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F E A S I B I L I T Y  OF FUSION-PRODUCT ALPHA PARTICLE MEASUREMENT 
IN A MAGNETICALLY CONFINED PLASMA BY 

C 0 2  LASER THOMSON SCATTERING 

R. K. Richards,  K. L. Vander S l u i s ,  and D. P,  Hutchinson 

ABSTRACT 

Fusion-product a lpha p a r t i c l e s  w i l l  dominate t h e  behavior of t h e  

next genera t ion  of i g n i t e d  D-T fus ion  r eac to r s .  Advanced d i agnos t i c s  

w i l l  be requi red  t o  c h a r a c t e r i z e  the  energy depos i t ion  of these  f a s t  

a lpha  p a r t i c l e s  i n  the  magnet ical ly  confined plasma. For small-angle 

coherent Thomson s c a t t e r i n g  of a 0 2  laser b e a m  from such a p lasma,  a 

resonance i n  the  s c a t t e r e d  power occurs near 90" with respect t o  the  

magnetic f i e l d  d i r ec t ion .  This s p a t i a l  concent ra t ion  permits  a s impli-  

f i e d  de t ec t ion  of the  s c a t t e r e d  laser power from the  plasma us ing  a 

heterodyne system. The s i g n a l  produced by the  presence of fusion-  

product a lpha p a r t i c l e s  i n  an i g n i t e d  plasma i s  ca l cu la t ed  t o  be w e l l  

above the  noise  l e v e l ,  which r e s u l t s  from s t a t l s t i c a l  v a r i a t i o n s  of the  

background s i g n a l  produced by s c a t t e r i n g  from f r e e  e l ec t rons .  

INTRODUCTION 

I n  previous s t u d i e s  of a lpha p a r t i c l e  Thomson s c a t t e r i n g  the  empha- 

sis w a s  on e i t h e r  experimental  requirements i n  the  absence of a magnetic 

f i e l d 1  o r  on the  theory descr ib ing  t h e  resonance produced i n  the  pres-  

ence of a magnetic f i e l d . *  The purpose of t h i s  r epor t  is t o  combine the 

a s p e c t s  of the  theory which inc ludes  magnetic-field e f f e c t s  with the 

experimental  requirements for de tec t ion  of t he  s c a t t e r e d  s i g n a l  produced 

by the  a lpha  p a r t i c l e s .  Using the  extended theory,  t h e  s i g n a l  t o  noise  

c a l c u l a t i o n s  f o r  heterodyne de tec t ion  are re-evaluated and an estimate 
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made of the  de t ec t ion  l i m i t  f o r  determining the  presence of high-energy 

a lpha  p a r t i c l e s  i n  a plasma. 

SCATTERING GEOMETRY 

The s c a t t e r i n g  geometry is shown schemat ica l ly  in Fig. 1. This 

f i g u r e  dep ic t s  t he  t h r e e  important s c a t t e r i n g  angles:  80, A 8 ,  and @. 
Here 00 def ines  the  forward s c a t t e r i n g  angle  between the  cen t ro ids  of 

t h e  602 laser beam and the  de t ec to r  antenna p a t t e r n ,  A8 is t h e  d iver -  

gence angle  f o r  t he  de t ec to r  antenna p a t t e r n ,  and I$ is the  angle of 

s c a t t e r e d  s i g n a l  wi th  respec t  t o  the magnetic f i e l d  d i r ec t ion .  The 

divergence angle  f o r  the  de t ec to r  antenna p a t t e r n ,  Ahe, is an important 

parameter i n  determining the  s c a t t e r e d  s i g n a l  power on the  de tec tor .  

