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 ABSTRACT

_ Recent'éxperiments conducted at Los Alamos Scientific Laboratory on the -
PHERMEX installation and analyzed with a Sandia Laboratories computer pro-

~ gram indicate that the generally accepted bremsstrahlung production efficiency S

versus voltage curve needs corrections at voltages above approximately 13:‘MeV.

- Analysis of the data shows that electron beam divergénée angles must be '_ o

taken into account and subsequently indicates that a 2-degree average beam

divergence angle exists on PHERMEX, When the beam divergence is eliminated

the bremsstrahlung production efficiency curve can be -repr_esented by the. . -

‘relatively simple equation -

 ple=11x10°v*P,

" for at least 1< V 227 where V is given in megavolts, D in roentgens, and L



E _neglected

DE TERMINATION OF BREMSSTRAHLUNG PRODUCTION
EFFICIENCIES FROM DATA OBTAINED
| ON PHERMEX AT 27 MeV -

' Moet of the- proposed bremsstrahlung productlon efflclency versus

voltage curves ut111zed for flash X-ray machine design are very dependent,

-at voltages above 10 MeV, upon data from the PHERMEX (pulsed h1gh-

energy radlographlc machine emitting X- rays) installation at LASL.
Computer calculatlons made at Sandia Laboratories on the angular dis-
tribution of radzatlon expected from flash X-ray machmes showed that

small average angles of electron arrival at the target at voltages above

13 MeV could have serious effects on the dose output measured at 1 meter.

Consequently, any 1nformat10n on bremsstrahlung productmn efficiency

. above 12 MeV should be used very cautlously if the angular distribution of the

bremsstrahlung is not ava1lable "For 1nstance at 20 MeV, accordmg to the

Sandia program ‘a 2-degree average electron beam divergence can result ina
decrease of 20 to 30 percent in the dose measured at-1 meter. The 20-MeV -
B angular distribution of radiation from PHERMEX, published by Douglas Venable,. 1

His 1ncluded as Figure 1. Flgure 1 shows that the angular distribution varies

| little with the target thlcknesses _Consequently, the target thickness can be

PHERMEX is bemg constantly 1mproved and the voltage level that has -

‘been achleved to date is 27 MeV, R. E. Stapleton of Los Alamos Sc:.entlflc _
-'Laboratory has conducted an experlment to define dose- output and angular d1s-

o ~* tribution from PHERMEX at 27 MeV ThlS data is mcluded as Flgure 2.
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Recently, more experiments were performed with PHERMEX operatmg at

27 MCV where the target was repositioned after every pulse. These experiments

show that a definite convergence angle exists; the data is presented in Figure 3.
A convergent or a divergent electron stream will exhibit the same bremsstrahlung
radiation characteristics at 1 meter for small spot sizes provided both streams

have the same electron angle of arrival at the target.
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Several solutions were cornputed WJ.th the Sandia- developed programz- in |

an attempt to match the actual PHERMEX angular dlstrzbutlon curve a reason-

o 'able match was found tobea umformly varymg electron beam arrwal angle

Computer curves for 0, 2 3, and 5-degree. average electron d:.vergence angles-_'

are glven in Flgu.re 4, 'I‘he 2 degree beam average electron dlvergence angle

'_-‘:_'almost com01des Wlth the experlmentally obtamed PHERMEX curve (see Flgure 5)
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~average angle’ of electron arrival was assumed,

- expression of D/Q = 1.1%

Based on the agreement between computed and exper1rnenta1 results a 2 degree |

| efficiency curve of the computer program was then modified at the 27- MeV point

to give the experlmentally observed value at 2 meters of 11, 66 roentgens The

corrected bremsstrahlung producuon efficiency at O-degree electron beam

divergence was 11 x 10G r/coulomb at 27 MeV. -This value is now consistent

with those of previous mvestlgatlons.3-’4 The PHERMEX data at the 20-MeV .

pomt was then recalculated it was also cons1stent The proposed brems-

_strahlung productmn efflclency curve, shown in Figure 6, has a rather s1mp1e

103 V2 8 ~where Vis in megavolts and the expressmn

. is valid at least from 1 to 27 MeV.
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