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Abstract

The plume images of the laser produced silver plasma in the absence and presence of 0.45 T transverse magnetic field has
been investigated under vacuum ~10"* torr and in air. An Nd:YAG laser (1.064 wm, 1.1 MW, 9 ns) with intensity ~10"
Wem™ 2 was used to generate plasma. A CCD image capture system was used for plasma imaging to explore the plume.
A magnetic probe was employed to measure the variation in internal magnetic field of plasma with as well as without
0.45 T external transverse magnetic field. The X-ray emission from plasma in both the cases (with and without B field)
was also monitored using two PIN photodiodes filtered with 24 wm Cu and 24 pwm Al. The plume images in both the
cases were then correlated with the time resolved soft X-ray emission. It was found that the self generated magnetic field
of the plasma increases in the presence of magnetic field. Plume images reveal that the confinement of the plume takes
place in the presence of magnetic field both in the cases of air and vacuum. Jet and spikes like structures were also
observed due to plasma instabilities. Lobe formation in the plume at latter stages of plasma evolution was more
prominent in air than under vacuum. X-ray emission signals exhibited an enhancement in the emission under transverse
magnetic field. An increased rate of recombination due to high density as a result of plasma confinement across the
applied magnetic field was found to be the main reason behind emission enhancement.
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INTRODUCTION controllable by the applied external magnetic field to the
laser induced plasma. It is helpful in the mitigation of the
debris including energetic ions, vapors, particulates, and
molten globules from the laser plasma in lithography (Rai
et al., 2000; Harilal et al., 2005; Sizyuk et al., 2007; Ozaki
et al., 2007). It reduces the number of large plasma species
during thin films growth by pulse laser deposition (PLD)
with the magnetic force applied on plasma particulates
(Jordan et al., 1997; Tsui et al., 2002). The study of laser
plasma evolution under magnetic field is helpful to understand
the physical phenomena such as bipolar flow associated with
young stellar objects, interaction of solar wind with planetary
magnetosphere, formation of jets (Kaspeczuk er al., 2007;
Schaumann er al., 2005), propulsion of space vehicles
(Deutsch & Tahir, 2006), and working of magneto hydrodyn-
amic generator (Harilal et al., 2004; Shen et al., 2006; Pant
et al., 1998).

The understanding of plasma dynamics including con-
version of thermal energy into kinetic energy, ion accelera-
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In recent years, the use of magnetic field to confine laser-
induced plasmas has attracted more and more interest. The
magnetic field can be employed to better control the dynamic
properties of the transient and energetic plasmas. The presence
of a magnetic field during the expansion of laser-induced
plasmas may initiate several interesting phenomena, including
conversion of the plasma kinetic energy, plume confinement,
ion acceleration, X-ray emission enhancement, plasma instabil-
ities, etc. The control of plasma properties have various
research applications such as beam heating of magnetically
confined thermonuclear plasma during the inertial confinement
fusion (ICF) (Shen et al., 2006; Hora, 2007; Anwar et al.,
2006). The presence of external magnetic field (Virendra
et al., 2003; Pisarczyk et al., 2000; Torrisi et al., 2007) can
be used to control the velocity of high energy particles before
they implant during ICF (Harilal et al., 2004). Collimation
and stability properties (Harilal er al., 2004) are easily

https://doi.org/10.1017/50263034608000256 Published online by Cambridge University Press


https://doi.org/10.1017/S0263034608000256

218

2003) in an external magnetic field is very useful. It has
been reported that the laser plasma in magnetic field alters
the plasma dynamics, which results in the variation of
density, velocity and temperature of plasma particles, and
the radiation emission from plasma is also enhanced
(Harilal et al., 2004, 2006; Shen et al., 2006; Kumar,
2003). The soft X-rays emitted from the laser plasma have
variety of applications in various fields (Fang & Ahmad,
2007; Schade et al., 2006). Investigations on the interaction
of soft X-rays intensities bellow ablation threshold with
solid surfaces have attracted many researchers. The X-ray
intensities are capable of controlled machining of the
materials to make surface smooth at nano-meter scale
(Makimura et al., 2006). In addition, applying the inter-
action, one could expect direct photo-nano-machining of
materials at a precision as high as the diffraction limit of
the soft X-rays (Makimura et al., 2005).

