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I. Histor ical  Remarks and In t roduc t ion  

Gas- f i l led detectors are,  beside the anorganic  sc in t i l l a to r ,  the o ldest  ins t ruments  to 

detect  ion iz ing rad ia t ion.  An ionizat ion chamber was a l ready used in the f i r s t  exper -  

iments w i th  cosmic rays in the beg inn ing  of th is cen tu ry .  A major d rawback  of th is 

ins t rument  was the missing ampl i f icat ion device fo r  the weak signal of an ion-chamber .  

I t  was not possible to record the pulse of a single ioniz ing event .  In 1908 Ru the r fo rd  

and Hans Geiger pub l ished a paper  (Ru the r fo rd  08) in which they  descr ibed a device 

which was able to detect  the s ingle pulses of alpha par t ic les .  This f i r s t  gas- f i l l ed  

de tec to r  which was able to record the pulses of ind iv idua l  ioniz ing events was in fac t ,  

in modern te rmino logy ,  a p ropor t iona l  counter  in cy l ind r i ca l  geometry .  The in ternal  

gas-ampl i f ica t ion was high enough tha t  the s ingle pulses of th is counter  could be 
d i r e c t l y  recorded by a galvanometer .  I t  was only in 1928 when Hans Geiger and W. 

Ml i l le r  (Geiger  28) invented the nowadays called Ge iger -Mi i l l e r  count ing tube wi th  its 

much h igher  in ternal  gas gain.  Here the gas mul t ip l ica t ion around the th in  w i re  of the 

tube  is so high tha t  even minimum ioniz ing par t ic les l ike beta par t ic les could be 

recorded w i thou t  any f u r t h e r  ampl i f icat ion.  The pu l se -he igh t  of such a Ge iger -M~l le r  

counter  is, as i t  is we l l - known ,  independent  of the p r imary  ionizat ion,  which is often a 

d isadvantage.  Only w i th  the upcoming of vacuum tube  ampl i f iers in the 1930's the 

advantage of a p ropor t iona l  counter  o r  an ionizat ion chamber,  namely t he i r  p ropo r t i on -  

a l i t y  between p r imary  ionizat ion and ou tpu t  pu l se -he igh t ,  could be fu l l y  exp lo i ted and 
came more and more into use. Nowadays, the Geiger-MiJ l ler  count ing tube is mainly of 

h is tor ica l  relevance, because the above mentioned n o n - p r o p o r t i o n a l i t y  between p r imary  

ionizat ion and ou tpu t  signal and its long dead t ime in the o rde r  of a ms, bu t  never the-  

less, they  are st i l l  in use fo r  some special appl icat ions (Jones 81). One should point  out  

tha t  Geiger  fu l l y  real ized the importance of a high e lec t r ic  f ie ld  in the gas ampl i f icat ion 

process and that  such high f ie lds could easi ly be produced around th in  wi res or  sharp 

points (Geiger  point  counter  (Geiger 12)) .  One may safely state tha t  all the develop-  

ments of gas- f i l l ed  detectors wi th  in terna l  gas ampl i f icat ion is based on the p ioneer ing 

work  of Hans Geiger.  

Ano ther  mi le-stone in the evolut ion of gas- f i l l ed  nuclear par t i c le  detectors is 

Charpak 's  invent ion of the mu l t i -w i re  p ropor t iona l  chamber in 1968 (Charpak  68). He 

real ized tha t  each of th in  paral le l  w i res ,  spaced 2 mm apar t  and placed between two 

electrodes act ing as cathodes,  behaves l ike a p ropor t iona l  counter ,  essent ia l ly  inde-  

pendent  f rom each o ther .  In th is way la rge-area posi t ion sensi t ive de tec tors ,  especia l ly  

needed in High Energy Physics, could easi ly be cons t ruc ted .  Within few years ,  near ly  

all e lect ronic  counter  exper iments  in High Energy Physics,  which used up to then main- 

