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Outlines:

1. The first order (conceptual optics) design has been done
by Kirk McDonald. Critical components have been
purchased. The second order (engineering details) design is
in progress.

2. Bench tests for the camera image capture speed have been
done at BNL.

3. Instrument, component bench test and their integration
with hardware and software are in progress.

4. The larger scale bench test, site survey, engineering design
and integration with beam instrumentation are in planning.

5. Discussion on the radiation damage to the fiber optic
cable.

6.  Data acquisition and synchronization with beam issues.
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Optics for E951 Target Tests in the A3 Beamline

1 Introduction

In experiment E951 [1] we will conduct studies of the interaction of intense proton pulses

with liquid metal targets.

In the initial studies we plan to use a 24-GeV proton beam of up to 1:5� 1013 per pulse,

with a pulse width of about 30 ns FWHM, and a spot size of 1 mm rms radius. A candidate

liquid target material is mercury, whose density � is 13.6 g/cm3, and whose minimum de=dx

is 1.1 MeV gm�1 cm2. The density of energy deposition u due to ionization of the protons

is about 33 J/gm. Additional ionization due to secondary particles from interactions of the

protons in the target raises this to a peak of about 100 J/gm at 10 cm into the target,

according to a MARS calculation [2], as shown in Fig 1.
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Figure 1: A MARS calculation of the pro�le of energy deposition by 24-GeV

protons in a 30-cm-long mercury target [2].

The energy deposition u leads to pressure waves of peak stress P that can be estimated

as

P �
�VEV u

C
; (1)

where �V = 3� is the volume coe�cient of thermal expansion, EV is the bulk modulus

(inverse of compressibility) and C is the heat capacity per unit mass. Mercury is a candidate

1



Figure 4: Layout of the optical transport between the laser diode and the

high-speed camera in the A3 beamline for experiment E951.
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Figure 6: Elevation view of the schematic of the optical system for shadow

illumination of the target in E951.

The aperture D of the �eld lens is then related by

D = A
b+ c

c
= 13:75 cm (6)

for A = 10 cm and c = 8 m. Distance a is therefore about 0.6 m according to eq. (5).

The focal length F of the �eld lens is related by

1

F
=

1

a
+

1

b+ c
; (7)

or F � a � 0:6 m � 2400, since a� b+ c.

The diameter D � 14 cm of the �eld lens is large for a glass lens. As the quality of the

�eld lens need not be high, it su�ces to use a plastic Fresnel lens, such as available from

Edmund Scienti�c [11]. Model NT32-691 with a 2400 focal length and 1100
� 1100 area would

su�ce.

3 Optical Windows for the Liquid Metal Containment

Vessel

The liquidmetal targets to be tested in E951 will be viewed using the optical system described

above through two pairs of windows, on the inner and outer containment vessels, respectively.

These windows must contain any possible spray of hot liquid metal due to intense beam

energy deposition, and remain reasonably transparent after the radiation dose of, say, 100

pulses of 1:6� 1013 protons on target.

3.1 Required Impact Resistance

As discussed in the Introduction, the pressure wave induced by the proton beam energy

deposition might lead to dispersal of the liquid jet into droplets of velocity v � 50 m/s (170

8







Table 1: Speci�cations of the SMD 64K1M camera [6].

Imager

Sensor Custom Interline Transfer CCD

Format 240 � 240 pixels

Pixel size 56 �m � 56 �m

Active area 13.4 mm � 13.4 mm

Full Well Capacity 220 Ke�

Fill Factor 3%

Camera Operating Parameters

Frame Rate (max) 106 fps, in up to 15 bursts/sec

Sync Internal/External

Video 12 bit RS-422 or LVDS (4 channels @ 10 MHz)

Remote RS-232 Control Sync mode, trigger mode, electronic shutter, frame rate

Dynamic Range/Optical

Dynamic Range 70dB

Read Noise Less than 1.3 counts rms

Sensitivity 8 �V/e

Dark Current 300 e/pixel per second @ 25C

Quantum E�ciency 18% max. @ 740 nm

Mechanical & Environmental

Lens Mount C-mount

Dimensions (W � H � L) 3:700 � 3:700 � 400

Power 30 Watts

Mass 30 oz (0.85 kg)
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Figure 3: The 15-W, �ber-coupled, 808-nm laser diode [7].

