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I . I n t r o d u c t i o n 

Before the advent o f r e l a t i v i s t i c heavy ion acce le ra to r s (1971 

f o r LBL's Beva lac) , the on ly p r a c t i c a l need fo r accurate range-energy 

r e l a t i o n s f o r r e l a t i v i s t i c heavy ions was r e s t r i c t e d to the cosmic ray 

community. Since 1971, however, the need has increased in p ropo r t i on 

to the expanded use of r e l a t i v i s t i c heavy ions in a wide v a r i e t y o f 

a p p l i c a t i o n s . At the present t ime, the most w ide ly used range-energy 

tab les are based on Bethe 's express ion f o r s topp ing power dE/dx, v a l i d 

in the regime ZjOi/$ « 1 , where a = e / h e , 8 = v / c , v = v e l o c i t y o f 

heavy ion p r o j e c t i l e , and Zl = the ac tua l charge o f the heavy ion in 

the medium in which i t i s s topp ing . For Zj = 1 p r o j e c t i l e s these 

tab les are adequate f o r a l l but the lowest ene rg ies . As Zj inc reases , 

however, not on ly do we par t from Bethe 's regime o f v a l i d i t y , but a l so 

a d d i t i o n a l , h igher order ( i n Z j ) c o r r e c t i o n terms become s i g n i f i c a n t , 

n e c e s s i t a t i n g t h e i r i n c l us i on in any s topp ing power express ion whose 

accuracy is requ i red to be $\%. To our knowledge, there are no pub

l i shed range-energy tab les or computer programs which inco rpora te a l l 

these t h e o r e t i c a l l y requ i red c o r r e c t i o n s f o r the h igh Z j , (3 regime, 

a l though the need f o r such tab les i s obv ious . 

This r epo r t descr ibes a computer program (developed fo r ana l ys i s 

o f Bevalac data) t ha t ca l cu la tes s topping power, range, or energy, 

and which inc ludes the necessary c o r r e c t i o n s f o r accuracy in the h igh 

Z , B regime, as discussed in the t h e o r e t i c a l and review papers o f 

1 2 S.P. Ah len. ' The program, given in the appendix, is a l so a v a i l a b l e 

on PSS a t LBL's Computer Center. 
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The f o l l o w i n g sec t ion discusses the expression fo r s topp ing 

power used in the range-energy program. The subsequent sec t ion 

exp la ins how to use the code. 

I I . Stopping Power and Range 

The most w ide ly used r e l a t i v i s t i c s topping power fo rmu la , based 

on Bethe 's f i r s t Born approx imat ion quantum mechanical t rea tment , 

is our " u n c o r r e c t e d " express ion 

dE *nrNZ 2 Zi 2 e" r „ 2mv2 _,_ . , 1 , Q 2 C 6, , . . 

where Z, = atomic number of the medium through which the heavy ion 

p r o j e c t i l e passes, N = medium dens i t y (a toms/cm 3 ) , m = e l e c t r o n mass, 

e = e l e c t r o n charge, I = l oga r i t hm ic mean i o n i z a t i o n p o t e n t i a l o f the 

medium ( u s u a l l y a parameter) , and C/Z 2 and 6/2 are the w e l l known 

co r rec t i ons account ing f o r the inner she l l e l e c t r o n e f f e c t and the 

dens i t y e f f e c t (discussed be low) . 

Bethe 's formula being s t r i c t l y p ropo r t i ona l to Z x

z is due to two 

independent approx imat ions . T r a d i t i o n a l l y , the problem o f energy loss 

is f a c i l i t a t e d by a r b i t r a r i l y cons ide r ing two types of c o l l i s i o n s 

between the heavy ion p r o j e c t i l e and the medium's e l e c t r o n s : c lose 

(hard) and d i s t a n t ( s o f t ) . In c lose (hard) c o l l i s i o n s , the e l e c t r o n 

is assumed to be f ree (atomic b ind ing forces are neg lec ted ) . Bethe 's 

treatment o f c lose c o l l i s i o n s uses the Mott s c a t t e r i n g c ross -sec t i on 

w i t h on ly those terms in the expansion p ropo r t i ona l to Z t

2 . The d i s 

t an t ( s o f t ) c o l l i s i o n energy t r ans fe r s are ca l cu la ted in the d ipo le 

approx imat ion, a l so g i v i n g a Z j 2 dependence. Nei ther o f these 

approximat ions is adequate as Z 2 increases. The exact Mott c ross -
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section includes higher order Zi terms which should not be ignored 

(at 3 " 0,9 In A l , the correct ion to dE/dx is *20$ for Zx = 92, 

«3% for Zj « 26). The use of the dipole approximation ignores 

gradients which contribute a Z t

3 correction to stopping power which 

becomes s ign i f icant at lower ve loc i t ies . 

Also, Bethe's use of the f i r s t Born approximation res t r i c t s the 

va l i d i t y of the result to ZjOt/3 « 1. I f ZjO/3 cannot be rest r ic ted 

to being « 1 (or » 1 , in which case Bohr's classical treatment of 

energy loss is applicable) then Bloch's expression, va l id for 

general ZjOt/3, must be used. (Bloch's result came from an attempt to 

reconcile Bethe's quantum mechanical, Z,ci/3 « 1 resul t with Bohr's 

c lass ica l , ZjOt/B >> 1 resu l t ; his expression (at least non- re la t i v is -

t i c a l l y ) approaches both Bethe's and Bohr's in the appropriate l im i t s . ) 

In addi t ion, the equi l ibr ium charge state Z t of the heavy ion 

p ro jec t i l e is generally not equal to i t s atomic number Z 0 because of 

electron pickup by the p ro j ec t i l e . 

There are thus three major corrections to the Bethe expression 

(eq. 1): the correction to the close co l l i s i on stopping power due to 

higher order Zl Mott terms, the correction to the distant co l l i s i on 

stopping power due to higher multipole interact ion terms, and a term 

which converts the Bethe formula into the Bloch formula. 

A. The Bloch Correction 
6 Bloch's stopping power expression 

dE 
dx = k[£n ̂ 1 f AnC-jlgy) - 3 2 + *(1) - te*(1 + ±j&) - f- - §] (2) 

k,^z^V (3) 
mv* 
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differs from Bethe's by B = k[i)j(l) - ReiJ>(1 + ^^) ], where IJJ(Z) is the 

digamma function. Using the expression 
00 

Reifi(l + iy ) = <Ml) + y Z 2 — (—jr-f) , - » < y < <» , and s ince fo r 
n-1 n n " ^ 

1 / 1 , . 1 y << m , — ( ; . •}•) = —r , we g e t ' m m z + y 2 ' m 3 3 

m i i I 
B/k . - y 2 [ 2 ^ { ^ T - ^ } + C(3)] , (4) 

where c(3) = 1.20206 (?(z) i s the Riemann-Zeta Func t i on ) , and y H Z,a/(3. 