This  angle  de f ines  the  s o l i d  angle  over which the  d e t e c t o r  c o l l e c t s  

s i g n a l  (an i n t e g r a t i o n  i n  both 8 and @) and is r e l a t e d  t o  the  s c a t t e r i n g  

volume i n  the  plasma over which the  de t ec to r  w i l l  r ece ive  s i g n a l  (i*e., 

t h e  i n t e r s e c t i o n  of the  antenna p a t t e r n  and the  CO2 laser b e a m ) .  The 

antenna p a t t e r n  can be crea ted  by a second laser which opera tes  near  t he  

C02 laser frequency. This second laser is gene ra l ly  r e f e r r e d  t o  as a 

l o c a l  o s c i l l a t o r .  Figure 2 shows the laser b e a m  envelope, and i l l u s -  

trates the r e l a t i o n  between the  divergence angle ,  60, and the  r ad ius ,  W, 

of the l o c a l  o s c i l l a t o r .  The minimum rad ius ,  Wo, r e f e r r e d  t o  as the  

w a i s t ,  determines the  rad ius  along the  path of the l o c a l  o s c i l l a t o r  by3 

w/wo = 1 + (A)* , 
nwo2 

where Z is the  d i s t ance  along the  laser path from t h e  w a i s t  p o s i t i o n  and 

A is the  wavelength. For W >> Wo 
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Fig. 1 .  Laser scattering geometry showing the relation of 8,  A 0 ,  
and 0. 

ORNL-DWG 87-7545 

F i g .  2. Shape of the laser b e a m  as i t  passes through a focus of 
The divergence of the b e a m ,  be,  is  related to radius Wo (the waist) .  

the w a i s t  in  Eq. ( 2 ) .  



4 

which relates the  divergence t o  the  s i z e  of the  w a i s t .  To maximize the  

de tec ted  s i g n a l ,  t he  b e a m  from the  l o c a l  o s c i l l a t o r  w i l l  have the same 

w a i s t  as  the  C02 laser b e a m  and the  i n t e r s e c t i o n  w i l l  occur a t  t he  w a i s t  

pos i t ion .  The frequency of t he  l o c a l  o s c i l l a t o r  w i l l  be s h i f t e d  from 

t h e  C02 laser l i n e  a t  28,306 GHz ( A  = 10.6 pn) by less than 20 GHz f o r  

a lpha  p a r t i c l e  de t ec t ion ,  t he re fo re  the  wavelength of t h i s  beam w i l l  

a l s o  be approximately 10.6 pm. 

The length ,  L, of i n t e r s e c t i o n  between the  602 laser beam and t he  

l o c a l  o s c i l l a t o r  i s  an important f a c t o r  in determining t h e  s c a t t e r e d  

s i g n a l  co l l ec t ed  by the de t ec to r .  For a s m a l l  s c a t t e r i n g  angle ,  0 0 ,  and 

a smaller divergence angle  A 0  then4 

2WO 
L =- s in00  

o r  from Eq. (2 )  

(3)  

Therefore ,  the  s e l e c t i o n  of the s c a t t e r i n g  angle  and s o l i d  angle  col-  

l e c t i n g  o p t i c s  f o r  the  d e t e c t o r  w i l l  determine the  length  i n  the  plasma 

along the laser path over which the  s i g n a l  o r i g i n a t e s .  

SPECTRAL DENSITY FUNCTION 

The power, P,, s c a t t e r e d  i n t o  the  s o l i d  angle  dQ over a frequency 

i n t e r v a l  dw i s  given by5 
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-t -t 
P,(R,w) dQdw = P i  ro2 ne L S(k,w) d g  

where Pi i s  the  inc iden t  laser power, rO i s  the  classical. e l e c t r o n  

r ad ius ,  ne is the  e l e c t r o n  dens i ty ,  L i s  the  de tec ted  s c a t t e r i n g  l eng th ,  

and S(%,w) is the  s p e c t r a l  dens i ty  funct ion.  The s p e c t r a l  dens i ty  func- 

t i o n  can be divided i n t o  ind iv idua l  con t r ibu t ions  from each spec ies  with 

plasma. For the  presence of e l e c t r o n s ,  primary plasma ions ,  and a lpha  

p a r t i c l e s :  

To s impl i fy  t h e  c a l c u l a t i o n s  f o r  t h i s  r epor t  i t  is assumed t h a t  a l l  

frequency s h i f t s  are s u f f i c i e n t l y  l a r g e  (f  > 5 GHz)  such t h a t  contr ibu-  

t i o n s  from the  primary plasma ion  can be ignored. It is  a l s o  assumed 

t h a t  w << Qe and Qe/kl la  >> 1, these  select the s c a t t e r i n g  frequency and 

angle  f o r  t he  region where alpha p a r t i c l e  s c a t t e r i n g  occurs ,  thus  per- 

m i t t i n g  a s impl i f i ed  r ep resen ta t ion  of the  s p e c t r a l  dens i ty  funct ion:  
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and 

