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ABSTRACT 

The work performed from May 1980 through >larch 1981 is described. 

. . EUV diagnostic studies have been performed at the Alcator A, Alcator C 

and TFR 600 tokamaks and on TMX. The central molybdenum concentration 

in Alcator C has been shown to be much lower than that in Alcator A. 

Impurity concentration and.radiative power losses have been deteAined 

in the center cell of TNX. . A grazing incidence.spectrograph with 

1024 detector elements is under construction. 

This report was prepared as' an account of Government-sponsored 

work. Neither the United States, nor the Departnent of Energy nor . ' 

any acting on '.behalf of the Commission, 

A. Makes any warranty or representation, expressed or implied,. 

with respect-to the accuracy, completeness, or usefulness 

of th2 information contained in this report, or that the 

use of the information, apparatus, method, or process disclosed 

in this report may not infringe'privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 

damages resulting 'from the use of, any in£ ormat ion, apparatus, 

method, or' process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes 

any employee or contractor of the Department of Energy or employee of such 

contractor, to the extent that such employee or contractor of the Depart- 

ment of Energy or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant to his employment or contract 

with the Department of Energy or his emplbyment with such contractor. 



. . 

I. INTRODUCTION . . 

This report describes the work performed by this laboratory 

for,the Office of Fusion Energy of the Department'of Energy from 

May 1980 through March 1981. 

. . The program divides naturally into several areas of e£.fort which 

are covered in separate sections.' Section I1 describes the diagnostic 

studies of high temperature magnetically confined plasmas. Ionic 

structure calculations in support of diagnostic experiments done 

both by this laboratory and others are covered in Section 111. 

The support'ing laboratory'calibration studies are described in section 

IV. Section V discusses specific instrumentation systems which are 

under development for diagnostic.studies. 

Diagnostic studies were perfomed on the Alcator A and C tokamaks, 

the TFR-600 tokamak and the Tandem Mirror. Experiment. The 'time 

resolving EUV spe.ctrograph wh.ich uses a microchannel plate intensifier 

feeding a solid state array has been checked out on both the.Alcafor A 

and TFR-600 tokamaks. Molybdenum impurity levels and plasma 

instabilities are being studied'on the Alcator C tokamak. The impurity 

levels in the center cell of TIE have been measured; impurity injection 

experiments have also been performed on this device to better under- 

stand the radial transport. Precise photometric calibration of 

the instrumentation using equipment constructed in previous years 

has continued; these calibration procedures are being extended'to 

shorter wavelengths. A grazing incidence. time resolving spectrograph 

is under development. This instrument uses a micrachannel plate 

d~tertnr' s . i m i . l . a r  in princ.i.ple to that in the EUV Instrument mentioned 



above, b u t  w i t h  t h e  des ign  s u b s t a n t i a 1 . 1 ~  modified f o r  g raz ing  

inc idence .  

C a l c u l a t i o n s  of t r a n s i t i o n  e n e r g i e s  and p r o b a b f l i t i e s  f o r .  
. . 

I 
atoms i n  t h e  B and C1 i s o e l e c t r o n i c  sequences were completed. 

I n  a d d i t i o n ,  numerous c a l c u l a t i o n s  were made f o r  problems of  s p e c i a l  

i n t e r e s t  t o  t h e  exper imenta l  p a r t  o f . t h i s  program. 



11. DIAGNOSTIC STUDIES 

A. Alcator A 

Exp.eriments at the Alcator A tokamak were conducted using the 

tine resolving spectrograph described in section V-A. ,The purpose 

of the experiments was threefold:. 

(1) To.serve as an initial shakedown of the new spectrograph; 

(2) To survey the EUV emissions from both light and heavy 

impurities; and 

(3) To conduct impurity inj ec t ion experiments using the 

laser blow-off technique. 

The instrument shakedown was done concurrently with the initial 

survey of the EUV emissibns of the plasma. (See also Section V-A.) 

During this time, lines from the tokamak plasma served to complete 

the wavelength calibration of the instrument and the software, used 

to process and display the data, was optimized for speed and utility. 