This is the express ion used in the computer code f o r the Bloch term, 

w i t h m ~ 10 y . (An a l t e r n a t i v e expression f o r Reijj(l + iy ) i s 

00 

[1 + * ( D - TT-T + 2 H ) P + 1 U ( 2 n + 1) - 1} y 2 n ] , | y | < 2, so 
y n=1 

B/k = Z ( - 1 ) n £(2n + 1) y 2 n , | y | < 2 . For |y | < 1 , the f i r s t term 
n=1 

dominates, p rov id ing a Zj 1* c o r r e c t i o n term to stopping power, 

-1.202(—i—) k. Recent low energy s topp ing power measurements have 

demonstrated the importance o f accuracy o f t h i s term in the regime 
o 

y < 1 (where n e i t h e r the Bethe nor the Bohr expressions app ly ) ) 

B. The Mott Cor rec t ion 

Ahlen has u t i l i z e d the Mott c ross -sec t i on expansions o f 

9 10 

Curr and o f B a r t l e t t and Watson to achieve an expression f o r the 

c lose c o l l i s i o n stopping power con ta in ing terms up to Z j 7 . The r e s u l t 

ing c o r r e c t i o n added to the Bethe expression (eq. 1) is •=• k G ( Z j , 3 ) , 

where in our program 

G(Zj,B) « ( Z ^ e ) [1.725 + 0.52TT cosx] 

+ ( Z j a ) 2 (3.246 - 0.451 3 2 ) 

+ (Z jc t ) 3 (1.522 3 + 0.987/3) 

+ ( Z ^ ) * (4.569 - 0.494 e 2 - 2 .696/B 2 ) 

+ ( Z 2 a ) 5 (1.254 3 + 0.222/3 - 1 .170 /B 3 ) , 
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where cosx = R e O f + ' ) r ( 1- iv) ^ ' y E ~&~ ' a n d ! s t a b u , a t e d i n R e f - ' • 

Based on est imates o f the d e v i a t i o n by the Mott expansions used 

by Ahlen from the exact Mott c r o s s - s e c t i o n , Ahlen est imates the 

1 2 a 9 

resul t i n g f r a c t i o n a l e r r o r in dE/dx to be 7- (—5—) . The computer code 

thus ceases to inc lude the Mott c o r r e c t i o n term when the assoc ia ted 

e r r o r is g rea te r than the f r a c t i o n a l increases in dE/dx caused by 

G ( Z j , 6 ) , i . e . , when 

k |G (Z 1 ,B ) | / dE /dx < j l ^ f 

C. Z t

3 Low V e l o c i t y Cor rec t ion 

In going beyond the d i p o l e approx imat ion by i nc l ud i ng the 

next h igher i n t e r a c t i o n m u l t i p o l e moment in the c a l c u l a t i o n o f d i s t a n t 

c o l l i s i o n energy l oss , Jackson and McCarthy, f o l l o w i n g the work o f 

12 Ashley, R i t c h i e and Brandt , express the f r a c t i o n a l c o r r e c t i o n to 

t o t a l energy loss as the un iversa l f unc t i on Z1F(\l)/Z2 , V = 137 3 y / Z 2 > 

where V 2F(V) is a s lowly vary ing f u n c t i o n o f V. L indhard has found 

tha t a low v e l o c i t y c lose c o l l i s i o n p o l a r i z a t i o n c o r r e c t i o n a l so e x i s t s 

whose magnitude i s comparable to the d i s t a n t c o l l i s i o n c o r r e c t i o n , 

g i v i n g a t o t a l f r a c t i o n a l c o r r e c t i o n o f ZZ1F(\I)/Z2 . This r e s u l t is 
o 

corroborated both by Andersen e t a l . ' s s topping power measurements 

and by Heckman and L indst rom's measurement o f range d i f f e rences in 

emulsion f o r slow p o s i t i v e and negat ive p ions . A very recent c a l c u l a -
3 21 

t i o n o f the Zj c o r r e c t i o n has been performed by repeat ing Bethe 's 

o r i g i n a l t reatment in the second order Born approx imat ion . The r e s u l t , 

u l t i m a t e l y semi -c lass i ca l due to the unavoidable use of a c u t o f f 

parameter, cor roborates the use o f the Jackson-McCarthy p lus L indhard 
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c o r r e c t i o n terms as implemented in t h i s program. 

In the computer code, F(V) = 0 . 4 5 V " 2 - 5 f o r V > 4, wh i l e V < 4 

i n t e r p o l a t i o n between tabu la ted values is performed. Shel l c o r r e c t i o n 

u n c e r t a i n t i e s l i m i t the r e l i a b i l i t y o f t h i s c a l c u l a t i o n to B > 0 .07; 

in the next subsect ion even s t r i c t e r l i m i t s are imposed which r e s t r i c t 

the use o f our s topping power formula to 3 > 0 .13, or E > 8 MeV/amu. 

D. Inner Shel l Co r rec t i on 

When the p r o j e c t i l e ' s decreasing v e l o c i t y becomes comparable 

to the v e l o c i t y o f the medium's inner she l l e l e c t r o n s , c e r t a i n assump

t i ons i m p l i c i t in the s topp ing power d e r i v a t i o n s f a i l (see Fano f o r 

a d e t a i l e d d iscuss ion) r e q u i r i n g the i nc lus ion o f an inner she l l 

c o r r e c t i o n term C /Z 2 . Experimental measurements o f s topp ing a t h igh 

energies designed to determine the s ing le f r ee parameter I ( l o g a r i t h 

mic mean i o n i z a t i o n p o t e n t i a l o f the medium) have in the past assured 

the she l l co r rec t i ons to vanish as n = 3Y "*" °°- This has been shown 

to be i n c o r r e c t f o r h igh Z 2 m a t e r i a l s , imply ing tha t the q u a n t i t y 

I . . ra ther than I is being measured, where 

Jlnl . . + C , . / Z , = An I + C/Z 2 , (6) 
acij ad j 

w i t h C .. + 0 as n, -* °°, and w i t h a l l energy dependence r e s t i n g in C . . . 

