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£ Enhancements to Pegasus Thomson
I\

*~ Scattering System Implemented

Collection of T, and n, profiles is a critical plasma measurement
— Equilibrium/Stability
— Transport and confinement

Two new spectrometers deployed
— Additional 16 data channels

Laser triggering and alignment improved
— Increased scattered signal

Improved calibrations methods and analysis techniques

e Synchronized and automated system operation
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Pegasus Is a Compact Ultralow-A ST
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£ Layout of the Pegasus Thomson Scattering

Diagnostic
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y “Turn-key” 2J Laser Optimized for
¢

Operation on Pegasus

e Continuum Powerlite DLS Plus 2J Nd:YAG laser

* Frequency doubled to provide 2J at 532 nm

Specification Value Determining factors

Divergence < 0.5 mrad dD:rsT,]i;egc(le ?Eiﬁéas;olution, component
Pointing stability < 50 prad Beam line (~7 m)

Pulse length ~7 ns FWHM Availability at desired power
Repetition Rate <10 Hz Shot duration;

Jitter < 500 ps Time resolution

Polarization ratio = 90% Scattering dependence
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£ Laser Alignment Maintained with Remotely
P\

Actuated Mirrors and Networked Cameras

Actuated Mirror Neutral Density

] ] ] / Filters
e Thermal lensing, vibrations l
From Ethernet CCD

detune beam allgnment Laser Enclosure  INHTE Camera

« Two actuated mirrors control Vacuum
laser alignment Vessel

— Position monitored with cameras

Actuated Mirror > N To Beam Dump

* Energy meter measures exit  neutral pensity Filters —>

power at end of beam line
. I Ethernet CCD

— Acts as beam dump
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£ Timing Sequence Modifications Improve

| Beam Quality and Energy Density

 New delay generator pulses
flashlamps, Q-switch at 10 Hz

— Reduces laser idling time

* Improved beam quality and
output power

— Original configuration: ~ 1.3 J
— Modified configuration: ~ 1.8 J
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Burns taken before entrance to
vacuum vessel (Images to scale)

Original Configuration
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Aperture Assembly Reduces

Stray Light by a Factor of 10°

“Critical” apertures
— Block stray light from vacuum vessel

o “Subcritical” apertures
— Blocks scattered light from critical apertures
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— Blocks light from subcritical apertures e
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£ Gated Collection Window Used to Mitigate
I\

Stray Light Reflections

Spectrometer — SN4076

e Spectrometer collection time 100x10° ——
scanned with respect to laser £ ol L N R
8 60}
:8_3 401 Reflection
§ 20F
* Initial laser pulse, stray light e 280 a0 500 510 520
reflections clearly identified Spectrometer Delay (ns)
Spectrometer — SN4077
100x10° T “®- Avg. Data Channel
g 8ok —— Avg. Background Channel
» Use of fast gating enables 3 eof
elimination of stray light 5 o
— Optimum delay determined to be § 2o

479 ns with a 16 ns gate width 0270 480 490 500 510 520

Spectrometer Delay (ns)
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£ Multi-Element Collection Lens Supports High

w0

e Design Criteria:
— Collect 80 cm flat field of view
e 72 cm from lens

— Resolution sufficient to collect a scattering
area~1.5cmx0.3cm

e Curved image p|ane with open Collection Lens Fiber Optic Bundles
locations for fiber placement

- F#21
— 20.2 cm focal length 80 cm

« Magnification ~1/3

G.M. Bodner, APS-DPP, Savannah, GA, Nov. 17th, 2015




Fiber Bundles Image 80 cm
G2 J

Radially Along the Midplane

e Each channelis0.3cmx 1.5cm

1.5 cm radial resolution—pa—ue

Background channek
\"— == %
— =43

Data Channel 1

« 8 spatial channels per
spectrometer ﬁ \ // (
— 4 data, 4 background channels , /{
— High and low background channels % = ong beam \\kkN
80 cm viewing area— M\\

assist beam alignment
532 nm Laser Beam

!

=

Viewing Volume in Plasma

1.5 cm wide x 0.3 cm tall Y,

Image at Fiber Optic Bundles

4.3mm wide x 1.1 mm tall
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Compact Spectrometer Uses VPH

Gratings and ICCD Cameras

Focusin
Lens 2 high voltage gating
electronics ;

water coolin

VPH o
Grating on-board Digital Delay
Generator (DDG™) DDG™ external
ml o |—_ [ . [ a heat sink ‘ connectors
face plate RIC — = - ‘
S e ) ) [
1 L | K—;—

Collimating i —

photocathode 3 == B

S o S AN
ICCD Manufacturer Specifications: Andor iStar 734
Effective Active Area (mm)  13.3x13.3 Effective Pixel Size (um) 19.5x19.5
Read Noise 229e- Active Pixels 1024 x 1024
Spectral Range (nm) 120 - 1090 Photocathode QE (max) < 45%
Minimum Optical Gate Width >1.2ns Image Intensifier Gain > 200
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£ Spectrometer Design Features Interchangeable

VPH Gratings for Multiple Temperature Regimes

100

—— 1st Order
——— 0Oth Order

~
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Wavelength (nm)

(o]
o
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* Volume-Phase Holographic
(VPH) grating
— Diffraction Efficiency ~ 80%

[+)]
o
T

N
o
T

Diffraction Efficiency (%)

™
o
T

o

Collimating
Achromat

e TWO temperature gratings:
— “High T.” grating: T,~100eV-1keV \
e 2072 lines/mm (Core T,)

— “Low T,.” grating”: T,~10eV-100eV
e 2971 lines/mm (Edge/LHI T,)