X-rays from the laser plasma have been utilized to study
the optical luminescence and low-dimenionality photo-
luminescent patterns from complex materials (Kim et al.,
2003; Baldacchini et al., 2002) and to explore their stab-
ility. The instability or decomposition has been exploited
to write microscopic metal lines and create light storage
devices. The X-ray induced decomposition of nitride con-
taining materials indicates that X-ray may be used to
directly write patterns on the surface (Butenko er al.,
2006). Soft X-ray irradiation affects the chemical and
physical properties of semi-fluorinated mono-layered
materials (Wagner et al., 2002). X-ray irradiated polymers
exhibit modification in the complex refractive index within
the irradiated volume, which is a critical parameter deriv-
ing the behavior of the material as a light waveguide
(Montereali et al., 2007).

Besides the spectroscopic application, soft X-rays are found
to have strong impact on the characteristics of the diamond
devices used for the radiation detection resulting in improved
charge collection efficiency (Hordiquin et al, 2001). A
variety of techniques are in use to optimize the parameters of
the plume as well as the X-rays generated from the laser
plasma for their applications at the best precision level (Shaihd
Rafique et al., 2005). One of the techniques is to apply the exter-
nal magnetic filed to the plasma produced by laser to better
control the governing parameters, like density, confinement,
length of the plume, X-ray emission intensities, etc.

This paper represents the effect of applied external magnetic
field on the self generated magnetic field of the plasma, evol-
ution of plume, and the soft X-ray emission in air and vacuum.
For this purpose, a steady transverse magnetic field of 0.45 T
is applied to plasma plume induced from silver target by an
Nd:YAG laser of intensity ~10'> W/cm®. The plume evol-
ution is also correlated with the X-ray emission from the
plasma under vacuum ~10"* torr as well as in air. The
X-ray emission is enhanced after the application of the external
magnetic field regardless of the environment (air or vacuum).
The results can be helpful in the guiding of plasma by mag-
netic field for a uniform film growth by pulsed laser
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deposition. The magnetic field applied to laser produced
plasma can be helpful in getting debris free plasma source
for X-rays lithography. The enhanced X-ray emission from
laser produced plasma (LPP) can be a better tool in laser
induced breakdown spectroscopy (LIBS), optical lumines-
cence spectroscopy (OLS), nano machining, etc.

EXPERIMENTAL SETUP

A passive Q-switched Nd:YAG laser of 10 mJ energy and
102 W/ cm? intensity with pulse duration of 9—14 ns was
used to produce Ag plasma. The laser was focused on the
target by an infrared transmitting lens of 10cm focal
length. Helmholtz coils providing a steady magnetic field
of 0.45 T were used as a source of external magnetic field
applied perpendicular to the plume propagation direction.
The experiments were carried out under vacuum ~10"* torr
as well as in air.

To diagnose the self generated magnetic field of the
plasma, a magnetic probe with proper biasing was employed.
The probe was placed inside the vacuum chamber at a dis-
tance of 2 mm from the target with the magnetic probe’s
tip making an angle 45° with the target surface.

Two PIN photodiodes, one filtered with 24 pwm Cu, and
second with 24 um Al were used to investigate the time-
resolved X-ray emission from LPP in the presence and
absence of externally applied magnetic field. These filters
were chosen because of their peak response (leV to 4
KeV) in the soft X-rays region (Rafique, 2000). A CCD
based image capture system was employed for the imaging
of the plasma plume. The signals from PIN photodiodes
and magnetic probe were recorded on a 4-channel
500 MHz YOKOGAWA digital storage oscilloscope. A
schematic of the experimental setup (a) along with the mag-
netic probe arrangement (b) is shown in Figure 1.

Plume Axis
A CCD Based
Image Capture
System
Pirani
Gauge

Arrangement
IR Lens

Spectrometer IR Window

To
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Fig. 1. (a) A schematic arrangement of experimental setup. (b) A schematic
of the magnetic probe arrangement.
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RESULTS AND DISCUSSION

Ablation of the silver under vacuum creates an intense lumi-
nous plume that expands normal to target surface. The
plasma has an elliptical shape with contours along the propa-
gation direction. The initial density gradients and pressure
inside plume result in plasma in the direction perpendicular
to the target surface than in the lateral direction. The
induced voltage is developed due to the time varying mag-
netic field during the evolution and intense bursts of soft
X-rays are also emitted.