Our code uses the f i t t i n g parameters o f Barkas and Berger to the 

asymptot ic form o f Walske f o r C , . : 

c , . ( i ,.,n) = (0.422377 n" 2 + 0.0304043 n"* - 0.00038106 r r 6 ) i o - 6 i , . 3 

adj ad j adj 

+ (3.858019 i f 2 - 0.1667989 r f " + 0.00157955 n " s ) 1 0 ' 9 I a d . 3 

where I . . is i n u n i t s o f eV. This expression is not v a l i d f o r 3 < 0.13-
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This limitation restricts the use of our stopping power computer 

code (but not the range or energy code) to E > 8 MeV/amu. 

E. Density Effect 

The 6/2 term in eq. 1 represents the reduct ion in s topp ing 

power caused by a decrease in e l e c t r i c f i e l d s t reng th due to long 

range p o l a r i z a t i o n in a dense medium, i . e . , the dens i ty e f f e c t . F i r s t 

18 considered by Fermi, i t has been considered in d e t a i l by Sternheimer. 

19 
Our computer code fo r 6 is based on Sternheimer and P e i e r l s gene ra l 
ized formula 

5 = 2«,n3y - 2Jln(l/hd) ) - 1 + a(y 1 -2«,n6y) n 1 ; y 0 < 2£nBy < y , 

6 = Zin&y - 2Zn( l /hw ) - 1 ; 2«.nBy > y , 

<5 = 0 ; 2£ney < y 0 

where y 0 , y 1 , a , m are parameters determined by p r o p e r t i e s o f the 

medium (dens i t y and mean i o n i z a t i o n p o t e n t i a l I ) and w is the medium's 

plasma f requency. The code avoids unnecessary computat ion by not 

c a l c u l a t i n g 6 f o r y < 1-8. 

F. Effective Charge Zj 

The projectile charge Z is the actual charge of the pro

jectile, not its atomic number Z 0. For projectile velocities much 

larger than Z„ac, Zj = Z 0, but as the projectile slows it begins to 

pick up and retain electrons in its inner shells, reducing its effec-
20 

tive charge. Pierce and Blann, using differentiated range measure
ments of a number of low energy heavy ions in a variety of materials 
have established a universal functional form for Zj in ttrms of the 
atomic number Z , viz., 
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11 = Z0[1 - exp(-130g/Z 0
2/ 3)] (9) 

This is the value for Zt used by our programs. For Fe, e.g., 

Zj = 25.5 at ~b0 MeV/amu. 

G. Range Below 8 MeV/amu 

Since the shell correction formula is invalid for E < 8 MeV/amu, 

our relativistic dE/dx expression can not be used below this energy. 

Range calculations, however, require dE/dx down to E > 0 MeV/amu, 
E ,E, 

since R(E) = / d£'/(-j—). For the region 0 < E < 8 MeV/amu, we use 
O jg 

the expression for range given by Barkas and Berger, 

R B B(B) = f 4 - U(3) + B z (3)] , (10) 

where M : = mass o f p r o j e c t i l e in proton masses (m ) and 
2 2 

InX(B) = In ^ + E I a f f e i l , . ] m U n { (y-1)ni } ] " (11) 
12 n=0 m=0 m n a d J P 

is a least -squares ana lys i s f i t t o low energy proton range data , and 

B? (&) is an emp i r i ca l range extension (basedon l i g h t ion emulsion 

data) to account fo r e l e c t r o n p ickup. 

H. M u l t i p l e Coulomb Sca t te r i ng 

The pro jec ted range t (pene t ra t ion depth) w i l l be smal le r 

than R, the actual p r o j e c t i l e pa th leng th , due to m u l t i p l e Coulomb 
15 2 s c a t t e r i n g which causes a f r a c t i o n a l d i f f e r e n c e 

< R - t > ~ z ^ < £ > ( 1 2 ) 

where <$> lies between 0.3 and 0.6. This difference, being only IX 

for the worst case of protons on lead, usually may be ignored for 



heav\ ion p r o j e c t i l e s . The ranges ca l cu la ted in t h i s program are 

ac tua l path lengths R, and not p ro jec ted ranges t . 

I . Summary 

The f i n a l express ion f o r s topping power used in the program is 

where the va r i ous , f unc t i ons Z , <5, G, C . . , e t c . , are g iven in the 

above equat ions . The range R is ca l cu la ted by i n t e g r a t i o n over a 

tabu la ted se t o f energy values { E . } , where 

E. 
i 

R. = R(E.) = R(E. ) + J dE/(dE/dx) 
E i - . 

where the i n t e g r a l is eva luated by the 4 - p o i n t Gauss-Legendre method. 

A f t e r the { R . , E . } tab le i s e s t a b l i s h e d , f u r t h e r c a l l s to e i t h e r the 

range or energy f u n c t i o n invo lve on ly l i n e a r i n t e r p o l a t i o n w i t h i n the 

t a b l e . This is discussed in more d e t a i l i n the next s e c t i o n . For 

E. < 8 MeV/amu, the Barkas and Berger ranges are eva lua ted . 

I I I . Use o f the Code 

A. Argument L i s t 

The argument l i s t s f o r the func t i ons RDEOX, RRANGE, RNERGY 

are i d e n t i c a l , except t ha t RNERGY's f i r s t argument i s R(range) wh i l e 

RDEOX's and RRANGE's f i r s t argument is E(energy) . The arguments, 

t h e i r meanings and u n i t s , are l i s t e d : 

1 . E: energy o f the heavy ion p r o j e c t i l e in MeV/amu. The 

maximum value is 3000 MeV/amu, i n conformance w i t h Bevalac energy 

1imi t a t i ons . 
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2. R: range, or actua l path length o f the heavy ion 

p r o j e c t i l e in the medium, in un i t s o f g / cm z . 

3- Z1 : t h i s second argument is the atomic number o f the 

p r o j e c t i l e . The ac tua l charge Zj is ca l cu la ted i n t e r n a l l y . 

'•. A1 : The mass, in amu, o f the nuclear p r o j e c t i l e . 

