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ABSTRACT 

We discuss the design of f i l t e red detector arrays for single pulsed, 

100 keV photon spectral and angular d is t r ibut ion measurements at the 

Lawrence Livermore Laboratory Argus laser f a c i l i t y . 
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Fi l tered Detector Arrays for Single Pulsed Photon 
Measurements above 100 keV 

1. Introduction 
There are only a few techniques useful for measuring single shot 

photon spectra when photon energies exceed 100 keV. Compton and photo-
electron converter methods provide good energy resolution. However, 
these instruments are much too insensitive for present-day measurements 
of laser produced photons above 100 keV. 

Present fluence levels limit us to a method with inherently poo''~ 
energy resolution involving an array of filtered detectors. Each detec
tor assembly, as shown in Fig. 1, consists of a high Z absorber, a defin
ing collimator suitable for high energy photons, and a shielded scintil
lator coupled to a photomultiplier tube. We have attempted to optimize 
a set of such detectors by considering the photon energy dependence on 
filter thickness, on scintillator thickness, and on scintillator composi
tion, e.g., Nal vs plastic. We will discuss these considerations and de
scribe an experimental arrangement for photon spectral and angular distri
bution measurements to be used at the LLL Argus laser facility. 

2. Experimental Design 
Filters 
Fig. 2 shows photon transmission vs. energy for various lead absorber 
thicknesses. Note that the filters do not provide a very sharp cut
off at low energies and that the cut-off becomes more gradual as the 
absorber thickness is increased. These curves were determined using 
narrow beam attenuation coefficients; therefore, in practice, the filter 
must be located reasonably far from the detector, say 20 cm, to avoid 
forward Compton scattering buildup. In the case of the thinnest lead 
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filter, very thin Ta and Dy absorbers were added to greatly reduce 

the transmission of x-rays below the lead K-edge. 

3. Scintillators 

We have investigated the plastic scintillators, NE-102 and NE-111, 

and the inorganic scintillators, Nal(Tl), CsI(Tl), CsF, and Bi.GegO-,,,. 

Plastic scintillators are convenient to use since they are nonhygro-

scopic and relatively easily machined. They are insensitive and have 1-2 
3 

ns decay times. By positioning the detector a few meters from the source 

and recording the charge with a gated integrator, 14 MeV neutron background 

signals can be completely avoided. 

The sensitivity, i.e., charge output per photon energy input, for 

plastic scintillators is compared with that of CsI(Tl) in Fig. 3. In the 

photon energy range under consideration, energy deposition in plastic 

scintillators is due mainly to Compton scattering and in inorganic scintil

lators due mainly to the photoelectric effect. The energy dependence of 

the plastic fluor sensitivity is thus relatively flat and the shape does not 

change significantly with thickness. In contrast, thin Csl detector sensi

tivities drop much more rapidly with an increase in energy. 

The main advantage of thin, inorganic scintillators is a sensitivity 

energy dependence which, when used with lead absorbers, yields better energy 

resolution in the 100 to 400 keV range. We have found that similarly shaped 

sensitivity curves differing considerably in absolute amplitude can be 

obtained from all the inorganic fluors under consideration by adjusting 

their thicknesses. For example, the sensitivity curve of the 1/2 mm Csl 

fluor in Fig. 3 compares well with that of 1/4 mm thick bismuth germinate 

(BGO) fluor with much higher Z. The choice of the type of inorganic scintil

lator can thus be based on considerations other than the energy dependence 

of the sensitivity. 
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A comparison of inorganic scintillator characteristics is shown in 
Table 1. The traditional choice is Nal(Tl) because of its greater relative 
light output and hence superior energy resolution for pulse height analysis. 
Both Csl and BGO have the advantage of being relatively nonhygroscopic and, 

t therefore, do not require a sealed assembly. There is a problem in the 
stable operation of BGO detectors, however. The light output temperature 
variation o* BGO is rather high, l.5%/C°. Except for CsF, the decay times 
for these inorganic fluors are too great to permit effective gating against 
14 MeV neutrons. Thus, for high yield shots, a gated CsF detector may be 
the most useful. However, CsF is very hygroscopic and is not as easily 
cleaved to obtain thin fluors. 

