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Motivation

« Kaiser Optical Holospec spectrometers at JET
— KSaD, KS5E, KS7D, KS7C, . ..

« Short focal-length leads to non-constant
dispersion across the image plane (CCD camera)

 Difficulties in determining the dispersion
 Difficulties in analysis within CXSFIT

* Inconsistency between KS5C (Czerny-Turner
system) and KS5D measured C vi T; and v
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Outline

* The grating equation for Holospec
instruments

« Validity of 2" order polynomial
approximation, in principle

* Fitting of Sm lamp calibration data to
derive the wavelength calibration and
dispersion

» |ssues with pulse data: Be, C positions
* Discussion
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FEEVIEW OF SCIENTIFIC INSTREUMENTS VOLUME 75, NUMBEE. 10 OCTOBEE. 2004

Exploiting a transmission grating spectrometer
Ronald E. Bell®

Princeton Plasma Physics Laboratory, Princeton University, Princeton New Jersey 08343-0451
(Presented on 21 Apnl 2004; published 13 October 2004)

The availability of compact fransmission grating spectrometers now allows an atiractive
and economical altermative to the more famubar Czemy-Tumer configuration for many
high-temperatire plasma applications. Higher throughput i1s obtained with short focal length
refractive optics and stigmatic imaging. Many more spectra can be obtained with a single
spectrometer since smaller, more densely packed optical input fibers can be used. Multiple mput
shits, along with a bandpass filter, can be used to maxinmize the number of spectra per detector,
providing further economy. Curved slits can correct for the strong image curvature of the short focal
length optics. Presented here are the govemung grating equations for both standard and
high-dispersion fransmission gratings, defining dispersion, image curvature, and desired slit
curvature, that can be used in the design of mmproved plasma diagnostics. © 2004 American
Institute of Physics. [DOIL 10.1063/1.1787601]
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- JET  Short focal length spectrometers

* Design pioneered by R.E. Bell at
PPPL

— Multiple curved entrance slits
— 20 channels/instrument

* Spectrometer
— Kaiser Optical Holospec /1.8

— Transmission gratings for high
throughput

« CCD camera

— Roper Cascade 512B

— Roper PhotonMax 512

— Fast framing (5 or 10 ms)
* Rotary chopper

— Scitech Instruments 300

— Prevents image smearing during
read-out

« PC driven
Core Spec Grp Mtg, JET, UK 18 Aug. 2008
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FIG. 1. Schematic of transmission erafing spectrometer. e
A = b COS YSIN(B, +0,) + Sin(B, +0,)/ [5
A= A4 cOs y[sin(0, +¢,) + sin(B, + tan-T(x
A= A{B; + sin(C + tan"'(x,/D))]

INIX, = (A /f,) cos y cos(B, + tan-1(x/f,
dNdx, = (A, /D) cos(C + tan"'(x,/D)) cos? (tan'(x,/D))
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-+ JET Holospec grating equation (cont.)

A= A{B; + sin(C + tan"'(x,/D))]
dNdx, = (A, /D) cos(C + tan-'(x,/D)) cos? (tan"!(x,/D))

A=\, cos v /[sin 6, +sin B,] | = (5290 A) cos y /[sin40°+sin50°] ~ 3751 +/-5 A
B=sin(0; +¢) =sin(40" + ¢,) ¢ ~ 0.64 +/- 0.02
C=0, = 50° t

D= f, =58 mm nominal values for KS5D

curved entrance slits
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Binning into “tracks”
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« The CCD is vertically binned into tracks, corresponding
to fibers viewing different radial NBI volumes.

« Curved entrance slits ensure that spectral lines have
minimal deviation (horizontally) within a track.
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Calculated A(p)
and d(p) binned
over actual KS5D
track definitions.

2nd order
polynomial fit to
M(p) over the
range of KS5D
filter bandpass.

AvIiv=Ad/d<0.1%

It is valid for
CXSFIT to
linearly
approximate d(p)
within passband.

18 Aug. 2008



Calibration sensitivity

Sensitivity to Dispersion: Sensitivity to wavelength “offset”:
vV =C AJhy=cC pd/ A, V =C AJhg=C (M-Ny)/ A
Av =v_-v_ = c(d,-d.,)p./ A AV = V-V = C[(A M) (M=)l A

=c (A-N,) [ A
AVIV = (VN )V = (d,d, )/ (hahm) I 2

=Ad/d AVIV = (Vv IV = (A-A) T (M -h)

= [(egFAgtNg)- (et AGTAG)] /T (8 FAg +Ag) -A(]
1% error in dispersion = (e~ €p) (g, TAS)
implies 1% error in =g, /(e tA)

measured velocity.
AvIv =[e [N\o)/[vIct € /Ay ]

If v;~300 km/s then v/c~0.001,

1% error in wavelength offset implies ~100%
error in measured velocity

0.1% error in wavelength offset implies ~50%
error in measured velocity.

0.01% error in wavelength offset implies ~10%
error in measured velocity.
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Sm calibration data

X| spectral fitting
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— ~10% errorin
meas. velocity

— Finding line
centers to this

11 llJLilllllllllllllllll

- accuracy implies
= E ~1/4 pixel
‘“E = resolution for
E “E E KS5D
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Pulse data (73916)

I |« Applying calibration
* 1 from Sm lamp to JET
: | data shows
l substantial offsets
it I e 1 — Non-stationary
- I passive, edge lines?
— Limit to instrument
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A Ll » Correctible within
JL CXSFIT
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Discussion

 How should dispersion for these
instruments be determined?
— Fit to Sm calibration data (good enough?)
— incorporate “pulse” data, C, Be, etc.?

— Use “first principles” function or 2"d-order
polynomial?
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