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ABSTRACT 

The Z Facility at Sandia National Laboratories utilizes z-pinch implosions to produce up to 2 MJ of 

X-rays. On Z, bremsstrahlung radiation is produced as a product of both power flow electrons 

and those accelerated in the pinch region. An understanding of the energy spectra and intensity of 

this radiation is important to both the explanation of the z-pinch physics and the design of new 

diagnostics. This paper describes the techniques and results used to date for mapping the 

bremsstrahlung radiation in the vacuum section of the Z Accelerator. 

INTRODUCTION 

Many diagnostics are needed to characterize experiments at the Sandia Z accelerator. These 

diagnostics must be properly shielded to discern the appropriate radiation from the corresponding 

regions of interest. High-energy bremsstrahlung radiation from the z-pinch source is of particular 

* Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin 
Company, for the US-DOE under contract DE-AC04-94AL85000. 
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concern when designing new diagnostics and for future application of z-pinches. ' An approach 

has been developed using a Differential Absorption Spectrometer (DAS) to survey the photon field 

on the Z accelerator at Sandia. 

The DAS was developed to provide a direct measurement of the photon spectrum and intensity in a 

compact, easy to use package.' Figure 1 shows one of the DAS assemblies. Each DAS consists 

of thirteen equilibrated thermoluminescent dosimeters (TLDs), separated by fourteen absorber 

layers. The stack of absorbers and TLD arrays is 5 cm square and from 5 to 6 cm in length. The 

absorbers are various thicknesses of aluminum, copper, or tungsten backed by a 0.3 18-cm thick 

tungsten layer to absorb any backscattered radiation. The DAS is designed for measuring photon 

spectra of bremsstrahlung sources whose endpoints vary from 150 to 2000 keV. Beyond 2000 

keV, the DAS response function fails to achieve adequate discrimination for high-energy photon 

spectra. 

Figure 1. (a) Overall view of Differential Absorption Spectrometer (DAS). (b) DAS TLD trays 

and TLDs 



The TLDs from the DAS can be used to either quantify the energy spectra or make relative 

measurements of dose. The dose as a function of absorber position can be unfolded to reproduce 

the spectrum, which can also be corrected for electrons mixed in the photon field.3 

METHOD 

DAS were fielded in four different configurations on Z in an effort to characterize the photon field 

and make qualitative conclusions. These configurations included placing the DAS on the top lid of 

the Z vacuum chamber 225 cm from the z-pinch. Also, both shielded and unshielded DAS were 

placed inside the vacuum chamber at various distances from the z-pinch. Finally, a shielded DAS 

with a collimator was placed inside the vacuum chamber to look inside the debris shield. A typical 

arrangement for placement of the collimated DAS is shown in Figure 2. 
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Figure 2. General arrangement of shielded DAS with collimators on 2. 

Early flat field measurements demonstrated the need for additional shielding of the DAS from 

scattered radiation. To accommodate this, a shield cube was constructed from 5-cm thick steel 

walls as shown in Figure 3. This steel shield was a compromise on cost and weight over the 

preferred material tungsten. Additionally, the shielded DAS was fitted with a tungsten collimator 

to restrict the viewing area to a 1-cm diameter circle in order to make more localized measurements 

of the radiation sources. 



Figure 3. Shielded DAS with tungsten collimator. 

In most cases, the DAS observed the z-pinch through a thickness of attenuating material, usually 

1.3 cm of stainless steel. This material was a natural consequence of the debris shield shown in 

Figure 2. This shield shields the low energy x-ray emission of the z-pinch. In those cases where 

no attenuating material was used, the first 1 to 3 TLDs of the DAS were destroyed by radiation- 

induced shock. 

TLDs from the DAS were batch calibrated and read out at Sandia using standard dosimetry lab 

practices usually within 24 hours of the exposure. The average statistical error in these dosimetry 

readings was &4%. 