5- Z2, A2, IADJ: these next three arguments cha rac te r i ze 

the medium in which the p r o j e c t i l e is s topp ing . Z2 and A2 are 

the medium's charge and mass, and IADJ is the ad justed l oga r i t hm ic 

mean i o n i z a t i o n p o t e n t i a l o f the medium ( i n un i t s o f eV) , and 

2 15 can be found tabu la ted for var ious m a t e r i a l s , ' o r may be 

c a l c u l a t e d from the formulae 16 

adj 

15 

12Z 2 + 7 eV, Z 2 < 13 

9.76Z 2 + 5 8 . 8 Z 2 - 0 - 1 9 eV, Z 2 > 13-

For mixed media (severa l atomic species) Bragg's r u l e l : ) is 

invoked ( i . e . each atomic species c o n t r i b u t e s independent ly to 

the p r o j e c t i l e s lowing) to g ive 

<A,> = Z N . ( A , ) . / N = p / [ Z p . / ( A , ) . ] 
T " 2 ' i 2 ' j 

<ZZ> = m (Z 2 ) /N = <A 2> Zp.(f-)./p 
i i z 

<£nl .,> = E N . ( Z , ) . U n I . . ) . /EN. (Z. ) . 
adj . i 2' i adj i . i x 2 i 

^ ^ - z d 2 - ) , p,( inl At). p<Z„> . V A 2 adj i 

where N = EN., N. = # atoms o f species i/cm , and p = Ep . , p. 
i i ' 

dens i t y o f species i in g /cm 3 . (IADJ i •= a REAL v a r i a b l e . ) 
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6 . I I , 12, 13: these parameters are e i t h e r 0 or 1 , and 

tu rn " o f f " o r " o n " the h igher order Z c o r r e c t i o n s terms; i . e . , 

the Mot t , B loch, and low v e l o c i t y Z 3 c o r r e c t i o n s are respec

t i v e l y turned o f f i f 1 1 , 12, o r 13 i s set to zero . This a l lows 

the magnitude of the i n d i v i d u a l co r rec t i ons to be determined. 

Normal ly , 11 = 12 = 13 = 1 . 

7. RHO, IGAS, ETA: these parameters are requ i red f o r 

c a l c u l a t i o n o f the dens i t y e f f e c t . I f the s topp ing medium is a 

gas, IGAS = 1 ; o therw ise , IGAS = 0. RHO is the densHy In g/cm 3 

of the medium. For a gas, RHO is the gas dens i t y a t 0° Cent ig rade, 

1 atm pressure , and ETA is the f a c t o r which when m u l t i p l i e d by 

RHO gives the ac tua l gas d e n s i t y . (This ex t ra parameter i s 

requ i red by Sternheimer 's emp i r i ca l eva lua t i on o f the den is ty 

e f f e c t in gases.) 

B. Range-Energy Table Formation 

The range-energy tab les f o r a given p r o j e c t i l e species 

d i f f e r fo r d i f f e r e n t s topp ing media. To f a c i l i t a t e s tack c a l c u l a 

t i o n s , i . e . , p a r t i c l e s lowing in m u l t i - l a y e r e d media, the range-

energy tab les c a l c u l a t e d fo r a given {Z2, A2, IADJ, RHO, IGAS, ETA} 

are maintained in memory i f a new medium is being entered by the 

p r o j e c t i l e . The f i r s t c a l l to RRANGE or RNERGY generates a new 

range-energy tab le ( a f t e r which i i nea r i n t e r p o l a t i o n i s used in sub

sequent c a l l s ) f o r tha t medium. Should the o r i g i n a l medium be 

re-entered by the p r o j e c t i l e , the c o r r e c t range-energy tab les are 

consu l ted by the program. Up to 20 simultaneous tab les may be s t o r e d . 

I f , however, Zx, A j , 1 1 , 12, or 13 are changed, a l l prev ious range-
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energy table:, are lost. Thus, to reduce calculation time, {Zj, A,, 

II, 12, 13} shouKi be changed as infrequently as possible. 
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*EL i \T IV IST IC RANGE-ENERGY PROGRAMS 

INTRODUCTION 

THESE '50G?AMS ARE AVAILABLE AT LBL COMPUTER CENTER BY ACCESSING FRCM 
PSS STORAGE. TO OBTAIN PROGRAM COOES PLUS THIS INTRODUCTION, EXECUTE 
THE CONTROL CARD 

LI3COP*,E<TUSER,VOURFIL,INTRO,RDEDX,**ANGE, RNEfiSf. 
OR TO OBTAIN ONLY THE PROGRAM CODES, EXECUTE 

LI3C0P Y,EX TUSER, YIU)RFIL,RD£DX,RRANGE,ENERGY. 

THIS CODE IS DESCRIBEO IN DETAIL IN AN LBL REPORT ISSUEO I N JANUARY, 
1980. PLEASE ADDRESS ANY QUESTIONS OR CRITICISMS TO ITS AUTHOR, 

MICHAEL SALAMON 
3W5 3IRGE HALL, EXT 2-1958 
PHYSICS 3EPT, UCPi 

FUNCTION R0E0X<El v. Z Q , A l , Z 2 , A 2 , I A C J , I l , l 2 , l 3 , R H 0 , I G A S , E T A O 
C 
C THIS ROUTINE CALCULATES DE/CX USING THE BEThE EQUATION 
C WITH 3 CORRECTION TERMS, THE MOTT, 8L0CH, ANO LOW VELOCITY Z»*3 
C TERMS. (SEE S . P . AHLEN, PRA 17 ,1236( 1 9 7 8 U . ANY OR ALL OF THESE 
C CORRECTIONS CAN BE INCLUDED OR IGNORED, SPECIFIED BY THE 
C INDICES I1CM0TT», I 2 ( B L 0 C H > , I31L0W VELOCITY Z»«3> . A ZERO INPUT 
C FOR A 3IVEN PARAMETER ELIMINATES THAT PARTICJ.AR TERM I N THE 
C DE/CX CALCULATION. 
C 
C THE SHELL CORRECTIONS ARE TAKEN FROM BARKAS ASO BERGER, 
C PUBLICATION 1133 OF THE NATL ACAO S C I . THE LOH VELOCITY Z»»3 CORRECTION 
C I S DERIVEO FROM A FIGURE IN MCCARTHY AND JAC<SON, PHYS REV B6, <»131 U 9 7 2 I . 
C THE MOTT, 3L0CH CORRECTIONS ARE FROM AHLEN'S PREVIOUSLY 
C REFERENCED PAPER. 
C 
C UMTS OF E1 = MEV/AMJ 
C UMTS OF iaOJ=Etf. IADJ IS A REAL VARIABLE. 
C UMTS OF RETURNED OE/DX= <ME V/AMU >/< G/CM2 ) 
C 
C FlrSTAMDARd OE/DX FRONT FACTOR 
C F2^STAN0AR0 BtTHE NONRELATI VISTIC TERM MITH SHELL CORRECTIONS 
C F3=BL0CH CORRECTION TSRH 
C F<.= LOW VELOCITY Z»»3 NONRELATIVISTIC CORRECTION FACTOR 
C F5=M0TT CORRECTIOK TERM (Z*»3 TO Z*»7> 
C F6=STANDAR0 BETHE REtATIV ISTIC TE*M 
C 
C RHO=DENSITY OF MATERIAL, G/CM«»3 (FOR A GAS, SIVE STANOARD CENSITY) 
C IGAS=0 I F CONDENSED PHASE, 1 IF GAS. 
C ETAD=FOR GAS, DENSITY F<ELATJ.VE TO STANOARD (1 ATM, 0 DEG C E K I . MUST BE > 0 . 
r 

