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Abstract. Self generated magnetic fields (SGMF) in laser produced plasmas are conventionally determined
by measuring the Faraday rotation angle of a linearly polarized laser probe beam passing through the plasma
along with the interferogram for obtaining plasma density. In this paper, we propose a new method to obtain
the plasma density and the SGMF distribution from two simultaneous measurements of Cotton Mouton
polarimetry of two linearly polarized probe beams of different colors that pass through plasma in a direction
normal to the planar target. It is shown that this technique allows us to determine the distribution of SGMF
and the plasma density without doing interferometry of laser produced plasmas.

1. INTRODUCTION
Self-generated magnetic fields (SGMF) of the order of 100 kG to few MG [1, 2] are generated in high
density, high temperature laser produced plasmas. The knowledge of SGMF is important as they can
significantly inhibit the heat transport [3, 4] in the inertial confinement fusion (ICF) plasmas. The
conventional optical probe method [1] for the measurement of SGMF requires that along with the
Faraday rotation angle (FRA), the plasma density in the probed region of plasma also has to be measured.
The plasma density information is obtained from the interferogram formed due to the interference
between a reference probe beam and the part of probe beam that passes through the plasma. The main
problem in interferometry is that the visibility of the fringes in the interferogram, depends on coherence,
which makes it difficult to get plasma density information. The study of SGMF and the knowledge of
the plasma density in sub-ps pulse duration is important from point of view of energy transport by the
laser pulse in the fast ignition regime [5, 6]. SGMF in plasmas produced by sub-ps laser pulses has
been measured by Cotton Mouton polarimetry in the sub-ps time scales [7, 8] using the pump-probe
method. However, one does not get information about the plasma density in these measurements done
by using only one probe beam. Previously, Joshi et al [9] had proposed a technique for obtaining the
plasma density and the SGMF using the FRA measurements of two color probe beams propagating
parallel to the planar target through cylindrically symmetric plasmas so that Abel inversion technique
could be used for determining the torroidal SGMF and the plasma density. It was shown in this work
that the plasma density can be obtained without doing the interferometry, along with the SGMF from
the FRA measurements of the two color probes. In this paper, we describe a new method to obtain
the information of plasma density and the SGMF using the Cotton Mouton effect based polarimetric
ellipticity of the two linearly polarized probe beams having different wavelengths incident normal to
the target. This technique allows one to calculate the SGMF and the plasma density without the need of
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Figure 1. Typical schematic diagram of the set-up.

Figure 2. The direction of SGMF and the electric
field of the probe beam.

interferometry. The proposed technique can also be used to study the evolution of magnetic fields and
the plasma density in femtosecond laser produced plasma.
2. DETAILS OF THE TECHNIQUE
Consider plasma that is produced by a pump beam at an angle that is different than the normal to the
target surface as shown in the Figure 1. A high contrast polarizer (typically 1:1000 or more) can be used
to measure the ellipticity of the polarized beam reflected by the plasma. Two identical, high dynamic
range CCD cameras can be used as detectors of probe beams’ relative intensity in two orthogonal
polarizations at different locations. A practical way of getting the desired probe beams, with suitable
properties has been reported earlier [10].
Two probe beams are incident on the target along the target normal as shown in the Figure 1. The
wavelengths of both the probe beams are smaller than that of the pump beam for probing the critical
density region of plasma where maximum SGMF exists. It is assumed that the size of plasma is small,
thereby the Z-coordinate of the two critical density surfaces for the two probe beams are close enough
and assumed to be same i. e. zc . It is assumed that the plasma is cylindrically symmetric hence it produces
torroidal magnetic field parallel to the target surface. In this geometry, the direction of propagation of
the wave vector of the probe beams is perpendicular with respect to the planar target and hence the
magnetic field as well. So the rotation of polarization of the probe beam due to Faraday Effect does
not take place. In general, the Faraday rotation angle  and the ellipticity E (that is ratio of major and
minor axis of the elliptical polarization) of a probe beam on propagation through a small thickness in Z
direction of the plasma is given by [11]:


 XY 2 sin2 
w 
XY cos  w

(1)
dz dE(r, , z) = 
sin(2) dz
d(r, , z) =
 2(1 − Y 2 )
2(1 − Y 2 ) c
c 
where X = (p /)2 ,Y = /,  = eB(r)/m, p = [n(r, z)e2 /0 m]0.5 is the plasma frequency,  is the
frequency of the probe laser beam and e and m are the charge and mass of electron. Here B(r) is the
magnitude of the torroidal magnetic field experienced by the probe beams all along the distance ‘dz’ of
plasma. Similarly, n(r, z) is the density of the cylindrically symmetric plasma experienced by the probe
beams that propagate in the Z-direction.  is the angle between the magnetic field and the wave vector of
the probe beams? Since the torroidal magnetic field is perpendicular to the propagation direction of the
probe beam, cos  = 0 and sin  = 1. Thus, as expected, the value of the FRA  is zero in our chosen
geometry. Hence, in this direction, the contribution to the polarization rotation comes entirely from
the ellipticity of the polarization on propagation through the magnetized plasma due to Cotton Mouton
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effect. The angle (/2) −  has been shown to be the angle between the direction of polarization of the
incident probe beam and the magnetic field [11]. Figure 2 above, shows that the value of angle  can
now be obtained in terms of cylindrical angular co-ordinate  of the probe beam as  = (/2) − . Due
to normal incidence of the probe beams, the relation between  and  remains un-altered all along the
z axis as there are no plasma refraction effects deviating the beams. Substituting for the value of  in
equation (1), one gets equation (2).


