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ABSTRACT 
Analytical  approximations which are  e f f i c i e n t  for  use i n  computer 

profirmis iirc g ivcn for total pair-production c r o s s  s e c t i o n s  f o r  atomic 
niiiiilx~rs 1 2 2 5 100 i n  thc photon energy i n t e r v a l  1022.012 I E 5 l o 5  keV. 
CkiIl)hS of  cross sec t ions  and approxiination parameters i n  tabular form 
m c !  inc 1 iicll1cI 



ANALYTICAL APPROXIMATIONS FOR TOTAL 
PA I R - PRODUCT1 ON CROSS S ECTI ONS 

. *  

Whenever x-ray c r o s s  s e c t i o n s  are needed i n  computer progran\s, i t  

i s  convenient t o  have approximations for thcrri i n  cinnlytfcri l  form. t c  
i s  d e s i r a b l e  t h a t  t hese  a n a l y t i c a l  expressions c x h f h i t  such proport ios 
a s  speed i n  computer eva lua t ion ,  economy i n  nwrnory s t o r a g e ,  P ~ I R C  i r r  
adapting t o  composite m a t e r i a l s ,  and i i s  much ticcuracy 81s t h v  "soiirw 
data" j u s t i f y .  me term "source datu" i s  used h r c  t o  rcfvr  t o  t l i c  

i npu t  d a t a  t o  t h e  c u r v e - f i t t i n g  programs. A schcmc such t i s  this  whtcli 
a p p l i e s  to  the  p h o t o e l e c t r i c  and Klcin-Nishin;i cross scv't i o i w  I ?i c i v -  

sc r ibed  i n  d e t a i l  i n  an  e a r l i e r  r e p o r t  b y  the  uutlrors.l 'Ibis r q w r t  
g ives  the  r e s u l t s  of our e f f o r t s  to  include flit: t o t c i l  pnir  product 1cw 
i n  t h e  scheme. 

Pa i r  production i s  t h e  photon-oat tcr  intc?rnct l o t i  w l i r r c  L 11 I I  phot tm 
of s u f f i c i e n t  energy encounters n s t r o n g  t ~ l c c t r l c  f lc i lc l  ciiitl irr. c o i i v t * r t v d  

i n t o  an e l e c t r o n - p o s i t r o n  pa i r .  Wc us r  the c - x p r e s s i o i i  " tott i1  pit ir-  
production c r o s s  secLiQn" t o  mean tlic sui11 of tlic crosli s v c t  io ira  l o r  iikttr 

production i n  t h e  f i e l d  of tlic otoriilc iiiiclc'us p l u s  p t i i i r  product ion L i r  

the  f i e l d s  of t h e  atomic e l e c t r o n s .  

The u n i t s  used a r e  keV (kilocalcctron v o l  t a )  for phcrtrrir o n e r ~ l e ~  
and cm*/gm f o r  t h e  c r o s s  s e c t i o n s .  The range o f  tttoin1c riuaburn coir- 

s i d e r e d  i s  1 I' 2 S LOO and t h e  phofon encargy rtirige is from thrt*tiliolil 
t o  L O 5  keV.  

A least  squares  f i t t i n g  tcchnique was used to f i t  t lzv  i i r w l y t  Icstl. 

expressions to  t h e  sourcc d a t a ,  The technique t i t is  bcwrr dewril i trcl  f 11 

a report by one of  the  a u t h o r s .  2 

the  nuc lear  f i e l d  cross suc t ions  a r e  accu ra t c~  t o  wlthirr  5 pc*rcc*i~t trrrrl 

t h a t  the  e l e c t r o n  f i e l d  c r o s s  s e c t i o n s  arc: ciccurtitu t t r  w f n h l r r  I O  p e r -  
cent .  
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After  prel iminary numerical experimentat ion,  It appeared t h a t  a 
s u i t a b l e  func t ion  t o  use as an approximation was 

0, E < B  

- B ) 2 ,  B 5 E 5 1500 keV (1) 
7 1 AnVn , 1500 keV < E I lo5  keV , I 1 -I- 1.7 x 10 -I3 v6 n=l .. 

where p i s  the t o t a l  pair-product ion cross s e c t i o n  i n  cm2/gm, E i s  pho- 
ton energy i n  keV, V =- (E - B)1'2, B = 2mc2 = 1022.012 keV (m i s  e l e c -  
t ron ic  mass and c i s  speed of l i g h t ) .  A set  of f i t t i n g  parameters,  C 
and A n ' s ,  i s  needed f o r  each element.  These a r e  t abu la t ed  i n  the  param- 
e t e r  t ab le ,  Table I ,  versus  the atomic number 2. Since we r e q u i r e  t h a t  
tkc €unction )1 be continuous a t  E = 1500 keV, the  value of the  parameter 
C can be  ca l cu la t ed  from the An's, bu t  f o r  convenience w e  g ive  the Val- 
ues  or  C i n  Table I f o r  each element.  