Magnetic Probe, PIN Diode Signal Profiles, and Plume
Images (with B = 0 and B = 0.45T) Under Vacuum

Figure 2 shows the time resolved magnetic probe signal with
a peak of 160 mV recorded on the oscilloscope (channel 1)
under vacuum without external magnetic field i.e., (B = 0).
This magnetic probe signal has two consecutive positive
peaks and a negative peak of large amplitude. First positive
peak is due to the magnetic field generated by the electrons.
As soon as the plasma plume is formed, the generated elec-
trons propagating in the direction perpendicular to the
target surface come into the region of magnetic probe
earlier, and varying magnetic field generated by motion of
these electrons induces the varying electric field whose
potential is taken on the output. The electrons due to high
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Fig. 2. Laser induced silver plasma under vacuum with B = 0 T. (a) Signal
profiles of Magnetic probe (channel I), PIN diode with 24 wm Cu filtre
(channel II), and with 24 wm Al filtre (channel III). (b) CCD image of the
plume.
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diffusivity come out from the vicinity of the magnetic
probe after giving a peak for a few ns. The peak goes to
zero as the electrons go out of the region of the magnetic
probe. The ions due to their less mobility are far behind
the electrons inside the plasma. A strong electric field is
developed which attracts the forward moving electrons back-
ward. These electrons during their backward motion again
come into the magnetic probe region and magnetic probe
becomes active giving a positive peak due to the varying
magnetic field of the returning electrons in plasma. A nega-
tive peak is observed indicating the voltage developed by the
ions. At this stage the slow moving ions of plasma have
reached the probe region and their varying magnetic field
induces the potential in the magnetic probe coil.

X-ray signal profile from PIN photodiodes (Fig. 2, channel
IT and IIT) has exactly the same time resolved behavior but
with difference in the time duration of their production.
The signal at channel II (Cu filter) with peak at 60 mV
lasts for about 40 ns and the signal at channel III (Al) filter
with peak at 25 mV lasts for less than 40 ns.

As far as the image of the plasma under vacuum is con-
cerned (Fig. 2b), the plume evolutes perpendicular to the
target in a normal way without known flute instabilities. At
the final stage a nipple seems to appear at the front of the
plume, which might be due to the ambient recoil pressure.

When the plasma is placed across the transverse magnetic
field of 0.45 T, it radically altered the properties of plasma
due to the fact that the motion of changed particles is affected
by the applied magnetic field. In the presence of external
magnetic field, the electron and the ions cannot move
freely in the direction perpendicular to the lines of forces.
The trajectory of particles now becomes helical with axis
in the direction of the magnetic field. The behavior of the
plume is not much affected at early stage but it is slowed
down considerably with time.

Figure 3a shows the signal profiles of magnetic probe
(channel I), X-ray (channel II and channel III), and CCD
images (Fig. 3b) of the plasma in the presence of the
0.45 T magnetic field. The overall magnetic probe signal
with the peak of 180 mV, which lasts for about 50 ns. The
internal self generated magnetic field of electrons increases
from 45 mT (B = 0) to 65 mT. This increase in internal mag-
netic field is attributed to the rapid charges in electric field of
plasma. The larmour radius of the plasma species increases
under the influence of the transverse magnetic field. The
ions experience an upward magnetic force whereas the elec-
tron will experience a downward magnetic force of equal
magnitude by the applied magnetic field. There is also an
increase in the time direction of first and second peaks of
the electron signal in the presence of transverse magnetic
field. The signal time rises from 40ns (B =0) to 50 ns.
The broadening of time scale in the presence of field is the
results of enhanced collisionality which in turn slows down
the plasma species.

The applied uniform transverse magnetic field results in
the decrease of electron loss by the diffusion. As a result of
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Fig. 3. Laser induced silver plasma under vacuum with B = 0.45 T. (a)
Signal profiles of Magnetic probe (channel I), PIN diode with 24 um Cu
filtre (channel II), and with 24 pm Al filtre (channel III). (b) CCD image
of the plume.

which the time duration for stay of electrons in the magnetic
probe region increases. After the formation of LPP the temp-
erature, density and thermal pressure (nkT,) of plasma are
high, and as the plasma expands the temperature and the
density of plasma plume decreases resulting in low plasma
pressure (Pant et al., 1998; Neogi & Theraja, 1999) due to
angular distribution (Rafique, 2005; Farynski et al., 1992)
of the plasma species. Due to plasma confinement across
magnetic field there is an increase in collision of plasma
species and they are slowed down (Harilal et al., 2004; Rai
et al., 2000).

