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A c l i n i c a l  r j d i o t h c r i p y  (;rcu? e n t i t l e d  the Bay Arcs :!:hr2.-7,~.q . ? . r . = r ~ c i ~ ? - i o n  
!.as h e n  ic.mcd t o  p a r t i c i p a t e  i n  :lie da..sic;n And ccnciuct of a c c - c i ~ . - r , i r i v e  c r i i a l  
of h e l i ~ i x ~ -  i.nd ?!csvy-ion rir.!iot!lrr&py. ':his $roup c o n s i c t s  o f  ,:r-s:.!i:citiisc:s 
Cram t h e  r ad ic thLrapy  s e c t i o n s  of t h a  t h r e e  med ica l  s c h o o l s  i n  !:.;r:i,em C a l i f o L n i a ,  
U n i v e r s i t y  of C a l i f o r n i a  a t  San F r m c i s c o ,  U n i v e r s i t y  of C a l i f o r n i a  A t  % v i s  and 
S t m f c r d  Nedical  Sc5001, as w e 1 1  h s  o t h e r  r a d i o t h e r a p y  f a c i l i t i ? ~  in circa. 
In a d d i t i o n  t o  &out  twenty r a d i o t h e r a p i s t  inembers, t h e r e  a r e  i n t e r e s t e 3  r d i o -  
b i o l o g i s t s ,  p h y s i c i s t s  and o t h e r  p h y s i c i a n s  i n  t h e  nroup (sze a::acied rxi ; :hrship 
l i s t ) .  

Th i s  cjroup h a s  fo rmula t ed  p h y s i c s ,  r a d i o b i o l o g y ,  and  protocol d e s i g n  comni t -  
t e e s  to  a s s i s t  i n  p r e p a r a t i o n s  f o r  c l i n i c a l  t r i a l .  C l i n i c a l  ~ ro toco l s  F,;tve been 
C@sipnrd for t h e  f o l l o w i n g  t'tswrs: carcinoma of t h e  c e r v i x  u t n r i ;  c a r c i n o r ~ a  of 
the ;mcrta8i carcinoma of t h e  cgophagus;  n a l i g n a n t  g l i o b l a s t o m a  of t h e  b r a i n ;  
r a r c i n m a  4 -the p r o s t a t e ;  And for i n i t i a l  s t u d y ,  a m i s c e l l a n e o u s  y roup  o f  xjvanced 
niid/'or r ecu rcen t  . i u w r s .  h X i t i c , : : a l  i , rc. tn-ol l ;  A r e  ti?r:vt- I ' m .  :t i s  I-l;snncd 
t h a t  c-;:;ntu&tly apprcx . i za t e ly  20 t w c r  c i t e s  w i l l  Se inc?i,dc*d ir. the c l i n i c a l  
' r ; a l  t g  c!loi: 2s v i d e  a ;srti.:;.I;Acion .?e ~ , - c ~ j b l e .  '?hc =:..:-:?-. -n-c>i:p w i l l  a ' s 0  
fu.?ctjon t o  i r r a E i a t e  :he corli-rol i .at i , - ;r , ts  *r i th  c : cnv , -n t i rn i . l  : -n. i ic . ! . . ) ' , i .rn~~y : cch-  
niq=_,t.?. This yrrrup w i l l  seck : r sc i s : ta i , ce  f ~ c m  t h e  5 a d i a t  iun ?!cr.,py C.r!ccIcqy q ioup  
And the Nort5rrn C a l i f o r n i a  Cancer  Frocram i n  conduc t ing  :he ' . on t i01  c! i n i c a l  
t r i a l  so a s  t o  a s s u r e  s t b t i s t i c a l  e i o n i f i c z n c e .  Pecause of t h c  ' ? r i ~ t e n c e  of ot3er 
hia?.-iET c i i n i c a l  t r i a l s  i n  t h e  Nor the rn  C a l i f o r n i a  Area, such z.s i h e  Fion 'rddio- 
t he rapy  T r i a l  a t  Starrford Yed ica l  S c h o o l ,  and t h e  Neutron I;adicss:x=rapy T r i a l  a t  
t h e  U5 iee r s i ty  of C a l i f o r n i a  a t  DaVis,  it is  mandatory t h a t  t h e  r a C i o t h a r a p i s t s  
of t h i s  region draw t c g e c h e r  i n  o r d e r  t o  s s s u r e  t h e  b e s t  pcssible u t i ! i z a c i o n  of 
t n e  c l i n i c a l  p a t i e n t  r cSources  i n  t l l e  r e g i o n .  By o'oing t h i s  arid b y  sy.rcx:i i ig  t!>e 