C0M10N/FL00K /F l ,F2 ,F3 ,F< » ,F5 ,F6 ,Z i 
REAL IAOJ 
DIMENSION VA(*»>,V2FVAU> ,Z1ABA(1<»I ,C0SXA(li»» 
DATA Z1ABA,C03XA/0. 0 , 0 . 0 5 , 0 . 1 , 0 . 1 5 , 0 . 2 0 , 0 . 3 0 , 0 . <•, 0 . 5 , 0 . 6 , 

C 0 . 8 , 1 . 0 , 1 . 2 , 1 . 5 , 2 . 0 , 1 . 0 0 0 , 0 . 9 9 0 5 , 0 . 9 6 3 1 , 0 . 9 2 0 8 , 0 . 8 6 8 0 , 
C 0 . 7<t7d,0.630 3, 0 .5290 ,0 .< f< i71 ,0 . 3 3 2 3 , 0 . 2 6 1 0 , 
C 0. 21<»S,0.1696, 0. 1 2 6 1 / 

DATA VA.V2FVA/1 . , 2 * , 3 . , < » . » G . 3 3 , 0 . 3 0 , 0 . 2 6 , 0 . 2 3 / 
P I = 3 . 1 * 1 5 9 2 6 5 t c 



A L F M A s l . / 1 3 7 . 0 3 6 Q I * 
G = l . « - E l / 9 3 1 . 5 0 1 6 
C E L T = D E L T A < G , Z 2 t A 2 , I A D J , R H O , I G A S f E T A O ) 
B S Q = 1 . - 1 . / G » » 2 
B = s a R T ( 3 S Q ) 
Z l = Z O * U . - E X P ( - 1 3 0 . * B / Z 0 * * < 2 . / 3 . ) M 
ETA=8»G 
E M A S S = 0 . 5 l l 0 0 3 4 £ t 0 6 
F 1 = J . 3 07Q7 2 2 » Z 1 » » 2 * Z 2 / < B S C » A 2 > 
E T A 1 2 r l . / E T A » » 2 
C A D J = 1 . J £ - 0 6 » I A 3 J » » 2 » £ T A W 2 » < 0.<»223 7 7 * E T A f 2» ( 0 . 030*0<»3-ETA"12» 

1 Q.QQJ38 1 0 6 > ) * 1 . 0 E - O 9 » I A O J » » 3 » E T A M 2 » ( 3 . 8 5 8 0 l 9 * E T A M 2 » ( - ( . 1 6 6 7 9 8 9 
2 * E T A 1 2 » 0 . 0 0 1 5 7 9 5 5 ) » 

F2 = 4 L O G ( 2 . » E » 1 A S 3 » 8 S Q / I A D J > - C A O J / Z 2 
F 6 = 2 . » A l O G ( G > - B S Q 
F 3 = 0 . 0 
Fi» = 1 . 0 
F 5 = 0 . 0 

F 1 2 = 3 , 03 NOT C A . C J L A T E BLOCH CORRECTION. 
I F ( I 2 . E 3 . 0 I G O T3 60 
Y = Z l » A L P H A / B 
Y 2 = Y » * 2 
M S U 1 = I N T ( 5 . » Y ) • ! 
SUMR=0. 
DO 30 N=1,MSUM 
FN=FLOAT(N) 
F N 2 = F N * * 2 
SU1< = SUiR4- ( l . / ( F N 2 + Y 2 ) - l . / F N 2 » / F N 
F3 = - Y 2 M 1 . 2 0 2 + S J M ? ) 

F 1 3 = 3 , DJ NOT CAcCJLATE LOW VELOCITY CORRECTION. 
I F U 3 . E Q . 0 ) G O T3 50 
tf=ErA/(ALPHA»SQ?T(Z2) I 
IF W . G E . * . . )GO TO 25 
DO 10 1 = 1 , 3 
I F ( i / . G E . tfA ( I H H GO TO 10 
V2Frf = V 2 F t f A < i m ¥ - l / A ( I ) ) • (V2F VA ( I +1) -V2FVA ( I > » 
GO ro ;,; 
CONTINUE 
V2F»/=0.*5/'SQRT W » 
>-'» = l .+2.»Zl»V2Ftf / ( \ /»»2*-SQRT( Z2 )) 

F 11 = 0 , OJ NOT CALCJLATE MOTT CO'.^ECTION. 
I F U i . E Q . Q l G O TO 70 
Z1A=Z1»ALPHA 
Z1A3=AB3(Z1A/B) 
COSX=3. 
DO *0 I = l t 1 3 
IF<Z1A8.G£.Z1AB« U + i M G O T C * 0 
C03X=CO5XA( I ) *<Z lAB-Z lA3A<I» )» (COSXA<I * l» -C0SXA( I»» / 

C < Z 1 A 8 A < I • 1 > - Z 1 A 9 « ( I I » 
CONTINUE 
F5 = a . 5 » Z l A » ( B » ( l .7 2 5 * 0 . 5 2»PI»C03X) +Z1A» ( 3 . 2<»6-0. <f5l»BSQ 

1 »-ZlA* (1.522»3*B.9ft7/B«-ZlAM<».569-0. ' t9«»*3SQ,-2. 696/BSQ 
2 « - Z 1 A M 1 . 2 5 < I » B + 0 . 2 2 2 / 8 - 1 . 170/BSQ/B>>)>) 

IF(Z1A8.LE.100.»ALPHA»GO TC 70 
I F ( < Z l A 9 » » 9 / 6 . I . L T . A B S < F 5 / < F 2 * - F H - F 3 * F 5 * F 6 - D E L T / 2 . n i G 0 TO FO 
F5=a. 
R0EOX = F l » ( F 2 » F i t » F 3 * F 5 * F 6 - O e L T / 2 . ) / A l 
RETJRN , , 
END ~ 1 b ~ 



