
l L f m 4  

k k h -  L M  ALAUO.. N C W  MCXICO m7S44 

6 7  - v OFFICE MEMORANDUM 
* - u k d r k l  

'0  I L. ROsen, MP-DO : 1 ;  '' DATE: December 21, 1970 p& 

A -9 / -  0 f / 
76- ci 

MP- 
FROM : Arvid Lundy, MP-1; Richard Hutson, MP-7 

SUBJECT: DOSE TO PATIENT DURING HYPOTHETICAL K L O N I C  X-RAY IN VIVO TISSUE ANALYSIS -- 
L 

SYMBOL : InJ-7-20 

P a t i e n t  Dose During Muonic X-Ray Tissue Analysis 
f 

Calcu la t ion  is based on a hypo the t i ca l  use where one irradiates 

a 1 cm' volume of t i s s u e  loca ted  a t  a depth of 10 c m  i n  s o f t  t i s s u e .  
corresponds t o  the use of a mono-energetic 44 MeV p e n c i l  beam of muons.) 
It is assumed t h a t  t he  x-ray d e t e c t o r  can be loca ted  wi th in  20 CUI of the 
s topp ing  region, t h a t  t h e  x-rays pass through 10 cm of t i s s u e ,  and t h a t  

a close packed a r r a y  of seven l a r g e  (100 cc) Ge(Li )  d e t e c t o r s  is  used. 

( P a r a l l e l i n g  seven d e t e c t o r s  will decrease energy r e s o l u t i o n  by a factor 

of 2.6, but  t h e  d e t e c t o r  e f f i c i e n c y  of 100 cc d e t e c t o r s  will be considerably 

better a t  rhe h ighe r  ene rg ie s  than the  30 cc d e t e c t o r s  which t he  conlposite 

(This 

1 

. s p e c t r a  is based on.) 

1) Number of muons required:  

Looking a t  t h e  composite s p e c t r a  produced by J-11, it 

appears t h a t  a t  least  10' counts i n  the oxygen photopeak 
would be  d e s i r a b l e  

10c(counts in oxygen photopeak) 
x-ray t ransmission 

t i o s u e  captured t h r u  10 cm tissue 

- 2.8 x 10' muons. 

ICa oxygen y i e l d  per  

muon 

Ge(L i )  d e t e c t o r  
photopeak eff. ) x 0.027 ( ~ ~ ~ ~ t r i c a l )  
of 133 keV 

Required p a t i e n t  i r r a d i a t i o n  time: 

' 2.8 Y 10a  muons - 9.3 x 10' oec - 15.5 minutes Expected LAX?F 
muon y i e l d  f o r  
prescr ibed condi t ions 

3 1 0 5  muons 
aec an' 
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Geometric, e f f i c i e n c y  ca l cu la t ion :  

A - 0.027 . n F2 7 (de t ec to r s )  x 
4a 4n 4Tr C.E. - - = - = 

I 

'Front en t rance  r ad ius  o f  presently a v a i l a b l e  
a 100 cc GeLi de t ec to r s .  

2) Direct Muon Dose: 

j 2.8 x 10' muons x 44.0 x 10' ev x 1.6 I( 10 - 1 2  
= 19.7 rads  Dm = 

100 erg x 10 pm** gm rad  
*k 
The incoming beam is v i sua l i zed  as a aquare 1 cm by 
1 cm beam pene t r a t ing  10  cm i n t o  s o f t ,  u n i t  dens i ty  
t i s s u e .  

Because of t h e  h igher  LET I n  the  muon s topping reg ion  t h e  dose is 
not uniformly d i s t r i b u t e d .  

dose in the stopping region t o  be approximately 45 r ads  r e l a t i v e l y  tc 

approximately 13.5 rads  i n  t h e  first f e w  cant imetera  a t  the ent,rance 

region. 

Study of muon range-energy curves shows the 

3) Muon Decay Dose: 

Estimate that 65% of the muon6 decay p r i o r  t o  nuc lear  

capture .  

of decay is 0.5 and for 2 = 8, 0.75.) 

(This is a func t ion  of 2, for 2 = 11 the probab i l i t y  

f r a c t i o n  2.8 x 10' muons x 0.65 ( decaying ) = 1.8 x 10' decay e l ec t rons .  

Aosme an average decay e l e c t r o n  energy of 25 MeV and an e l e c t r o n  

LET of 2 MeV/cm, Asaume each electron t o  t r ave r se  approximately 0.5 cm 
. 5 J.LA 

In t h e  s topping  JcL$.** re ion. x PA'O b fd0- #.k 04-c-A A w o * = - y &  x / $1- ?-,.*#J I, 0 h / O  / c  .... 
I )  Dose Due to Nuclear Capture and Subsequent Nuclear Decay: 

Assume 35% of the  muons undergo nuc lear  capture .  For 

C, N, and 0 t h e  probability of charged p a r t i c l e  emission is 0.15 with 

50% of t h e  p a r t i c l e s  be ing  deuterons wi th  estimated average energy of 
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15 MeV. 

deuterons.  