.?ati- .nt  r e f e r r a l  over a l a r g e  ztmber of c c - o p e r a t i n g  r a d i o t h e r a p i s t s ,  we hope 
e v e n t u a l l y  tc  e n t e r  400 p a t i e n t s  per y e a r  i n  t h e  c l i n i c a l  t r i a l ;  200 i n  t h e  p a r t i c l e  
s t u d y  group; and 200 i n  'he control  g r o u p  per y e a r .  
c l i n i c a l  p o r t i o n  of t h e  study of heavy ions  h a s  been approved by t h e  K a t i o n a l  C a n c e r ,  
I n s t i c u r e  and is a w a i t i n g  fund ing .  I n  the i n t e r i m ,  by a comSinat ion of s u p p o r t  
from E m A ;  t h e  R a t i o n a l  Cancer I n s t i t u t e  ( th rough  t h e  p r e t h e r a p e u t i c  s t u d y ) ;  and 
:.he voIu-, tear e f f o r t s  of a nu:&ar of p a r t i c i p a t i n g  r a d i o t h e r a p i s t s ,  p h y s i c i s t s  
,in6 ! .) inl<><?Ists; i t  has h e n  rc:aible  t o  t;egin t h e  clinical i r r3Aiat . ion p i l o t  
;.rc,<:.im qiti?i;-i.nrj ttle hr?litArr,-iun bL :,G ; , v a i l , ! ! : . ~ c  fivm :!e 1%4"  Cyr . i r i *  ron .  T n i t i a l l y ,  
p r i e s t s  with m,?? i q n a n t  q?i f t h e  b r a i n ,  c;.rc!nr. 

F a t i e n c e  have L...en t r e a t e d .  ) . n s w l c d q e  Gained fi- 

A r e q u e s t  f o r  s u p p o r t  of t h e  

iocaiiy ;rivcnc.e< and/or :'e: 

able. 

ion beam from che i e 4 "  Cyc lo t ron .  I t  is e x p c t e a  :?at t h i s  :re oi ::.e a c i i : i - < < i  

t r i a l  w i l l  b e  approx ima te ly  16 mcnths undernay before t h e  3E:VALAC i s  a v a i l a b l e  
f o r  p a t i e n t  i r r a d i a t i o n  w i t h  heavy i o n s .  Thus t h e  t e c h n i q u e s  l e a r n e d  on t h e  164" 
~ y c l c , c y o n  K i l l  be i m e d i a - , e l y  ~ p ~ l i c s b l e  t o  che BEVALAC hea\-y-ion h m a n  r a ~ i o t h c r a p y  
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pce l . ,:ryc-ficld i! ! ,c r i io t i fm v f  :;:i-..n a:'::i.-,:rs w i t h  i ? e  helium-ion 
he..m from tj)e 1 e 4 "  C y c l o t r o n ,  i t  ;',e:< .:y to ~:: , i tv.~rt  film +-:-,E s 2 a l l - f i e l d  
i r r , i d  i a t  i an  tc-chn iyucs prcv io i i s ly  1 , t i l i  zed  Cor ~ i i t u i  t a x y  i r r a r i i  a t  i on  t o  a l a r g e r  
k ~ m .  'This ?i?s h e n  irccr:ry,l is?,c-d t!:?-o-i~h >:Ai).& knd NCI p r e t h c r h p e u t i c  s u p p o r t ,  
res11ltir.g in  a lhcr je  iL - rad ia t ion  f i e l d  o f  3C-cin d i c m t r r ,  f l a t n e s s ,  6nd tloiioqeneity 
of '2% over 926 of t h e  f i e l d ;  ,-,E c k t i m t  of ,,;.proxiniately 150 rces p e r  minute a t  
t h e  trr?i.':,.?nt r:ict;,nce; A S  well A S  m o d i f i c a t i o n  of ISAH to  p e r m i t  t r e a t m e n t  O f  any 
portion o f  t he  p a t i e n t ,  e i t h e r  i n  t h e  l y i n g ,  s i t t i n g ,  or s t a n d i n g  p o s i t i o n .  
c o l l i i s a t i n g  s y s t a n  has been d e s i g n e d  t o g e t h e r  w i t h  a Cerrobend shap ing  system t o  
p e n n i t  hdoption of any shape  o f  r a d i a t i o n  f i e l d  des ired.  M e a s x c m e n t s  have been 
made of the neutron back.pround, which i n d i c a t e  3 very s m a l l  l e v e l  of neu t ron  
con tamina t ion ,  t hough t  to be w i t h i n  s a f e  l i m i t s  for p a t i e n t  t r c d u n e n t .  
f o r  imaging of t h e  t r e a t m e n t  beam have also bcen develc.ped. 