It is clear from observations of Alcator A plasmas that a 

survey instrument can imrnediat~ly identify conditions that may 

affect the normal evolution of a plasma disc.harge. Interaction 

between the plasma and limiter, often associated with the final 

disruption of the plasma, can be identified by the sudden appearance 

of lines of Mo, the limiter rnaterial..(See Fig. 1) Plasma wall interactions 

can be identified by the presence of. lines of Fe and Cr, indicating 

an interaction with the stainless steel vacuum chamber. Other minor 

.disruptions affecting the "normal" are associated with sudden changes 

in the C to 0 or N to 0 line intensities. ~ n y  .air leaks that develop 



. ' i n  t h e  system can be immediately recognized by t h e  i11cr.ease i n  N 

l i n e  i n t e n s i t i e s .  A l l  of t h e s e  l i n e s  mentioned above can be  

monitored s imul taneous ly  w i t h  ' t h e  spec t rograph ,  even wh i l e  performing 

experiments  i n  which none of t h e s e  l i n e s  a r e  involved.  

During t h e  . impur i ty  i n j e c t i o n  experiments  atoms of  S i  and No 

.--ere i n j e c t e d  i n t o .  t h e  plasma. A l l  new Pines  appear ing  a t .  t h e  t ime 

of i n j e c t i o n  could c l e a r l y  be  i d e n t i f i e d  a s  belonging t o  t h e s e  

.e lements .  Low s t a t e s  of S i  ( S i  111, S i  IV) and h igh  s t a t e s  ( S i  X I I ,  

S i '  XI I I )  could  be  rnonitofed s imul taneous ly .  S i l i c o n  w a s  i n j e c t e d  

i n t o .  bo th  H and D working gases  and a t  bo th  h igh  acd low plasma 
2 2 .  

d e n s i t i e s .  The molybdenum spectrum dur ing  both l a s e r  i n j e c t i o n  

end plasma d i s r u p t i o n s  ( s e e  F ig .  1) has been s t u d i e d .  Mo ~ i a s  

i n j e c t e d  i n t o  plasmas of low, medium and h igh  d e n s i t i e s  t o  s tudy  

i n p u r i t y  confinement a s  a  f u n c t i o n  of d e n s i t y .  Lines from 110 V I  t o  

?:10 X I V  have been observed and new l i n e s  have been i d e n t i f i e d  i n c h d i n g  

l 
a forb idden  magnetic quadrupole l i n e  of Mo X I I I .  

A "na tura l"  i n j e c t z o n  of T i  was observed i n  which l i n e s  of 

T i  V I  through T i  X I 1  we re . r eco rded .  This  event  was unexpected 

s i n c e  T i  is  no t  an  i n t r i n s i c  impur i ty  i n  Alca tor  A. The sou rce  

of T i  was presumably from m a t e r i a l  s p u t t e r e d  from a  t i t a n i u m  c a r b i d e  

coated g r a p h 3 . t ~ .  l i m i t e r  once t e s t e d  i n  Alca tor  A.  

1. $1. Finken tha l ,  e t .  a l . ,  Phys ics  L e t t e r s ,  Vol. 82A, 3 (16  llarch 1 9 8 1 ) .  



1 
-1 MOVI I'foXIII F~oVIII No XIV MOXIII 

i 
I 
f 
I 

I 

i 
I 
I 
i 
1 
I 

Pig. 1. Molybdenum spectrum between 300-560 1( at final disruption. 



B. . . Alcator C 

impurity Study. In brder to understand the role played by : 
. .  . 

. . 

high-Z impurity ionsin the evolution of the tokamak plasma discharge, 
. . 

. . spectroscopic measurements -of emissions from these ions were carried 

out. Radiative losses from high-Z elements must be minimized to 

allow the ohmic input power to heat the plasma efficiently.. In 

particular, highly ionized molybdenum (from plasma-limiter interactions) 

is an efficient radiator even at the hot plasma cent.er where it is 

only.partially stripped. 

