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Ab'tr~ct: The condition~ for measuring ~gnetic fields in plas-

1MB by light scattering a re discussed. In experimental obser-

vations of laser light scattered by a magnetiz ed !Irc plasma we 

have measured deviations from the normal thermal spectrum. The 

observed spectrum fits best with the theoretic~ l curve due to 

the probe me;'l5ured fIWIgnetic field. 

Local me asurement of rnllgnetic fie lds in hot plaslM s is ver y im­

portant. Unfortunately , the methods u~ed hitherto h .., ve mtlrked 

disi!ldvantage s. e . g . changing the pltlsma parameters and yielding 

integrated values rlJ . On the other h a nd. laser scattering 

offers a possibility of locally determining magnetic fields 

with negligible disturbance of the plllsma , in IIddition to the 

usual measurement of tempera t ure and density . This method is 

based on the fact thllt under certain circumstances the spectrum 

of the sca t tered light is in flueced by the magneti c field with-

in the scatt ering volume . 

In theoretical papers (e.g. il-V) 

the scattering spectrum is ca1cu-

lated for Bi ks (Fig . 1 ) . If, fur­

thermore, er - llksO (0 - Oebye 

.lel'lgth)' is lower thal'l 1, onl y the 

electron spectrum ia considered . 

It conais ts of l ines whose sepa -

ratiol'l equals the qyrofrequ e ncy of 

scaU. vector 

ki (laser) 

, , , 

k2(SCaH.light) 

-- -- -- ''IT . 912 ks· k1-k, =To SIn 

Fig. 1 

the e l ectrons and whose envelope is nearly equal to the ther~l 

scatteri ng spectrum . 

In this paper first we specify the conditions for measuring 

auch a modulated spectrum . We then describe a light scattering 

experiment which shows the i~fluece of the magnetic field in a 

l aboratory p l asma on the spectrum of the scattered light . 

The inequality - 1lks D .. T s~n 9/2 . const «1 (1) ensures 

that we have on l y the e lectron spectrum IInd that col l ective ef­

fects disappear. ~ second condition means that the modulation of 

the spectrum is well marked . This requires that the h~lf-width 

"1/1 of a line is smal l enough compllred with the separation DA 

of two lines. "'~1. 11 _ v th ~tc' ks '" si~ & Yn const · «1 121 . 

The h:> l f width ia determined by the Ooppler "hift "1/2 It - v thll ks 

which. roughly speaking . is qO'!erned by the component p~ral1 e1 

to the rr.agnetic field. while the perpendicular clJq)onent is re­

sponsible for the envelope of the spectrum . The separstion is 

propo~tional to the e l ect ron gyrofreauency. ~ i s the mean value 

of the angles between ks and the perpendicular to the magne tic 

field . Therefore ia a measure of the divergence of l aser 

light as we ' l liS of inhomogenei ties in the magnetie field within 

the scattering volume . A third condition requires that the scat­

ter ed light per channel L is sufficient to keep the statisti­

ca l eeror small: L '" ,i B2 const" «1 131 . 

Condition" (2) and (3) call for large " , as opposed to fl) . In 

accO~ance with the general scattering theory we may have a to 

about 0 . 5 and then get BO % and mace of the whole scat t ered 

125 

light into the part of the electron spectrulft. Then condition (2) 

is satisfied by electeon densities of about 10 16 c .. - 3 and "''''gne-

tic fields of about 100 kG and diverge nce angles 

10-2 lOad. Usual scattering experiments work with 

of a few 

va lues of 

about 10-
1

. Therefore. the main difficulty in our experiment lies 

in the small apertures and hence small scattered signal s. The 

scattered light intensity depends on l y on er and B . With a" 0.5, 

S - 100 kG and 100 MW laser intensity in the scattering volume, 

the statis t ical error is about 20 %. El ectr on temperature and 

scattering angle can et i 11 be free l y determine, but are rela ted 

by the condition .. = 0.5 Theretore there eXist the possibl11 " 

ties TI 'I '1 '001 (eV) " IBO 90 :>0 {gradl . For all pairs we hl'lve the sallle mo-

dl11ation IInd the same sca ttered s ignals . 

For a f irst experiment : '1.7 we chose 900 - scattering in order to 

keep the stray light s\l~ficiently smalL There~ore the parameters 

of t his experi",e"t should be: ne ~ 10
16 

cn-
3

• Te ~ 5 eV, .. ~ O.~ . 

The appropriate plasma is formed in " hydrogen a rc in an 1'Ixipa-

rallel magnetic fi eld Bz . The 

homogeneous magnetic field of 

120 kG is produced by a pul se 

discharge via t",o parallel 

coils (Fig. 2). The arc burns 

parallel to the magnetic field 

l ines. From norma l 900 -gca tter -

ing we get the parameters 
scattering geometry 

-3 o. Fig. 

T e = 3 .2 eV and a - 0.6 . The giant pulse of a Ruby laser is fo-

cusf!d in direction kl into the plasma, when B has reached 
" its maximum value . We observe the scattered light emitted i n the 

direction k2 The scat tering vector ks is perpendicular to 

Bz · Deviations in the planes B7.kl and Bzk 2 orlqinate in the aper­

tures around Itl and k 2 • both 0.02 rad. in the homogene itiell of 

Bz and the magnetic field B9 of the arc current. In spite of these 

deviations we e"pect a modulation greater than BO % • . Fig. 3 shows 

the scattering spectra both 

with and without magnetic 

fields. The cros"es and circ-

les are mean values of se-

ven discharges each . we could 

not measure at the lage r ~ Q2 

wavelength because of exces - ! ,. me-o~(BIOI 

• {B . O 

lMory (~hneI1 sive stray light. The curve ill 

the best fit according to the '~o--"-----1-------~.C--" 

the ory of Lehner [1]. 
Fig, 3 

From the separation of the laser wavelength and the wavelength of 

the first minimum we can deterrr.ine the electron gyro f requency 

wh i ch then gives a magnetic f ield of 150 !20 ItG . Deviations from 

II n uniform modu l ation frequency have been calcu la ted by P111t~man 

et a l . £S J for c ases where the condi t ion (I « 1 ia not s atis-

fied . with their numerical computations for cases. similar to 

ours, the magnetic field is lower . but by a fl'lctor les s than 30%. 
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