Here pe is t he  e l e c t r o n  gyroradius ,  8, the  e l e c t r o n  cyclotron frequency, 

Wpe the  e l ec t ron  plasma frequency, and a = (2  kTe/me)l/2 the  mean ther-  

m a l  e l ec t ron  ve loc i ty .  The func t ions  and T,(x) are der ived from 

the plasma d i spe r s ion  func t ion  Z(x) according to 

1 f x Z(X> = - i I&) (13 )  

which is a v a i l a b l e  i n  tabula ted  form.6 The func t ion  fa1  (dk) is the  

one-dimensional v e l o c i t y  d i s t r i b u t i o n  of t he  alpha particles and is 

determined by the form of the  d i s t r i b u t i o n  funct ion.  For a l l  calcula-  

tions i n  this repor t  t he  alpha p a r t i c l e s  are assumed t o  have the stan- 

dard slowing-down d i s t r i b u t i o n 7  where 
r 

c 0 , v > v a  

which was a l s o  

-2nF,-, 
fa ' (u)  =- 

3vc 

used i n  Ref. 2. For this d i s t r i b u t i o n  

and Fo 18 determined by the  normalization 

/* f a  d3v = 1 
-m 
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The inf luence  of t he  magnetic f i e l d  e n t e r s  i n t o  the s c a t t e r i n g  through 

the  s i z e  of the  e l e c t r o n  gyro o r b i t  and the  angle  9. 

The expected plasma condi t ions and the  C02 l a s e r  s p e c i f i c a t i o n s  

necessary f o r  measuring the  a lpha-par t ic le  s c a t t e r i n g  f o r  the  s p e c i f i c  

case of t he  TFTR device are given i n  Table 1; these are the  same condi- 

t i o n s  which were appl ied  i n  previous inves t iga t ions .  9 * Under these  

Table I. Plasma and laser parameters 

ne = 1.2 x 1014 cm-3 Te = 10 keV 

ni = 1.185 x 1014 Ti = 10 keV 

E, C 3.5 MeV 

h i  10.6 

B o = 5 T  Tlaser E 1 PS 

condi t ions  the  s c a t t e r i n g  was predic ted  t o  e x h i b i t  a resonance.* This 

resonance i s  produced by a cance l l a t ion  of t he  terms con t r ibu t ing  to  the  

d i e l e c t r o n i c  func t ion ,  EL, causing it t o  become q u i t e  small f o r  par t icu-  

lar values  of 0 ,  9, or frequency f .  Because the  d i e l e c t r i c  func t ion  

e n t e r s  i n t o  both the  f ree-e lec t ron  and a l p h a - p a r t i c l e  s c a t t e r i n g  [ see  

Eqs. (7) and (9)] both w i l l  exhibit: t he  same resonance. This is i l l u s -  

t r a t e d  i n  Fig. 3, which shows the  v a r i a t i o n  of the  s p e c t r a l  dens i ty  

func t ions  with the  angle  0. A clear resonance appears  near 0 * 85' (and 

from symmetry, 9 = 95 ' )  f o r  both species. The angular pos i t i on  of t he  

resonance is dependent on the values  of ne, Te,  B, f ,  and 84 For the 

values  of ne, T,, and B l i s t e d  i n  Table 1 the  resonance will e x i s t  near 
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0 20 40 60 80 1 20 140 
Q, (deg) 

Fig. 3. The spectral dens i ty  func t ion  versus  Q, t he  angle  with 
respect to the  magnetic field d i rec t ion .  The frequency s h i f t  is 11 GHz 
and the s c a t t e r i n g  angle ,  0 ,  is 0.7 degrees. 