Table 2: Speci�cations of the SLI 15-W, �ber-coupled, 808-nm laser diode [7].

Parameter Min. Typical Max. Unit

Power 15 W

Threshold Current 2 3 4 A

Operating Current 14 16 18 A

Numerical Aperture 0.22

Operating Temperature 25 C

Voltage 3.6 4.0 4.2 V

Slope E�ciency 1.1 1.3 1.5 W/A

Wavelength Tolerance �3:0 �5:0 nm

Connector Type SMA 905

Fiber Core Size 840 �m

camera is shown in Fig. 5, in which the vertical scale is expanded relative to that of the

horizontal. A large Fresnel lens captures the output beam of the laser diode and focuses it

through the �eld of view at the target onto the lens of the telescope. The CCD camera views

the target through the telescope.

The distance c from the target to the telescope lens is 8 m. The aperture of the CCD

sensor is B = 0:0134 m. The distance d from the telescope lens to the CCD is related to the
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■ High sensitivity
■ 12° range of adjustment about the vertical and

horizontal axes
■ Models for 2 to 6 inch mirrors with adapters

for in between sizes

These are our “mid-precision” mirror mounts; they offer a
larger range of adjustment with higher sensitivity than the
mounts described on the previous page, but aren’t as
sensitive as the models on the following page. The total
adjustment range is ±6° (±102 mrad) about each axis. Two
fine pitch thumbscrews independently control movement.
The control knobs are on the back plate so your hand isn’t
in the beam path.

LOW DISTORTION AND STABLE ALIGNMENT
These mounts use a threaded Delrin® retaining ring to

hold the mirror; the design distributes the holding force so
the result is a low distortion mount. The mirror holding plate
of the mount is spring loaded against a ball and the
rounded ends of the two adjustment screws, providing
stable, wobble free motion.

ADAPTERS FOR SMALLER DIAMETER OPTICS
The adapters listed on the previous page to hold “in-

between” sized optics and Helium Neon laser heads also
work with these mirror mounts.

MOUNTING
These mirror mounts have tapped 1/4-20 holes in the

bottom. They are most commonly rod mounted. Use
magnetic rod holders for freedom of movement. 

For the 4 and 6 Inch Mounts, we recommend that you
use large optical rods or a base, for stability. Mounting
bases increase the optical centerline by 0.5 inch (12.7 mm). 

PRECISION ADJUSTABLE MIRROR MOUNTS

17920, 17940, and 17980 Precision Adjustable Mirror Mounts
on Rods and Rod Holders.

C.A.

A

B

C

E*
NOMINAL

1/4-20
TAPPED HOLE

(3 PLCS)

MODEL
DIMENSIONS IN INCHES (mm)

C.A.E*DCB

3.68
(93.5)

3.38
(86)

1.7
(43.2)

0.7
(17.8)

1.75
(44.5)

A

2.0
(50.8)

2.25
(57.2)

3.25
(82.6)

5.0
(127)17980

17960

17940

17920

4.25
(108)

4.25
(108)

2.0
(50.8)

0.83
(21.1)

2.75
(70)

5.75
(146.1)

5.5
(140)

3.3
(83.8)

1.87
(47.5)

3.75
(95.3)

8.75
(222.3)

8.0
(203.2)

4.5
(114.3)

2.4
(61)

5.75
(146.1)

D
MAX

* “E” is the nominal distance from the rod axis to the center of
the front face of the mirror.

Fig. 1  Dimensional diagram of Precision Adjustable Mirror
Mounts.

179202.0   (50) 0.13 to 0.5   (3.3 to 13) 0.8 (4)1.75 (44) 12 (204)

4.0 (102)
6.0 (152) 0.38 to 1.5   (9.6 to 38)

0.13 to 1.0   (3.3 to 25)
3.0   (76) 0.13 to 0.75 (3.3 to 19)

Mirror 
Diameter
inch (mm)

Mirror 
Thickness Range 

inch (mm)

17960
17980

0.4 (2)
0.2 (1) $ 970.00

3.8   (96)
5.75 (146) 12 (204)

12 (204)
17940

Sensitivity
arc s (µrad)

0.6 (3)

Model
No.