Time profile study of plasma plume shows that in the pre-
sence of magnetic field the lifetime of plasma plume
increases. The magnetic force of the applied magnetic field
results in the confinement which increases the plasma con-
stituents in the confinement region (Jordan et al., 1997).
Due to instabilities (Shen et al., 2006) at the boundary of
plasma or due to diffusion process there is loss of plasma
species from confinement region. The signal profiles of
X-rays (channels II and III, Fig. 3a) exhibit an increase in
the emission as indicated by the peaks of the signals.
The signal from the PIN diode filtered with Cu has a
maximum at 90 mV while PIN diode filtered with Al has a
peak of 35 mV. In comparison to the X-ray signal profiles
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an increase in the emission is observed under the influence
of B=0.45T field which shows that the emission has
been increased collectively by the bremsstrahlung, line radi-
ation and recombination across the magnetic field. Emission
from the plasma mainly depends on the plasma 3, which is a
function of the plasma density, temperature, and external
magnetic field. The main reason behind the enhancement
in emission is an increase in rate of recombination of ion
and electrons in plasma due to high density (due to confine-
ment). Basically, increase in X-ray emission signal is
expected because of the increase in plasma density as a
result of the decrease in plasma velocity in the axial direction
due to the transverse magnetic field. X-ray intensity due to
Bremsstrahlung, recombination, or line radiation are all
directly proportional to the square of the plasma density.
The enhancement in the X-ray emission is in agreement
with the previously reported work (Harilal et al., 2004,
2006; Shen et al., 2006).

The image of the plume under the influence of external
magnetic field is shown in Figure 3b. In the presence of trans-
verse magnetic field plume propagation is considerably
slowed down and confined in a direction perpendicular to
the target surface i.e., in the axial direction of plasma
plume. The effect of external magnetic field interaction
mainly depends on the properties of the outer layer of the
plume, which shields the interior of plasma from the mag-
netic field. Plasma expansion across transverse magnetic
field occurs in both diamagnetic and non-diamagnetic limits.

Plasma particle pressure/magnetic pressure () is an
important dimensionless quantity as far as the effect of mag-
netic field on plasma is concerned. Initially, as the plasma
plume is formed, the particle pressure is very high due to
high value of pressure and density. The value of B is on
the order of a few thousand indicating that plume is in the
diamagnetic limits. When an external magnetic field is
applied, the electrons and ions in the plasma are influenced
by the Lorentz force, and the expansion and diffusion of
plasmas are decelerated by the magnetic field. From maneto-
hydrodynamical (MHD) equation, the parameter 3 of plasma
is given by (Shen et al., 2006).

8mmnkT,
B2

B

. (1)

The parameter B indicates the size of the diamagnetic effect.
The deceleration of the plasma expansion under the influence
of magnetic field can be given as

2 _ <1 _l>2 2)
v B)

Where v, and v, are, respectively, the asymptotic plasma
expansion velocity in the absence and in the presence of
the magnetic field. When B =1, the plasma would be
stopped by the magnetic field. In the case of high 3, the mag-
netic confinement would not be obvious. In the case of low 3
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plasma, as in our case, it is 9.16 x 10_3, the magnetic con-
finement would be effective.

Diamagnetic currents in the outer layer of plasma exclude
the magnetic field from interior of the plume and may interact
with the uniform external magnetic field of 0.45T and
expansion continues as a result of larger 3 until the kinetic
pressure becomes greater than the magnetic pressure. But
as the plasma expands the density and pressure decreases
and hence the resistance offered by external applied magnetic
increases resulting in the decrease value of “B.” Plasma
plume will now become in non-diamagnetic limit and
the applied magnetic field diffuses into plasma. In this
way, the laser produced plasma diamagnetic cavity expands
until the total excluded magnetic energy becomes compar-
able to the plasma energy. The expansion of plume stops
when magnetic pressure is balanced by plasma pressure or
B = 1. At this stage, plasma confinement and stagnation
take place when the kinetic pressure becomes equal to the
plasma pressure. It has been postulated that a cloud of laser
produced plasma will be stopped by a magnetic field B in a
distance R, ~ B~ ?/3 (Shen et al., 2006), where R,, is the con-
finement radius. Before the plasma reaches R, the leading
edge developed distinct flute structures or spikes that pro-
jected out from the plasma (as can be seen in Fig. 3b).

Perfect confinement is possible only when plasma is fully
conducting, which is not possible for present experimental
conditions, and a part of the plasma will erase ions from
the confinement region due to cross-field diffusion as a
result of the increased collision or due to generation of
instability in plasma.