Q = 90" for a l l  f ,  t he  frequency s h i f t ,  and 0 of i n t e r e s t  f o r  alpha- 

particle de tec t ion  ( i .e . ,  5 GHz < f < 20 GHz, 0.5" < 8 < 1"). For 

smaller frequency s h i f t s  t he  resonance moves c lose r  t o  90" as shown i n  

Fig.  4 and a t  smaller s c a t t e r i n g  angles  the  amplitude of t he  s c a t t e r i n g  

inc reases  as shown in Fig. 5 .  
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F i g .  4. The spectral density function versus @, the angle with 
respect to the magnetic f i e l d  direction. The frequency s h i f t  is 7 GHz 
and the scattering angle, 8 ,  is 0 .7  degrees. 
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Fig. 5. The s p e c t r a l  dens i ty  func t ion  versus  4, t he  angle with 
r e spec t  t o  t h e  magnetic f i e l d  d i r ec t ion .  The frequency s h i f t  i s  11 GNz 
and the s c a t t e r i n g  angle ,  0 ,  is 0.6 degrees. 
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Because of the spatial variation of the scattering intensity, by 

detecting the scattered signal near @ = 90" with only a small solid 

angle, it is possible to collect nearly half of the total scattered 

power; the other half can be collected around Q = 270'. By reducing the 

solid angle of detection it may also be possible to substantially reduce 

the electron scattered signal since this is zero at 4 = 90" where the 

alpha-particle signal is still large, 

Before discussion of the signal optimization with appropriate angu- 

lar selection it is necessary to consider alpha particle energy selec- 

tion. 

The Thomson scatt 

RECTANGLE OF DETECTION 

ring of the CO2 laser due t the presm of the 

alpha particles in the plasma is a matching of the phase velocity of the 

scattered photons with the component of the alpha particle velocity in 

the direction of scattering; i.e., 

w/k = VII (17) 

Using the relation between the wave number k and the scattering 

angle 0 and noting that vi < v then Eq. (17) gives the inequality 

f(GHz)/B(deg) r; 11.5 1/&(MeV) . (18) 

As noted earlier in the comparison of Figs. 3 an 5, the scattered power 

is sensitive to small changes in the scattering angle 8, with much 

greater scattering intensity occurring at the smaller angles. This is 

equivalent to having the inequality 18 becoming an equality; 
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f(GHz)/B(deg) = 11.5 JE(&V) . (19)  

Therefore,  a p a r t i c u l a r  s e l e c t i o n  of frequency and s c a t t e r i n g  angle  w i l l  

uniquely de f ine  the  energy of t h e  a lpha  p a r t i c l e s  being de tec ted .  I n  an 

experiment, each d e t e c t i o n  channel w i l l  have a range of f requencies  and 

s c a t t e r i n g  angles  which leads  t o  a range i n  energy over which it is  sen- 

s i t i v e c  Each d e t e c t i o n  channel can be represented by a r ec t ang le  i n  t h e  

f-8 plane wi th  s t r a i g h t  l i n e s  represent ing  contours of cons tan t  energy, 

t h e  corners  of t h i s  r ec t ang le  w i l l  represent  t he  extremes i n  energy. An 

example of t h i s  is given i n  Fig. 6. Here two d e t e c t o r s  are depic ted  

each wi th  a bandwidth of 3 GHz and an angular d e t e c t i o n  between 0.5" and 

0.75" with one centered a t  11 and t h e  o the r  centered a t  7 GHz. From 

t h e  corners i n  t h e  r ec t ang le  of d e t e c t i o n  the  7 GNz d e t e c t o r  is found t o  

be s e n s i t i v e  t o  a lpha  p a r t i c l e s  between 0.41 and 2.19 MeV and the  11 GHz 

d e t e c t o r  between 1.21 and 4.73 MeV. Since alpha p a r t i c l e s  are crea ted  

wi th  3.5 MeV of k i n e t i c  energy the re  w i l l  be few with ene rg ie s  above 

t h i s  and the  11 GHz d e t e c t o r  w i l l  be clipped along the  3.5 MeV l i ne .  