'Measurements of the absolute brightness and r.adia1 profile 

of emissions from molybdenum indicate a small contribution to 

radiative losses. The brightness of a pseudo continuum (65-90 2) 
. . 

attributed to highly.charged Plo ions is almost an order of magnitude 

less than on Alcator A. Measurements on both tokamaks were made 

with the same one-meter grazing incidence monochromator. 

The temporal behavior of the emissions from these ions showed 

that on-axis impurity accumulation does not. oc.cur. In fact, natural 

injecttons arising from spontaneous plasma-limiter contact show 

a decay time of 10 - 15 msec. Observations of line transitions 

from various stages of ionization were made. Those of $10 XIII, 

XXV and XXXI dis~lay noticeable differences in temporal behavior, 

representative of low, middle and high states. While the lower 

states are characterized hy a rapid burnout spike followed by a 

choppy behavior, the middle and upper states have a smoother 

with the emission intensity showing a gradual rise later i 
i 

in the discharge as the temperature rises. 
. . i 



, In addition to the rather extensive study,of molybdenum, 

transitions from iron, aluminum, sulfur and chlorine were observed. 

Overall, it appears that radiative losses arise primarily from 

"low Z impurities such as carbon, nitrogen and oxygen. 

~vidence was also gathered which could be compared to predictions 

based on the coronal equilibrium model of a plasma discharge. 

The reactions of..emissions from certain ionization states of bfo 

to changes in plasma parameters (T e' n e ).lend supportive evidence, 

to the coronal model as a first order picture of the distribution 

of ionization states. 

~sciilator~ Disruptions. In the process of measuring impurity 

emissions characteristics on the Alcator C tokamak, the appearance 

of an oscillatory disturbance involving the entire discharge was 

noted for certain types.of discharges. These periodic (= 10 msec) 

phenomena are man.ifested by oscillations in'many of the measurable 

plasma parameters. Soft x-ray emissions display a behavior distinct 

from the usual sawtooth activity. The electron density, electron 

temperature, plasma position and-impurity emissions show noticsable 

reactions to th2 onset of the disruptions. 

That these phenomena are unique and separate from the usual 

sawtooth activity may be demonstrated by their increased period 

and the involvement of a'large portion of the plasma. The instability 

which is earmarked by sawteeth on the x-ray signal is confined 

to the region near the plasma axis (r < 4 cm.). The appearance of 

certain FWD instabilities implies an unstable current profile is 

evolving leading to repeated disruptions. 



One scenario currently under investigation is the flattenfng 

of the current profile out to the q =.2 surface followed by an 

o;-mic reheating.. As the temperature'increases, the profile becomes 

peaked on axis with a fairly steep gradient near the q = 2 surface, . 

(r = 10 cm): This situation,appears to be unstable, indicated.by 

a noticeable increase in the MHD activity (m = 2,3), and a collapse 

of the electron temperatur.e profile occurs. At this point, the 

brightness of line emissions from certain impurity ions increases 

dramatically. The change in the equilibrium condition of the 

plasma affects recombination and ionization balances. The atomic 

as'well as plasma physics aspects of these phenomena are currently 

under investigation. 

Experiments were performed at the TFR-600 tokamak in Fontenay- 

aux-Roses, France in cooperation with the TFR-600 spectroscopists 

using the time-resolving E W  spectrograph described in section V-A. 

Tne purposes of the experiments were: 

(1) to study the Em emissions in the high temperature 

TFR discharge (Te(0) = 1.5 - 2.0 KeV); 

(2) to s tdy the effect of neutral beam heating on the 

impurity, emissions; 

(3) .to conduct impurity injection experiments; and search 

for forbidden lines which might be suitable for Doppler 

broadening measuremerlks. 



Each of these studies exploited the spectrograph's ability to, 

simultaneously monitor a broad spectral range. 

Spatial scans, of the upper TFR plasma were done with both 

survey gratings (covering the 300 8 - 2200 8 range) on high teriiperature' 

(T (0) = 2 KeV).plasma discharges. From this data volume emission, e 

profiles can be obtained for Lyman alpha and ail lines of 011-OVI 

and CII-CIV in this region. E W  emissions of both heavy and light 

impurities, recorded during neutral beam heating'experiments, can 

be used to study the effects of charge exchange in the plasma. 