Focusing
Lens
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On-CCD Binning Increases
Signhal-to-Readout-Noise Ratio

e Binning customized to match fiber
Image positions of 8 spatial channels

— Spatial locations mapped vertically
— Wavelength increases right-to-left
— Provides 16 spectral bins

Spatial location

e On-chip binning yields photon-noise
dominated statistics
— CCDs are 1024 x 1024 pixels
— Read noise ~ 8 e- / read event
— Bin 133 pixels V x 64 pixels H
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Arrangement of the Fiber Optic Bundles

Altered to Combat Vignetting Effects

 Intrinsic vignetting due to
spectrometer optics

— Off-axis channels most sensitive
to vignetting effects

 Qriginal configuration pairs
data, background channels

 New configuration optimizes
data channel signal integrity
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£ Detector Instrument Functions Obtained

using Calibrated Integrating Sphere

 Thomson signal divided by instrument function

— Accounts for detector flatness

* Previous flat field calibrations produced unreliable T, profiles
— Calibrations differ depending upon on-chip or software binning
— Light leakage through ICCD Micro-Channel Plate (MCP)

Flat Field Calibration — SN4076
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« Rayleigh scattering performed with

210 mTorr N, chs-

Ch7-
Ch6 -
Chb5-
Ch4-
Ch3-

o Scattered signal maximized in data  cnz2-

Ch1l-

channels ~ 40,000 counts

Ch 8 -
» Stray light minimized in background ¢,
channels ~ 5,000 counts crs-

Ch3-
Ch2-
Ch1l-

e ~ 2000 counts of Johnson noise
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%) Rayleigh Scattering Confirms Beam
¥ Alignment and Spectrometer Calibrations

Spectrometer — SN 4076
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£ Two New Multichannel Spectrometers Allow
D\

Simultaneous Measurement of 12 Radial Positions

Rail Limiter
* Fiber optic mount has four sets
of calibrated radial positions:
HFS CORE PED. LHI

— High Field Side (R~18.5-23.9 cm)
— Core (R~35.0-41.1 cm)
— *“L-H Pedestal” (R~51.5-57.6 cm)

— LHI Region (R~67.0-73.8 cm) _I f@
4

o Upgraded system provides
simultaneous measurements of
T, profile 0 < R/a < 1.1

Local Helicity Injectors
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Wire Grid Polarizers Added to Collection Optics

to Minimize Background Plasma Light

 |nitial measurements: ~ 13,000
counts from plasma light

* Wire grid polarizers used to filter
unpolarized background light

— Scattered light maintains incident

polarization
— Polarizers have 90% transmission Wire Grid Polarizer  Fiber Bundle
Visible Wire Grid Polarizer
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£ High Speed Shutter Needed to Prevent Light

Leakage through ICCD Microchannel Plate

* Images taken with MCP off
still observe counts

e Fast shutter will reduce
background light observed
after the collection window

— TS Collection Window ~ 16 ns
— Pegasus shot duration ~ 20-30 ms

* Implementing fast shutter with
rise time < 500 nst

1Scholten, Rev. Sci. Instrum 78, 026101 (2007)
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LCD Shutter 500 us ~63%
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£ Improvements in System Calibrations have

Produced Reliable T, Measurements

 New system modifications and calibrations observe
T¢(0) ~150 eV and T ¢gqe ~20 €V

e Data fits model Gaussian profile

50x10°
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LabVIEW Programming Allows for

€. Synchronized and Automated Data Collection

 LabVIEW used to interface Command Control Code
Trigger
Thomson components l
I
v ) ¥ ¥
—> System Status Panel Laser Panel ICCD Panel SRS-DG645 Panel
° Ethernet Commands Issued to Powerlite Laser ThomsulnSpect LSRS Delay‘:?enerator

arm laser and ICCD cameras —t— ‘*T"-

. . Flashlamps Q-Switch  Shutter CCD VI
— Operator only required to monitor ¢ t :
state of the active laser 1

* Physical triggering of the laser components and the ICCD

cameras via a Timing Sequence Module (TSM)
- Delay generators store Thomson delay scheme
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System Automation Extended

to Intra-Shot Beam Alignment

 Networked cameras and turning mirror actuators remotely
accessed using LabVIEW programming

* Image processing used to evaluate beam alignment
— Alignment from Rayleigh scattering used as fiducial

oa: Images?  Set Currentfeferancel e —
- - Turning
Q ox -
eeeeeeeeeeeeeeeee Avg Algome acuwoss,
‘ cccccccccccccccccc ‘ troi m Dump: EFT
eeeeeeeeeeeeee ity 301.10 el 313.91 nm ity
500 =
450
........................................................... a
00 350 00
50 300 b 50
> 75 26667 > 250 H
2=
200
150
| HA I
] ] i ] ] ! | 0-) ] | ) ] ] ! |
100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
X X
I Cursars: X Y |z | B2l | Cursars: X |y |z
B8 Ref. Centroid 301 | 233 | 2528 B8 Align. Centroid 314 | 232 25269
B MaskLL 200 80 0 BB MaskLL 200 80 0
B3 MaskUR 450 | 415 42,5332 B3 MaskUR 450 | 415 46.241¢
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% Modifications to Pegasus Thomson System
I\

Significantly Improve System Capabllity

« Addition of two multichannel spectrometer enables
simultaneous measurement of 12 spatial positions

* Modifications to laser timing and addition of wire grid
polarizers improves scattered signal to noise ratio

* Recalibrated detector set and system automation has
Improved diagnostic efficiency and reliability

e Future Work:
— Implement fast shutter to prevent ICCD leakage
— Integrate laser energy measurements, data analysis into automation process
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Reprints

Reprints of this and other PEGASUS presentations are
available online at

http://pegasus.ep.wisc.edu/Technical Reports
or via emall gbodner@wisc.edu

Work supported by US DOE Grant DE-FG02-96ER54375
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