FUN:TI ON DELTA(G,?2.A2,FIAUJ,R*0, IGAS,ETA> 
C THIS FJNCTION IS USED 9Y ROEO*. 
C 
C THIS C3RRECTI0N FOR THE DENSITY EFFECT IS BASEO ON STERNHEIKSR AND 
C PEIERLS, PWYS REV 83 i 3 6 « l ( l « 7 l > . 
C SET IGAS= 0 OR I t ETA > 0 REQUIRED. 
C RHO IS DENSITY IN S/3M»»3. FOR A GAS, GIVE 940 AT T*0 OEGRtES 
C CENTIGRADE, 1 ATM PRESSURE, AKO Th; FACTOR ETA WHICH GIVES H E 
C ACTUAL GAS OENSITY UPON MULTIPLICATION 9Y RHO. 

I F C G E . l . f i J G O rO 10 
OELTA=0. 
RETJRN 

10 PLAiMA=28.fl"SQRT(RH0»Z2/A2> 
C8A<=2.»ALOG(FIADJ/PLASMA)*1.0 
9 = S a R T ( I . - l . / G » » 2 > 
Y=2.»AL0Gie»G)•IGAS'ALOGCETA) 
IFUGAS.EQ.1 IGO TO 100 
I F ( - I A D J . 5 E . 1 3 0 . »30 TO 20 
Yl=3.212 
IFC8AR.&E.3 .68DS0 TO 11 
Yfl=0.9212 
GO TO 200 

11 Y0 = i .502»CBAR-<».606 
GO TO 230 

20 Y i = i 3 . 8 2 
IF(CBAR.GE.5.215)GO TO 21 
YOsl .9212 
GO TO 200 

21 YO=1.502»CBAP-6.909 
GO TO 230 

103 I F C B A R . G E . 1 2 . 2 5 I G O TO 110 
Y l = t 8 . W 
IFCBAR. L T . 1 2 . 2 5 ) Y 0 = 9 . 2 1 2 
I F C B A R . L T . i l . 5 ) Y 0 = 8 . 7 5 l 
I F C B A R . L T . 1 1 . 0 ) Y0 = 8 . 2 9 1 
IFCBAR. LT. 10.51 Y0 = 7 . 8 I 3 
IFCBAR. LT.1C.0» Y0 = 7.37fl 
GO TO 2J0 

110 Y l=23 .05 
IFCBAR. GE. 1 3 . 80<»>GO TO 120 
Y0=9.212 
GO TO 2J0 

120 Y 0 = t . 5 0 2 * C B A R - l l . 5 2 
200 A=CBAR-Y0 ) / ( Y l - Y O »»»3 

I F ( Y . G T . Y 0 » G O TO 2 1 0 
DtLTA=0. 
RETJRN 

21d IF(Y.GE.Yl»GO TO 220 
0ELrAsY-CBAR*A»(Yl-Y»»*3 
RETJRN 

220 DtLTA=Y-C9AR 
RETJRN 
END 
FUNDTION R R A N G E ( E . Z l , A l , Z 2 , A 2 , I A C J , I l , I 2 . I 3 , R H O , I G A S , E T A C ) 

C THIS RJUTINE RETURNS RANGE I N S/CM2 FOR INPUT= E IN MEV/AMU? 
C Z1,Z2 CHARGE OF ION AND MEOIUN; A1,A2 IN AMI'S IAOJ IN EV. 
C MAXIMU1 E= 3 GEV/A1U 
C THE RA^GE I S CALCULATED USING THE *OEOX FUNCTION WHICH RETUSNS 
C THE BETHE OE/OX WITH MOTT, 3L0CH, AND LOW VEL Z»»3 CORRECTIONS 
C ACOED. ANY OF THESE CORRECTIONS HAY BE DELETED 9Y SPECIFYING 
C I I ( M O T T I , I 2 ( 8 L 0 C H » , I3(LOW VELOCITY Z*»3) E3UAL TO ZERO. 
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C ALONG «IITH THE PARTICULAR VALUE OF RANGE REQJESTEO, AN ARRAY 
C IS RETJRNED I N COMMON/RCMMN/, TRANGE, WHICH 3IVES RRANGE(E» FOR 
C £ TABULATED I N COMMON ARRAY TENERG. 
C 
C AFTER THE FIRST CALLi IF PARAHETERS OTHER THAN E 00 NOT CHA^GE, 
C LINEAR INTERPOLATION I S USED TO CALCULATE RRANSE JSING THE 
C PREVIOJSLY CALCULATED TRANGE TABLE. 
C THE RANGE TABLES FOR UP TO 20 DIFFERENT MEDIA (WITH SAKE ION 
C SFECIEJ CAN BE CALCULATED ANO STOREt FOR SUBSEQUENT CALLS. THIS 
C FACILITATES STACK CALCULATIONS. IF EXTERNAL JSE OF THE RANGE-
C ENERGY TABLES IS REQUIRED. THE EXTERNAL PROGRAM iJST INCLJOE 
C CCMMGN/PARAC/ IN OROEft TO CORRELATE THE PARTISULA? IADJ, Z2 , A2 
C WITH THE APPROPRIATE TRANGE VECTOR. 
C 

REAL IAOJ,IAOJA(20» 
COM10N/PARAC/Z1P,A1P, I1P , I2P , I3P ,NIADJ, IAQJA,Z2A(2 0>,A2A<2Q> 

1 , *HOA(20t , IGASA<20) ,ETAOA<20> 
COMMON/RCMMN/MIADJ,TENERG<13 8>,TRANGE(138,20> 
DATA TENERG/1. ,2 . , 3 . , 4 . , 5 . , 6 . , 7. , 8 . . 9 . , 1 0 . 1 1 2 . , 1 4 . , 16 . . 18. . 

