate a
number of photons. The plasma is extincted temperately dur-
ing the gas jet. A series of images is shown in Fig. 4, which
can represent the interaction between the SMB and plasma.
The pixel values of image represent the number of photons
which is recorded by the camera. The SMB flies along the Y
axis from the top to the bottom while the plasma flows along
the Z axis from the left to the right. It is obvious that the emis-
sion intensity in the center area continues decreasing in Fig. 4
and shifting to the left side gradually, which is corresponding
to the scenario of the plasma source.

When the SMB is just injected into the plasma (T0 is the
start time (0 ms) in this work), the emission intensity increases
quickly, and the emission intensity reaches a strongest value
after 0.3215 ms, which is shown in Fig. 4(a). It is found that
the emission intensity has a symmetrical distribution in both
Z-axis and Y -axis directions. This symmetrical distribution
is generated based on the symmetrical distribution of SMB
density and electron density. The FWHM of emission area
in the Y -axis direction is about 30 mm, which is almost equal
to the distribution size of electron density. And the FWHM of
emission area in the Z-axis direction is about 80 mm, which is
smaller than that of SMB. This means that the spatial distribu-
tion of SMB inside the plasma becomes narrow.

In Fig. 4(b) which is about 1.25 ms after T0, it is found that
the emission intensity decreases slightly and emission center
shifts from the center to the left side. In addition, the size of
emission area becomes smaller than what is shown in Fig. 4(a).
The reason is that the density of electrons which can lead
the emission to continue decreasing in the process of inter-
action. Since more electrons can be supplemented into the left
area from the plasma source, which would render the emis-
sion much stronger on the left side. In Fig. 4(c) which is about
2.1875 ms after T0, the emission intensity is much weaker than
that in Fig. 4(a) and the emission center continues shifting to
the left side. Much more electrons are depleted by the SMB
and less electrons could be supplemented by the source. And
only a few electrons exist on the right side because the sup-
plement of electron is lower than on the left side. Thus, low-
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density electrons make the emission intensity much weaker. In
Fig. 4(d) which is about 3.125 ms after T0, both the emission
area and the maximum emission intensity are only half that in

Fig. 4(a). There is almost no emission on the right side, which
means that all the electrons are depleted by the SMB and the
plasma is extinct temporarily.
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Fig. 4. A series of experimental emission images for high-density SMB, plasma extinct temporarily. Distance between nozzle and skimmer is 5 mm,
stagnation pressure 30 bar, and central density of SMB about 1.40×1014 cm−3, RF power 1000 W and initial central plasma density about 1.97×1012 cm−3,
at time (a) 0.3125 ms, (b) 1.2500 ms, (c) 2.1875 ms, and (d) 3.1250 ms after SMB has hit plasma column. Exposure time of each image is 0.2 ms.

0 20 40 60 80 100
Z/mm

Y
/
m

m

0

20

40

60

80

100 0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
(c)

T1010simulated emission

0 20 40 60 80 100
Z/mm

Y
/
m

m

0

20

40

60

80

100 0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
(d)

T1010simulated emission

0 20 40 60 80 100

Z/mm

Y
/
m

m

0

20

40

60

80

100 0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
(b)

T1010simulated emission

0 20 40 60 80 100

Z/mm

Y
/
m

m

0

20

40

60

80

100 0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
(a)

T1010simulated emission

Fig. 5. A series of emission images by simulation for high-density SMB. Distance between nozzle and skimmer is 5 mm, the stagnation pressure 30 bar, RF
power 1000 W. at time (a) 0.2 ms, (b) 1.2 ms, (c) 2.2 ms, and (d) 3.2 ms after SMB has hit plasma column.

065208-5



Chin. Phys. B Vol. 29, No. 6 (2020) 065208

0 20 40 60 80 100
Z/mm

Y
/
m

m

0

20

40

60

80

100

(a)

simulated electron
10

8

6

4

2

0

T1011

0 20 40 60 80 100
Z/mm

Y
/
m

m

0

20

40

60

80

100

(b)

simulated ion
10

8

6

4

2

0

T1011

Fig. 6. Simulated (a) electron density and (b) ion density at 2.2 ms for high-density SMB (Distance between nozzle and skimmer is 5 mm, the stagnation
pressure 30 bar, and RF power 1000 W).