A 

Techniques 

The c l i n i c a l  protocols have ?xen s u b m i t t e d  to t h e  C c w n r r  I e-.SocStory ;l.maan Use 
Co:nmittce aqd t h e  t i n i v e r s i t y  of  C e l i f o r n i a ,  3trkc:cy ?anpus Cs:%iitt.-.e for t h e  
F r o t e c t i o n  of Xmm S u b j e c t s .  kpproval of t h e s e  t w o  >o?icS is Lzqiiired h f G : e  
any c l i n i c a l  t r c a t s e n t  protocol may b e  i n i t i h t e d .  

As t k e  r,i.,.::.;..l-~!,cu:ic s t ~ ~ i y  of -,ccD:~:~a;cd I,cav-,. ions y:ci=.;c.ds, c l i n i c a l  irra- 
d i a t i o n  tr?c!rni<iurs w i l l  be Fui-ii~gr iicve1c.ic-d u t i l i z i n g  t h e  hel ium-ion f:em from t h e  
184" CyClGtrOn. 
helium- and l,.-s\pj--ion i r r a d i a t i o n  and ccmshred t o  c o n v e n t i a n a l  c o n t r o l  i r r a d i a t i o n .  
'The heliwii-ion s t u d y  may t h e r e f o r e  be c o n t i n u e d  for three t o  f i v e  y e a r s .  
apg rcp r i  a t e  2arzmter -c  have been e ,valuated i n  t h e  p r c t b e r a p e u t i c  cse of a c c e l e r a t e d  
'nr-aw ions, a p i l o t  s t u d y  'of !,uaarl r a d i o t h e r a p y  wit:? t h e  a p p r o p r i a t e  heavy i o n s  
( t o  he i 5 e n c i r i a d )  w i l l  b e  p r a r t e d .  I t  is hoped t h a t  t h i s  s t u 9 y  may h g i n  i n  FY 
1977. 
nodu les  sill be i r r a d i a t e d  i n  csrder to  de te rmine  sL in  t o l e l . a n c e ,  turnor response,  
Lqd some i n d i c a t i o n  of a c u t e  and s u b a c u t e  r z E i a t J o n  e t fcc t s  Frcm heavy ions. In  
a d e i t i o n  a c l j n L c a l  e s t h a t e  of REX may be o j t a i r e d  t o  ccr-!;are w i t h  *&E s t u d i e s  
eone i n  t h e  l : . re thcrapeut ic  i n v e s t i g a t i o n .  Snksequen t ly  it is planned t o  proceed 
w i t h  a gradtial dcvelogment of a f u l l - s c a l e  c l i n i c a l  t r i a l  of heavy  i o n s ,  which i s  
pxpected t o  r e q u i r e  a minimum o f  f i v e  y e a r s  i n  order to a t t a i n  s u f f i c i e n t  p a t i e n t s  
for s t a t i s t i c a l  s i y i f i c a r o c e .  

I t  i s  F l a w e d  t h a t  c l i n i c a l  protcjcols w i l l  be developed both for 

h'nen 

I n i t i a l l y  F a t i e n t s  w i t h  m e t a s t a t i c  l c s i n n s  c a u s i n g  sk4.n or %iicatineous 