C 2 0 . , 2 2 . , 2 4 . , 2 6 . , 2 8 . , 3 0 . , 3 2 . , 3 <•.. 36 . , 3 8 . , 4 0 . , 4 2 . , 4 4 . , 4 6 . , 
C 4 S . , 5 0 . , 5 5 . , 6 0 . , 6 5 . , 7 0 . , 7 5 . , 8 0 . , 8 5 . , 9 0 . , 9 5 . , 1 0 0 . . 1 0 5 . , 
C 1 1 0 . , 1 1 5 . ,12 0. , 1 2 5 . ,13 0. , 1 3 5 . , 14 0 . . 145 . , 150 . , 1 5 5 . , 1 6 0 . , 
C 1 6 5 . , 1 7 0 . , 1 7 5. , 1 8 0 . , 1 8 5 . , 1 9 0 . , 1 9 5 . , 2 0 0 . , 2 1 0 , , 2 2 0 . , 2 3 0 . , 
C 24 0 . , 2 5 0 . , 26 0. , 2 7 0 . , 2 8 0 . , 2 9 0 . , 3 0 0 . , 3 1 0 . , 320 , , 3 3 0 . , 340 . , 
C 35 0 . .3 60 . , 3 7 0. ,3 80 . . 39 0. ,400* s ««10.» <»2 0. . 43 0. , 4 4Q. ,45 0. . 
C 45 0 . , 4 7 0 . , 4 8 0 . , 4 9 0 . , 5 0 0 . , 5 1 0 . . 5 2 0 . , 5 3 0 . , 5 4 0 . , 5 5 0 . , 5 6 0 . , 
C 5 7 0 . , 5 8 0 . . 5 9 0 . , 6 0 0 . . 6 1 0 . , 6 2 0 . «630 c , 6 4 0 . . 6 5 0 . , 6 6 0 . . 6 7 0 . . 
C 6 8 0 . . 6 9 0 . . 7 0 0 . , 7 1 0 . , 7 2 0 . , 7 3 0 . , 7 4 0 . , 7 5 0 . , 7 6 0 , , 7 7 0 . , 7 8 0 . , 
C 7 9 0 . , 9 0 0 . , 8 2 0 . , 8 4 0 . , 8 6 0 . , 8 6 0 . , 9 0 0 . , 9 2 0 . , 9 4 0 . , 9 6 0 . . 9 8 0 . , 
C 1 0 0 0 . . 1 2 0 0 . . 1 4 0 0 . , 1 6 0 0 . . 1 8 0 0 « . 2 0 0 0 . . 2 4 0 0 . . 2 8 0 0 * . 3 2 0 0 . / 

I F U Z 1 . E Q . Z 1 P ) . A N D . ( A 1 . E Q . A 1 P > . A N D . 
C ( I l . E Q . I l P ) . A N C . 
C U 2 . E Q . I 2 P > . A N D . ( I 3 . £ Q . I 3 P ) >S3 TO 451 

C PARAHETERS HAVE CHANGED. GENERATE THE FIRST 3F A NEW SET OF TABLES. 
NIA3J=1 
MIA3J=1 
Z1P=Z1 
AlPsAl 
I 1 P = I 1 
I 2 P = I 2 
I 3P= I3 
I A D J A ( l l = I A D J 
Z2A(1)=Z2 
A2A( D - A 2 
RHO*(1»=RH0 
IGASA(1)=IGAS 
ETA3A(ll=ETAD 
GO TO 450 

C PARAMETERS SAME, BJT IS THIS A NEW 1 "CJ.Z2.A2,RHO,IGAS,ETA0? 
451 DO 420 I=1 .N IADJ 

MIA0J=I 
C I F NOT, GO DIRECTLY TO INTERPOLATION 1 ..ON. 

I F ( ( I A O J . E Q . I A O J A ( I ) ) . A N O . ( Z 2 . E Q . Z 2 A ( I ) ) . A N O . 
1 ( 1 2 . E Q . A 2 A ( i n .AND. (RHO.EQ.RHOAdM .AND. ( IGAS.EQ. IGASA ( I M . 
2 ANO.CETAD.EQ.ETADA<I)))GO TO 100 

420 CONTINUE 
C I F SO, GENERATE NEXT IAOJ TABLE. 

NIA3J=NIA0J*1 
IF(NIAOJ.GE.20»NIAOJ=20 
MIAOJ=NIADJ 
IA0JA(MIADJ)=IA3J 
Z2A(MIA0J)=Z2 -18-
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A2A<MIA0J)=A2 
RH0MMIADJ)*RHO 
IGASA(MIAOJ)=IGAS 
ETADAIMtACJIrETAO 

C FOR E < 9 i t V / A M U , HE USE AN EMPIRICAL F IT TO PROTON RANGE CATA 
C GIVEN 3Y BARKAS AND 3ERGER. 
C THE USE OF Z1EFF I * ROEOX AUTOMATICALLY INCORPORATES RANGE 
C EXTENSION DUE TO ELECTRON PICKUP IN THE RANGE CALCULATICN FOR E>8 
C MEV/AMJ. FOR E<9 1EV/AMU, WHERE THE ANALYTIC FORM FOR THE SHELL CORRECTION 
C FAILS AND AN EMPIRICAL F I T TO PROTON RANGE DATA IS USED, A RAH5E EXTENSION 
C GIVEN 3Y BARKAS • BERGtR IN THIS REGION IS USEO. 
<«5u 00 50 I = l » 6 
30 TRA«4GE(I,!|IIADJ» = (A 1» ( 9 3 1 . 5 0 1 6 / 9 3 8 . 213 > / 7 1 »»2 »»PRNG LO <TENERG < I > , 

1 IA0Jt 'Z2.A2l • 3 Z ( T E N E R G ( I I , 2 l ,A 1.Z2,A2,1AOJt 
C THIS SECTION IN .GRATES l . /OE/OX TO OBTAIN RANGE. THE METHOD IS 
C TMAT Of GAJSS-LEGENCRE WITH i» SAMPLE POINTS FOR INTEGRATION, THE 
C RANGES BEING INTEGRATD fRCM TABULATED POINT TD TA8ULATEC POINT. 

DO 300 1=9 ,138 
OE2*(TENERG(I ) -TENfcRGU- l ) ) / 2 . 

