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NSTX Project has approved plans for a new divertor 
spectrometer for improved LLD diagnosis 
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New spectrometer will address high-priority 
goals in NSTX Boundary Physics research 

  Divertor ion source characterization 
•  Atomic D, Li, C influx profile measurements in divertor 
•  Molecular sources (D2, LiD, BD, CD4, …) 

  Divertor ion sink characterization 
•  Electron-ion recombination patterns in divertor (D, He, Li) 
•  High-n Balmer (and Paschen) series lines for ne, Te estimates 

  Ion temperature measurements in divertor (based on Doppler 
broadening) for ion heat transport analysis 

  Various applications 
•  Divertor and edge measurements in HHFW-heated plasmas 
•  Near-infrared spectroscopy for ITER 
•  Possibly, SOL flow measurements and helium line ratios 
•  Possibly, LTX impurity profile measurements 
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VIPS 2 spectrometer is used for multi-point 
divertor and SOL measurements 
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Conceptual requirements to new spectrometer 

Diagnostic 
requirement 

Input optics, 
including fibers 

Spectrograph  CCD camera detector 

Full divertor coverage 
with 1 cm resolution 

Long FL imaging lens; 
Small diameter fibers 

Stigmatic, aberration-
free imaging of input 
slit of < 1 cm height 

CCD chip height 

Broadband spectral 
coverage 
350-1200 (1900) nm 

Low attenuation in 
range 

Several gratings Broadband sensitivity 

Temporal resolution  
1- 50 ms 

Optimized throughput Largest f/# for given 
size 

Fast readout 

High spectral resolution 
> 0.01 nm 

Optimized throughput, 
imaging of divertor on 
entrance slit  

Large size; 
2400-3600 gr/mm 
gratings 

Small pixel size  
(10-15 um) 

High imaging quality Stigmatic, aberration-
free imaging  

Stigmatic, aberration-
free imaging 

Square chip  
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System layout and Components 

  Imaging lens 
  30 m fiber bundle 
  Spectrometer input 

optics 
  Spectrograph and 

gratings 
  CCD detector 
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NSTX machine interface and proposed views 

  Top divertor view from 
Bay C top port – 
existing window with 
lens and fiber bundle 
mount (VIPS 2) 

  Tangential divertor 
view from Bay B 
horizontal divertor port 
(to share with camera 
FOB) 
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Imaging lens 

  Present lens –  
 Nikon model Nikkor NIK18028DAF, f=180 mm, f/# 2.8  

  In initial phase, propose to use this lens 
  Eventually will use lens with improved UV transmission 

March 8, 2007 //     Slide 1

250 nm250 nm -- 650 nm650 nm

! 105mm f/4.5 lens

! Apochromatic 

! Macro lens

! Manual focus (0.5 m – infinity)

! Nikon F-Mount

! 250 nm to 650 nm range

! 52 mm Filter Mount

! Aperture (4.5  - 32)

UV CoastalOpt® SLR Lens

NIK18028DAF Example of UV-VIS lens 
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Fibers 

  Typical choice 
– silica-silica 
with high OH 

  Propose new 
Polymicro FBP 
broadband 
fiber 

  NA=0.22  
 (f/#=2.27) 

Silica-silica with high OH 

Proposed FBP fiber 
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Spectrograph 

  Commercial Czerny-Turner mount to minimize development 

  McPherson Czerny-Turner spectrographs have highest f/#’s 
for given focal length in industry (cf Acton Research Corp., 
HORIBA / Jobin Yvon, Chromex) 

  McPherson offers cylindrical correcting mirror for high quality 
imaging applications 

  McPherson offers a variety of large size high groove density 
holographic gratings 
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McPherson Model 207 Spectrograph 

  Highest f/# 4.7 at R=0.67 m in industry 
  Grating Size 120 x 140 mm 
  Imaging Optics 
  Automated wavelength scan 
  Accuracy 0.05 nm (with 1200-g/mm grating) 
  Reproducibility ±0.005 nm (with 1200-g/mm grating) 
  Entrance slit height 2-20 mm, entrance slit width 5-4000 um 
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Imaging with McPherson spectrographs 

  Imaging aberrations: spherical 
aberration, astigmatism, coma, line 
curvature 

  Correcting spherical aberration and 
astigmatism is self-exclusive 

  McPherson: introduce a master 
cylinder correction mirror at one of the 
side port mirror positions 

  Ray-tracing: 9 spots at ± 10 mm 
spatially, ± 13 mm on the dispersion 
axis, 100 um diameter 

  Since high quality imaging region is 
limited, CCD detector can be square, 
not extended along dispersion axis 



V. A. Soukhanovskii, NSTX divertor imaging spectrometer,  05/2009 
13 of  20 

Princeton Instruments Pro EM 512 CCD camera 
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Princeton Instruments Pro EM 512 CCD camera 
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Doppler spectroscopy 

  Maxwellian distribution of atom (ion) velocities lead to a Gaussian 
shape of projection on line of sight 

  FWHM is related to temperature 

  When ions charge-exchange with neutrals (e.g. D), neutral 
temperature is close to ion temperature 

  Large variety of D, He, Li neutral and ion lines in UV, VIS, and NIR 
  Based on PI ProEM CCD, 4 pixels 16 um each, FWHM of one 

instrumental line takes 64 um, or 0.064 mm 
  With given McPherson 207 spectrograph imaging quality and 

dispersion, FWHM of Doppler broadened line must exceed  0.064 
mm on the detector 

∆λD = 7.16× 10−7λ
√

T/µ
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McPherson 207 with 3600 g/mm grating and  
Pro EM 512 CCD will have 0.027 nm instr. line 

35 A on CCD chip 
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McPherson 207 with 1200 g/mm grating and  
Pro EM 512 CCD will have 0.08 nm instr. line 

100 A on CCD chip 
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Conjugation of optical components 

  Matching F numbers: 
Lens: 2.8  -  Fiber: 2.3 - Matching optics:  from 2.8 to 4.7  - Spectrograph: 4.7 

SMA-SMA 
coupling 

V-groove 
interface 

  Magnifications: 
Lens: 1./16.7  -  Fiber: 1 - Matching optics: 1.68  - Spectrograph: 1 
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Summary 

  Lens ($ 4 K) 
  New fibers ($ 20 K) 
  Fiber matching optics ($ 5 K) 
  McPherson spectrograph ($ 35-45 K) 
  Princeton Instruments CCD camera ($ 38 K) 
  New PC ($ 1 K) 
  Misc. small parts ($ 2 K) 
  Total M&S: $ 105-115 K 
  Minimal technical labor 

•  Need technician to put fibers in core-lock 
•  Need machinist to make front-end fiber holder 
•  Need programmer to adopt existing software for CCD 
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Schedule 

  June 2009 
•  Order McPherson spectrograph (delivery 2-3 months) 
•  Order CCD detector (delivery 4-7 weeks) 
•  Finalize design of input optics and order components, including 

fibers (delivery 4-6 weeks) 
  September – December 2009 

•  Mount new fiber holder at Bay C top port 
•  Run fibers from NTC 
•  Put together spectrometer components 
•  Develop DAQ 
•  System tests with full system 
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Reference: VIPS 2  

Ten  