As i l l u s t r a t e d  i n  Fig. 6, f o r  a f ixed  s c a t t e r i n g  angle  9, the  l a r g e  

a lpha  p a r t i c l e  ene rg ie s  s c a t t e r  a t  t he  l a r g e r  f requencies .  FOP frequen- 

cies above 11 GHz t h e  s c a t t e r i n g  w i l l  occur only i n t o  angles  greater 

than 0.5". However, the s c a t t e r e d  power f o r  t h e  a lpha  p a r t i c l e s  

decreases  r ap id ly  wi th  inc reas ing  s c a t t e r i n g  angle. Using 0.5O as an 

abso lu te  p r a c t i c a l  minimum f o r  t he  s c a t t e r i n g  angle  the  h igher  energy 

p a r t i c l e s  i n  the  alpha p a r t i c l e  d i s t r i b u t i o n  can be r e a d i l y  de t ec t ed  a t  

a frequency s h i f t  of 11 GHz, lower frequency s h i f t s  w i l l  be more sens i -  

t i v e  t o  lower ene rg ie s  and h igher  frequency s h i f t s  w i l l  s u r f e r  a g r e a t l y  

decreased s i g n a l  
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Fig. 6. The r ec t ang le  of de t ec t ion  - showing contours of constant  
a lpha particle energy i n  the  f-8 plane. The range of t h i s  energy f o r  
each de tec to r  i s  determined by the  rec tangle  formed by the  l i m i t  of f 
(frequency bandwidth) and range of s c a t t e r i n g  angles .  The two d e t e c t o r s  
represented are centered at 7 GHz and 11 GHz from the  C02 laser fre- 
quency and each has a 3 GHz bandwidth and an angular  ex ten t  between 0.5 
and 0.75 degrees. 
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For a d e t e c t o r  centered a t  the  7 GHz frequency s h i f t ,  the  interme- 

d i a t e  energy p a r t i c l e s  w i l l  be sampled. These p a r t i c l e s  w j l l l  be impor- 

t a n t  i n  fus ion  r e a c t o r s  because t h e i r  presence r ep resen t s  an important 

hea t ing  of the  plasma by c o l l i s i o n a l  cool ing of a lpha p a r t i c l e s .  

OPTIMIZING DETECTION 

Upon s e l e c t i o n  of a c e n t r a l  frequency f o r  a d e t e c t o r ,  t h e  s c a t t e r e d  

power i n t o  a p a r t i c u l a r  s o l i d  angle  can  be ca l cu la t ed  from t h e  der iva-  

t i o n s  i n  the  previous sec t ions .  For example, with s e l e c t i o n  of the  

7 Wz s h i f t  from the  C02 laser l i n e ,  which is s e n s i t i v e  t o  the  i n t e r -  

mediate energy alpha p a r t i c l e s ,  a p lo t  of the  s c a t t e r e d  power f o r  both 

a lpha  p a r t i c l e s  and f r e e  e l ec t rons  versus  the  angular  divergence of the  

d e t e c t o r  antenna p a t t e r n  is given i n  Fig. 7. For t h i s  c a l c u l a t i o n  it 

w a s  assumed t h a t  the  minimum s c a t t e r i n g  angle  being de tec ted  remained 

f ixed  a t  0.5'. Figure 7 shows the  i n t e r e s t i n g  r e s u l t  t h a t  t he re  i s  an 

optimal de t ec to r  antenna p a t t e r n  f o r  the  s c a t t e r e d  a lpha  p a r t i c l e  

s i g n a l .  T L i s  occurs because most of the  s c a t t e r e d  power is i n t o  a very 

small s o l i d  angle.  By inc reas ing  the  c o l l e c t i o n  s o l i d  angle beyond t h i s  

minimum, very l i t t l e  inc rease  i n  s i g n a l  r e s u l t s .  However, i nc reas ing  

t h e  s o l i d  angle  f o r  s i g n a l  c o l l e c t i o n  decreases  the  l eng th  i n  t h e  plasma 

over which s i g n a l  i s  de tec ted  according t o  Eq. (4). The balance between 

maximizing t h e  length  and the  c o l l e c t i o n  s o l i d  angle  produces the  shape 

of the s c a t t e r e d  power from alpha p a r t i c l e s  given i n  Fig. 7. The elec- 

t r o n  s i g n a l  does not exh ib i t  t h i s  behavior because the  e l e c t r o n  s i g n a l  