I n  o r d e r  to accomplish t h i s  c l i n i c a l  t r i a l ,  i t  w i l l  be r a c e s s a r y  t o  r e f i n e  
i?.:hz~.~r..t  :e:hnicucs w i t h  p a r t i c l e s .  
n i q u e s  :or ar-scssmant and c o r r e c t i o n  of t i s s u e  i r ! :hm,-g~nci t  ies ifs re11 2s <evelop- 
n e n t  of c , m s u t e r  t e c h n i q u e s  for r a d i a t i o n  d o s i m e t r y .  A c l i n i c a l  biomedical  :aci'- 
l i t y  w i l l  be developed i n  a b u i l d i n g  a d j a c e n t  t o  t h e  S E V A L K  i n  o r d e r  t o  e v a l u a t e  
p a t i e n t s  prior t o  t r e a t m e n t ;  to p r e p a r e  p a t i - e n t  c o n t o u r s  and o b t a i n  t i s s u e  d e n s i t y  
ir?:orr,ation :or : rcatment;  and  t o  f o l l o w  p a t i e n t s  p o s t - t r e a r m e n t .  A s t a t i s t i c a l  
dellter wiii i,c 1 c . q u 1 ~ c . L  1;. ..:.?-r +n n t L r i n  p a t i e n t s ,  randomize them, and aesu:e . .  .. 
proper c o n t r o l  of t h e  s t u d y .  
metric c o c s i s t e n c y  f o r  s t d d y  and c o n t r o l  p a t i e n t s .  

T h i s  w i l l  r e q u i r e  t h e  develogment of tech-  

Techn iques  Nst a l so  be develo;'r?n i o  
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The D i r e c t o r  of Dcnner L,&orjtcnry i s  Bdsard L .  .\li.cn. 'The r e s e a r c h  of Danr.er 
Lebora tory  is divi2,l.d i n t o  f o u r  y c ? q s :  
Schoolcy;  S t r i , c t .u ra l  B i o p h y s i c s ,  headed by R. G l a c s e r ;  %!search ?:e<3icine, h':s??d 
by T. Budinqer;  and R a d i a t i o n  B i o p h y s i c s ,  hr ; jJed by C .  A .  ToSCas. 
Biophysics  groups inclucie t h e  t h e r a p y  prooram under  J .  C a s t r o .  

?nvj ror ,z<enta l  i ! ~ ~ ~ i ~ l o c j y ,  headed by J .  

L d i a t i o n  

The s t a f f  and program cif D?nnrr Labora tory  dr? Iiocsed i n  t h e  f o l l o w i n g  
f i r c i l i  t j  cs:  

a.. 
f e e t ,  29.700 net square f e e t ;  l o c 3 t e d  an  -ne BerLcley C,:iriFcs d n l i  is a C1:lly- 
r :yir?cd 1abc.ratory h u i l e i n y  K i t h  a u f i i t o r i m ,  c o n f e r e n c e  r o c z s ,  l i b r a r y ,  t h o  
Co;;ner c l i n i c ,  a fu? ly-equip?od c l i f i i c a l  !aLroratoi-y w i t h  c x i n , i n i n g  rooms w i t h  
, s a t i c n t  w a i t i n g  L - ~ L ~ s ,  i;,hc?,ina shop ,  e l e c t r o n i c s  shop, A r a f t i n g  r o G m ,  e l c c -  
';Ion a d  scan:linq e l e c t r o n  rnicrcccoTy l & c , r a t o r i e s  wi th  t h r c e  i n s t r L T l s n t s ,  
a c e n t r i f u g e  ? % b o r a t o r y ,  l a h c r a t o r i e s  d e v c t e d  t o  p h y s i o l o g i c a l ,  biOChClniCal. 
medica l ,  c i s s u e  c u l t u r e  ant2 b i o p h y s i c a l  rcsearch. Tn a d d i t i o n  t h e r e  i s  th% 
scanning f a c i l i t y  wi th  t w G  h g r r  s c i n t i l l a t i o n  c m e r z s ,  a positron c - s e r a ,  
\i'nole-Sody s c s i m e r ,  and tnnoscanner  deve lbped  by H .  0. h g e r ,  and c o r p u t e r -  
i z e d  readout  f o r  t h e  scmriers and Anger p o s i t r o n  c m e r a s .  

