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ABSTRACT 

Chromium- activated radiation- resis tant 

scintillators have been produced by anodizing 

aluminum in a sodium tetraborate solution to 

which potassium dichromate had been added. 

These scintillators have been used in a 

250-A 3.4-MeV 300-nsec electron beam, with 

no noticeable radiation damage. Tests have 

also been done with 5-GeV protons, with shu

ilar results. 

1. Introduction 

One of the most striking features of accel

erator technology today is the production of 

intense beams of particles. Such beams, with 

currents varying from milliamperes dc to tens 

of amperes pulsed, make it possible to per

form many simultaneous experiments. But 

the control and transport of intense beams re

quire new diagnostic devices. Scintillators 

of zinc sulfide or activated plastic have been 

standard diagnostic devices in many medium

intensity beams. These scintillators are sus

ceptible to radiation damage and when used in 

intense beams must be frequently replaced. 

Using the technique described below we have 

made chromium-activated aluminum oxide 

scintillators, which are radiation resistant. 

2. Formation of Scintillator 

The scintillators were prepared in an 

anodic bath. The solution used is 788 grams 

of anhydrous sodium tetraborate dis solved in 

11.5 gallons of water (LRL low-conduc;tivity 

water is used), to which saturated potassium 

dichromate is added as doping agent. The 

anodizing tank is of PVC plastic. The cell 

cathode i.s a plate of 99.80/0 pure electrolytic 

grade lead. The anode is an aluminum plate 

4.5 in. square, 0.026 in. thick. This plate is 

mounted with silicone grease on a water

cooled copper back and is inserted into a 

Lucile holder which shields the anode so that 

only the front surface of the aluminum plate 

comes in contact with the solution. The solu

tion is cooled by being circulated through a 

water chiller. A stainless steel pump is 

used to avoid contamination. The pump also 

sets up turbulence within the tank, which 

mixes the solution during the anodizing pro

cess. A temperature of 10 to 12" C is held 

during each anodizing run. Figure 1 is a 

schematic diagram of the experimental setup. 

Anodizing is done at a constant current 
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of 7 arnperes. When the process is first electrons. which dissociate the solution com-

started the tank voltage is about 50 volts. As ponents. The pop associated with the flash is 

the oxide filrn forms. a blue IU111inescence 1 is probably caused by hydrogen and oxygen C0111-

observed at voltages from 100 to 600 V. As bining and exploding. 

the film thickens the voltage required to main·· 

tain a constant current increases. At approx·· 

imately 600 V a phenomenon which limits the 

voltage. known as "scintillation." occurs. 

Because the anodic film is an insulator 1110st 

of the applied voltage appears across the fibn. 

and very high internal electric fields occur. 

When a sufficiently high field is reached the 

film is apparently "punctured." This results 

in a brilliant flash and occasionally an audible 

pop. During this anodic scintillation C 1'3+ ions 

are formed and injected into the AI
Z

0 3 base 

lattice by the electric field. the.Gr ions being 

obtained from the (Cr
Z

0
7

)Z- cation. The exact 

mechanism is not understood. but "scintilla

tion" is required for activation. The amount 

of activation is proportional to the number of 

ampere-hours run. A minimum of 5 Ahr/in. Z 

is required to form a useful scintillator. The 

amount of activation is observed with a spec

troscope. the intensity of the Cr3+3d
3 

lines at 

about 6930 A being proportional to the amount 

of chromium activator injected into the AI
Z

0 3 
base lattice. 

The scintillation spectrum obtained is 

shown in Fig. Z. It is identical to that ob

tained by Spinazze, 1 with the addition of the 

Cr
3+ excitation lines at 69Z9 and 694Z A. The 

presence of emission lines from ions in the 

solution as well as from the Cr
3 + ion embed

ded in the solid may be an indication that the 

scintillation flash is not a simple electrical 

process but is an electrochemical reaction. 

That this is so is borne out by Spinazze's 

obBervation
1 

that the nature of the scintilla

tion flash was unchanged when a capacitor waB 

placed across the cell terminals. We believe 

that high electric fields exist at the dielectric 

film surface and that these fields accelerate 

3. 3+ 
Radioluminescence of AIZ03: Cr 

Anodic Film Scintilla tors 

Preliminary tests in a 3.4-MeV electron 

beam and in the Bevatron 5-GeV external pro

ton beam indicate that these scintillators are 

sensitive enough to be useful and that they 

have a high resistance to radiation. 

a. Use of AIZ03: Cr3 + Scintillator for Diag
nostics of the Astron Injector Beam 

We have used a scintillator in the Astron 

injector 3.4-MeV electron beam. The lumi

nescence was found to be more than adequate, 

and the scintillator was used with a slit plate 

to observe the emittance of the beam on each 
Z 

pulse. A peak current of Z50 A for 300 nsec 

was run. The pulse repetition frequency was 

1 to Z pulses per second. The scintillator re

ceived about 100 pulses at full intensity (Z50 A) 

and ran for 15 to ZO hours with the slit plate 

in the beam, at an intensity of 10 A. At the 

conclusion of the experiment there was no dis

coloration, and no decrease in luminosity was 

noted. Thermal luminescence was observed 

during these tests. due to heating of the scin

tillator by the beam. 

h. Test with 5-GeV protons 

A scintillator was tested also in the Bev

atron external proton .beam. The beam energy 

was 5 GeV. A 700-fJ.sec spill of 1 X 10 10 par

ticles was clearly visible. A Z4-hour run with 

a particle spill length of ZOO msec and an in-
. 11 

tensity of 5 X 10 protons/pulse produced no 

observable decrease in luminosity. The 

pulse-repetition frequency was 10.9 pulsesfrnin. 