i nc reases  r ap id ly  f o r  t he  l a r g e r  s c a t t e r i n g  angles .  
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Fig. 7 .  The scattered power versus the divergence angle, A 0 ,  for 
both the alpha particles  ( so l id  curve) and the free electrons (dashed 
curve). The frequency s h i f t  is 7 GHz and the minimum scattering angle, 
0 ,  I s  fixed at 0.5 degrees. 
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Other f requencies  w i l l  e x h i b i t  a similar behavior. For a d e t e c t o r  

channel s h i f t e d  11 GHz from the  C02 laser l i n e ,  t he  s c a t t e r e d  power 

versus  de t ec to r  divergence angle  is given i n  Fig. 8, For t h i s  frequency 

t h e  s c a t t e r e d  power from the  alpha p a r t i c l e s  is s l i g h t l y  smaller and has 

a peak a t  a l a r g e r  A B  than t h a t  f o r  a d e t e c t o r  channel a t  7 GHz. Note 

t h a t  t he  e l e c t r o n  s c a t t e r e d  power is a l s o  s l i g h t l y  smaller. A p l o t  of 

the frequency dependence f o r  be = 0.125'' is given i n  Fig. 9. The sharp 

reduct ion  i n  s i g n a l  f o r  f requencies  above 11 GHz is due t o  the  c l ipp ing  

of the r ec t ang le  of de t ec t ion  as noted in the  previous sec t ion .  For 

l a r g e r  s o l i d  angles  t h i s  e f f e c t  is not as pronounced, as shorn i n  

Fig. 10 f o r  A 9  = 0.25'. 

SIGNAL TO NOISE 

For heterodyne de tec t ion  the  s i g n a l  t o  noise  r a t i o  has the  form1 

where A f  is  the  de t ec to r  bandwidth, z is the  laser pulse  length ,  (S/N)i 

i s  the  i n i t i a l  s i g n a l  t o  noise  r a t i o ,  and (S/N)~D is the  post  de t ec t ion  

s i g n a l  t o  no ise  r a t i o .  For example, consider  a de tec to r  s h i f t e d  7 GJk 

from the  C02 laser l i n e  with a 3 GHz bandwidth and o p t i c s  s e l e c t e d  f o r  

A0 = 8.125'. Then from Fig. 9, wi th  a de tec t ion  noise  l e v e l  of 

1 x 10-19 W / H ~  

(S/N)i (a lpha)  = 21 

(S/N)t ( e l ec t ron )  = 1.8 
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P i g ,  8. The scattered power versus the divergence angle, A9, for 
both the alpha particles (sol id curve) and the free electrons (dashed 
curve), The frequency sh i f t  Is 11 GHz and the minimum scattering angle, 
9 ,  is fixed at 0.5 degrees. 
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F i g .  9. The frequency dependence of the scattered power for a 
divergence angle of 0.125'. The s o l i d  curve is the scattered power due 
to the alpha particles  and the dashed curve from the free electrons. 
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Fig. 10. The frequency dependence of the scattered power for a 
The s o l i d  curve is the scattered power due divergence angle of 0.25’. 

t o  the alpha particles and the dashed curve from the free electrons. 
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For alpha p a r t i c l e  de t ec t ion ,  the  e l ec t rons  s i g n a l  w i l l  con t r ibu te  

t o  the  noise  such t h a t  

For a laser pulse  length  of 1 psec the  output s i g n a l  t o  noise  f o r  t he  

a lpha  p a r t i c l e s  w i l l  be 

(S/N)pD (a lpha)  = 48.3 (23) 

Note t h a t  any inc rease  i n  t h e  i n i t i a l  s i g n a l  t o  noise  w i l l  have l i t t l e  

e f f e c t  on the  f i n a l  s i g n a l  t o  noise  s ince  i t  is approaching the  maximum 

value  of JAf.cS1 = 54.8. To f u r t h e r  increase  the  s i g n a l  t o  noise  e i t h e r  

o r  both Af and z must be increased,  but i nc reas ing  Af reduces energy 

r e so lu t ion ,  and inc reas ing  '1: genera l ly  reduces input  laser power which 

reduces s c a t t e r e d  power. 