Th>--*nn?~ J . . i > ~ ~ - a ~ p r ~  Cs a f o u r - s t o r y  bt!ilciing of 45,000 yross siyilre 

b. & ~ n ~ ~ ~ , F a \ * j ~ ~ ~ o ~  is a small h c s p i t a l  u n i t  l o c a t e d  i n  Cowell  Memorial 
H o s p i t a l  i r t  t h e  U z i v i r s i t y  Gf C a l i f o r n i a  c o n t a i n i n g  a maximum of f i f t e e n  t e d s  
and a s s o c i a t e d  ] & o r a t o r y  s p a c e  c o n s i s t i n g  of 3400 g r o s s  s q u a r e  f e e t  hnd 2400 
n c t  squirre fcet .  It: p r o v i d e s  h o s p i t a l i z a t i o n  beds  and a s s o c i a t e d  1 A o r a t o r y  
sFa;e f o r  pitients, both  normal and i n  v a r i o u s  s t a t e s  of d i s e a s e ,  who, because  
e i t h e r  of i l 1 n c . r ~  or t h e  cornalc-xity of  s t u d i e s  d e s i r e d ,  cannot  be s t u d i e d  on ' 

an ambulatqry b a s i s .  
b o l i c  xbrd r:-crvidss space  f o r  t h c s e  b a s i c  i n v e s t i 5 a t i o n s  which I re  c l o s e l y  
a l l i e d  t o  t h e  c l i r i c a l  p r o c r m .  

' 

Ir, a d d i t i o n  t o  i ts  o m  c l i n i c a l  l a b o r a t o r y ,  t h e  meta- 

C .  

~ a \ i r r n c r  ~ ~ , - : v , . p l e y  i s b o y a t o i y ,  
f e e t ,  b u i l d i n g  con:zining f a c i l i t i e s  for hous ing  r a t s ,  mice, mor.keys, d o g s , ,  
cats ,  r & b i t s ,  a d  p i g s ;  q u a r a n t i n e  f a c i l i t i e s ,  washroom, S t e r i l i z e r s  and 
roZent  rooms a r e  a r ranged  w i t h  a c l e a n - t o - d i r t y  c o n c e p t  of f low.  In  a d d i t i o n ,  
--'---n ; c  7 i l .c)C-c>~rie ~ o b ~ l t  s o u r c e ,  Cesium source and a 250 kV X-ray machine.  

k7:r,:l ; a J i o b i c l o ? i c a l  l,?&mrato= of t h e  Dsnner I .aSora tory ,  3 u i l d i n g  74,  ------.- ---- 
is a 41,009 2rcs.s s q c a r e  f e e t .  ZE,000 :,et s q u a r e  

There are s p e c i a l i z e d  f a c i l i t i e s :  a f u l l y - e q u i p p e d  s u r g e r y  and a second 
euryery  f o r  h a n d l i n g  a n i s a l s  to whom r a d i o a c t i v e  i s o t o p e s  have been adminis-  
t e r e d .  Thexe 4.s g e n e r a l  c o u n t i n g  equipment  i n  t h e  b u i l d i n g  as w e l l  as l i q u i d  
s : in t i? ;a t ion  c c c n t c r s ,  lo*-barkground c o u n t e r s ,  and l a b o r a r o q  space  f o r  t h e  

http://li.cn
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e .  I.;*: ;-rice '.:-rkaIr-y ' ?lirjr.a?ory is c1.1: r . i r l t l y  >+el. i n 3  t i e  ~3'?T..kC :.'r:dical 
3 v i l d i r i y  (SirilAing 5 5 )  (12,5'73 grcss sq\ jsre  ;.-:et; 2965 :let .:';';ire ; p e t ,  .iEja- 
! lent  to the F,XVbLhC) ,  i n  o r d e r  t o  p r o v i d e  a sui:,ible n e ~ 9 i c . a l  ouci , l t i c ;n t  ;sei- 
!it). f o r  p a t i c n t s  to  !;.+ve pre t ! - ,c rspeut ic  eva3.. d3 t i cn , h e  1 I .L!:n/!ic.:v,.- i cm t - w 3  io- 
therapy  and fo l low-up.  Z u i l d i n g  5 5  has  a s e p a r a t e  ~ a t i c s n t  entr::.-tce xrd  T a t i e n t  
' x a i t i n g  room K i t h  an a t t r a c t i v e  view of t h e  San F r a n c i s c o  Eay; a Xcdica l  Con- 
f e r e n c e  R o o m ;  4 p h y s i c i a n s '  o f f i c e s  and 4 p a t i e n t  examinin? roms  wi th  a l a r g e  
room f o r  a p a t i e n t  scanner and d i a g n o s t i c  X-ray u n i t  ( t h e r a p y  s i m u l a t o r ) .  
C h i s  t u i l c i i n g  w i l l  a l s o ' p r o v i e c  s p a c e  for p r e t h s r a p c u t i c  p h y s i c s  work which . 
w i l l  b e  c l o s e l y  t i e d  t o  3r. CL?stro's L:)erapy prr-qram t o  b e  c a r r i e d  o u t  under 
a s c p a r a t e  N C I  p r o n o s a l .  

