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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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USE OF THE HIGH FREQUENCY STARK EFFECT IN PLASMA DIAGNOSTICS
. william S. Cooper ITI and William W. Hicks
N Iawrence Radiation Laboratory O
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Berkeley, California, 94726_

July 23, 1970

We use new numerical_calculations of'the_high frequency
Stark effect in He I to estimate the range of validity of
similar calculations based on perturbation theory and point

out pitfalls in using this effect in plasma diagnostics.

"

The high frequency Stark effect in He I, which produces "satel~

lites" of allowed and forbidden spectral lines, is a nonperturbing
means of determining the frequehcy, intensity, and direction of oscil-
lating electric fields‘in plasmas. Most.of the work reported to

dete relies on second order time-dependent perturbation ’cheory,l.’5

4,5

or modifications of it. In anticipation of the increased applica;
tion of this technique in the future to plaema heating experiments

in which perturbation calculations are no longer adequate (this situa-

tion may already occur in some experimentsS) "ﬁvwe have extended the

method of Autler and Townes,6“ a numerical solution of the time-depend-
ent SchrBdinger equation, to include the effects of a magnetic field 7
and of multiple interacting levels. This work will be reported in a

later publication; in the meantime we wish to point our several pit-

falls in'the use of thevhigh frequency Stark effect in plasma diag-

nostics which have become apparent in comparisons of our numerical

calculations with those based on perturbation theory.
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(a)"wehaveealeulated a number of'nign freQuency Stark patterns
of the 4922—8 He I line (21P-th) £o estimate the range over which the
Baranger—Mozer theory1 correctly predicts the satelllte 1ntens1t1es.

If we-keep v, the frequency of the electric fleld, constant and increase
- the fleld strength, the 1nten81t1es of the two satellltes grow, but at
rates which differ increasingly from predlctions based on perturbatlon
calculations; hlgher order satellites and Stark eh;fts, neither pre-
dictea,ny the Barenger-szer theory} also become‘inportant. As pointed
out by Kunze et al.,” the near satellite is lese‘reliable than the far
sateliite'as an indicator of the electric field strength. Our caicu—
latlons on the 4922 line indicate that the second-order perturbatlon
‘theory glves the ratio of the 1ntens1ty of the far satellite to that
of the allowed llne with an error of less than 30% as long as E rms <10
kV/cm and 25 < v < 120 GHz. When perturbation calculations fail,
higheneorder satelliteé with,intensities cdmparable to those of the
originel'pair ef satellites are also present in the pettern. If the
fieid stnengths areveo 1erge that the Stark snifts'gfeatly exceed the
unperturbed separation between'unper lenels one should use the theory
of Bleehinzew. | v

(b) eAf field strengﬁhe above a feW'kV/cn,.and for lines iikel&
to be uééd for diagnostics (4388-, 4922-, and 4&71-8 He I), the Stark
shifts of the levels mayvconfuse measurement of the electric field
frequency. Their inclusion would, for instance, eonsiderably modify
the interpfetation of at least one recently pnblished observation of

5

plasme‘satellites. Stark shifts of energy leveis actually provide a

simple way to measure the rms electric field strength. Computer calcu-
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lations of the satellite ﬁattern of the Lop2 liﬁe indicate that the
Stark shifts of the th and th levels are essentially independent of
the electric field ffequency;' We .define the net Stark.Shift A to be
the séﬁarétion of the (shifted) allowéd line from the average of the
positions of the "far" and "near" satellites miﬁus‘l.36u 2, the calcu-
lated sepafation in the absence of an electric field based on a new

determination of the th term value by Martin.9' Approximate expres-

sions for A for the 4922 line, in R, as a function of the rms electric

field strength in kV/cm, are A= 0.0095 Eims for Erms <3 kV/cm, and

1.71

A= .0.0133 El'ms

for 3 < E_ < 10 kv/cm.
™ms ,
(¢) In some cases one must consider more than two upper levels.

For example, our computer calculations predict and experimental obser-

vations on the 4388 line (21P—51D) for v = 35.2 GHz, E_ = 3.5 kV/cm

.confirm that the 51G level introduces new satellites and strongly

affects the positions and intensities of those originating from the
SlD and SlF levels.
(d) A magnetic field produces a Zeeman pattern of the satellites

7,10 A magnetic field

which has recently been calculated and observed.
can be included in the perturbation calculations; its effect is to

increase the intensity of a'satellite (sum of all Zeeman components)

by a factor
) 2 2 2 2+ )2 9+o |2
. . w . +
| L cos™y(6 + sin“8) + sin“y(13 + cos 9)[(9 Tor ) +(Q T - ) j
F,== 2 D . D 2
: b cos®y(6 + sin"0) + 2 sinTy(13 + cos”6)

Here y is the angle between § and B (E is assumed to be random in azi-

muth), 6 is the angle between B and the direction of observation, Q
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is the unperturbed separation between upper levele,’w is the field fre-

'quency,vand mL'is the Larmor frequency. If B 1s random, cos27 and

s1n y should be replaced in this expression by their spatial averages

1/3 and 2/3

1.

2.

10.
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LEGAL NOTICE
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tion contained in this report, or that the use of any information,
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fringe privately owned rights; or
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process disclosed in this report.
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