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A v i s u a l i z a t i o n  experiment w i  t l i  p a r t i c u l a r  respec t  t o  racliotherapy 

with nega t ive  pioi!s i s  proposed. 

charged p a r t i c l e s  with wire chamhers. 

The u n d e r l y i n g  b x i c  concept is to t r a c e  

Two d i f f e r e n t  nethods a r e  proposed: 
3 

t r a c i n g  t h c  outgoing high-energy e l ec t rons  c j cc t ed  by high energy ganma r a y s  

a f t e r  r a d i n t i . . e  cap ture  of negat ivc pions i n  coincidence or not i n  coinci-  

dence with  t h e  incoining pion (method I )  and t r ac ing  the  outgoing positron 

from mu decay i n  de1::ycd coincidence with the  incoming p o s i t i v e  pion (method 

2).  

t rea tment  volume a t  a depth of 10 crn under muscle when Compton effect i n  a 

low Z conver te r  is used. Method 2 w i l l  y i e l d  a r e so lu t ion  of 7 mm. Both 

I n  method 1 a r e so lu t ion  of t h e  o r d e r  of 1 mm can be  expected fo r  a 

methods are three-dimensional. The experimer.t can almost e n t i r e l y  be done 

wi th  e x i s t i n g  equipaent at  t h e  biomcd chanrzl .  

will be about 10 /s.  

The ra te  of recorded events 
2 Five data- taking shi f t s  plus t w o  (maybe p a r a s i t i c )  

check s h i f t s  are requested €or a thorough tes: of t he  two proposed methods 

on a phantom. As much information on beam and s c a t t e r i n g  i n  water w i l l  be 

obtained,  t h i s  work can very well be regarded as p a r t  of channel dcwdop- 

ment . 
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I n f o r r n t i o n  on t h c  typprinent 

ExpcrinFzzsl a rea :  bioned c l ianncl  

Beam reqxiyenents  

P a r t i c l e  type: p o s i t i v e  p ions ,  nega t ive  pions 

Beam qucility: low 

Primary bexi  reqa i renents  : none 

Running time required : 

I n s t a l l a t i o n :  

Tuneup beam and sctup:  

Data collection time: f i v e  s h i f t s  

24 h p r io r  t o  bean time 

t w o  shifts, maybe p a r a s i t i c a l l y  

Scheduling: 

Shielding and enclosures: no special reqxirements 

Spec ia l  s e rv i ces :  none 

Space required: 

Hazards: no s p e c i a l  hazards foreseen 

a l l  major equipment e x i s t i n g  2nd hencz as soon as poss ib l e  

a s  ava i l ab le  a t  bionicJ channel 

..- . e- 7 -  .. , .. . . .  
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1 .  Purpo:c of tlic 1lr.oposccl i.upcrimciit 

The r:?e?. fo r  v i s t ~ a l i z n t i o n  of t h e  :mior of t h e  human body under  
1-4 

ines ;c-pxrticIe irradiation has becir c, i ,phasircd 1)y s e v e r a l  authors  

s h a l l  no: be reviewed here i n  d e t a i l .  

v i s u a l l z a t i o n  during the treatment i s  an important and unique f e a t u r e  of  

and 

I t  s h a l l  only be r eca l l ed  t h a t  
4 

rad io therapy  with pions.  

t r i e ~ i ~ ' ~  or proposed. '*' 

Methods f o r  v i s u a l i z a t i o n  experiments have been 

If one wants t o  v i s u a l i z e  t h e  t reatment  volume during i r r a d i a t i o n  w i t h  

ncga t ive  p ions  it scems to be most advantageous t o  observe the  e lec t rons  

e j ec t ed  by h i g h  energy gamma rays from a t h i n  converter ,  i n  coincidence with 

t h e  incoming pion or not .  

shows t h e  sctup; f o r  a more de ta i l ed  desc r ip t ion  see  Sec. IT. 

This method will be ca l l ed  method 1. Figure 1 

T f  one wants an image with a close as low as poss ib le ,  it is e s s e n t i a l  

t o  record as large a f r a c t i o n  of i l l 1  c\'cnrs per inconiing p a r t i c l e  as p o s s i b l e .  