Price

2.8   (71) 12 (204)

Clear
Aperture

inch (mm)

Total Range of
Adustment

degrees (mrad)

Dimensions in inches (mm)

SPECIFICATIONS AND ORDERING INFORMATION
Precision Adjustable Mirror Mounts

Mounting Bases

17896
17894

17980
17960

17892

Model
No.

Price

17920/17940
For Mount

INSTRUMENTS
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Radiation Effects on Fiber Optic Cable Studied by NASA:

http://epims.gsfc.nasa.gov/tva/meldoc/cabass/

    Much study has been made of the effects of ionizing radiation, both Gamma and from source natural to
the space flight environment, on optical fiber. Information can be found in the literature documenting the
dependency of a fiber’s performance in a radiation environment on the materials used to make the glass, the
processes used, coatings used, dose type and rate and total dose. Recovery times, self-annealing and
photobleaching effects have also been well documented. Manufacturers interested in the space flight
market are aware of these dependencies and have developed manufacturing processes which produce
products which can withstand tens to hundreds of kRads(Si) total dose with less than one dB increase in
loss per kilometer of fiber. Flight projects using multimode fiber, use lengths much shorter than a kilometer
and have tended to consider radiation sensitivity a non-issue. With the emergence of the use of single mode
fiber, the radiation issue is being revisited to examine the compatibility of the recovery times (³ 2 sec) with
the high data rates being applied.
    Optical fiber will darken due to ionizing radiation creating centers of absorption where unwanted
elements and other optical defects occur in the fiber. Generally a fiber will experience defects during the
drawing process making them hard to isolate and eliminate, regardless of the purity of the glass pre-form.
Radiation performance can also be affected by the coatings. There is evidence that suggests that the
primary coating on the fiber has a much greater impact on the radiation performance of a fiber than does
the secondary coating. Polyimide coatings undergo a heat cure while acrylates undergo a ultraviolet (UV)
cure. It has been surmised that the high temperature cure inherent in the polyimide coating process can
actually anneal the defects induced in the fiber by the drawing process. [4]

 Germanium, used to dope fiber cores in order to raise the waveguide index of refraction, causes radiation
sensitivity. Phosphorous doped fiber (for the core or cladding) has been well documented as not acceptable
for use in space environments due to its radiation sensitivity[5]. Lower temperatures produce the largest
radiation induced attenuation in fibers. The radiation induced loss sensitivity can vary by a factor of 25
between temperature extremes where the worst case is at the low end of the temperature range. At lower
temperatures the annealing of color centers decreases. In general it is best to use pure silica in space
applications when total dose requirements exceed 5kRads(Si) [6].
    Dose rate will have an effect on the results of radiation testing when they are above 960 rads(Si)/hour
[6,7]. Often bit error rate has been used as a pass/fail criterion making dose rate dependence much less
obvious. When attenuation is measured, special attention should be given to dose rate and kept as low as
feasible Test data has been generated for many fibers with a variety of material formulations to total dose
levels through and beyond 1 MRads(Si) [6]. An algorithm has been established by NRL which allows
extrapolation of radiation performance data for varying values of total dose, temperature, and dose rate [8].

References:

4. C. E. Barnes, R. A. Greenwell, G. W. Nelson., "The effect of fiber coating on the radiation response of
fluorosilicate clad, pure silica core step index fibers," SPIE proceedings Vol. 787 1987.

5. E. J. Friebele, "Survivability of Photonic Systems in Space" DoD Fiber Optics Conference, McLean VA,
March 24-27, 1992.

6. E. J. Friebele, "Photonics in the Space Environment," IEEE Nuclear Space Radiation Effects Conference,
San Diego CA, 1991.

7. Akira Iino, Junich Tamura, "Radiation Resistivity in Silica Optical Fibers", Journal of Lightwave
Technology, Vol. 6(2), pp. 145-149, IEEE 1988.

8. E. J. Friebele, M.E. Gingerich, D. L. Griscom, "Extrapolating Radiation-Induced Loss Measurements in
Optical Fibers from the Laboratory to Real World Environments", 4th Biennial Department of Defense
Fiber Optics and Photonics Conference, March 22-24, 1994.
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