For dosimetry purpose assume a l l  th; p a r t i c l e e  t o  be 15 MeV 

The range of a 19 NeV deuteron i n  t issue i e  < 1 M so easen- 

t i a l l y  a l l  will be stopped i n  the 
nuc lea r  charged 

Dn - 2.8 x 10' muons'x . 3  i' 

I 

T o t a l  Dose in t h e  Stopping Region: 

Q u a l i t y  Factor  REMS 

D i r e c t  Muon Dooe - 45 rads x 3 U S  
Muon Decay Dose - 2.9 rads x 1 2.9  

Nuclear Emission Dose = 3.5 rads x 7 2 4 . 5  

162.4 REMS 

tQuolity f a c t o r  assigned pe r  UCU-19382 based on LET i n  water. 

Compare this dose with the doee adminietered during a t hy ro id  scan 

w i t h  1-131. 
dose of 1.3 r a d s f p c  in 

A t y p i c a l  t hy ro id  scan with 2-131 r e s u l t s  i n  a whole thyroid 

ntandard man k t h  t y p i c a l l y  l W c  being 2 b!& 1 admin- 

i s t e r e d ,  i.e., 130 RBIs. 
in muonic a c t i v a t i o n  is probably t o l e r a b l e  for many use8 although c e r t a i n l y  

Therefore ,  i t  appears t h a t  the  dose suggested 

not desirable. It appears  t h a t  the  key t o  reducing doee is i n  achiev ing  

b e t t e r  geometr ica l  e f f i c i e n c y  and developments i n  G e ( L i )  d e t e c t o r  technology 

may make t h i s  f e a s i b l e .  If one considers  looking a t  calcium i n  bone the  

s i t u a t i o n  would look much b e t t e r  because the  calcium concent ra t ion  i n  bone 

is 10 times t h a t  i n  "standard man." One might also be a b l e  t o  use a l a r g e  

NaI(TS) d e t e c t o r  with g r e a t l y  increased de tec to r  e f f i c i e n c y .  

Richard Hutfon, MP-7 
fg  

'Wagncr,W-incinles of Wuclenr Medicine, Philadelphia '68, Pg 774.  
' S i lve r ,  Nucleonics, AUgU6 t ' 6 5 .  
* This d a t a  from Vaisenberg, et  al, JETP L, 467. 
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. 
'ISilk g h b g  number of cotmta in pbotopedu from w n i c  activation 

of "Standard r3fa11.P w i n g  30 cc GeLl detector and.applping correctlonr for  
detector efficiency vs energy and soft-tissue absorption path of 10 cm. 
(Normalized to 10,000 counts in Oxygen Kol photopeak.) 

Element and X-ray Line 

. 10 Oxygen 
2. Carbon 

4.  Sulphur 
' 5.  Nitrogen 

6. Chlorine 

8. Potassium 
9.  c p l b  

10. Fluorine 
11. S o d i m  

12. Iron 
13. Magneelm 
14. Zinc 
15. S i l i c o n  
16. Silicon 
17. Phoaphoruo 
18. Silicon 
19. Sulphur 

20. Phoaphoruo 
21. Phosphorus 
22. Chlorine 
23. Sulphur 
24. Sulphur 

25. Chlorine 

Potaseim 
Chlorine 
Calcium 
Potassium 
Po tasslrrm 
Caicium 

26 . 
27. 
28. 
29 . 
30 . 
31. 
32. Calcium 
33. Iron 

34. Zinc I( 

3s. Irrw K 

K u  
K a  

a 
I'  

I 8 9 2 b 4 8  

Energy (keV) 

24.0 
75.5 
88.0 
100 . 
102. 
113. , 

133. 
140. 
158. 
168. 
250. 
264 
296 
356. 
400. 
450. 

458 . 
460, 
522. 
523. 
548. 
583. 
618. 
666. 
683. 
713. 
738. 
786. 
851. 
936. 
946. 

1034 . 
1262. 
1615. 
1706. 

Number of Counts 

2,295. 
6,280. 
193. 
32.5 
549. 

10,000. 
16.9 

23.9 
150. 

.421 
10.7 

382 
2.04 

.152 
1.17 
.lo9 

42.4 
.157 

6.59 
3-56 

5.24 
3.49 
.601 
,869 
.295 

5.13 
402 

33.0 
e271 
.469 

2.25 

3.20 
,0690 
-0320 
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