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Standard Practice for
Using Absorbed Dose Versus Depth in Materials to Verify
the X-ray Output of Flash X-ray Machines *

This standard is issued under the fixed designation E 665; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 4. Summary of Practice

1.1 This practice covers a procedure for determining ab- 4.1 The first step is to expose a stack consisting of layers of
sorbed dose versus depth in materials exposed to the X-rayaterial interspersed with thin dosimeters such as thermolu-
output of flash X-ray machines. It is applicable to all machinesminescence dosimeters (TLDs). This is done at a large enough
whose photon energy spectra have maximum energies rangimstance from the machine so that the direction of the incident
from 100 keV to 20 MeV. The determination provides infor- radiation can be well defined.
mation related to the photon spectrum from the flash X-ray 4.2 A set of small spheres containing TLDs is then con-
machine. Specifically this measurement can be used for verstructed and used to check the absorbed dose versus depth
fying expected X-ray spectra obtained from machine diagnoseloser to the source where no single direction of the incident
tics and radiation transport calculations and for determining theadiation determines the absorbed dose.
appropriate equilibrator thickness to be used for dosimetric 4.3 Compare measured dose versus depth to calculated
measurements. profile using predicted X-ray output spectrum.

1.2 This standard does not purport to address all of the N - ) ) _

. . . . ote 1—For a comprehensive discussion of various dosimetry meth-
safety ‘?OP_CemS' if any, assqmated with its use_‘ It is th%ds applicable to pulsed radiation fields, see ICRU Report 34.
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applicab. Significance and Use

bility of regulatory limitations prior to use. 5.1 The X-ray output of flash X-ray machines is often very
difficult to measure directly. Hence, experimenters must often
rely on predicted spectra that are calculated using the specific
2.1 ASTM Standards: o bremsstrahlung converter and machine current and voltage
E 170 Terminology Relating to Radiation Measurementsjiagnostics as input to radiation transport codes)* Al-
and Dosmgtr% . though these techniques work fairly well when the diagnostics
E 666 Practice for Calculating Absorbed Dose from Gammayye well calibrated and the machine is performing normally, it
or X Radlafuor'? o _ is prudent to check these predictions with some type of
E 668 Practice for Application of Thermoluminescence-measured data.
Dosimetry (TLD) Systems for Determining Absorbed Dose 52 Because the dose as a function of depth within a
in Radiation-Hardness Testing of Electronic Devices  material is a strong function of the photon energy, such a
2.2 International Commission on Radiation Units and measurement is a convenient means of verifying the predicted
Measurements (ICRU) Reports: output of the machine.
ICRU Report 33—Radiation Quantities and Udits 5.3 The radiation transport codes can again be used to
ICRU Report 34—The Dosimetry of Pulsed Radiafion  predict the depth-dose profile in the material using the pre-
; dicted spectra and can be compared with the measurerftents
3. Terminology L
, . ) . . and 7). Agreement between these two indicates the accuracy of
3.1 Terminology used in this practice can be found iny,e predicted spectra.

Terminology E 170 and ICRU Report 33 5.4 If there is a disagreement, the machine parameters used
as input to the code can be varied to produce agreement with
the measurements and indicate the magnitude of the discrep-

* This practice is under the jurisdiction of ASTM Committee E-10 on Nuclear ancy. . This will not only demonstrate a difference in the
Technology and Applications and is the direct responsibility of Subcommitteema-CI'.]Ine output from the expected, but also suggest the
E10.07 on Radiation Effects on Electronic Materials, Components, and Devices. possible source of the performance change.
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6. Interferences low-energy machines and thicker layers for high-energy ma-

6.1 Whenever X rays or gamma rays pass through materiaﬁhi”es- For example, a 500-keV photon is attenuated 5 % by

_2 -
they produce secondary electrons. The energy of these elet:8 9-cm~ of aluminum.
trons depends on the energy of the X rays producing them. The p.qcaqure
range of these secondary electrons in air is considerable, being

abott 3 m for 1-MeV X rays and about 10 cm for 100-keV X 8.1 Set up a magnetic field sufficient to achieve the purpose
rays. described in 6.2 that will sweep out the secondary electrons