RESULTS 

Figure 4 presents the representative data for a DAS stack outside the top lid of the Z vacuum 

chamber. The average photon energy observed from this position through the 2.7-cm thick steel 

lid is 0.352 MeV (~4.25%) with an average photon fluence of 2 x 10" gamma/cm2 (25.2%) with 

and average energy fluence of 7.38 x 10" Mev-gamma/cm* (~1.89%). This data is considered 

representative of the bremsstrahlung spectra as produced on Z and for the work described in this 

paper. For dosimetry purposes, the third TLD in the DAS is considered properly equilibrated and 

is representative of the dose, or 382 Rads (Si) (A 5.4%) for this example at 223 cm from the 

source. 
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Figure 4. DAS data for Z shot 159: (a) Raw data from DAS, (b) Unfolded photon spectrum. 

Doses were then measured inside the Z vacuum chamber within 40 cm of the z-pinch. Dosimetry 

data from these measurements indicated that the DAS was detecting a significant amount of 



radiation scattered from various sources. To obtain improved source discrimination, the DAS was 

surrounded by the 5-cm thick steel shield. Measurements were then taken of the relative dose 

delivered by the vacuum transmission lines outside of the debris shield, radiation scattered from the 

chamber walls, and radiation scattered from the chamber lid. These results are shown in Figure 5. 
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Figure 5. Relative photon dose as a fraction of the source dose scattered from various locations 

inside the Z vacuum chamber. MITL - transmission lines at 30 cm from z-pinch, Chamber - 

vacuum chamber walls, and Lid - top of Z vacuum chamber. 

DISCUSSION 

Outside of the debris shield the photon radiation from the transmission lines and the vacuum 

chamber is less than 4% of that from within the shield. However, there is some concern that the 

shielding of the DAS was inadequate for attenuating the strong z-pinch radiation. If this is the 

case, a smaller contribution of bremsstrahlung comes from outside of the debris shield than was 

measured. 



Backscattering calculations using Monte Carlo simulation code, COG: have been conducted to 

understand the effects of this radiation. A simulation using the geometry in Figure 6a produces the 

results shown in Figure 6b. The detectors for this simulation were unshielded. These data indicate 

that the debris shield and the transmission line hardware inside of the debris shield are the only 

significant sources of scattered radiation from the z-pinch. 
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Figure 6. COG simulation of scattered radiation in the Z vacuum chamber. (a) COG model 

arrangement, (b) Scattered radiation dose as a percentage of total dose received at several detector 

locations. 

Additional evidence, recently collected, indicates the presence of a neutron field that may be 

causing activation of the DAS absorbers and giving rise to erroneous dose readings. The 

consequence of neutron activation of the DAS absorbers is different exposure of the TLDs to low 



level, various short half-life, radiations depending on the absorber material. Special experiments 

are needed to verify the presence of this effect and to improve the DAS design. 

CONCLUSIONS 

Scattering of bremsstrahlung radiation from massive material seriously compromises the data 

obtained by the DAS and requires significant additional shielding. A new debris shield should be 

designed for Z using low z, high strength materials. This would allow the examination of the x- 

ray yield from the transmission lines close to the z-pinch and the z-pinch itself without the 

compromise caused by the scattered radiation. 

Bremsstrahlung from the power flow outside of 30 cm from the z-pinch is not an issue for target 

preheat, but still may be of concern for the diagnostic designer concerned with time resolved 

measurements. A minimal shield of tungsten should be adequate for reducing the background to 

tolerable  level^.^ Measurements made in this work indicate that these radiation levels are less than 

the direct radiation from the z-pinch source penetrating the steel shield. 

A modification to the DAS shield design should be made to replace the front 5-cm thick surface of 

the shield with tungsten. A shield of this design would allow collimated measurements to be made 

of the final transmission line region without the intense influence of scattered radiation. This 

improvement would benefit measurements made from the all sides of the z-pinch. 

With the above modifications, a detailed survey of the photon field on Z is more feasible inside of 

30-cm radius of the z-pinch. However, a modified DAS will be required to improve the energy 

response function of the DAS for higher energy bremsstrahlung and determine if a target preheat 

concern exists for Z and possibly X-1. 
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