C 
OEO*l=ROEOXUTENERGCI- l>t l .33 9 9 8 1 0 * » D E 2 > , Z l , A l , Z 2 , A 2 , I A O J , 

C I l , I 2 , I 3 , R H D , I G A S , E T A C > 
0ED<2=R3E0X((TENE?G( I -1 )»1 .8 <=1U6 3 1 » D E 2 I , Z 1 , A l , Z 2 , A 2 , I A D J , 

C 11,12,13,RHO,IGAS,ETAO> 
OEDX3 = RDEDXUTENERG(I - l ) * 0 . 1 3886369»DE2> . Z l , A l , Z 2 . 6 2 . I ADJ, 

C 11 ,12 ,13 ,RHO. IGAStETAD) 
DEO>U=R3E0X<<TENERG<I- l>+O.66OOie69»OE2>,Zl ,Al ,Z2,A2, IADJ, 

C 1 1 , 1 2 , 1 3 , R H 0 , I G A S , E T A 0 I 
OR=0E2»(0.6521U515/OEOXl • 0 . 3<,7 85<,85/OED<2 

C * 0 . 3<*785"»85/0E0X3 • 0. 6521U515/DEDXI, I 
30 0 TRANGE(I,MIAOJ) = TRANGE<I-l,MIAOJ)*-DR 
100 IF IE.GT.TENERGU ))GO TO 60 

RRASGE=I»TRANGE(l,MIAOJ)/TENERG(l) 
RETJRN 

60 00 70 1=2,138 
IF (£ .GT.TENERG( IMGO TO 70 
RRANGE=TRANGE(I- l ,MIADJ>*<E-TENEfiG(I - l ) ) 

C * ( T R A N G E ( I , i I » D J » - T R A N G E ( I - l , M I A O J M 
C / ( T E N E R G < I » - T E N t R G ( I - i M 

GO TO 230 
70 CONTINUE 
200 CONTINUE 

RETJRN 
ENO 
FUNCTION B Z « E , Z t , A l , Z 2 , A 2 , I A D J I 

C THIS FJNCTION IS USED BY RRANGE. 
C 
C THIS ROUTINE RE'URNS THE TOTAL RANGE EXTENSION TO RANGE 
C AS GIVEN BY 8ARHAS AND BERGER. THE A1 /Z1*»2 FACTOR IS 
C INCLUDEO WITHIN THE ROUTINE, SO THE RETURNED /ALJE IS TC BE 
C AOOEO DIRECTLY TO THE CONSTANT CHARGE STATE RANGE. 
C 
C UMTS OF 8Z=S/CM2, ErMEW/AMU. 
C 

REAL IAOJ 
G=1 . *E /9 '31 .5016 
B = S 3 . R T ( l . - l . / G » » 2 ) 
I F ( 3 . G E . ( 2 . » Z l / t 3 7 . H G C TC 10 
B Z s A l ' O 3 1 . « t 8 1 / 9 3 8 . 2 5 9 ) • ( * € . 0 * 5 . 8 * I A O J » » < 5 . / 8 . >»• 

C < A 2 / Z 2 » » 1 . 0 E - 0 5 » Z l » M - l . / 3 . > » B 
GO TO 20 

10 B Z = ( A l » ( 9 3 1 . ( f 8 1 / 9 3 6 . 2 5 9 ) > * < 7 . 0 * Q . 8 5 » I A D J » » ( 5 . / 8 . ) >» 
-19-



C ( A 2 / Z 2 > » l . 0 £ - 0 6 » Z l * » ( 2 . / 3 . l 
20 CONTINUE 

RETJRN 
ENO 
FUNCTION PRNGL0(E, IA0J,Z2,A2> 

C THIS FJNCTION IS USED 8V RRANGE. 
C 
C THIS ROUTINE (PROTON-RANGE-LOM CALCULATES PROTON RANGES 
C FOR 1<£<9 iEV/AMU. THIS USES THE EiPIRICAL RANGE EXPRESSION 
C BY BAR<AS AND BERGiR . RETURNED RANGE IS IN S/CM2. IT MUST 
C BE MULTIPLIED 3V A I M 9 3 1 . 5 0 1 6 / 9 3 8 . 2 1 3 » / Z 1 » * 2 FOR CHARGES HIGHER 
C THAF 1 . Al IS IN AHU. 
C 

REA. IAOJ 
CR=938 .213 /931 .5Q16 
ELN=ALOG(E»CR> 
ALN=ALOG(IA0J) 
R L N = A L 0 G U 2 / Z 2 ' - 7 . 5265E-01«-2. 539 8»£LN-2.««5 98E-01*ELN»*2 

C • 7 . 3 73 6£ -0 2*ALN-3.1200E-01»ELN- ALN 
C *1.15<,8E-01»ALN»ELN»»2+*».0 556E-0 2»ALN**2 
C U.866<»E-02»ALN»*2»ELN-9.9 661E-03»ALN»»2*ELH»»2 

PRN3L0=EXP(RLN>/1.06*03 
RETJRf>' 
ENO 
FUNCTION R N E R G Y ( R , Z l , A l , Z 2 , A 2 , I A C J , I l , I 2 . I 3 . R H 0 , I G A S . E T A C ) 

C THIS ROUTINE IS THE COUNTERPART OF RRANGE, THE CORRECTED RANGE. 
C RRANGE IS CALLED, PRODUCING A RANGE-ENERGY TABLE. RNERGY IS 
C DETERMINED BY LINEAR INTERPOLATION CN THIS TABLE. 
C 
C UMTS= R = G/CM2 
C A1,A2=AHU 
C IAOJ=EV 
C RNERGY = MEV/AMil 
C 

REAu IADJ, IADJA(20) 
COM10N/»ARAC/Z1P,A1P, I1P , I2P , I3P ,NIADJ, IAOJA,Z2A(20) ,A2A(23> 

1 ,*HOA(20>, ISASA(2Q|,ETAOA(20> 
COMMON/RCMMN/MIADJ,TENERG(138),TRANGE(138,201 

C PICK A VALJE OF E I N CALLING RRANGE 
E=600. 

C THIS CONSTRUCTS THE *ANGE-ENERGY TABLE TO BE JSEO BELOW I F CNE 
C DOES NOT ALREAOY EXIST. 

RR=*RANGE(E ,Z1 ,A1 ,Z2 ,A2 , IACJ , I 1 , 12,13,RHO,IGAS,ETAC» 
IF (? .LE.TRANGE<i ,1 IADJI IGO TO 20 
DO 10 1 - 2 , 1 3 8 
K=I 
IF (? .LE.TRANGE( I ,MIADJ))GO TO 30 

10 CONTINUE 
30 RNE<GY=TENERG(K-1) t(R«TRANGE(K-l ,MIAOJ»)MTENERG (K>-TENEfG(K-1>) / 

C <TRANGE(K,MIADJ)-TRANGE(K-l,MIAOJ)> 
RETJRN 

20 RNE*GY=TENERG(1)*R/TRANGE( 1,MIADJ> 
C OBVIOUSLY, THIS FUNCTION IS IHACCJRATE BELOW E=l HEV/AMU 

RETJRN 
END 

-20-