The density fluctuations in plasma can also occur due to
the oscillation of magnetic field lines under the effect of
the plasma pressure and restoring force due to the magnetic
field lines. Instabilities are also observed due to plasma oscil-
lations in magnetic field. The jet like instability takes place in
the plane of the transverse magnetic field. The slowing down
of plasma species or enhanced collisionality both results in
the decrease in the diffusion of the plasma species especially
electrons which lead to the increased time duration of the
signals of magnetic probe.

Magnetic Probe, PIN Diode Signal Profiles and Plume
Images (with B = 0 and B = 0.45 T) in Air

The variation in the plasma B field, X-ray emission, and
plasma images of a silver plasma were also explored in air
without and with the application of a transverse magnetic
field of strength 0.45 T. When the laser falls on the silver
surface, the thermal energy is converted into kinetic energy
of ions, and the electron density is observed to decay expo-
nentially. Channel I in Figure 4 is the magnetic probe
signal of silver plasma in air. The signal has two positive
peaks generated by electrons. The magnetic probe signal
with peak voltage of 70 mV lasts for 45 ns. The signal
carries two peaks. The first peak of electrons shows that the
time varying magnetic field of the electrons inside the
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Fig. 4. Laser induced silver plasma in air with B = 0 T. (a) Signal profiles of
magnetic probe (channel I), PIN diode with 24 pm Cau filtre (channel II) and
with 24 pm Al filtre (channel III). (b) CCD image of the plume.

plasma induces voltages. The electrons being lighter and
more mobile than ions come into the probe region earlier
giving their first peak. These electrons also have high diffu-
sivity so they came out of the probe regions. The outgoing
electrons experience strong electric field produced by the
separation between the slow moving heavy ions and the
forward moving electrons. As a result of this electric force,
the electrons are attracted backward, and in their returning
state they again come into the probe region giving rise to a
second peak. The X-ray signals profiles from two filtered
(Cu and Al) PIN photodiodes in Figure 4 (channel II and
channel III) are produced due to combined result of the
bremsstrahlung, recombination and line radiations.

The X-ray signal (channel II) carries a peak of 60 mV
lasting for 40 ns. The signal exhibit two time resolved
peaks. The first X-ray peak arises as a result of the X-ray gen-
eration due to the interaction of free electrons at the surface of
the silver target when laser impinges on the target surface,
and the second peak of the X-ray signal is attributed to the
X-rays emission as a result of the Bremsstrahlung, recombi-
nation, and line radiation during backward motion of electron
by the electric field pull between fast moving electrons and
relative by slow moving ions. The second PIN photodiode
(channel III) produces an X-ray signal of 29 mV which
stays for 15ns (major peak). The plume image in air
(Fig. 4b) with B =0 seems to have a normal texture with
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Fig. 5. Laser induced silver plasma in air with B = 0.45 T. (a) Signal pro-
files of magnetic probe (channel I), PIN diode with 24 pwm Cu filtre (channel
1I) and with 24 wm Al filtre (channel IIT). (b) CCD image of the plume.

no other significant appearance. However, the expansion of
the plume in the axial direction (normal to the target
surface) is a bit less than that in vacuum; the reason is
obviously the ambient air pressure restricting the plume evol-
ution. Also, at the trailing edge, there appears an onset of
instability trying to compress the plume. The behavior of
the silver plasma is drastically altered when the expansion
takes place in air under the effect of the 0.45 T transverse
magnetic field. Figure 5a shows the signal profiles of mag-
netic probe (channel I), two filtered PIN diodes (Cu filter
channel IT and Al filter channel III).

The magnetic probe shows a changed behavior. The
change in the magnetic probe signal is due to the interaction
of plasma species with the different elements of air and influ-
ence of magnetic field on plasma particles. As the plasma
expansion proceeds, the density and temperature falls
rapidly. One of the most important parameter for the expan-
sion into a magnetic field is the plasma . Initially, after the
conversion of thermal energy into kinetic energy, the 3 has
significantly higher values, and plasma is in the regime of
diamagnetic expansion. Diamagnetic currents exclude the
external magnetic field from the interior of plasma and may
interact with the uniform magnetic field through J x B
force. The acceleration and deceleration depends on the
direction of the diamagnetic currents. In the latter phase of
plume expansion, the plasma is in the non-diamagnetic
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limit due to plasma cooling, the magnetic field is able to
diffuse across the plasma plume boundary.

