
Computer Code Abstract 

TIGER 

1. P r o g r a m Identification: TIGER, a one-dimensional , 
mul t i l ayer e lect ron/photon M o n t e Car lo t r a n s p o r t 
code.1 

2. Descr ip t ion of Phys ica l P r o b l e m Solved: TIGER d e -
s c r i b e s the generation and t r anspor t of the e l e c t r o n / 
photon cascade in mul t i s lab geomet r ies f r o m s e v e r a l 
MeV down to 1.0 keV fo r e lec t rons and to 10.0 keV fo r 
photons. Source pa r t i c l e s can be ei ther e lec t rons or 
photons; monoenerget ic or sou rce spec t ra a r e allowed; 
and source angular d is t r ibut ions can be monod i rec -
t ional , cosine law, or i so t rop ic . The most important 
output data a r e (a) charge and energy deposi t ion 
p rof i l e s ; (b) integral energy and number t r a n s m i s s i o n 
and ref lec t ion coeff ic ients for both e lec t rons and 
photons; and (c) t r a n s m i s s i o n and ref lect ion coef f i -
c ients for e lec t rons and photons that a r e d i f fe ren t ia l in 
energy, in angle, and in both energy and angle. 

3. Method of Solution: The TIGER code combines con-
densed-h i s to ry e lec t ron Monte Car lo 2 with conventional 
s ing le - sca t t e r ing photon Monte Car lo . The e lec t ron 
t r an spo r t includes energy lo s s s traggling, e las t ic s c a t -
t e r ing , and the production of knock-on e lec t rons , 
continuous b remss t r ah lung radiat ion, c h a r a c t e r i s t i c 
x r a y s , and annihilation radia t ion. Photon t r a n s p o r t 
includes the photoelectr ic , Compton, and p a i r - p r o d u c -
tion in teract ions along with the production of the 
corresponding secondary pa r t i c l e s . Electron c r o s s 
sec t ions and sampling d is t r ibut ions a r e obtained f r o m 
DATAPAC-4 and LIBRARY TAPE 2 of the ETRAN 
Monte Car lo code sys t em. 3 Photon c r o s s sect ions a r e 
the analytical f i t s of Biggs and Lighthill .4 TIGER is a 
u s e r - o r i e n t e d code in the s ense that it was designed to 
provide both exper imenta l i s t s and theor i s t s with a 
method for the rout ine, but sophist icated, solution of 
bas ic t r anspor t p rob lems; for example, only ten input 
c a r d s a r e required for monoenerget ic par t i c le s o u r c e s . 
On the other hand, the comple teness with which TIGER 
d e s c r i b e s the radiat ion t r a n s p o r t and the flexibil i ty of 
i t s construct ion make it poss ib le for the u se r to extend 
i t s capabi l i t ies significantly through relat ively s imple 
updates . Every output quantity i s followed by the bes t 
e s t ima te of i ts s ta t i s t i ca l s tandard e r r o r . Although 
CDC 6600 cen t ra l m e m o r y is sufficient without i t , 
c en t r a l memory has been reduced more than 50 000 
dec imal locations by s tor ing the t h r ee la rges t e l ec t ron 
c r o s s - s e c t i o n a r r a y s in extended core s torage (ECS). 
F u r t h e r reduct ions a r e poss ib le at l i t t le or no i n c r e a s e 
in running t ime wherever such f a s t pe r iphera l a c c e s s 
i s avai lable . 

4. Related Mater ia l : The TIGER code contains ETRAN-
15 (Ref. 3) as a subset and, insofar as possible , the 
logic of the la t te r has been p r e s e r v e d . Comments , 

suggest ions, a n d / o r consultation a r e welcomed by the 
authors . 

