
AD—AO bl l u G  FOREIGN TECHNOtOGY DIV WRIGHT—PATTERSON AFB OHIO F/G 20/5
PROOUCTION AND ABSORPT ION OF BRAKING RADIATION WITH MAXIMAL LIC—ETCIUP
AUG 77 A A VORO BEV . V A VOROOEV

UNC L ASSI F IE D FTn—TA4R c )y—Ia —77
I~~~I -~~~ 6~ 476

Ja



r

FTD—ID (RS )T—l~~~9—77

FOREIGN TECHNOLOGY DIVISION

PRODUCTION AND ABSORPTION OF BRAKING RADIATION
WITH MAXIMAL ENERGY 5—1000 MEV IN ALKALI-HALIDE

CRYSTALS

by

A. A. Vorob’ev, V. A. Vorob ’ ev,
et al.

D D C

Approved for public release;
distribution unlimited.

~~~~~~~—-—~~~~~~~--~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 

...

~~~~

..

FTD ID(RS)T—1~~I9—77

~~~~~
• ~~~~~~~ ~a

EDITED TRANSLATION 
_ _ _ _ _ _

I? 
I1I1~~uIT~~~/j fltUJ4~fl~

FTD—ID(RS)T—1~~49—77 25 August 1977 ~~~i~ &

MICROFICHE NR:

CSP73088798 .i . -. ~~-. ____—

PRODUCTION AND ABSORPTION OF BRAKING RADIATION
WITH MAXIMAL ENERGY 5-1000 MEV IN ALKALI-HALIDE
CRYSTALS

By: A. A. Vorob ev , V. A. Vorob’ev , et al.

English pages : 12

Source: Radiatsionnaya Fizika Neinetalllcheskikh
Kristallov , No, 3( 3) ,  2972, PP. 81~_9l~

Country of origin : USSR
Translated by: LINGUISTICS SYSTEMS, INC.

F33657—76—D— 0389
Mark C. Reynolds

Requester: FTD/ETDP
Approved for public release; distribution unlimited

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NM. FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEOR IES PREPARED BY :
ADVOCA TEDOR IMPL IEDARE THOSE Of THE SOURCE
AND 00 NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB , OHIO.

FTD ID(RS~T—1~~ 9—77 Date 25 Aug~19 77

— ~~~~~~~~~~ —--- ~~~~~~~~~~~~~~ .-~-——



.. - -~ - -~ _ w.- _ --_,--_  
- _ _ _

P r o d u c t i o n  and Absorpt io fl  of Braking Radia t ion  wi th i~ax—
imal Energy 5— 1000 Mev in Alk a l i -ha l ide  Crys ta l s

by

A.~.. ~
(orob ’ ev, V.A~.Vorob’ ev, i~.K.Zavadovskaya, G.P.Sokolov

and A. V.Pushkin

The p ra t ica l  u t i l i z a t i o n  of sources  of b rak ing
rad ia t ion  in radia ti  n physics and radio~~~hysical  tech-
n o l o g y  demands a knowledie  of the amou~~~ of radiation
absorbed due  to the occurence  of c rys ta l  defec ts. I n
order to compare and cor re la te  the  a l t e r a t ions  in the
p roper t i e s  of i r r ad ia t ed  ma te r i a l s w i t h  the q u a l i t a t i v e
and q u a n t i t a t i v e  c harac te r i s t ics  of a beam of r ad i a t i on
i t  is necessar y to know the d i s t r i bu t i n of absorbed
energy , and the spectral  d i s t r i b u t i o n  of the nr imary
and secondary quanta  and par t ic les  in  each e lement  of
the i r radiated specim en E 1—3 , 5].

e have c o n d u c t e d  an i nves t iga t ion  of the p r o d u c t —
ion and absorp t ion  of braking radiat ion w i t h  maximal
energy in the range 5— 1000 Mev in c rys ta ls  of p o t a s s i u m
chloride , iod ide , and bromide , sodium chloride , l i t h i u m
f lou r ide  in spec imen s of a luminum , iron , copper , and
lead .

For braking r ad ia t ion  of maximal energy up to 50 r~ev
a program was worked o u t  to ca lcu la te , by ~ method  of
.-t at i st i c a l  t e s t i n g ,  the spectral  composi 1  ~on of the
primary and secondary radia t ion , the c o e f f i c i e n t s  of
a t t e n u a t i o n  and absorpt ion , ~nd the energy a c c u m u l a t i on
and absorpt ion f ac to r s .

The program we used in our ~ork allow ed us to
calculate from one batch of raw data all the above

parameters for thicknesses of the absorber up to

10—15 times the mean free path of the quanta , I~ this
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form the program is original , and saves sign ifican t

amounts of time in complex investigations , including

the calculation of various parameters of the radiat-

ion field.

Thi s program allows us to compute , simultaneuusly,

the build— up factors , the coefficients of attenu:~tion ,

the mean energy of the spec tral quanta , the spectral
distribution 0±’ the primary and the scattere d radiation

fluxes , the distribution of the absorbed energy , and the
signal—noise ratio , all normalized to the case of incid-

ent radiation at lMev/cm 2—sec. Ca lculati ns an in pro-
gress for the case of barrier radi-~ti on from external
sources wi th a random energetic spectrum , with acyl—

indrically symmetric fiel d , for five radia tion field
of various charac teristics , and of various dimens ions ~4J.
This program allows one to do calculations for barriers

of var iou s materials and thickness, up to 20 mean free
paths.

This program is executed segmentally, and all res-
ults are normalize d as state d above .