We need to measure the 14 MeV neutron sensitivity of these inorganic 
scintillators in a standard detector assembly. In the absence of this 
information, our present choice for a set of high energy channels is 1/2 
mm thick CsI(Tl) supported on nonfluorescing fused silica. This type of 
fluor does not require a vacuum-tight assembly and thus can be incorporated 
in an efficient detector package. A set of 3 mm thick CsF detectors, the 
thinnest commercially available, will be calibrated for high yield shots. 

4. Photomultiplier Tubes 
Because of the need for more dynamic range, we have changed from RCA 7767 

photomultiplier tubes to Amperex XP 2020's. With optimized dynode strings, 
» the XP 2020's will maintain current linerity up to 1/2 A, more than a factor 

of 5 greater than that of the 7767's. Note that the RCA tube is much smaller 
(a 13 mm diam. cathode compared to 42 mm) and is lower in gain by one to 
two decades. 
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5. Charge Integration 

Besides using 500 MHZ oscilloscopes, Camac based Lecroy 2249 gated 

integrators are used to record pulse amplitudes from NE-111 and CsF 

detectors. An LLL type LEA-75-1405 integrator, not y. ted, is used fo r 

slowly decaying inorganic sc i n t i l l a t o r s . The detectors are cal ibrated 
137 using intense radioactive sources such as Cs and measuring the detector 

output current with a Keith!ey nanoameter. 

An intercomparison of these charge measurement techniques was con

ducted using a mercury pulser with known output charge. Agreement to 

better than 5% was observed for a l l methods. 

6. Absorber - Fluor Array 

Fig. 4 shows the response of a set of lead absorber-1/2 mm Csl f l uo r 

channels to a rather f l a t test photon spectrum (an exponential that 

drops one decade in 750 keV). The responses are not narrow and overlap 

considerably due to the slowly varying energy dependence of absorbers. 

We note that the input spectrum is more accurately determined using th is 

array i f the spectrum decreases much more rap id ly . 

7. Experimental Arrangement 
To measure the photon emission as a function of both energy and angle 

requires a large number of detectors. For measurements at the LLL Argus 

laser f a c i l i t y , we have elected i n i t i a l l y to measure the energy d i s t r i b u 

t ion in one direction using four f i l t e red Csl detectors characterized in Fig. 4. 

For anguUr d is t r ibut ion measurements, we have chosen a f i l t e r e d detector 

with the re la t ive ly f l a t energy response shown in Figure 5. The s c i n t i l l a t o r 

is a 2 x 2 cm r ight cyl inder of NE-111. Absorbers include Ta (0.5 G/cm2) 
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2 and Au (0.5 G/cm ). The transmission of photons through Argus chamber 
o flange covers consisting of Al (6 G/cm ) is also included in the response 

curve of Figure 5. Detectors of this type will be deployed about the 
Argus target chamber as shown, for example, in Fig. 6. 
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Figure Captions 

Figure 1 . Absorber-scint i l lator high energy photon detector assembly. 

Figure 2. Dependence of photon transmission on high Z absorber thickness. 

Figure 3. A comparison of f l uo r photomultipl ier detector sens i t i v i t i es . 

The charge output per unit photon energy input is plotted vs. 

incident photon energy for two d i f fe rent types of s c i n t i l l a t o r s . 

Figure 4. The response of a lead absorber plus 1/2 mm Csl f luor array 

to a exponential input photon spectrum. 

Finure 5 Plastic s c i n t i l l a t o r detector sens i t i v i t y including transmis-
9 ? 2 

sion through 6 G/cm A l , 0.5 G/cm Au, and 0.5 G/cm Ta. 

Figure 6 Experimental setup for high energy photon measurements at the 

Argus laser f a c i l i t y . 
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Table 1. Inorganic Scintillator Characteristics 

Decay 
Relative Constant 

Density Sensitivity ns Hygroscopic 

NaI(Tl) 3.67 (100) 230 Yes 
CsI(Tl) 4.51 45 1000 No 
Bi 4Ge 30- ( 2 7.13 8 300 Mo 
CsF 4.11 5 5 Very 

aScintillation conversion efficiency for photons referred to Nal(Tl) 
with S-ll photocathode response. 

'Best single exponential decay constant. 
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Relative detector charge output 
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Figure 6 
Csl detector array 


