
Optical Diagnostics
Hg_jet_meeting, Oct-18-05   Thomas Tsang

• tight environment 

• high radiation area

• non-serviceable area

• passive components

• optics only,  no active electronics

• transmit image through flexible fiber bundle



glass imaging fiber bundle
Core size: 12 µm, diameter: 1/8”

Optical Diagnostics

Total fiber counts ~50,000 in 3.17 mm diameter
Imaging ~243 x 243 fibers on 960 x 960 CCD array

~1 imaging fiber on ~4x4  pixels on full frame

~1 imaging fiber on ~1 pixel on a single frame

SMD camera
CCD size: 13.4 x 13.4 mm
Pixels: 960x960
Single frame:  240x240 pixels

57,600 picture elements 
Reduced pixel size: 56 x 56 um

glass imaging fibers



Optical Diagnostics

test target

retroreflected illumination

Spherical mirror

laser
illumination

image
collection

Works OK in this tight environment

cm scale



Optical Diagnostics

test target

Exp test setup

Optical Components
•50/50 beam splitter: Edmund, 0.5 cm cube 
•spherical mirror: Edmund, f=3-in, D=3in< Au coated
•small prism mirror: Edmund, 1x1x1.4 cm, Au coated
•large prism mirror: Edmund, 2.5x2.5x3.54 cm. Au coated
•imaging fiber Edmund: ⅛-in diameter, 12-µm core, 0.55 NA
•illumination fiber: ThorLabs, 0.22 NA, SMA-905 840 -µm core
•imaging lens: Sunex, f=0.38-cm, f/# 2.6, diagonal FOV 54°, φ1.4-cm x 2.0 cm



Optical Diagnostics
Field of view – NIR laser illumination & imaging



Optical Diagnostics
optical design in secondary containment

One set of optics
per viewport

e-Drawing - Van Graves, ORNLe-Drawing - Van Graves, ORNL

Conceptual design
completed



Optical Diagnostics
An optical chopper in motion @ 4 kHz

Stationary image 100 µs/frame

10 µs/frame
Velocity @ ~40 m/s

100 µs/frame 
with reflective mask

1 µs/frame



Optical Diagnostics
An optical chopper in motion @ 4 kHz cont’

Velocity @ ~40 m/s

100 µs/frame 
with reflective mask

frame #12



Irradiation Studies of Optical Components
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CERN, ~ April 15-24, 2005
1.4  GeV proton beam
4 x 10 15 proton
Irradiation dose: equivalent to
40 pulses of 24 GeV proton beam
28 TP/pulse
total of 1.2 x 10 15 proton

Received radiation dose:
3231 Gy, ~ 3.2 x 105 rad
or
3.2 x 106 rem
(assume a quality factor of 10)



Before irradiation April, 2005Optical
components



Irradiation summary – transmittance/reflectance measurements

Activity right after irradiation: 4 mSv/h on contact
30 µSv/h at 50 cm away

Activity ~ 1 month later (5/23/05): 0.5 mSv/hr on contact (50 µrem/h)

Activity arrived at BNL  ~ background level



3-feet long of Schott imaging fiber before and after irradiation

before

after

50 x 500 x

I = Io e-αt From fused silica results: α = 0.62,      for  t = 0.1 cm
Projected transmission for t=3-ft of the imaging fiber:

e-(0.62)(91 cm) = 3 x 10-25 !!!  for ~40 proton pulses
If  α is linearly prop. to # of proton pulses, transmission for 1 proton pulse = 0.244 for 1-meter

= 4x10-4 for 5-meter



Fujikura imaging fibers



Sumitomo imaging fibers

IGN-08/20 - sample

5 meter
limit

>20 meter
available

All have small
imaging area
<2 mm diameter
Rad-hard?



Optical Diagnostics
Other issues

1. Laser power increase to ~40 W/pulse (instead of 10 Watt/pulse)
2. Depth of focus → apparent image size variation
3. 3-in diameter spherical retroreflecing mirrors – on hand 
4. Anti-reflection coated (@ 800 nm) viewports: lexan, sapphire, or fused silica  
5. Number of viewports ? 4
6. Location of the viewports ? 6-inches aparts
7. How many fast CCD camera ? 1 fast (1 µs), ~2 slower (250 µs), 1 video?
8. Switch from one viewport to the next with one (fast) laser/camera system ?
9. ~20-m long flexible rad-hard imaging fiber bundles
10. Radiation resistance of imaging fiber bundle and optics ? continue testing
11. …

CCD
camera





Video camera capture of waterjet,  August 19, 2005 @ Princeton
Camera: 30 frame/sec conventional video camera

nozzle: diameter ~? mm, length ?-inch 640x480 pixels, 30 frame/sec, 20 frames

complete waterjet

close-up view of nozzle

front
view

angle
view



Fast camera capture of waterjet
September 16, 2005 @ Princeton

Camera: FastVision 13 capability 
1280x1024  pixels, 500 frames/sec, 0.5 sec video 
or …

complete waterjet

close-up view of nozzle

waterjet in action: movie

nozzle: diameter ~8 mm, length 6-inch

1280x1000 pixels
50 frame/sec
20 frames of video



close-up view of waterjet

Frame rate: 500 frame/sec (2 ms per frame)
1280x1000 pixels,  exposure time 0.5 ms
20 frames of video

1st run @ 8:25 am

waterjet velocity ~12-17 meter/sec

22 cm



waterjet at varies pump speeds

Frame rate: 1000 frame/sec (1 ms per frame)
1280x500 pixels,  exposure time 0.25 ms
20 frames of video

6th,7th, & 8th runs @ 9:14 to 9:24 am

waterjet velocity
~10, 12, & 7 meter/sec, respectively

full speed

75% speed

50% speed

22 cm



Fast camera capture of garden hose spray September 9, 2005
Camera: FastVision, 1280x500  pixels

22 cm

1280x500 pixels
1000 frame/sec
20 frames of video

Velocity ~ 6.7 meter/s

1280x500 pixels
1000 frame/sec
20 frames of video

Velocity ~ 20 meter/s