Figures 1 through 10 a r e  curves which represent  )1 of Eq. (1) f o r  
each elcment, using thc f i t t i n g  parameters given i n  Table I .  
data  i n  thc graphs are ind ica ted  by as te r i . sks .  Adjacent curves  repre- 
sent a d i f f e rencc  of 1.0 i n  atomic number, The atomic number 2 increases  
in going upward Trom one curve t o  the  next ;  the top and bottom curves are 
lahcl.cd I>y thc corresponding va lues  of Z .  

Source 

.r* 
'l'he part o r  tire functioti  of Eq .  (1), applying i n  the i n t e r v a l  3 

13 K \' 1500 l t o V ,  was usc4 t o  provide a smooth ex t r apo la t ion  of the 
iIpproxjniatioii t o  z e r o  a t  the nuclear  f i e l d  c r o s s  s e c t i o n  threshold  
vncrgy I< 13 .  I.:vcn t l i c > q ; h  the  approximation f o r  use i n  the i n t e r v a l  
dmvc 15 

< I  siiiooLh iii;tiiiicr i I I I d ,  i n c k ~ c c l ,  would g ive  ncgcitive values  f o r  photon ener-  
}:Ic>s sli!:ht l y  al>ovc E 

c 

I500 I w V  gocs  t o  zcro a t  E R, i t  does not always do so in 

I3 for ill1 thc  elements t h a t  e x h i b i t  a nega t ive  
v<llltc. for A I  in T i I b l C  I .  - 
Kq, (L) to  tlic s o i i r c ~  data of each el.cn?c>nt we use 



where € i s  the  r m s  e r r o r ,  M i s  the  nuinnber of source datu cross sact  hi^, 
p(Ei) i s  Eq. (1) evalua ted  a t  E E i ,  and g ( E i )  i s  t he  sourw dzltn C C O R Y  

s e c t i o n  f o r  photon energy E i e  The rnis error is  g iven  for each clt+nunt 
i n  Table I .  

I 

I t  should be noted t h a t  thc f i t t i n g  piIr:ttjt<ltcrs, C :IIILI Atl ’w, are 
t abu la t ed  i n  Table I t o  fewer decirnal placr?s o f  n c c w a c y  t \wn ; h ~  c‘oiii- 

pu te r  (CDC 3600) uses ,  A c a l c u l a t i o n  was tnodc. to  round o f f  thc pdirtttti- 

etcrs a s  much a s  poss ib le  without  increas ing  tlic rais crror I3v itiorc~ t l t r r r i  

1 / 2  percen t .  I t  is rhe rounded va lues  thuc crppciir” i n  t h o  t r ~ h l v .  \J l ic tr i -  

ever  a parameter i s  rounded o f f  t o  less than four s i g n i f i c a n t  ~ I O I C V H ,  
t he  p r i n t o u t  format is such t h a t  zeros 
p laces .  The curves of F igs .  1 through 
were obta ined  by using t he  rounded-off 

N 
€ F; c * d  



We have used supe r sc r ip t s  on the f i t t i n g  parameters t o  designate  
the  element,  and V has  the  same meaning he re  as i t  d i d  i n  Eq. (1). 
Therefore ,  t he  approximation for  a composite m a t e r i a l  reduces t o  the  
same form as t h a t  of a s i n g l e  element,  and the  f i t t i n g  parameters f o r  
the  composite mater ia l  a r e  obtained simply by averaging the  ones f o r  
the  cons t i t uen t  elements. 
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Fig.  1 1’air-product:iorl c ros s  section as a function of energy for the 
ctlciiitwts with atomic tiumbcrs 2 = 1, 11, 21 ,  3 1 ,  41, 51, 61, 
71, 81,  91. 
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'3 Pui r -p roduc t ion  cross s e c t i o n  as  a f u n c t i o n  of energy for t h e  
elcments  w i t h  atomic numbers 2 = 3 ,  13, 2 3 ,  33 ,  4 3 ,  53, 6 3 ,  
7 3 ,  83 93.  Cross s e c t i o n s  i n c r e a s e  monotonica l ly  w i t h  atomic 
numbers. 
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Fig .  5 Pa i r -p roduc t ion  c r o s s  s e c t i o n  as  a f u n c t i o n  of energy  f o r  t h e  
c lcmcnts  with ntnnlic numbers 2 = 5 ,  15,  25, 35, 4 5 ,  5 5 ,  65, 
75, 8 5  , 95 .  Cross  s e c t i o n s  i n c r e a s e  monotonica l ly  w i t h  atomic 
tlulllb c' r s . 
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Fig. I'aLr-proil~iction c r o s s  s e c t i o n  as a function of energy for the 
elcmcbnts w i t h  atomic numbers 2 = 9 ,  19 ,  29, 39,  4 9 ,  5 9 ,  6 9 ,  
7'3, 8'1, 99. Cross s e c t i o n s  i n c r e a s e  monotonical ly  w i t h  atomic 
nuiiibers, 