'The injection of impurities into the plasma by the vaporization 

of metal foils with laser, was studied in conjunction with a grazing 

incidence duochromator which monitored the 100 8 - 300 El spectral 
range. Atoms of Al, Ti, V, Cr, Fe, Ni and >lo were injected into the 

plasma. Forbidden lines of V XV,' ~r XVI and Ni XX have been identified. 

,,. ~dditional spatial scans of the plasma were conducted during the 

injection of Cr and V. Analysis of this data is continuing.' 

D. The Tandem Mirror Experiment 

TMX consisted of three separate sections - two minimum-B, 
. .. 

2-TIB type end cells connected by a long solenoid. A major concern 

was whether the two end plugs which electrostatically confine the 

.center cell plasma would produce an enhanced concentration of 

inpurities in the center cell. This work shoved that 

the impurities and the associated.radiative losses are not abnormally 

high. 



In order to maxiu~ize the data taking capability, three El3 

~onochromators were mounted.on TMX, one on each section. Tine s?atial 

izaging 0.4 m monochromator used on Alcator A and described in 2 

previous annual report was mounted'on one end cell. A similar 

: spatial imaging 0.4 m monochromator constructed by LLL and specially 

Gssigned for the larger plasma radius and lower signal levels of 

i>e central cell, was located on that section of TMX. The other 

end cell was monitored by the first instrument (see.the previous 

ennual report) taken to TM(, another 0.4 m monochromator capable of 

viewing a single chord of the plasma at a time. This instrment 

~ 2 s  previously used on Versator and Alcator A at MIT and on 2 X I B  

zt LLL. Data was acquired using this array of instruments during 

the last five months of TFX operation. 

The additional data provided by having three instruments mounted 

on TPM allowed .a more detailed study of the EL. emissions. In 

particular, the radial profiles obtained from the central cell 

indicated that the impurities had a nearly constant density distribu- 

tion over the plasma radius. Knowing the radial impurity distribution 

allows a more accurate determination of impurity concentrations. 

Table I lists the impurity concentrations aod radiated power losses 

observed in the central cell of TPE. The impurity concentrations 

. . 
cnnprise approximately 0.6% of the total density. Radiated por..;er 

losses were also l'ow, approximately 5% of the total input power 
. . - - -  

. A ~ ~  lost to radiation. 



Table I. I m p u r i t i e s  i n  t h e  TMX c e n t r a l  c e l l  

Spec ies  Concent ra t ion  (%)a Radiated power (kw) a'b 

a 
f a c t o r  of 2  u n c e r t a i n t y  . . .  

b t y p i c a l  t rapped  i n p u t  power = 450 kw , ' ' 

C 
obta ined  from observed b r i g h t n e s s e s  and us ing  co rona l  model 

and coo l ing  r a t e  c a l c u l a t i o n s  

A s e r i e s  of impur i ty  i n j e c t i o n  experiments  were performed 

on TMX by i n j e c t i n g  a v a r i e t y  of gases  i n t o  t h e  c e n t r a l  c e l l  plasmas 
' 

i n  o r d e r  t o  s tudy  p e n e t r a t i o n  and confinement .' ~ i ~ b r e  2 shows r a d i a l  

b r i g h t n e s s  p r o f i l e s  a s  a f u n c t i o n  of t ime when neon and oxygen were 

i n j e c t e d  a t  1 2  m s  int 'o  t h e  TMX s h o t  ( t h e  background i e v e l s  f o r  

oxygen have been s u b t r a c t e d  o u t ) .  I n i t i a l  r e s u l t s  i n d i c a t e  t h a t  t h e  

puffed gases  p e n e t r a t e  r e a d i l y ' t o  t h e  c e n t e r  of t h e  plasma; t h e s e  

c e n t r a l  c o n c e n t r a t i o n s  are maintained f o r  t h e  remainder of t h e '  

d i scharge .  Modelling i s  c u r r e n t l y  in progres s  t o  determine t h e  
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FIG. 2,, Radial brightness profi les  versus time for oxygen and neon puffing. 



efr'ects of confinement time and recycling on this' behavior. 