We have measured the relative light intensity 

produced by 5-GeV protons. for various acti

vator concentrations. This was done by ob

serving the output of an infrared Vidicon. 
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During the rneasurement care was taken to Conclusion 

rernain wi thin the linear response region of The experiments described above show 

the Vidicon. The relative intensity was ob- that it is possible to produce a radiation-resistant 

served by integ rating the light output of the scintillator fo l' us e in inlens e particle beams. 

Vidicon, using horizontal scan lines as a ref- Aluminum oxide is an excellent material 

erence. Leasl- square fits to the best straight 

line were Irlade for each scintillator tested. 

The results are shown in Fig. 3. The slope of 

each straight line was also plotted as a func

tion of the amount of potas sium dichromate 

added to the electrolyte (Fig. 4). 

The data indicate that the scintillators 

have a linear response to beam i~tensity and 

that the luminescence has a peak at an activa

tor concentration of 3 ml/hr (.015 g/hr) in the 

solution. The huninescence is quenched at 

greater concentrations. The luminescence of 

the undoped sample was found to be due to 

chromium traces in the aluminum plate. 

c. Radioluminescent Spectrum 

We have excited luminescence in these scin

tillators both with ultraviolet radiation and with 

7-MeVelectrons. The spectrum obtained under 

electron excitation is reproduced in Fig. 5. 

Seventy milliamperes of 7-MeV electrons were 

used to obtain this spectrum. The pulse length 

was 6 f!sec. Only the two sharp Cr
3+ lines were 

obtained during those short exposures. A 

longer exposure is shown in Fig. 6: The double 

lines obviously predominate, but diffuse bands 

are also present. These bands probably repre

sent vibronic transitions. We have made no at

tempt to analyze these band spectra. 

The ultraviolet-induced luminescence spec

trum was observed to be identical to that ob

tained under electron bombardment. We also 

compared the spectral lines of a ruby rod under 

both uv excitation and electron bombardment. 

The ruby spectrum was identical to that ob

tained with the scintillator. 

Visual observation of both electron and 

high- ene rgy proton excitation indicates that the 

radioluminescent spectrum is identical to that 

described above. 

because of its luminescent properties, its 

strength, and its radiation resistance. Spec

troscopic observation of the activator excita

tion during "anodization" permits control of 

the scintillator sensitivity. Chromium ions 

are obtained from the potassium dichromate 

doping agent and are injected into the base lat

tice by "scintillation." The high power used 

in anodization and the temperature control 

achieved during the process have made it pos

sible to form more regular films than pre

viouslyattained. It should also be noted that 

these front surface scintillators are quite 

tough, and can be cleaned ultrasonically for 

use in vacuums of 10- 8 torr. 
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Fig. 1. Experimental setup for anodizing. 
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Fig. Z. Spectrum of scintillation flash, during and anodization, 
with superimposed mercury lamp calibrations. Exposure 
Z.5 hr. 

Upper l abels: 
Lower labels: 

1.0 

scintillation spectrum. 
mercury calibration second-order 
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Fig. 3 . Response of AlZ03 scintillator to 5.3-GeV protons for 
various ac tivator concentrations. 
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Fig. 5. Scintillator luminescence spectra. Al2.03 scintillator 
in 70 mA 7 MeV electron beam. Level A, Hg calibration, 
levels Band C cathode luminescence. 

Fig. 6. Scintillator cathode luminescence spectra, long-time 
exposure, showing vibronic bands. AIZ0

3 
scintillation, 

0.5-hr exposure in 70 mA, 7 MeV electron beam. 
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LEGAL NOTICE 

Thi$ report was prepared as an account of Government sponsored wopk. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. .Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, oomple ten ess, or usefulness of the informa
tion. contained in this report, or that the Clse of anY" informatioN, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; 01' 

B. Assumes any liabilities with respect to the use 'of, or for damages, 
resulting from the use of any information, apparatus, ' method, or 
process disalosed in this report. 

As l!lsed ,in the above, "person acting on behalf of ~be Commission" 
includes any employee or o0ntractor of the C0mmission, or employee, of 
suoh contractor, to the extent tha't .such employee or contractor of the 
Commission, or employee of such oontractor prepares, disseminates, e>r pce>-, 
vides access to, an'y informatioT:l pursuant to his employment· or contz;~ct 
with the Commission, or 'his employment with such contiractor. 
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