The interaction process under the condition of Fig. 4 is
simulated in detail. And the simulated a series of emission im-
ages is shown in Fig. 5. A phenomenon in Fig. 4 is found to be
similar to that in Fig. 5, where the maximum emission inten-
sity decreases and the center of emission shifts to the left side
gradually. Therefore, this simple simulation is able to explain
the experimental results. It is found that the emission profile
in Fig. 5(a) is symmetrical with respect to both Z axis and Y
axis. But the FWHMs of emission profile in Z axis and Y axis
are slightly larger than those of the experimental images. The
reason should be the difference in observation angle, which is
60◦ in the experiment (as shown in Fig. 1) while 90◦ in the
simulation. This difference makes the FWHM in the simula-
tion larger than the experimental result.

The simulated electron density and ion density at 2.2 ms
after T0 are shown in Fig. 6. It is obvious that the distribu-
tion of electron density and ion density have a large difference
between them. In Fig. 6(a), the distribution of electron den-
sity has a similar structure to the distribution of emission as
shown in Fig. 5(c). This similarity confirms that the emis-
sion is mainly determined by the electrons and distribution of
emission can be used to represent the distribution of electron
density in the plasma. In Fig. 6(a), the maximum electron den-
sity is on the left side and electron density decreases in the
Z-axis direction gradually. The maximum electron density on
the right side is about 2×1011 cm−3, which is only about 1/5
of the initial maximum electron density.

In Fig. 6(b), it is found that the distribution of ion den-
sity is symmetrical with respect to the Y axis and the ion den-
sity is much lower in the middle for each given Y value. Be-
cause the SMB density is much higher in the center and much
more ions are knocked down there. The maximum ion den-
sity is about 1× 1012 cm−3, which is almost equal to the ini-
tial maximum ion density. But the area where the ion density
reaches a maximum value, is in a range of 70 mm–80 mm (Y
axis) rather than the radial center (Y = 50 mm), indicating that
the ions are knocked down about 20 mm–30 mm along the Y
axis. There exists an area on the top side where only few ions
are left, indicating that the ions there are knocked down com-

pletely. To conclude, it is found by simulation that the ions are
knocked down about 20 mm–30 mm along the Y axis by the
high-density SMB, and the interaction area is filled with lots
of atoms and fewer electrons, indicating that the plasma are
extinct in the interaction.

3.3. Plasma influenced by medium-density SMB

In the skimmer setup of 10 mm, the SMB density de-
creases to the order of 1013 cm−3, which is about 30% of the
SMB density in the skimmer setup of 5 mm in Subsection 3.2.
Consequently, the SMB can only affect the plasma column but
cannot make it extinct. A complete process of interaction is
shown in Fig. 7. Figure 7(a) shows the SMB influenced plasma
column at 0.3125 ms after T0, and figure 7(b) shows the image
when the emission reaches a maximum intensity at 1.25 ms
after T0. The structure found in Fig. 7 is similar to that shown
in Fig. 4, except the fact that the time needed to reach the max-
imum emission intensity is longer, and the FWHM in the Z-
axis direction is obviously larger. Because the SMB density
is smaller while the FWHM of the profile distribution is much
larger for the skimmer setup of 10 mm, and much longer time
is needed to inject the same quantity of SMB atoms and to
have the same emission intensity.

Figures 7(a)–7(c) show that the SMB affects the plasma
column continually and the distribution of plasma density is
changed accordingly. The emission center shifted to the left
side in Figs. 7(b) and 7(c). And the emission intensity in-
creases with the time increasing from 0.3125 ms to 1.2500 ms
while decrease from 1.2500 ms to 3.1250 ms. In Fig. 7(d),
the emission is much lower at the end of the gas jet, but the
plasma is not extinct for the medium-density SMB, indicating
that there are still some electrons left in the interaction area.

The simulated electron density and ion density at 3 ms
after T0 are shown in Fig. 8. In Fig. 8(a), the electron den-
sity decreases along the Z axis because of the supplement
from plasma source and the loss from emission. And the
maximum electron density is on the left side and it is about
1× 1012 cm−3, which is almost equal to the initial maximum
electron density. Moreover, the maximum electron density in
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the right edge is about 4×1011 cm−3, which is still about 1/3
initial maximum electron density. This result indicates that in
the whole interaction process, the medium-density SMB can
change the distribution of electron density by emission but
cannot make the plasma extinct completely.