Additional computer modelling is underway to study 'the radial 

profiles of the 'intrinsic impurities observed in-TMX. Codes are 

. . being written to determine what confinement times, impurity fluxes 

2nd radial transport are needed to match the observed radial profiles. 



.III. I O N I C  STRUCTURE 

During t h e  p r e s e n t  c o n t r a c t  pe r iod ,  we have concen t r a t ed  mainly 

on two a r e a s :  ' ( 1 )  c a l c u l a t i o n  of t r a n s i t i o n  p r o b a b i l i t i e s  and 

e n e r g i e s  i n  t h e  B and C 1  i s o e l e c t r o n i c  sequences; and ( 2 )  making 

: . s p e c i f i c  ca l cu la . t i ons  o f .  u s e  t o  t h e  Hopkins exper imenta l  group. . . 

I n  both of t h e s e  a r eas , .  we have u s e d t h e  r e l a t i v i s t i c  m u l t i c o n f i g u r a t i o n  

Dirac-Fock program of  ~ e s c l a u x '  t o  c a l c u l a t e  e n e r g i e s  and wavefunct ions.  

A paper  d e s c r i b i n g  t h e  B-sequence c a l c u l a t i o n s  w i l l  appear  i n  

Phys. Rev. A; a  paper  d e s c r i b i n g  t h e  C 1  sequence r e s u l t s  has  been 

submit ted t o  Atomic and Nuclear D2ta. 

I n  bo th  of t h e s e  i s o e l e c t r o n i c  sequences,  w e  have encountered 

cons ide rab le  d i f f i c u l t y  i n  ob ta in ing  t h e  d e s i r e d  accuracy i n  our  

c a l c u l a t i o n s .  I n  p a r t i c u l a r ,  we f i n d  l a r g e  ( f a c t o r s  of a lmost  

two i n  some cases )  d i s c r e p a n c i e s  between l eng th  and v e l o c i t y  forms 

of t h e  d i p o l e  o s c i l l a t o r  s t r e n g t h  a t  f a i r l y  h igh  va lues  of n u c l e a r  

charge.  These d i s c r e p a n c i e s  have remained even when f a i r l y  l a r g e  

numbers of c o n f i g u r a t i o n s  a r e  inc luded .  For .example,  f o r  some 

elements  of t h e  C 1  sequence, we. used 35 ground s t a t e  and 40. e x c i t e d  
. . 

s t a t e  c o n f i g u r a t i o n s .  These d i s c r e p a n c i e s  i m p l y  t h a t  ou r  wavefunct ions 

a r e  s t i l l  only  moderately good approximation t o  t h e  c o r r e c t  wave- 

func t ions .  We n o t e  t h a t  o t h e r  approaches2 have a l s o  had g r e a t  

d i f f i c u l t y  i n  o b t a i n i n g  good wavefunctions f o r  e lements  i n  t h e s e  

sequences,  l e a d i n g  one t o  t h e  conclus ion  t h a t  t h e  c a l c u l a t i o n  of 

o s c i l l a t o r  s t r e n g t h s  i n  even r e l a t i v e l y  s imple  open s h e l l  systems 

is ,  i n  f a c t ,  a  q u i t e  complicated problem. I n  a n  e f f o r t  t o  improve 

ou r  approach t o  t h i s  problem, we have begun t o  i n v e s t i g a t e  a l t e r n a t i v e  

. . 



methods of c a l c u l a t i n g  o s c i l l a t o r  s t r e n g t h s .  one p o s s i b l e  new method 

invo lves  app ly ing  v a r i a t i o n a l  p r i n c i p l e s  t o  t h e  o s c i l l a t o r  s t r e n g t h  

i t s e l f ,  t h u s  o b t a i n i n g  a  form of t h e  o s c i l l a t o r  s t r e n g t h  which i s  

: s t a t i o n a r y  under sma l l  changes i n  t h e  wavefunct ions.  W e  a r e  c u r r e n t l y  
. . 

s tudy ing  t h e  i m p l i c a t i o n s  of t h i s  approach. 