 XY 2
w 
·
(2)
sin(2)
dz
dE (r, , z) = 
2(1 − Y 2 )
c 
To obtain the plasma density and SGMF distribution from the measured ellipticity, it is assumed that the
probe beams have sizes comparable or more than that of plasma. A spatially resolved measurement of
the ellipticity at different (r, ) locations gives the values of the plasma density and SGMF at those (r, )
values. It is assumed that the plasma density can be expressed as n(r, z) = n(r)n(z) and that there is no
 dependence as the plasma is cylindrically symmetric. By considering a self-similar expansion of the
plasma in vacuum, n (z) is given by n(z) = nc exp(−(z − zc )/cs t) [12], where nc is the plasma critical
density, zc is the Z-coordinate of the critical density surface. Here, cs = (ZkTe /mi )0.5 is the ion speed and
t is the time of evolution of the plasma. While deriving equation 2, it is assumed that the phase change for
the orthogonal polarizations is small because of small size of the plasma and rate of change of plasma
refractive indices is small for both the orthogonal polarizations [11]. Due to normal incidence of the
probe beams, the Fresnel reflection coefficient for the electric fields of both the orthogonal polarizations
is the same as the probe beams are incident in direction parallel to axis of cylindrically symmetric
plasma. In this direction, the refractive indices are same for both the polarizations. Hence, for normal
incidence, the ellipticity (which is ratio of amplitudes of the orthogonal polarizations) acquired by the
beam because of magnetic field is same for the transmitted and the reflected beam at any value of
Z-coordinate. Hence, integrating from z to zc and back one gets the ellipticity of the reflected beam (that
goes to the CCD detector as shown in Figure 1) to be:


 SY 2
w 

 sin (2) 
(3)
E (r, ) =  
 1 − Y2
c
where S = nc {1 − exp(zc /cs t)} cs t[ne (r) e2 /0 m]/2 . For cs t  zc , S is positive. It can be seen from
equation 3 that the ellipticity of the polarization depends on the frequency of the probe laser. Let E1 (r, )
be the ellipticity of the first probe beam and E2 (r, ) be the ellipticity of the second probe beam that is
measured at different values of r and  and as measured by the detectors shown in the Figure 1. Let n1
and n2 be the critical densities for the two probe beams. As the size of plasma is assumed to be small,
the z coordinates of the plasma critical densities of the two probe beams can be treated to be equal and
occurring at zc . Under this assumption, the coefficients Y and S differ only because of frequencies (w1
and w2) of the probe beams. Let Y1 (r) = /1 and S1(r) be the coefficients for the first probe beam,
and Y2 (r) = /2 and S2(r) be the coefficients for the second probe beam. Taking the ratios of the
ellipticities and substituting for corresponding values of S and Y, we get:
n1 w2 (w22 − 2 )
E1 (r, )
·
∼ C(r) =
E2 (r, )
n2 w1 (w12 − 2 )

(4)

The value of the magnitude of torroidal magnetic field can be found by substituting the experimentally
measured value of C(r) and substituting for  in the above equation.
B2 (r) =

n1 w23 − n2 C(r)w13 m2
·
n1 w2 − n2 w1 C(r) e2

(5)

The value of Y1 (r) and Y2 (r) can now be calculated knowing the value of magnitude B(r) of SGMF.
To calculate the plasma density n(r), consider the ellipticity of polarization for both the probe beams at
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same co-ordinate (r, ).


 


 


1
1
w
 






E1 (r, ) = S1 sin (2)
(w
)n(r)
−
1
−
1
=
K



1
1
2
2




c
1 − Y1 (r)
1 − Y1 (r)

 



 


1
w
1
 




K
=
(w
)n(r)
−
1
−
1
E2 (r, ) = S2 sin (2)

1
2




c
(1 − Y22 (r))
1 − Y22 (r)

(6a)

(6b)

where K1 (1 ) = (n1 {1 − exp(zc /cs t)}cs t[e2 /0 m]/c1 ) sin(2) and K1 (2 ) = (n2 {1 − exp(zc /cs t)}cs t
[e2 /0 m]/c2 ) sin(2). Care has to be taken in choosing the sign of K1 and K2 appropriately in the
above expression so as to make E1 and E2 positive. The value of the plasma density can be evaluated
as:
E2 (w2 )
E1 (w1 )
K1 (w1 ) − K1 (w2 )
·
(7)
n (r) =
1
1
− 1−Y
2
1−Y 2
1

2

Thus it is seen that to obtain the distributions of two measurables; namely the magnitude of SGMF and
the plasma density, the measured ellipticities of the two probe beams are sufficient.
3. CONCLUSIONS
A new method for the measurement of the self generated magnetic field and the density of laser
produced plasma using two linearly polarized probe beams of different colors for the measurement of the
polarization ellipticity because of Cotton Mouton effect on propagation through plasma is proposed. It is
shown that from the measured ellipticities at different r and , the distribution of plasma density and the
self generated magnetic field can be calculated for the cylindrically symmetric plasmas. The advantage
of this method over the conventional method of measuring SGMF by using polaro-interferometery is
that the problem of poor fringe visibility in some parts of the interferogram (which is invariably present)
can be by-passed and distribution of plasma density and SGMF can be measured .
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