I n  th i s  case  every en ter ing  particlc, preferab ly  muon o r  posit ive pion, can 

be t raced  with two p a i r s  of wire chambers. 

of outgoing p a r t i c l e s ,  i .e. ,  e lec t rons  from mu decay, can be t raced.  This 

method w i l l  be c a l l e d  method 2 .  

In  the  same way a large f r a c t i o n  

Figure 2 shows t h e  setup;  for  a more d e t a i l e d  

d e s c r i p t i o n  s e e  Sec. 111. The obtained p i c t u r e  is t r u l y  three-dimensional.  

TI. V i s u a l i z a t i o n  Experiment Using Outgoing Electron Pairs from High-Energy 

Gama Radiation 

Negat ive p ions  stopped i n  t i s s u e  produce gamma radiation of about 100 MeV 

with a y i e l d  of about 2 percent .  When passing through mat te r  the  quantum 

r a d i a t i o n  can be converted i n t o  e l ec t ron  pairs or can knock out a Compton 

e l e c t r o n .  I n  p a i r  product ion the average angle Be between the  d i r e c t i o n  of 

motion of a crea ted  e l e c t r o n  (pos i t i ve  o r  negat ive)  and t h e  gamma ray is  of 

.. 
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2 2 2 .  
t h c  o rdc r  (nc /E)S+n(E/mc ) wherc mc 1 s  t h e  r e s t  ene rg )  of an e l e c t r o n  and 

E is the  total e lec t ron  energy. F o r  E 50 BlcV, onc h=.s 0 5 X X 3'. 

Therefore  one e lec t ron ,  or b e t t e r  thc e lec t ron  p a i r ,  can  b e  used t o  d e t e r -  

mine t h e  o r ig in31  g a m a  ray d i r e c t i o n .  

c 

.r. 

I n  Coinpton e f f e c t  t h e  d i s t r i b u t i o n  of the  e lec t ron  with r e spec t  t o  t h e  

high-energy gamma ray is again s t rong ly  forward-peaked. 

is of t h e  order of mc /E  and hence, f o r  E = 100 MeV, one has Oe 

0 . 3  . 
t h e  o r i g i n a l  gamma d i r e c t i o n .  

The average anglc  
2 3 

5 x 10- % 

Therefore  t h e  e jec ted  Compton e l ec t ron  can well be used t o  determine 0 

l rh i le  t r a v e r s i n g  t h e  converter ( F i g .  1) t h e  e lec t rons  undergo mul t ip l e  

s c a t t e r i n g .  I f  the t raversed thickness  is small enough t h e  e lec t rons  are  

only s l i g h t l y  changed i n  t h e i r  d i r e c t i o n  and s t i l l  i n d i c a t e  t h e  approximate 

d i r e c t i o n  t h e  garma rays came from. 

rngl t iplc  s c a t t e r i n g  varies  about 8s rhc: a t o ~ i c  number Z and t h e  pair  produc- 

t i o n  cross s e c t i o n  varies a l s o  about as I ,  both q u a n t i t i e s  taken per g/cm , a 

nornal p l a s t i c  s c i n t i l l a t o r  can very wel l  be useJ as converter .  

s u i t a b l e  s c i n t i l l a t i n g  conversion ma te r i a l  would be NaI (T1) . 

As t h e  nean square angle of 

2 

Another 

men making use OF t h e  Compton e f f e c t ,  l i q u i d  hydrogen w i l l  be t h e  

As the se tup  with liquid hydrogen i s  most s u i t a b l e  conve r t e r  m a t e r i a l .  

d i f f i c u l t  t o  b u i l d  and to handle we do not propose t o  t r y  it i n  t h i s  f irst  

experiment. 

o r ,  i n  the l iqu id  hydrogen case, signals from a sandwich se tup  of converter 

f o i l s  and s c i n t i l l a t i o n  counters ,  and from t h a t  deduce the  thickness  t h e  e lec-  

t r o n  has t r ave r sed  be fo re  escaping from t h e  converter.  In  cases o r  i n  regions 

of t h e  t reatment  volume, where good s t a t i s t i c s  are avai lab le ,  one uses t h e n  

One can simultaneously record t h e  pulse  he igh t  i n  t h e  converter 

only electrons c rea t ed  c lose  t o  t h e  end of t h e  converter ,  viewed i n  gamma 
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r a y  d i r e c t i o n .  i i h i  I C  othertcisc one uses a l l  r c c o r d c d  cvcnts .  An an l ico ln-  

ciclcncc countcr  i s  prolpided in t h e  proposccl se tup  to c x c l u d c  recordirig o f  

evcni's caused by a charged particle c n t c r i n g  conve r t e r  ar.d chambers.. 