I n  t h e  second of t h e  a r e a s  mentioned above, s p e c i f i c . c a l c u l a t i o n s  

f o r  t h e  Hopkins grqup, we obta ined  M1 t r a n s i t i o n  e n e r g i e s  f o r  s e v e r a l  

f i r s t  row atoms. 1Je a l s o  d i d  a s  thorough a  job a s  ,we could on- t h e  

E l  and Ifl t r a n s i t i o n  e n e r g i e s  i n  ~ 1 - l i k e  Plo, i n  o rde r  t o  f a c i l i t a t e  

s ea rches  be ing  made f o r  c e r t a i n  of t h e s e  l i n e s .  . I n  a d d i t i o n ,  we have 

t r a i n e d  some of t h e  r e s e a r c h  a s s i s t a n t s  I n  t h e  exper imenta l  group 

t o  use  ou r  programs i n  s t r a i g h t f o m a r d  situations, s o  t h a t  they.  

can  make rough p re l imina ry  c a l c u l a t i o n s  of parameters  of  i n t e r e s t  

t o  them. 

I n  a  r e l a t e d  a r e a ,  t h e  c a l c u l a t i o n  of t h e  pho to ion iza t ion  c r o s s  

s e c t i o n  of C 1  was f i n i s h e d  i n  e a r l y  October,  1980. The knoi~ledge  

ob ta ined  from t h i s  c a l c u l a t i o n ,  which i s  cons idered  t o  o b t a i n  t h e  

, , 
most a c c u r a t e  r e s u l t s  f o r  C 1 ,  was of g r e a t  h e l p  i n  ou r  c a l c u l a t i o n s  

i n  t h e  C 1  sequence. This  work is  c u r r e n t l y  be ing  prepared  f o r  

p u b l i c a t i o n .  
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IV. 'LALIOKATORY STUDIES 

A. EUV and Soft X-ray Calibration 

The laboratory program of grating and detector evaluation and 

instrument calibration described in previous annual reports has 

continued. During the previous year we have started 'to upgrade 

our capabilities at shorter wavelengths.. As a result df the need 

to absolutely photometrically calibrate short wavelength spectrographs 

(in particular the time-resolving grazing incidence instrument 

described in Section V-5) in the region from 10 8 to 100 8, a soft 

x-ray calibration apparatus has been designed and is currently 

under construction. 

This design uses as a source of radiation a soft x-ray tub2 

1 or' the type developed by Henke. .It is easily disassembled to allow 

anodes of different materials to be used and will produce K, L, 

and PI characteristic lines in the region from 8 8 to 114 g, with 

a low background of continuum ,emissions. Because an oil-free high 

. . 
vacuum is maintained inside the x-ray tube, it may be viewed directly 

by the spectrograph under calibration; the wavelengths ~f the 

characteristic lines for various anode materials are well known 

so this provides a wavelength calibration of the instrument, Eight 

different anodes will be used, giving a calibration at eight points 

betweei '8 8 and 114 8. 

,To perform a photometric calibration, the Brigl.ltness of the 

radiation emitted by the x-ray tube must be accurately determined. 

For this purpose, a vacullm tank. and beam line systein have been 

designed which will allow khe,emitting anode area of the. x-ray 



tube  t o  be viewed s imul taneous ly  by t h e  spec t rograph  and- by a  gas  . '  

flow p r o p o r t i o n a l  coun te r  which w i l l  be  ope ra t ed  a t  sub-atmospheric 

p r e s s u r e s  (20-200 t o r r ) .  ~ x c e p t  nea r  t h e  C-K edge a t  44 g, t h e  

pr 'opor t iona l  coun te r  can be  ope ra t ed  a t  e f f i c i e n c i e s  between 80% 

and 100%. These v a l u e s  can be  a c c u r a t e l y  c a l c u l a t e d  a t  a  g iven  

wavelength from t h e  gas  pressure .1  The e f f i c i e n c y  of  a  s e t  of 
. . . . 

