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A formula is given for the correlation function of the bremsstrahlung emitted by a plasma, in 
terms of the correlations of the plasma density fluctuation. For the special case of stable and 
homogeneous plasmas in a steady state, the second-order correlation function is calculated as a 
functional of the particle distribution functions, and, as in the case of scattered laser light, found 
to have properties characteristic of a "chaotic" source. Generally, the possibility of gaining infor-
mation about density correlations by photon counting experiments with bremsstrahlung turns out 
to be limited by the superposition of effects of many different Fourier components of the density 
fluctuations in the correlation functions of the radiation field. 

The statistical properties of an electromagnetic 
field as investigated in the theory of optical co-
herence 2 reflect directly the statistical structure 
of the source of the field. Along this line, some at-
tention has been paid recently to the possibility of 
studying the statistical properties of a medium by 
investigating the statistics of photons scattered by 
it 3~6 . The problem has also been considered within 
the frame-work of very general assumptions on the 
dynamics of the source 7. In this note we examine 
the case of bremsstrahlung radiated by a plasma. 

The photon statistics at a point R is completely 
determined by the correlation functions of the elec-
tromagnetic field 1 ' 2 . In the classical limit and for 
linearly polarized light, these are defined 8 by the 
ensemble averages 
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the "analytic signal" 9 corresponding to the electric 
field 

E{R,t) =+j°°dcoE{R,w) e w . 
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For bremsstrahlung from a plasma consisting of 
electrons and (singly charged) ions, one has 

E{R, to) = a j dco' J dzk'ni s-k',co- o/ j 

• ne(fc',a/) F(k') e~lo>Rlc (2) 

with rii(k,co) and ne(k,oj) the space-time Fourier 
transforms of the ion and electron density fluctua-
tions, respectively, a = 2 e r02/ (2 n)4 R where r0 is 
the classical electron radius, and 

F{k) = - (i/k2) [{kxs) xs]-n 

where S = R/R and tl denotes the unit vector in the 
direction of polarization considered. Eq. (2) fol-
lows readily by summing over the radiative parts 
of the electric fields10 around the single plasma 
electrons, accelerated in the Coulomb field of the 
ions and transforming to (fine-grained) densities. 
From Eqs. (1) and (2) it is seen that G ^ is re-
lated to correlations of the ion and electron density 
fluctuations of order 4 m. 

More explicit results require knowledge about 
the dynamics of the fluctuations of the plasma, i. e., 
a theory of plasma turbulence. Hence the problem 
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is, in the general case, fairly involved and only par-
tial solutions exist. However, for stable plasmas 
with weak excitation of fluctuations, in which higher 
than binary correlations between particles are negli-
gible, one obtains easily by "linearizing" the micro-
scopic Vlasov equation 8 ' n ' 1 2 

ni (k ,co ) = D e ( k , c o ) co) 
+ Di (k , co ) tij} (k, co), 

ne (fc, co) = Be (k, co) n(Le) (k, co), (3) 
+ Bi(k,co) rij} (k, co) , 

if the plasma is homogeneous and in a steady state. 
Here the quantities co) with a = i, e are the 
space-time Fourier transforms of the " f ree " den-
sity fluctuations of ions and electrons, i. e., 
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with r / a ) (0) and (0) the position and velocity 
of the j-th particle of the species a at time t = 0; 
the coefficients are defined by 
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where 
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co 

£—>0 kV — co + ie 
(6) 

A;2 e^ö J ~ " k - V 

( v ) and copa being the one-particle distribution 
function and the plasma frequency of the species a, 
respectively. 

With the expressions of Eqs. (3) and (4) the 
correlation functions G ^ can be evaluated from 
Eqs. (1) and (2) by averaging over the initial 
values of the motion of the single particles. Since 
the plasma has been assumed stationary, their dis-
tribution is simply given by In particular, GW 
and G (2) result to be approximately given by 
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where V is the plasma volume and Y(co) = 1 for 
frequencies c o > 0 contributing to E(R, t), but other-
wise zero. Through the function Y it is, hence, pos-
sible to take into account the effect of an arbitrary 
frequency filter and, in particular, the fact that the 
plasma does practically not emit frequencies below 
C0pe. In writing Eq. (7b) terms of the order ^d3 /V 
(with Aj) the Debye length) as well as low frequency 
contributions corresponding to co ^ cope have been 
omitted. In Eq. (8) also terms of the order of the 
mass ratio me /mi are suppressed, assuming that the 
ion temperature does not appreciably exceed the 
electron temperature. Furthermore, relativistic ef-
fects, connected with the appearance of co/c in the 
argument of nx in Eq. ( 2 ) , have been consistently 
neglected. 

We emphasize that the relation (7b) for 
which also holds for laser light scattered by a 
stable plasma (cf. 6 ) , corresponds to what has been 
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obtained for a "chaotic" source (cf. *) : for t2 — 
—> 0 it is consistent with a Bose-Einstein statistics, 
for t2 — ti — o o with a Poisson statistics of the 
photons. Whereas in the case of scattered light the 
time characteristic of the transition from the first 
to the second regime is connected with the damping 
time of the relevant fluctuations, it can be shown 
from Eq. (8) that in the case of bremsstrahlung 
this time is of the order of the inverse of the band-
width of the radiation received, independent of the 
frequency range considered. This result is due to 
the triple integration in (8) over V, v', and k, 
which "smears out" the characteristics of single 
Fourier components of the fluctuations and shows 
an important general disadvantage of photon count-
ing experiments with bremsstrahlung: they yield 
only global information about many (spatial) Fou-
rier components of the density fluctuations, in con-
trast to light scattering experiments which single 
out just one of them. 
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