Tables  1 and 2 s i innnr i ze  s o ~ i e  d a t a  which a r c  supposed to be typical.& 

Note t h a t  Table 2 is thought t o  be of importance i n  a l a t e r  experiment o n l y  

Tile r e s o l u t i o n  figures givcn i n  t h i s  paper should be understood as the mean 

dev ia t ion  fo r  one coordinate (square root of t h e  variance of a Gaussian 

distribution). 

Table 1 

Typical  Data f o r  EletIioc! 1, Making Usc of Pair Production 

E lec t ron  energy = SO MeV 

Converter thickness d ( in  r a d i a t i o n  lengths) 0 . 0 2  

Mean s c a t t e r i n g  angle F, averaged over d 

S p a t i a l  r e so lu t ion  a t  10 cm treotrnont  :-Qluine 

z0.03 zs 2' 

z0.6 cm 
depth  

Solid angle 1% 

4 Total de tec t ion  efficiency per g m 7 a  quantum 10- 
(100 E.le\'J 

-6 Tota l  detection Sfficiency per pion 'X 2 x 10 

Rate  of recorded events a t  5 x 10 7 pions /s  x 10% 

. -  ...-. ,- 
. . .-. 
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Electron cncrgg 

Convcrter thickness  ( i n  r a d i a t i o n  lcrig t h s )  

Nean s c a t t e r i n g  angle  q, avcragcd over d 

S p a t i a l  r e s o l u t i o n  at  10 cm treatment volume depth  

So l id  angle  

Conversion yic ld  

T o t a l  d e t e c t i o n  e f f i c i ency  per  gaiina quantum (100 MeV) 

Tota l  de t ec t ion  e f f i c i ency  per pion 

Rate  of recorded events  at 5 x 10 pions/s 7 .  

x 100 t.ieLf 

2 0 . 0 1  

~ 0 . 0 1  cz 0.6 

.- 
0 

x 2% 

x 0.5% 

M 10-4 

-6 = 2  x 10 
2 #lo /s  

\J i thout  recording incoming negat ive pi0r.s one obta ins  only the  d i r ec -  

t i o n  t h e  gamma ray came from, and not t h e  p s i f i t  where the pion came t o  rest. 

The combination of a larger number of these  d i r e c t i o n a l  l ines,  prcfcrably 

taken with two se tups  lookiiig a t  d i r e c t i o n s  perpendicular t o  each o the r  

(Fig. I ) ,  w i l l  however, allow a good v i s u a l i z a t i o n  o f  t h e  t reatment  volume. 

IVith recording of both the incoming negat ive pion and t h e  outgoing high-  
b 

energy gamma ray, one g e t s  a truly three-dimensional picture. 

this experiment will be done at reduced pion i n t e n s i t y .  

If necessary 

111. Visua l i za t ion  Experj.ment Using Inconing bfesic' P a r t i c l e  and Outgoing 

Decay Electron 

Although negative pions will be used for therapy a posit ive pion beam 

with t h e  same stopping d i s t r i b u t i o n  i n  t he  volume t o  be t r e a t e d  can be simply 

obtained by rcvcrs ing  t h e  p o l a r i t i e s  of a l l  magnets i n  tho p ion  channel. 

After coming t o  r e s t  t he  p o s i t i v e  pions decay producing an i s o t r o p i c  d i s t r i b u -  

tion of mons with energies of 4 . 1  McV. These muons h3v.c a range of only 

- - -  1 . 2  
,- ~ 

. . e  
'd .. 
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1 . 5  Tnln i r r  tiss:ic a n d ,  with a nican l i f c  of 2 . 2  us,  decay i r : to  p o s i t r o ?  cil2 

an.! t o  thc s i d e  of t 5 c  o b j c c t  being i r r a d i a t e d ,  a re  t o  be used t o  def ine  the  

dircctions of incoming p ion  and mu-decay pos i t ron .  A hardware delayed c o i n -  
E 

cidencc c i r c u i t  will h e l p  i n  the determinat ion of good events .  Figure 2 shows 

t he  s e t u p  schematical ly .  Table 3 summarizes d a t a  f o r  a t reatment  volunx 10 cm 

below t h e  skin so t h a t  t h e  inconing pions and t h e  outgoing e l ec t rons  t r ave r se  

on the average 10 co of liunan body which i s  assumed t o  consist of muscle. 

