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Abstract 

We describe a compact, 1 ight-weight, image~intensified .. 

scintillator detector with video output developed for low-intensity 

( < 10~ 0 particles cm·2 sec·1 ) beam monitoring. 

*work under the auspices of the u.s. Atomic Energy conJl1iss1on. 
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1. INTRODUCTION 
Relativistic beams of heavy ions have been accelera.ted on an impro-

vised basis at the Berkeley Bevatron since 1971. Thus far, moderately 

intense beams of fully-ionized Carbon, Nitrogen, Oxygen and Neon have 
. . . .· 

been accelerated and extracted. A vigorous program of.physics, chemistry, 

and biomedical experimentation utilizing heavy-ion beams has been ini­

tiated. The presently available beam intensities of. 103 particles cm·2 

sec·1 for Neon to 5 x 107 particles an·2 sec-1 for Carbon present a 

monitoring problem which is not resolved with the system employed in 

routine high-intensity proton ·operation in which focussing and steering 

monitoring is accomplished with zinc sulfide and plast~i scintillator 

detectors. The scintillators are inserted into the beam, viewed by 

vidicon cameras, and displayed at the main control roomconsole. The 

scintillator-vidicon system requires a minimum intensity of 1010 particles 

cm-2 sec·1 for visual detection and is inadequate for heavy-ion beam 

intensities. Alternatively, monitoring with Polaroid film exposures 

in the beam line is time-consuming and cumbersome. 

The problem was adequately resolved with an image-intensified 

scintillator-vidicon system originally developed for use at the 184 inch­

cyclotron.where it replaced a more expensive, less sensitive image 

orthicon and scintillator system. The light produced by a charged­

particle beam incident on a plastic scintillator is imaged on the input 

faceplate of a conunerical three-stage electrostatic image intensifier. 

The intensifier selected for this application is an RCA 8606 which has 

40 mm diameter fiber-optic faceplates. 1 Originally developed for the 

military, these devices of compact, rugged design provide luminance gains 

of 5 x 104 and are available at reasonable cost. Wii~ ~mage 
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intensification. proton beam intensities as low as lf''\5 particles cm- 2 

sec·l are readily detected. Even lower intensities of heavy ion beams 

are detectabl~ due to their hiqher charged states. The addition of a 

variable aperture extends the usefu.l ranqe of this apparatus over six 

decades of beam intensity. 

2. DESCRIPTION 

Referring to Figure 1. the beam is incident from the left and passes 

through a 1 em thick plastic scintillator which is mounted on the side 

of a light-tightbox. A 10 em x 8 em graticule is etched·onto the surface 

of the scintillator and illuminated by four- 4 milliwatt tunqstem lamps. 

one in each corner. Graticule light intensity is varia~le. and adjusted 

for each aperture setting. The imaqe of the light from the graticule and 

the beam spot on the scintillator is reflected by a 45° front-surface 

glass mirror (3 rrm thick). minimizin'l the lenqth of the apparatus in the 

beam direction and removinq the electronic components from the beam 1 ine 

and away from magnetic fields produced by beam optical eleMents. The image 

intensifier tube is encased in a 0.6 mm mu-metal shield to further reduce 

the effects of stray magnetic fields. For applications at the Bevatron 

where heavy ion beam energies ranoe beb1een 250 r·1eV/nucleon and 2.1 

GeV/nucleon. the scintillator. mirror. and liqht-tiqht box have a minimal 

effect on the beam optical properties. The surplus optics lens system 

images the scintillator onto the input faceplate of the RCA 8606 image 

intensifier. An over-all magnification of 0.20 limits the graticule imaqe­

size to less than two-thirds of the useful intensifier faceplate diameter. 

In this manner the intensifier pin-cushion distortion. which is a power 

function of the image height from the central axis. is reduced. No 

significant loss of system resolution results because the resolution 

of the intensifier (900 TV lines) is much hiqher than that of the vidicon 
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tube (500 TV lines). The lens and aperture system has been desiqned 

to compensate the moderate residual pin-cushion distortion. A variable 

aperture in front of the lens system is powered by a miniature de ~ear 

motor which may be either remotely or manually operate~. 