The de tec t ion  l i m i t  for alpha p a r t i c l e s  w i l l  be set  by the  back- 

ground s i g n a l  from the  f r e e  e l ec t rons  i n  the plasma. With no alpha par- 

t ic les  present  the  s i g n a l  t o  noise  r a t i o  will be 35.2 from the  e l e c t r o n s  

alone,  The v a r i a t i o n  of (S/N)PD (a lpha)  with a lpha  p a r t i c l e  dens i ty  is 

given i n  Fig. 11. Note t h a t  the  alpha p a r t i c l e  and e l e c t r o n  s i g n a l s  are 

equal  f o r  N, = 1 x loL1 For a lpha p a r t i c l e  d e n s i t i e s  above 10l1 

an accura te  estimate of t h i s  dens i ty  can be made from t h e  de tec ted  

s c a t t e r e d  s i g n a l  with only a s l i g h t  co r rec t ion  needed €or  the  e l e c t r o n  

background, If the  alpha p a r t i c l e  dens i ty  were i n  t h e  range 1010 t o  

cme3 i t  would be poss ib l e  t o  de t ec t  t he  presence of alphas but t he  

l a r g e  co r rec t ion  f o r  t he  e l e c t r o n  background would make an accura te  den- 

s i t y  estimate impossible.  If the  a lpha  p a r t i c l e  dens i ty  were below l O l 0  
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Fig. 11.  The post  de t ec t ion  heterodyne s i g n a l  t o  noise  r a t i o  
versus  alpha p a r t i c l e  densi ty .  The curves are €or e l e c t r o n s  alone and 
the alpha particles with an e l ec t ron  background. The r ece ive r  is  set a t  
a 7 GHz s h i f t ,  3 G!& bandwidth, a 1 psec pulse  length ,  and a divergence 
angle  of 0.125”. 

~ m ‘ - ~  even the  presence of a lphas could not be determined due t o  the  

noise  generated by the  e l e c t r o n  s igna l .  

COMCLUSIONS 

The e f f e c t  of the  magnetic f i e l d  on C02 Thomson s c a t t e r i n g  from a 

magnet ical ly  confined burning fus ion  plasma is pr imar i ly  a spa t ia l  con- 

c e n t r a t i o n  of the  s c a t t e r e d  alpha p a r t i c l e  signal. This permits collec- 

t i o n  of most of the  s c a t t e r e d  s i g n a l  wi th in  a small s o l i d  angle.  Apart 

from an important improvement in t he  s igna l - to-noise  r a t i o ,  such a 
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f e a t u r e  has a s i g n i f i c a n t  p r a c t i c a l  advantage i n  a fus ion  device which 

gene ra l ly  has very l imi t ed  por t  access a v a i l a b l e  f o r  d iagnos t ics .  

The limits f o r  de t ec t ing  the  presence of alpha p a r t i c l e s  (n, = lo1' 

or  the  measurement of t he  alpha p a r t i c l e  dens i ty  (n, = 10l1 

are set  by the  background s c a t t e r e d  s i g n a l  from the  thermal plasma 

e l ec t rons .  These are w e l l  below the  expected alpha p a r t i c l e  dens i ty  of 

7.5 x 1011 cme3 expected i n  TFTR. Therefore it should be f e a s i b l e  t o  

d e t e c t  v a r i a t i o n s  i n  the a lpha  p a r t i c l e  dens i ty  f o r  varying plasma con- 

d i t i o n s .  

For the  next genera t ion  of fus ion  experiments,  such as the  proposed 

compact i g n i t i o n  t o r u s  (CIT) ,  plasma parameters are expected t o  be 

somewhat d i f f e r e n t  from those i n  TFTR; t he re fo re ,  t he  alpha p a r t i c l e  

Thomson s c a t t e r i n g  w i l l  a l s o  change. With a higher  e l e c t r o n  dens i ty  

expected i n  CIT t he  alpha p a r t i c l e  s c a t t e r i n g  i n t e n s i t y  w i l l  be l a r g e r  

and the  e l e c t r o n  s c a t t e r i n g  smaller. It then m y  be poss ib le  to use a 

lower power CO:! laser which has a s u f f i c i e n t  r e p e t i t i o n  rate t o  measure 

t h e  t i m e  dependence of t he  alpha p a r t i c l e  dens i ty ,  o r  t o  use l a r g e r  

s c a t t e r i n g  angles  i n  order  t o  perform s p a t i a l  measurements. 
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