p r o p o r t i o n a l  coun te r  windows w i l l  be  determined by measuring t h e  

change i n  s i g n a l  w h i l e  t hey  a r e  moved i n  and o u t . o f  t h e  x-ray beam 

on a  vacuum feedthrough.  With t h e  o v e r a l l  e f f i c i e n c y  of t h e  propor- 

t i o n a l  coun te r  known a t  t h e  e i g h t  c a l i b r a t i o n  wavelengths ,  t h e  

b r i g h t n e s s  of  t h e  x-ray t ube  can be determined and the . spec t r0grap .h  

may be  pho tome t r i ca l l y  c a l i b r a t e d .  

The x-ray t ube  and pumping system have been assembled and 2.re 

c u r r e n t l y  be ing  t e s t e d  w i t h  t h e  p r o p o r t i o n a l  coun te r  and gas  flow 

c o n t r o l  system. The vacuum tank  and beam l i n e  system a r e  under 

c o n s t r u c t i o n .  

' 8 .  L. Henke; H. A .  T e s t e r  ; l l ~ e c h n i q u e s  of Low Energy X-ray 

Spectroscopy (0.1 t o  2 keV reg ion ) "  i n  Advances i n  X-ray Analys i s ,  

Vol. 18 ,  Plenum P r e s s  (1975).  



A.  Time-resolving EUV Spectrograph 

A t ime-reso lv ing  spec t rog raph  f o r  u s e  a t  extreme u l t r a v i o l e t  

wavelengths ,  which was desc r ibed  i n  t h e  p rev ious  p r o g r e s s  r e p o r t , .  

h a s  been c a l i b r a t e d  and f i e l d  t e s t e d  d u r i n g  t h e  p a s t  y e a r .  The 

spec t rog raph  incorp 'o ra tes  a  d e t e c t o r  c o n s i s t i n g  of a  windowless 

microchannel  p l a t e lphosphor  s c r e e n  image i n t e n s i f i e r  coupled by 

f i b e r  o p t i c s  t o  a n  i n t e g r a t e d  photodiode a r r a y  w i t h  1024 s e n s i n g  

elements .  Th i s  d e t e c t o r  o p e r a t e s  i n  a  manner s u g g e s t i v e  of  a n  

e l e c t r o n i c  photographic  p l a t e :  t h e  spectrum is  imaged on to  t h e  

d e t e c t o r  which i s  "exposed" f o r  a  t ime a s  s h o r t  a s  3.7 m s ;  t h e  

accumulated image is  then  "developed" by t h e  scanning  e l e c t r o n i c s  

d i g i t i z e d  and s t o r e d  by a  sma l l  computer; and re-exposed a g a i n ,  

r e p e a t i n g  t h e  p roces s  up t o  80 t i m e s  du r ing  a  s i n g l e  plasma d i s c h a r g e .  

The v e r s a t i l i t y  of  t h e  spec t rog raph  i s  enhanced by u s i n g  seven 

g r a t i n g s :  two which span t h e  r e g i o n  between '300 and 2200 

f o r  survey  work; and f i v e  which cover  a d j a c e n t  i n t e r v a l s  of t h i s  

r e g i o n  a t  h i g h e r  s p e c t r a l  r e s o l u t i o n .  

I n  l a t e  May 1980 , the  spec t rog raph  was pho tome t r i ca l l y  c a l i b r a t e d  

a t  t h e  NRS SURF I1 e l e c t r o n  s t o r a g e  r i n g .  I n  J u l y  and August .1980 

i t  was used t o  s tudy  t h e  A lca to r  A tokamak a t  t h e  Massachuse t t s  

I n s t i t u t e  of  Technology, F ranc i s  Bitter Na t iona l  Pfagnet Laboratory.  