The intensifier input face is fiber-optically coupled to the photo­

cathode of the first staqe. Each of the three-staqes ~f ~lectrostatic 
' 

amplification requires 15 kV which is provided by the built-in voltaqe 

multiplying network of the tube and a 2800 V - 3 kHz asci 11 a tor. The 

oscillator derives its 6,5 Vdc input from a battery pack of twenty-four 

1-1/2 volt cells located at one side of the box. Requlation of the 

oscillator input vo1ta11e is naintained by a Zener diode •. _. The t'!raticlile 

lights are also powered by the battery pack. With the image-intensifier 

tube and the qraticule 1 ights operating at full inten~ity. battery 1 ifetime 

is estimated to be approximately 500 hours. 

The amplifieJ image is fiber-optically coupled·ta the rear output 

faceplate of the RCA 8606. A GE-TE33 video camera with a 25 mm f/1.4 

lens views the itnage 1 using a 8 mm extension tube. 
.. 

The complete liqht-tiqht portable assembly is depicted in Fi11ures 

2 and 3 with the 1 atch-top removed. The system wei qhs 16 kq, with an 

overall length of 106 em and is encased in a wooden bo~~ ·.The vidicon 

output of a 2.10 GeV/nucleon Carbon beam is shown in Figure 4. ApproxiMate 

intensity of the beam is 5 x 105 particles cm-2 sec-1• 

3. USES 

The original system was developed at the 184 inch cyclotron, but 

has found diverse uses in the Bevatron heavy-ion faci 1 ity._ The monitor 

may be positioned horizontally or vertically in the beam line, space 

permitting. External dimensions have been minimized to permit access 

into crowded beam lines. The monitor is frequently lllOved from point-
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to-point along the beam line as tuning proceeds. Only ac power for the 

camera and a video output signal cable need be provided. 

Biomedical experiments with heavy ion beams often .require short 

expo!.ures with beam spots of various sizes. Rapid changes in quadrupole 

tuning are achieved with minimum beam time utilizing the image-intensified 

scintillator. 

Besides heavy ion beams, low intensity ( < lo10 .partic1es cm- 2 sec-1 } 

beams of protons, deuterons and alphas are frequently requested for experi­

mental investigation. r~onitoring and tuning of these beams are similarly 

facilitated with the image-intensified scintillator •. 

An alternate use of the intensifier is depicted~ in Figure 5. With 

the mirror relocated and with the appropriate mechanical modifications, 

the monitor is attached to the bezel of a Tektronix 519 oscilloscope. 

With this arranganent the Accelerator Development group at this laboratory 

is able to intensify and display single-sweep oscilloscope traces at 

500 picoseconds/em. 
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Fir,tiRE CAPTIONS 

Fi9. 1 Schematic view of the Apparatus. 
. ' . . ·~ ·.. ' . 

Fig. 2 and Fig. 3 Views of the. Apparatus with the lat~h~top removed. 

Fig. 4 Vidicon output of"' 5 x 10.5 Carbon io.ns cm· 2 ;s~c- 1 • 1 ·em x 

1 em araticule scale. ;' 

Fi.q. 5 ·A1terna~e use of Apparatus as CRT trace interis~.f}er • 

. ·,· .. _· 

. '.· 
:.: -~.' •; .::.. . 

'•· . 

" ... : 

... . 
:;. . 

':·· ... 

. ·:. 

,• .. 



8 m m extension·· 

Diaphragm' knob . _ 
. . ·' ·.·· 

Battery box 

56 m m f/1.0 lens 

Scintillator 

M'rrror 

. r·.·· 

-8.;.. 

., ' I 

Fig. 1. 

· ... ·.· ...... '·. 

•. ! ·.· : •• .; . ' •. , ' 

'TV camera·· 

f ·/1.4 lens. 

··.· .. lrltensifi.er 
'tube. 

facep:lote 

ring 

:xsL 741:... _2176. 
. ... ;." ...... 

... ~ . 

. . .. ' .... · .: ... 
. .. 

·. . . . ·. ·.• 

·, ' 

.. · ·.· /·;. 

. ~· ·'· 

·.·II 

.:( 

·• .. ' \ •, 

•, '~·· ' ... · 



-9 -

XBB 741-57 

Fig. 2. 
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XBB 741. - 58 

Fig. 3. 
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XBB 741-210 

Fig. 4. 
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XBB 741 - 59 

Fig. 5. 
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