T a b l e  3 

Typical  Data for blethod 2 ,  blasirnun Pos i t ron  Energy Assumed 

Incoming p ion  energy 2 5 2  MeV 

Pos i t ron  energy loss  z 2 0  MeV 

+ r e s o l u t i o n  x 7 m  

e r e s o l u t i o n  7 mm + 

I V .  Machine Time Needs 

The experiment s h a l l  be performed with ex i s t ing  equiprient avoiding any 
b 

major modi f ica t ion .  

by the chambers and t h e i r  da t a  processing system. 

of about 5 x 10 /s f o r  both methods is e a s i l y  provided. If one assumes a 

v i s u a l i z a t i o n  volume of 1 A and r equ i r e s  1 recorded event p e r  mm3 a t o t a l  

d a t a  t ak ing  time of 10 

Two shi f t s  of data t ak ing  allowing at  l e a s t  four p i c t u r e s  ( f o r  example 

water  depths  of 20; 10; 5 and 0 cm i n  t h e  water  phantom) should be s u f f i -  

cient t o  detcr1:ine the  ove ra l l  p o t e n t i a l  of one method and t o  check 

A r a t e  of 100 recorded events  per  second can be handled 

The necessary pion flux 
7 

4 s or somewhat less  than  3 h is requi red  per picture. 

00133373 008 
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. .  . 
tlic conptitations.  For t h e  two  oicthods 4 shifts s l iou ld  be s u f f i c i c n t .  An 

a d d i t i o p s l  shift t o  t r y  the Compton e f f e c t  nictliod \ iould b e  h ighly  apprec ia ted ,  

as I g e l l  2s tuo (maybe p a r a s i t i c a l )  check s h i f t s .  Kc ask, therefore ;  f o r  a 

t o t a l  of 5 s h i f t s  f o r  d a t a  t a k i n g  a i d  2 (naybc parasitic) check s h i f t s .  A s  

milch information on beain and pion s c a t t e r i n g  i n  water will be obtained t h e  

work can very well  b e  considered as  p a r t  of channel development. 

V.  Rela t ion  t o  Other Work a t  L.UlPF 

If t h e  experiment can be perforned successfu l ly  we think that a t  l e a s t  

one of the two methods will be continuously appl ied i n  connection with 

rad io therapy  a t  LMIPF. 

Method 2 of our proposal i s  not contained i n  any o ther  LAMPF proposal .  

Method 1 of our proposal is  p a r t l y  and not i n  d e t a i l  mentioned i n  proposal 

no. 83 of  May 1971, among many otllt*l' poss ib l e  v i s u a l i z a t i o n  techniques.  

p a r t i c u l a r ,  no r e s o l u t i o n  es t imates  arc gi..-en i n  proposal no. 83, and the  

I n  

s c i n t i l l a t i o n  converter technique described i n  our proposal is a l s o  not  

contained i n  proposal no. 83. Our method 1 i n  i t s  f i n a l  form, making u s e  

of t h e  Conpton e f f e c t ,  is not contained i n  any o ther  M l P F  proposal ,  nor,  

t o  t h e  b e s t  of our knowledge, anjwhere else. 

00133373 009 
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FIGURE CAPTIONS 

Fig.  1. Proposed setup for method I, schenatically.  There i s  a hardware 

coincideace c i rcu i t  for coincideF,ces between chamber pairs 1 and 

2 and s c i n t i l l a t i n g  converter, in anticoincidence with the v e t o  

counter. A similar setup OF veto  c o m t e r ,  s c i n t i l l a t i n g  converter 

and chanber pairs looks from below the drawing plane on the object 

(not shown in the f igure ) .  

Fig. 2. Proposed setup for method 2 ,  schenatically.  There is  a hardware 

coincidence circuit for delayed coincidences between wire chamber 

pairs 1 and 2 on the one hand and wire chamber pairs  3 and 4 on 

the other. 
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