6.2 The intensity of secondary electrons leaving the outpu manating from the output window of the machine and the air,

window of a flash X-ray machine depends on the window/ %ozssliz?le. (See Tatblekl.) q £ fth terial
material and the X-ray field at that point. The absorbed dos t' reparﬁ Ia stack made tﬁp (;) aye{ﬁ F?TL[? mPa e_rtl_a.
produced by these secondary electrons adds to that produc Goveen each iayer, measure the dose wi S. Fosition

by the X rays in the material of interest. Hence, in order toeaCh ;—.LD ISUCh tha:] It Is not '3 :cme Wt':]h e;?y other TLD 5‘
obtain results from a pure photon environment, these secon@’€CedINg layers when viewed irom theé A-ray source. Use
veral TLDs in between each layer to guard against nonuni-

ary electrons must be prevented from influencing the absorbe ity of the incident beam
dose versus depth measurement. This can be achieved in ma . ; : . .
P h8.3 Place and irradiate the stack described in 8.2 at a

cases by interposing a transverse magnetic field strong enougt
y P g g g stance far enough from the X-ray source so that the X rays

to prevent these secondary electrons from reaching the poi cident imatel dicular to the ol defined
where the absorbed dose versus depth measurement is be@? Incident approximately perpendicuiar o Ih€ piane definec
made. the stack. This arrangement means that a perpendicular axis
6.3 A magnetic field can bend the trajectory of secondar%solﬁgzefa% rb;odseeﬂrf]lztihb)e(t-vrvaee?af:rillﬁiesstar?;vﬁnd dtifs]?ribsuotgzjce.
electrons within the material in which the absorbed dose versus UICES ,the location of the stgck with respect ?0 the sources
depth measurement is being made and perturb the measurd ’ B . P
ould be on a “common” axis.

depth-dose profile. To minimize this effect, the magnetic fiel - ) .
at the location where the absorbed dose versus depth measuregg'4 This far-field measurement provides one absorbed dose

ment is being made should be no more than a few gausé (10Versus depth ciyve for tha}t position qnly. F'.g' 1 is an example
T of such a curve in an environment with no incident electrons.

: . . From these data, determine a thickness for the following four
6.4 Secondary electrons can also be generated in an air 9388ints. as shown in Fig. 1, on the absorbed dose versus depth
between the output window and the dosimetry. Although man)P ' . d

curves.

of these will be scattered out of the beam for a narrow beani 8.4.1 Point a—Halfway from the surface (zero depth) to the
geometry, in a broad beam geometry many of these electronrﬁa)'(irhum ONEEIHA] doge P

e e e ot 8.2 POt b-AL te maimum absoroed dose .
’ 8.4.3 Point c—The point beyond the maximum absorbed

be large. These electrons can be very difficult to remove an(aose where the absorbed dose is 50 % of the maximum
still maintain a low magnetic field near the dosimetry. absorbed dose, and

ti ?1.'5h MWeaVsurretheir:f rca:nt bt? rr]niadr(; vrwtgifﬁle(i:r?:n rctc;]?tamma- 8.4.4 Point d—The point beyond the maximum absorbed
tion, however, the interpretation IS more dificult. For IS Cas€q .o \yhere the absorbed dose is 10 % of the maximum
it is best to ensure that the output window is made of low

: ; . ..~ absorbed dose.
atomic numberZ).matgnals. (for example, aluminum, _graphlte, 8.5 For the case where electron contamination is present and
and Kevlar) and is thick with respect to both the primary andth

. . e output window meets the conditions specified in 6.5, the
secondary electron ranges. For interpretation of data Wltlghape of the curve in Fig. 1 can be very different as shown by
electron contamination see 8.5.

6.6 An additional ication i hoton field with a | the dotted lines. Although Points, ¢ and d will remain
-0 An additional complication 1S a photon lieid with a large unchanged, the curve from zero depth to Pdirdan change
gradient in fluence over distances comparable in size with th

from th t sh hown in Fig. 1 to a flat line due to th
dosimetry package (see 8.2 and 8.6) or the electron rangeinttéom © presen’ shape shown in H9. = 10 a fat ine cue to the

. ST ; N WS ternal secondary electrons. Hence Painit no longer a
material. The variation in dose due to fluence nonun|f0rm|t|esljsefu| point in verifying the photon spectrum and is not

must then be separated from the normal depth-dose Variatioﬂecessary for 8.6. The best estimate of Pbii the point on

This will typically_require the use of a good radiation transporty, e curve where the dose first begins to decrease with increas-
code for calculations. ing depth

7. Apparatus TABLE 1 Magnetic Field Requirements for Avoiding the Influence
7.1 Dosimeters typically used for absorbed dose versus of External Secondary Electrons on Absorbed Dose

depth determinations are thin calcium fluoride (GaWn) Measurements

TLDs. These dosimeters should be selected for uniformity of Electron Energy, MeV B.p(T my!

response in accordance with Practice E 668. Approximately 0.1 112 x 1073

100 TLDs are required. (1’-3 4213'13
7.2 Approximately 20 layers of material can be used, each 5 1830

layer being from 0.005 to 2 g-crin thickness depending on 10 35.00

the energy of the incident radiation. Use thinner Iayers for A Magnetic flux density (B) times radius of curvature of the electron trajectory (p).
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