Experimental investigations were conducted wi th the

aid of X—ray film , ionization chambers, scintillation

c ounters , and calorimeters ; these were used to measure

various parameters of the absorbed radiation. We created

a specialized unit out of a calimeter and a thick—walled

ionization chamber, which may be adapted for absolute

measurement of the dose rate, and for the calibration of

the X—ray film , and a thin—walled ionization chamber ,
which is used for relative measurements.
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The followin g results were obtained in our investig—

at! ons.

The distribution of the absorbed energy verus the

depth of the barrier in the whole range of braking rad-

iation energies 5— 1000 Mev is describe d by a transition

curve , with a maximum . The slopes of the rising and
falling sides of the experimental curves decrease with

the growth of the maximal energy of the braking radiation

and with the reduction of the effective a~omic num ber
and density of the barrier material LfIg.1 a,O , and c~~g.2/.

An increase in the e f L ee tj v e  atomic n u m b e r  of the

absorber material  leads to the fac t that  the dep th  at
which the maximum of the deptn—distribution o tre ab—
.-~or~’ed e’~o r j y  /DDAE/ occurs  is reduced  hfIg. 3 b/ .  The
relationship between the depth at which half—maximum

occurs vs. the maximal energy is displayed in /~~ g.4a/,
and vs. the effec tive atomic number in /..~~g.4b/~ these
are analogous to the corresponding relations for the

/DDAE/ in f.tIg.3 ci , b/ .

Thc dose at the surface of the specimen , irradiated

by the braking radiatiun decreases with the growth of

the maxim al energy of the brakir~ radiation f~~ g.5a/,

and grows with the increase of the effect ive atomic num-
ber of the  absorber mate r ia l  /,~ .g. 5b/ .

The absorp tion of the energy of the braking rad-

iation , after the beam passes through the barrier , with

the growth of Emax , up to 30—40 Mev, decreases , owing
to the decrease of Compton scattering. In the range

~max 
> 100 MeV , thi s scattering again increases, due to

the d e v e l o p m e n t  of an electron—photon cascade /.~~g.6 a,b/.
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2.

The variations in the flux of the braking radiation , as it

passes through the barrier , with the maximal energy in the range

5—30 MeV , have a common character. As the thickness of the

barrier increases radi~ition fluxes are formed , the spectral

composition of which , under further increase in absorber

thickness , change little . The relationships of the average energy

of the braking spectrum and the coefficient of attenuation with

the increase of absorber thickness , are described by curves ~nich

tend toward sa tura t ion , which occurs at a thickness somewhat
more than double that  of the th ickness  at which  the ha l f—maximum
occurs (Fi gure 7 ) .
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Figure 2. Depth distribution of Absorbed Energy in Aluminum
curve 1 — 250 MeV; 2 — 500 14eV; 3 — 750 14eV; 14 — 1000 14eV.

As the beam cross—section is increased the build—up factor also

increases , and an insignificant variation in the attenuation

factor also occurs . With the beam diameter greater than 20 cm the

value of the buildup factor , for the braking radiation , no

longer changes, and its value may be equated to the theoretical

value, calculated for a beam with large finite cross—section

(Figure 6a and b ).

For materials with effective atomic number in the range

6—5 0 the relationship between the build—up factor
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and the maximal  energy of the b raking  r a d i a t i o n  is Ie . —

cirbed by a graph , which , begi n n ing wi th abou t 
~max 

=

20 i~iev , tends to saturate .../-~~.g,8/.

The value o,,t lth2~ build—up factor , or single tnick—

~es~’ barriers i~~~~~~at io n to the ef fecti ve a tomic num ber
up to Zeff 25—80 tends to increase , wh il e for  s t i l l
reater efrective atomic numbers tends to decrease.

An increase in the maximal energy of the braking

radiation causes a displaoe~ent of the transition graph

toward the side representing greater barrier thicknesses.
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In the range Emax <100 Iviev an increase in the max-

imal energy of the braking ra~iiation lead s to an incre-
ase in the depth , at which the maximum of abso bed rad-
iation would oc--ur , according to a linear law for the

