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CO LASER INTERFEROMETER FOR REB-PLASMA EXPERIMENTS
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Abstract

The Michelson carbon oxide laser interferometer for measuring a plasma density

in studies on REB-plasma interaction is described. A detail description of the interfer-

ometer and CO laser is presented. For a selection of a single wavelength laser operation

the CaF2 prism is applied. A Ge:Au photoconductor at 77° K is applied as a detector.

The CO laser radiation at X = 5.34 f.im coincides with of the detector maximum sensitiv-

ity (of the order of 1000 V/W). This increases the interferometer sensitivity about ten

times with respect to the He-Ne laser (K = 3.39 um) used as a source of light. The typical

interferogram and time evolution of a plasma density obtained at GOL-M device are

presented.

Introduction

An interferometry is the main diagnostic method of plasma density measure-

ments in studies of the REB-plasma interaction. The range of the studies is wide

enough: from ne« 1013 cnv3 up to ne« 31015 cm3. The Michelson interferometers with

He-Ne (X\ = 1.15 urn, Xi = 3.39 um) and CO2 (X = 10.6 urn) lasers are used for a long

time in both the target plasma density measurements and a study of diode plasma be-

haviour [1,2,3]- The CO2 laser interferometer was mainly used at small phase shifts. In-

terferometers with He-Ne laser are applied for measurements of high plasma densities.

The Ge:Au photoconductor cooled by liquid nitrogen was utilized as a detector in all

those experiments.

An interferometer sensitivity is defined by a signal to noise ratio. At the first ap-

proximation, it is proportional to the maximum of the interference amplitude I~

( / = 1p. COS ( /)))• Ir\ »s proportional to a laser output and to the detector spectral

sensitivity. The Ge:Au photoconductor sensitivity is < 103 V/W at X = 3.39 jam and ~ 1

V/W at X = 10.6 um.
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In spite of the drop of the detector sensitivity at X = 10.6 fjm, in low density re-

gion we have obtained the interferometry maximum sensitivity ~ 10"4 of interference

fringe using the powerful CO2 laser. Unfortunately, the power of the typical He-Ne la-

ser is less than 10 mW. As a result, the sensitivity of the interferometer with He-Ne laser

was only of the order of 10-2 of interference fringe.

In this paper, a new interferometer with the carbon oxide (CO) laser (k « 5.34 urn,

P ~ 1 W) as a sours of light is described. A wavelength of the CO laser emission practi-

cally coincides with the maximum of the Ge:Au photoconductor sensitivity (~ 1000

VAV). It increases of the interferometer sensitivity by a factor of ten.

Arrangement

The interferometer applied for a measuring a plasma density at the GOL-M device

[4]. A schematic of the interferometer and it arrangement relative to the solenoid are

shown in Fig. 1. All the interferometer components are fixed on the massive dielectric

frame. The
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Fig. 1. The layout of the CO laser interferometer at the GOL-M device

beam splitter

and windows of

the plasma

chamber are

made of BaF2.

One of the split-

ter surfaces is

covered with a

dielectric layer

which reflects

about 50% of

radiation.

Inside the

reference arm,

the pressure

chamber is

mounted to install the beginning phase of the interference signal. Windows of the

chamber are also made of BaF2.

A Ge:Au photoconductor at 77° is used as a detector. The photoconductor is

mounted in the copper box for decreasing of electromagnetic stray pickup. As re-

quired, the box with the photoconductor is shielded with lead to reduce an influence of
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X-ray radiation on the Ge:Au crystal. The lead shield thickness is about 5 cm. The

photoconductor protection of this kind permit us to get interferograms practically

without electric stray pickup. A frame vibration produced by a pulsed magnetic field is

reduced to a minimum by the thorough mounting of the interferometer on the device.

We used a commercially available sealed CO laser. It is known that the carbon

oxide laser emits a radiation within a broad spectral interval from 5.3 urn up to 6.1 urn

[5]. Its coherence length L = A2/AA = 4.6103 cm. It is very difficult to build at the

large scale a massive interferometer (a length of arms about 1.5 m) whose arms would

be equal one to

another with

accuracy within

10"3 cm. Conse-

quently, prior to

obtain the nar-

row spectrum

the laser was

upgraded.

In order to
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mirror
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Fig. 2. Schematic diagram of the for the single wavelength
laser operation

CaF2 prism is mounted into the CO laser cavity (the prism No. 1 in Fig. 3). The

prism No. 2 applied for straightening the laser beam to the initial direction. A single-

wavelength operation of the laser is checked by the interferometer. The power of coher-

ence of laser beam is y~\. An intensity of selected line (the transition 9 -> 8 P(16), \

= 5.34 jim) is about 1 W.

The response time of the interferometer is determined by the Ge:Au detector,

which is less than 100 ns. The interferometer can operate in the presence of significant

pulse magnetic fields and hard X-ray radiation.

Results of measurements

The plasma density measurements by the interferometer is done at the GOL-M [4].

The main task of the device is to study an interaction of a powerful relativistic electron

beam (REB) (700 keV, 2-3 kA, 0 =1.7 cm, T =200 ns). with a plasma in a strong mag-

netic field of the mirror type. The homogeneous magnetic field is BhOm=2.5 T and the

mirror field is Bmir=4.5 T.
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The target plasma ( ne~ 1O1S cm3, Te« 1 eV, Lpiasma= 250 cm, 0 = 8 cm) is pre-

pared by pulse discharge in hydrogen with pressure Pm« 2 Pa.

The typical

interferogram and

a time evolution of

a plasma density

are shown in Fig. 3.
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Fig. 3. Typical interferogram (a)
of a plasma density (b).
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r\J < 10'3 cm-2. It

gives the interfer-

ometer sensitivity

~10-3 of interfer-

ence fringe.

Conclusion

Thus, the use of the carbon oxide laser with Ge:Au photoconductor improved the

sensitivity of the interferometer more than ten times. The minimum recorded line inte-

grated density is r\e£ ~ 5-10l2cnr2. The response time of the interferometer is deter-

mined by the Ge:Au detector, which is less than 100 ns. The interferometer can be oper-

ated in the presence of substantial pulse magnetic fields and hard X-ray radiation.
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