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• 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



Optical Diagnostics

test target

retroreflected illumination

Spherical mirror

laser
illumination

image
collection

Works OK in this tight environment

cm scale



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
optical design in secondary containment

One set of optics
per viewport

Conceptual design
completed



Irradiation Studies of Optical Components - I
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, ~ 323 krad

Before irradiation April, 2005

Schott glass imaging fiber
not good



Irradiation Studies of Optical Components - II

Sumitomo fused silica imaging fiber
is good

CERN, ~ Oct. 24, 2005
1.4  GeV proton beam
5 x 10 15 proton
Irradiation dose: equivalent to
40 pulses of 24 GeV proton beam
total of 5 x 10 15 proton



continuous
10-20 meter
available

illumination uniformity

Sumitomo imaging fibers

IGN-08/30 sample
0.3-meter 

30,000 pixels

$40.3k$20.8k$10.3kTotal cost for 4 fibers (40 meter)

$10065$5214$2574Cost in 10 meter

$305$158$78Cost per foot 

Rad-hard to 1 Mrad

continuous
10 meter

maybe available

price quote



Fujikura imaging fibers

Fujikura data, FIGH-30
A continuous 20-meter fiber
30,000 pixel imaging fiber

$33k

$8250

$250

$71.8k$11.2k
Total cost for
4 fibers (40 meter)

$17.8k$2805Cost in 10 meter

$540$85Cost per foot 

unofficial price info

illumination uniformity

image after a  continuous 
20-meter long fiber

$49,026.8$27,742.6Total cost for
4 fibers (40 meter)

$15,607.9Cost in 20 meter

$12,256.7$6,935.65Cost in 10 meter 

$371.4$210Cost/foot
official price info



Sumitomo IGN-08/30 Fujikura FIGH-30-850N

30,000 picture elements

NO significant difference in the uniformity of imaging fibers



Image quality comparison

camera SMD illumination
NIR pulse, 10 us/frame

30,000 pixels, 1-mm diameter

Fujikura Sumitomo
25 cm long 30 cm long

NO significant difference in image quality
Should go with Sumitomo fibers

(20 meters have been ordered)

$210/foot $78/foot delivery in 4 weeksdelivery in 3 months

FIGH-30-850N IGN-08/30



Grin objective lens
imaging fiber – 1 mm
illumination fiber
fiber holder

All-in-one optical setup

implementation depends on the
radiation hardness test on the Grin
objective lens 



All-in-one images
0.1 ms NIR pulse

Sumitomo IGN-08/30

Fujikura FIGH-30-850N

0.01 ms NIR pulse



SMD 64KIM camera
CCD size: 13.4 x 13.4 mm
Pixels: 960x960
Single frame: 240x240 pixels

57,600 picture elements 
frame rate:    16 frames up to 1 µs/frame

CCD cameras

FastVision
CCD size: 15.4 x 12.3 mm
Pixels: 1280x1024
Single frame: FPGA programable

1.3 M picture elements 
Frame rate:   500/s @ full resolution

2500/s @ 200x1280
Shutter speed down to 1 μs
Storage of 800 frames @ full resolution

CERN Olympus Encore PCI 8000S
4 kHz recording rate, 25 μs electronic shutter



Laser sources

Laser diode, SLI 15-W, Class IV
Power = 15 Watts
Ith= 4.5 Amp
λ -= 808 nm

JDS Uniphase
Laser diode, SDL-2300-L2
Power = 1 Watts
Ith= 0.3 Amp
λ -= 850 nm



Optical Diagnostics
Conclusion

1. Passive optical components 
2. Image transmit through 10-meter long flexible rad-hard imaging fiber bundle
3. Laser illumination through spherical retroreflecing mirror
4. 4 sapphire viewports, 6-inches aparts
5. 1 fast (1 µs/frame) CCD camera, ~3 slower (250 µs/frame) camera
6. New laser and optics have potential to illuminate all viewports with one laser
7. A mark-up run will be assembled in May 2006

CCD
camera