The transverse magnetic field of 0.45 T applies a magnetic
force on the plasma species which results in an increase of
the larmour radius of these ions and electrons, and their
varying electric field produces varying magnetic field
giving a voltage signal of 190 mV, which stays for 34 ns.
In the presence of the transverse magnetic field, the plume
propagation is slowed down and confined in a direction per-
pendicular to the target surface. The slowing down of the
plasma species is attributed to the MHD model in which
the kinetic energy of expansion is converted into electron
motion. There is an increase in the time duration of the elec-
tron signal up to 34 ns, which indicates that the electrons
stays more in the probe region. This is due to slowing
down of electrons in the presence of magnetic field. The
loss of the electron from the magnetic probe region due to
high diffusivity has been decreased.

The jet like spikes in the output signal of the magnetic probe
is due to the instabilities produced as a result of the pressure
gradients inside the plasma plume (as can be seen in the
plume image Fig. 5b). The pressure gradients give rise to
the oscillations resulting in plasma instabilities. The absence
of the ion signals in air indicates that the presence of the differ-
ent elements in air has slowed down the silver plasma ions.
The signal profile of magnetic probe in air indicates the
absence of the negative peak which is due to the magnetic
field of the ions. The absence of magnetic field signals of
ions depicts that when the plasma is produced in air, the impu-
rities or constituents of air play their role and hinders the ions
motion by ion absorption, scattering, or reflection. As a result,
the ions have not reached the magnetic probe region.

Two PIN photodiodes (channels II and III) detected the
X-ray emission from silver plasma placed in a transverse
magnetic field. An increase in the X-ray emission is clearly
observed. The increase is attributed to the collective increase
in X-ray emission by bremsstrahlung, recombination, and
line radiation.

The first PIN photodiode at channel II (Fig. 5a) gives a
peak voltage of 130 mV with time duration of 38 ns. The
second PIN photodiode at channel III (Fig. 5a) gives X-ray
emission for 25 ns with a peak voltage of 40 mV. The con-
finement of the silver plasma with the transverse magnetic
field has increased the density of the plasma. This result in
the enhanced rate of recombination and also other processes
of X-ray emission as Bremsstrahlung and line radiation con-
tribute more actively.

The distortion in the X-ray emission signals of PIN photo-
diodes in air is due to contribution of other air composite par-
ticles. The signal of X-ray emission fluctuation is due to
variation in the X-ray emission and intensity.

Figure 5b shows the plume image expansion under the
influence of 0.45 T filed. The plume looks like a jet. The
induced currents are caused by the interaction of the field
with plasma and hence the plasma will leak out laterally
resulting in the jet formation as observed in plume images.
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There is a compressed portion of the plume near the trail-
ing edge indicative of the onset of instability. The instability
might grow due to the interaction of the self generated plasma
B field and the applied B field leading toward a resulting
magnetic field compressing the plume. There is an overall
confinement in the plume both in the axial and radial direc-
tion which might be due to the applied filed in conjunction
with the ambient air pressure gradients.

Plasma evolution in the presence of applied magnetic field
is not stable. As a result of interaction between magnetic field
lines and energetic plasma at boundary various instabilities
appear as structure like jets, flute, spikes, and spirals
(Harilal et al., 2004). One reason of these instabilities is
density fluctuations produced due to oscillation of magnetic
field lines under plasma and restoring force of magnetic field
lines.

CONCLUSIONS

The magnetic behavior, X-ray emission, and plume imaging
of silver plasma produced by 1.064 wm pulses of Nd:YAG
laser in the absence and presence of 0.45 T transverse mag-
netic field have been investigated. The experiments were
carried out both in air as well as under vacuum. It is con-
cluded that self generated magnetic field of plasma species
increases in the presence of transverse magnetic field regard-
less of the environment (vacuum or air) due to the magnetic
force on plasma species, which results in increased electric
field variation and ultimately enhancing the self generated
magnetic field signal.

The X-ray emission from laser induced plasma expanding
across a uniform transverse magnetic field both in air and
under vacuum is enhanced. The collective effects in
plume imaging as it is confined across the transverse mag-
netic field leads toward the enhanced collisionality, which
causes the slowing of plasma species. The loss of electron
from plasma confinement region due to various diffusion
processes is controlled and this is supported by the time
profile of magnetic probe signal, which is broadened in
the presence of magnetic field. The plume appears more
confined with the growth of instability in case of air as com-
pared to that in vacuum. The magnetic field can be used to
effectively control the confinement and enhance the emis-
sion of X-rays.
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