DISTRIBUTION : 
N .  A ,  Beauchamp 
B e l l  Telephone L a b o r a t o r i e s  
Whippany, New J e r s e y  

R .  D. Evans 
Massachuset ts  I n s t i t u t e  of 

Cambridge, Massachuset ts  

J .  Marcum 
Rand Corpora t ion  
1700 Main S t .  
Santa  Monica, C a l i f o r n i a  

Technology 

D i r e c t o r ,  A i r  Force Weapons 

K i r t l a n d  APB, New Mexico 87117 
At tn :  Maj. Robert  H.  Hansen (1) 

L t .  R .  J .  C a h i l l  (1) 

Laboratory 

Maj. Lorcn C .  Logie 
Hq., DASA 
Washington, D.C .  

D r .  A1l.at-i Bcarden 
Un ive r s i ty  of C a l i f o r n i a  
Departiiient of Chemistry 
LaJolla, C a l i f o r n i a  92038 

Mr. Laverne B i r k s  
U .  S, Naval Rcsearcli Laboratory 
Washington, 1l.C. 20390 

M r .  Warren Chan 
Gcwcral E l e c t r i c  Company 
BASA Informat ion  Cic Analys i s  Center  
816 S t a t c  S t .  
Santa  13arbara, C a l i f o r n i a  93101 

Dr . Kurt I t e in r i ch ,  Di.rec t o r  
Na t iona l  Birrcxw 01 Standards  
Washington, D . C .  20234 

D r .  Ct iar lcs  I 'rancis 
Acros pace c o r p o r a t i o n  
111 E .  Mill Strcet 
Sail Ucriiarcliiio, C a l i f o r n i a  924013 

Dr . 1311rto1i L. l-lc!nkc 
1)epnrtiiwiit o f  Physics  and Astronomy 
U n i v e r s i t y  o I: I l i i w a i i  
tlono i u  l u  , itawo i i 9 68 2 2 

Plr . John l t .  I ~ u b b c ~ l l ,  B i r c c t o r  
Na t iona l  I ~ U ~ C L I * . I  o f  S tandards  
Radia t ion  Tlicory S c c t i a n  
Washington , 1). c . 20234 

Mrs. Nancy Kerr Della-Grande 
U n i v e r s i t y  o f  C a l i f o r n i a  
Lawrence Rad ia t ion  Labora tory  
P.O. Box 808 
Livermore, C a l i f o r n i a  94551 

U n i v e r s i t y  o f  C a l i f o r n i a  
Law r enc e R a d i a t i o n  Lab0 ra t o  r y  
P.O. Box 808 
Livermore, C a l i f o r n i a  94551 
At tn :  Technica l  I n f o r n 3 t i o n  Div. 

D r .  Cha r l e s  J. Taylor  (1) 
D r .  James C. Watson (1) 

For:  D r .  W i l l i a m  H. McMaster (1) 

Los Alamos S c i e n t i f i c  Labora to ry  
P.O. Box 1663 
Los Alamos, New Mexico 87544 
At tn :  D r .  James H. McCrary (1) 

D r .  John A. Northrup (1) 
D r .  Laura J.  S h r e f f l e r  (1) 
D r .  E l i z a b e t h  Plassmann (1) 
D r .  Henry Sandmeier ( 1 )  
D r .  J e r r y  Conner (1) 

D r .  Wm. Veige le  
Kaman Nuclear  
D iv i s ion  o f  Kaman A i r c r a f t  Corp. 
Garden o f  t h e  Gods Road 
Colorado Spr ings ,  Colorado 80907 

D r .  Clayton Zerby 
Union Carb ide  Corpora t ion  
E l e c t r o n i c s  Div i s ion  
San ta  Plonica , C a l i f o r n i a  

P e t e r  H. Haas, A s s i s t a n t  t o  

Hq /DASA 
Washington, U . C .  