f .  The .... - P . E ; ' C ~ . A C C ~ i ? . i t ~  c o z s i s t s  of two a c c e l e r a t o r s  (Yr! .AC hnd Scvat ron)  
jo ined  t o o e t h e r  by a t r a n s f e r  l i n e .  The HiLAC,  heavy- ion  l i r l z a r  a c c e l e r a t o r ,  
i ~ c c e l c - r a t e s  lissvy i c r s  up t o  8 .5  :*:eV*/n,~cleon. ,Tt;cse are t r a n s f e r r e d  by mag- 
n e t i c  s t e e r i n g  to  tlie ' ava t ron ,  a proton oync!~rotror. r d i f i e d  t o  a c c e l e r a t e  
1,, .I\y iL:na. ';'i;e ? , 2 \ n ~ : c . n  I . L ~ ' s  I ! ,?  !iTL.kC , . s  !,, :.\.y-~.on i r ,La . t . t n r  :::I? r o n t i n u c s  
:he &ircolei . i t jon p r o c c r s  up tc 5s h i g h  z.s 2.5 ,:eV / n \ ; c l x n .  F i i r r s  .with 
c;rAcrcic.z of tLic r i r z e r  c?: 253 - i o 0  :.'e\:..'::l.i:.l-*,n w.. 11 >e c I?.i.:ate filr c u r  :,urpcscs. 
F1;:xcs of 1O1O i o n s / i - u ! s e  or lo1' ior~s/inin a c e  cxprctc 'd  ( 1 2 ) .  
uni fvnn  dose  r a t e s  o v e r  1 cm2 i n  the 5OC-1030 :.3ds,/rnin ?;onqe o r  ebove. The 
IET's cx;ccted i n  t h e  " s l c c a l - o u t "  Eraag p c ~ k s  w i l l  over a wide ranqe,  
b u t  w i l l  a v e r a y e  arolind 100 ):eV/::m i n  a 2%e kcrun. 

g. 
"Spread-out" Sraqg  curves  are'  r o u t i n e l y  produced h e r e .  T h e r e f o r e ,  it will b e  
p o s s i b l e  t o  c c n d u c t  comparison s t u d i e s  w i t h  %a i o n s .  
tron i n s t e a d  of  t h e  EEVALW for t h e s e  s t u 6 i e s  b e c a u s e  o f  t h e  s i y n i f i c m t l y  

. l w e r  ccst o f  beam t ime for t h i s  a c c e l e r a t o r .  Also ,  t h e  Irnnediate a v a i l a b i l i t y  
, of  t h i s  beam a l l o w s  u s  to  proceed  d i r e c t l y  t o  t h e s e  s t u d i e s  as soon as o u r  

. . . . . . .. . . -  .. . . - . - - . . . 

. .  
4 ,  

This  w i l l  y i e l d  

'The 184" Cyclo t ron  p:-cse?t ly  a c c e l e r a t e s  4iie i o n s  t o  225 MeV/nucleon. 

W e  w i l l  u s e  t h i s  cyclo- 

colony is producing  adequate  a n i a a l s  f o r  t h e  e x p e r i m e n t s .  

h .  L t n p u t i n g  F a c i l i t i e s .  The Lawrence E e r k e l e y  L a b o r a t o r y  has a c e n t r a l  
Hsth aqd Computing f a c i l i t y  w i t h  a s t a f f  of 100 m a t h e m a t i c i a n s ,  s t a t i s t i c i a n s ,  
: ~ r o g r i . x e r s  and o F c r a t o r s  for t h e  CDC-7600 and CDC-66c)O c o m u t c r s .  
a PDP 11/45  ?>as t e e n  r e c e n t l y  Furchassd  f o r  biomedical studies a t  t h e  SEVALAC 
and w i l l  be a v a i l a b l e  for use by o u r  grc-up w i t h o u t  c h a r g e .  

I n  a d d i t i o n ,  

tt 
CeY = billicn e l e c t r o n  v o l t s  

3 0 0 5 0 0 1  
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