I n  ~ s p t e m b e r  19.30, t h e  spec t rog raph  was t r a n s p o r t e d  t o  t h e  TFR 

to1smak, Fontenay-aux-Roses, France f o r  a  two month s tudy  of  t h e  

TFR plasma. I n  March 1981, a  r e c a l i b r a t i o n  was done a t  NBS SU& TI. 

The wavelength c a l i b r a t i o n  was p a r t i a l l y  done i n  t h e  l a b o r a t o r y  



us ing  a Penning d i scha rge  lamp and completed in the f i e l d  us ing  

l i n e s  produced i n  tokamak plasmas. 

The spec t rograph  has  demonstrated both  i ts  e l e c t r i c a l  and 

mechanical r e l i a b i l i t y  du r ing  t h e s e  f i e l d  experiments .  The i n s t r u -  

ment was t r a n s p o r t e d  under h igh  vacuum, and i t s  h igh  vacuum was 

maintained even du r ing  shipment between t h e  U. S .  and France du r ing  . 

which i t s  i o n  pump remained o f f  f o r  a per iod  of e i g h t . d a y s .  The 

spec t rograph  i s . o p e r a b l e  i n  any p o s i t i o n :  i t  was mounted on a  top 

p o r t . o f  Alca tor  s o  t h a t  i t  was po in t ing  v e r t i c a l l y  downward; 

on TFR i t  was mounted 10' from h o r i z o n t a l .  s i g n a l s  from t h e  d e t e c t o r  

t o  t h e  c o n t r o l  room were f r e e  of spur ious  e l e c t r i c a l  pickup a t  

bo th  machines. E f f e c t s  of hard x-rays were n e g l i g i b l e .  1 n s t a l l a t . i o n  

on each tokamak took only a  s i n g l e  day and d a t a  was taken  s t a r t i n g  

w i t h  t h e  f i r s t  s h o t  a f t e r  i n s t a l l a t i o n . a t  both Alca tor  and TFR. 

B. Grazing 1nc.ldenr.e Time-Resolving Spectrograph 

A s  magnetic f u s i o n  dev ices  reach  h ighe r  e l e c t r o n  and i o n  

tempera tures ,  lower wavelength photons p l ay  a  more important  r o l e  

i n  plasma d i a g n o s t i c s .  S ince  graz ing  inci.dence o p t i c s  i s  much more 

e f f i c i e n t  t han  normal i n c i d e n t  o p t i c s  f o r  t h e  lower wavelength 

r a d i a t i o n ,  a  g raz ing  inc idence  t ime-resolving spec t rograph  has  

been designed ( s e e  t h e  previous  annual  r e p o r t )  and i s  c u r r e n t l y  

be ing  assembled and eva lua t ed .  The ins t rument  i s  a  l o g i c a l  ex t ens ion  

. . 
of t h e  norinal inc idence  t ime-reso lv ing  spec t rograph  ( see  t h e  prevTous 

subsec t ion )  t h a t  a l lows  d e t e c t i o n  of r a d i a t i o n  down t o  10  8. The 

two ins t ruments  complement each o t h e r  w i t h a n o v e r l a p  r eg ion  between 



300 to 350 2 when a 1200 l/mm grating is used. The multichannel 

detector makes the instrument essentially 1000 times more powerful 

than conventional single channel instruments. The microchannel 

plate intensified.silicon diode array detector and the Minuteman 

one meter grazing incidence spectrometer have been evaluated, and . . 

the efficiency of the assembled spectrograph will. be measured at 

the NBS SURF I1 facility soon. Three different interchangeable 

, - 

gratings will be used allowing a versatile wavelength. range. 

A 2400 l/m grating covers a spectral region of 8 to 175 8, with 
I 

% 0-2 2 resolution. The 1200 l/m will- span the 15 to 350 8 region 

with % .0.4 2 resolutio*, and the 300 l/m sumfey grating would . . 
* .  

cover 40 - 1200 2 with k 1 8 resolution.. The instrument will' be 

photometrically calibrated using both, synchrotron radiation at 

NBS and discrete radiation from a Henke x-ray tube. During the 

summer, the instrument will be mounted on PDX at Princeton to study 

impurity radiation. 
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