aoove process.  Fu ther  growth  of the maximal eiergy lead s
to a decrease in the slope of the graph describing the

relationship between the maximal energy and the posit-

ion of the maximum of the DDAE.
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which separates the maxir~um theA~

DAE)from the sur-

face of the sample. i~~f,é,z’2 
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The degree to whi ch the varia tion of the spectral
compos i t i on  of the  f l u x  of braking radia t ion , of the
coefficients of attenuat ion , of the build—up factors ,
and of the dis ri bu t ion of the absorbed radia t ion  obeyed
the relationships which we n~ ve det ailed , wklich connect
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the above with the thickness and effective atomic number
of the absorber , ani the energetic and geometric param—

~ters of the radiation flux , was meas u red by us for the
range Emax=6_SO Iviev. This data can be used in work in
the fields of r a d i a t i o n  p hysics , radio—physical tech-

nology, and also in other inve~~tigations of quantities

or laws , re la ted w i t h  the cha rac te r i s t i c s  we s t u di e d .

In order to study the distribution of the flux of
braking radiation beyond a barrier with an inhomogen—
eous structure , we developed

,
an attractive mathematical 
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model  which allows us to study the transmitted rad iation
easily.

The ~lux distribution oeyon d a - bar-ri~ r, co’nDosed

of heterogeneous granules , in which the narticles within

the  ag~ regate  have a c lo se_ to_ pe t rog rapr i i c  c o m p o s i t i o n ,
is determined from the density of the substanc e of trie

aggregate , as well as from tae densi ty of the matrix in

wnicri it is embedded , through the linear coefi~ic ients
of attenuation , an d t he di ff er en t i a l  coef fic ien t s  of
linear inhoznogenei ty.

The nonunifo rmity of the secondary radiation flux ,
in compar ison w i t h  the  n o n u n i f o r m i t y  in the  p r imary
radiation flux , is small , and i t  is possible to disregard
i t  if the  size of the  ag- - r e ~ a te  granules  is significan tly
smaller than the tnickness of tne barrier.

::y ‘coefficient of linear iLhomogeneity ’ , which

com e~ in in the description of the degree- of barri er

i nhomogene i t y ,  we mean the ratio of the sum of the criords

between the bodies in tne aggregate along the ray—path ,
wi th the entire path , followed by the ray in tnis dir-

ection . For structures with particles distributed by

form or dimens i~ ri this coefficien t carries a statist-

ical significance. The average value along all parallel

paths (directions) through a given volume oI the barrier j
rep resents the geometr ic dens ity of the pack ing of the
particles witriin the given volume of the matrix.

For random structures our mathematical model showed

that , in the f i r s t  app rox imat i on , the  f l u c t u a t i o n s  in
the coefficient of linear inhomogeneity are proportion—

al to the density of the aggregate , and t he standard
iev iation is inversely proportional to the thickness of

I0
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the ba r r ie r .  However , when a Darn er diam eter of some

ens of particle—diameters is react-ied, further variatIon

in the standard deviation is insignificant.

• The correlation function of the linear int-iomog—
• en e i t y  has , in  the  f i r s t  apsroxi a t i on , a l inear ly—

decreasing character  in r e l a t i o n  to the a rgument , equal

• approx imate ly  to tne average rad ius  of the p r t i cle s .
In the  p rev ious ly  m e n t i o n e d  acse the co r re la t ion  f u n c t -
ion is zero. ih. : a m p l i t u d e  of su - s e q u e n t  var ia t ion  of
this correlation function is i n s i g n i f i c a n t .  On the
basis of these results a method was developed , invol—

ving the development of a pseudo—random number gener-

ator , for m o d e l l i ug  the  r ad ia t ion  f ield beyond a barrier

witri granular structure of known density (,a~-gregate

density) , and with ~nowr1 fluctuations is tt-ie li~ ear

inhomnogeneity given .

• Thi s m e t n o d  of mat~ ematica1 m o d e ll iu g ,  fo r  the
electromagnetic fielus of the brakiug radiation , gives

us the required tools to conduct an investigation of

the  d ih t r iu u t i oa  of au soroed  rad ia t ion  in samp les located
ins ide  var ious  enve lop s , and beyond 8arrier of inhomog—
enous materials.
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