D r .  S t e r l i n g  Co lga te  
New Mexico I n s t i t u t e  o f  Mining 

and Technology 
Department of Phys ics  
Socorro ,  New Mexico 

DDST f o r  Experimental  Research 

D r .  G .  T. Clayton 
U n i v e r s i t y  o f  Arkansas 
D e  pa r  t iiien t o f Phy s i c  s 
F a y e t t e v i l l e ,  Arkansas 

Thomas Dolce 
B a l l i s t i c  Research Laborator.: 
Aberdeen Proving Ground 
Aberdeen , Maryland 

20 



c 

DISTRIBUTION (Cont) : 
D. G. Abshier 
North American Rockwelf 
Autonetics Division 

3370 Miraloma Avenue 
Anaheim, California 

Lockheed Missiles and S ace Co. 
Sunnyvale, California 64088 
Attn: Mr. G. Dunbar (1) 

Mr. Vernon Field (1 )  

W. L. Bade 
Avco Space Systew Division 
Wilmington, Massachusetts 01887 

R. S .  Overhotsky 
Moleculon Research Corp. 
139 Main St. 
Cambridge, Massachusetts 

Jane 2. Frazer 
Department of Earth Sciences 
University of California 
LaJolla, California 92037 

R. C. Willis 
Martin-Marietta Corp. 
Denver, Colorado 80201 

L. E. Preuss 
nepar tmen t of Phys ic s 
E;dsel B. Ford Institute for 

2799 West Grand Boulevard 
Detroit, Michigan 48202 

Medical Research 

0. B .  Shustcr, 1200 
W. C. Myre, 1210 
J. C. Wardlow, 1211 
R .  G .  Fitzgerald, 1221 
'r. W. Hoover, 1222 
1-1. M. Stoller, 1222 
K. L. Alvis, 1222 
G. V. Barton, 1222 
J .  L. Irwin, 1222 
W. J. Hoh, 1222 

J, J .  t a n g ,  1223 
A. J .  Chabai, 1224 

L. Dehghanmanesh, 1224 
H. S. Lauson, 1224 
L, Kennedy, 1224 
J. R. Piper, 1224 
J. N. .Cliddlt.ton, 1516 
T. 8 .  Lane, 1 5 4 0  
1). ?1. E l l e t r ,  1541 
W. A. S e b r e l l ,  1542 
L. J. Johnson, 154'i 

b J. M. Manweller, 1222 

1 D. B. Hayes, 1224 
N. C. Anderholm, 1224 



DISTRIBUTION (Cont) : 
D. R .  Anderson, 5411 
M. F. Furney, 5411 
K .  D. Smith,  5411 
R. L. Lachance, 5412 
P. J. Thoma, 5413 
W. M. O ' N e i l l ,  5420 
E.  J. Graebe r ,  5422 
K .  E.  Lawson, 5422 
K. E .  Mead, 5424 
L. M. Ber ry ,  5430 
C .  E .  A lb r igh t ,  5431 
S. A.  Moore, 7230 
D. E .  Gregson, 8130 
P. H. Lasky, 8133 
E .  E .  Ives, 8159 
0. T j e l t w e e d ,  8173 
I?. D.  G i l d e a ,  8174 
C. H. S t a l l ,  8174 
J .  C .  King, 8300 
A. N .  Blackwell, 8310 
L. H. Bakken, 8314 
J. L. W i r t h ,  8320 
H. G .  S h o r t ,  8322 
. I .  A.  Mogford, 8334 
B .  17. Murphey, 9100 
C .  D. B roy le s ,  9110 
L. 11. H i l l ,  9111 
M .  L. Merritt,  9111 
W .  D. Wcart, 9111 
J .  D. Pl i inpton,  9112 
J .  L. Benson, 9112 
J. V.  Walker ,  9113 
J .  A.  H a l b l c i b ,  9113 
11. A. 17icliards, 9121 
W .  Cook, 9122 
G .  Eggert, 9122 
11. Overmicr,  9122 
€1. 13. A u s t i n ,  9124 
I). S. Nill, 9124 
S. A.  Iiigliaiii, 9125 
I ) .  C .  MacM.illoii, 9125 

i l .  M .  I)iiiiiiis, 9213 
1). 1:. 131acIcwcL1, 9328 
I . Auc!rl>ach, 0342 

W .  C. McKinley, 9411 
15. F.  I-lcT.Lcy, 8232 (5 )  
13. K. Allcn, 3421. 
1 4 .  c .  I 3 u l r l w i n ,  3412 
W e  J . W a ~ ; r r n c ~ i : ,  3413 

For: L)'L'T15 (3) 
C. tl .  Sprclul,  3428-2 (10) 

li. 1,. K ~ t t ~ ? r ,  9126 


	ANALYTICAL APPROXIMATIONS FOR TOTAL PAIR-PRODUCTION CROSS SECTIONS
	ABSTRACT
	REFERENCES
	DISTRIBUTION