In Fig. 8(b), the distribution of ion density is symmetrical
with respect to the Y direction because there is no supplement
from plasma source. The ions on the top side are knocked

down about 20 mm along the Y axis by the SMB and the

shifted distance of ion is shorter than the result of Fig. 6(b).

And the maximum ion density is about 1×1012 cm−3, which

is almost equal to the initial maximum ion density. These

results indicate that the variation of ion density is smaller in

the interaction with medium-density SMB than with the high-

density SMB.
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Fig. 7. A series of experimental emission images for medium-density SMB. Distance between nozzle and skimmer is 10 mm, stagnation pressure 50 bar,
and central density of SMB about 8.48× 1013 cm−3, RF power 1000 W, initial central plasma density about 1.97× 1012 cm−3, at time (a) 0.3125 ms, (b)
1.2500 ms, (c) 2.1875 ms, and (d) 3.1250 ms after SMB has hit plasma column and exposure time of each image is 0.3125 ms.
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3.4. Plasma slightly influenced by low-density SMB

When the distance between the nozzle and skimmer is
fixed at 15 mm, the SMB density decreases to 1012 cm−3,
which is smaller than or equal to the electron density in
plasma. In this case, the electron distribution is hardly influ-

enced by the SMB. A series of experimental emission images

is shown in Fig. 9. It is found that the structure is similar to

that shown in Fig. 3(a) when there is no gas jet, indicating

that the low-density SMB can hardly change the distribution

of electron density. The emission intensity almost keeps con-
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stant in the four images from 0.3125 ms to 3.125 ms, but it
is still much stronger than the emission intensity in Fig. 3(a)
obviously. In addition, the emission intensity on the left side
is slightly higher than on the right side. This result indicates
that on the left side more electrons are supplemented than on
the right side in the interaction.

The simulated distribution of electron density and ion
density at 1.2 ms after T0 are shown in Fig. 10. It is found in
Fig. 10(a) that the electron density is almost uniform in the Z-

axis direction. but it decreases only slightly in the right edge.

It is the reason why the emission intensity on the right side is

weaker than on the left side as shown in Fig. 9. The maxi-

mum electron density is about 2.6× 1012 cm−3 in Fig. 10(a),

which is almost equal to the initial electron density. More-

over, this result indicates that the distribution of electron den-

sity keeps almost constant during the whole interaction with

the low-density SMB.
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Fig. 9. A series of experimental emission images for low-density SMB. Ddistance between nozzle and skimmer is 15 mm, stagnation pressure 50 bar, central
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Furthermore, in Fig. 10(b) the ion density distribution

is slightly different from the distribution of electron density.

The distribution of ion density is symmetrical with respect

to the Y -axis direction. And the ions on the top side are

knocked down about 5 mm along the Y axis by the low-density

SMB. This distance is much shorter than the result obtained by

high-density SMB in Fig. 6(b) and medium-density SMB in

Fig. 8(b). The maximum ion density is about 2.6×1011 cm−3

at the center position (Y = 50 mm), indicating that the distri-

bution of ion density keeps almost constant in the process of
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interaction. This should be one effective method to diagnose
the distribution of electron density in the plasma, where the
electron density in the SMB range can be effectively acquired
based on the emission intensity image. To make this diagnostic
technique more adequate, the atom density of SMB should be
smaller than or equal to that of electron density in the plasma.

4. Summary
The interaction between the argon SMB and the argon

low-temperature plasma column is studied in this experiment
by a high-speed camera. The whole process of the interaction
including the influence and extinction caused by the SMB is
recorded by a series of emission images. Furthermore, a sim-
ple simulation is conducted and the obtained results explain
the distribution of plasma density and its variation in the in-
teraction well. It is found that this interaction can lead both
plasma and SMB to change. For the injection of high-density
SMB, the distribution of plasma density is strongly changed
and the plasma can be extinct temporally, while the SMB flux
decreases only slightly in the whole interaction process. For
the injection of low-density SMB, the distribution of plasma
density is hardly influenced, and the emission intensity is pro-
portional to the electron density. Thus, it can become an effec-
tive method to diagnose the distribution of electron density in
the plasma. These conclusions could help understand in depth
the relationship between the SMB density and injection depth
of SMBI in the Tokamak. Moreover, these results are valu-
able for studying in depth the interaction between SMB and
plasma, and the physics of atom and plasma.
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