5. Res t r i c t ions : The problem configuration i s limited to 
no more than 50 ma te r i a l l aye r s . A problem cannot 
involve m o r e than 5 unique homogeneous ma te r i a l s , 
each of which contains no more than 20 e lements . The 
method i s m o r e accura te at higher ene rg ies , with a 
l e s s r i go rous descr ip t ion of the pa r t i c l e cascade at 
energ ies where the shell s t ruc tu re of the t r anspor t 
media becomes impor tant . The only shell e f fec t s con-
s idered a r e ionization of, f luorescence of, and Auger 
emiss ion f r o m the K-shel l of the h ighes t - a tomic -num-
be r e lement in each mate r i a l . 

6. Computer : CDC 6600. 

7. Running T ime : So many p a r a m e t e r s af fec t the problem 
run t ime that it i s not possible to e s t ima te a " t y p i c a l " 
machine t ime . However, run t imes do vary a lmost 
l inearly with the number of h i s to r i e s . The average 
t ime pe r h i s to ry in the calculation of the a luminum/ 
gold energy deposi t ion prof i le shown in Fig. 5 of Ref. 1 
was ~ 0.1 sec . 

8. P r o g r a m m i n g Languages: The code is wri t ten in 
FORTRAN IV. A m a j o r effor t was made to remove 
nonstandard and instal lat ion-dependent u sages . 

9. Operat ing Sys tem: The code runs under the SCOPE 3.3 
sys tem with the FTN (OPT = 2) compi le r . 

10. Machine Requ i rements : Four input/output f i l e s (two 
input c r o s s - s e c t i o n f i l e s and two sc r a t ch f i les) and two 
sys tem input/output f i les a r e r equ i red . The cen t ra l 
memory s to r age requ i rement is 202 000 (octal) words . 
In addition, 213 000 (octal) words of ECS a r e requi red . 
Data a r e t r ansmi t t ed to and f r o m ECS in blocks of 
var iable s ize , so that with some p r o g r a m modi f ica-
t ions, disk, d r u m , or tape s torage can be substituted 
for ECS. 

11. Mater ia l Available: Source deck, c r o s s - s e c t i o n f i l es , 
t es t p rob lems , r e s u l t s of executed tes t p rob lems , and 
the r e f e r e n c e document 1 a r e available f r o m the Oak 
Ridge Radiation Shielding Information Cen te r . 

12. Acknowledgment: This work was supported by the 
United States Atomic Energy Commiss ion . 

13. References-. 
LJ. A. HALBLEIB, Sr . and W. H. VANDEVENDER, 

"TIGER: A One-Dimensional , Mult i layer E l ec t ron / 
Photon Monte C a r l o Transpor t C o d e , " SLA-73-1026, 
Sandia Labo ra to r i e s (1974). 

2M. J . BERGER, "Monte Car lo Calculat ion of the 
Penet ra t ion and Diffusion of Fas t Charged P a r t i c l e s , " 
Methods in Computational Physics, Vol. 1, Academic 
P r e s s , New York (1963). 

94 



3M. J . BERGER and S. M. S E L T Z E R , " E T R A N 
Monte C a r l o Sys tem f o r E l e c t r o n and Photon T r a n s p o r t 
Through Extended M e d i a , " CCC-107 , Radia t ion Sh ie ld -
ing In fo rmat ion C e n t e r , C o m p u t e r Code Col lec t ion , 
Oak Ridge Nat ional L a b o r a t o r y (1968). 

4 F . BIGGS and R . LIGHTHILL, "Ana ly t i c a l A p -
p r o x i m a t i o n s f o r X - R a y C r o s s Sec t ions I I , " S C - R R - 7 1 
0507, Sandia L a b o r a t o r i e s (1971); a l s o F . BIGGS and 
R. LIGHTHILL, " A n a l y t i c a l Approx ima t ions f o r To t a l 

P a i r - P r o d u c t i o n C r o s s S e c t i o n s , " S C - R R - 6 8 - 6 1 9 , 
Sandia L a b o r a t o r i e s (1968). 

J. A. Halbleib, Sr. 
W. H. Vandevender 

Sandia Laboratories 
Division 5223 
Albuquerque, New Mexico 87115 

Received December 10, 1974 