ly opt ica l ,  acoustical o r  magne to -s t r i c t i ve  spark -chambers  as a pos i t ion-sens ing device,  

changed over  to th is  new t ype  of de tec tor  o r  to its close re la t ive ,  the d r i f t - c h a m b e r .  I t  

o f fe red a much h igher  coun t - ra te  capab i l i t y ,  sho r te r  dead-  and memory t ime and a 
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d i rec t  da ta - t r ans fe r  into the computer ,  in cont ras t  to opt ical  data record ing ,  jus t  to 

mention a few of the numerous advantages of a MWPC. The rap id ly  g rowing  use of 

mu l t i -w i r e  chambers is, of course,  closely related to the development  of modern solid 

state e lectronics in the 1960's. 

The ins t rumentat ion in nuclear and heavy ion physics was dominated by solid state 

detectors (s i l i c ium- and germanium d iodes) ,  since t he i r  upcoming in the 1960's. To the 

exper imenta l i s t  they  o f fered unique advantages compared to the up to then mainly used 

p ropor t iona l  counters ,  ionizat ion chambers and sc in t i l la t ion counters :  an excel lent  

ene rgy - reso lu t i on ,  much be t te r  than obta ined up to then,  a l inear response in the 

charged par t ic le 's  energy ,  a high s topp ing power,  which resu l ted in small size detec- 

to rs ,  the poss ib i l i t y  to produce ve ry  th in energy- loss  detec tors ,  the operat ion of the 

de tec to r  d i r ec t l y  in the vacuum of the scat te r ing  chamber,  and,  especial ly impor tant  

fo r  those phys ic is ts  who want  to do more serious th ings  than de tec to r  development ,  the 

easy ava i lab i l i t y  o f f - t he - she l f .  A h is tor ica l  review of the development  of semiconductor  

detectors  is g iven by  McKenzie ( ]979) ,  who, toge ther  wi th  D .A .  Bromley,  was one of 

the pioneers of th is new detec tor  techno logy.  

With the beg inn ing  of the 1970's a in te res t  in the physics of phenomena related to 

ve ry  heavy ions arose. New accelerators,  l ike the UNILAC at the GSI at Darmstadt  

p rov ided  beams of pro ject i les  as heavy as uranium. Now, in the spectroscopy of ve ry  

heavi ly  ioniz ing rad ia t ion,  some serious drawbacks of the up to then so ex t remely  suc- 

cessful semiconductor  detectors became apparent .  I wi l l  j us t  mention them, w i thou t  

going into deta i ls :  the pu lse -he igh t  defect ,  the plasma time j i t t e r ,  the degradat ion of 

the de tec to r  per formance a f te r  exposure  to intense radiat ion and the i r  small size, which 
made i t  ex t remely  cost ly  to bu i ld  large so l id -ang le  detect ion systems. For these 

reasons, in many laborator ies a new in te res t  in gas- f i l l ed  detectors arose. In the fo l low- 

ing I wi l l  t r y  to i l l us t ra te  the research which has been under taken du r ing  the past 

decade on gas- f i l l ed  counters fo r  heavi ly  ioniz ing rad ia t ion,  by descr ib ing  some specif ic 

examples. 

Gas- f i l led Ionizat ion Chambers 

I .1 General Remarks 

In an ionizat ion chamber the electrons which have been de l ibera ted  by a nuclear 

charged par t i c le  in the sensi t ive gas-volume along the t rack  of the par t ic le  are meas- 

ured.  The e lec t r ic  f ie ld ,  which separates the pos i t ive and negat ive cha rge -ca r r i e r s ,  is 

e i ther  paral le l  or  pe rpend icu la r  to the par t ic le 's  t r a j ec to r y .  I t  t u rns  out  that  the num- 

ber  of p roduced e lect rons,  to a high degree of accuracy,  depends l inear ly  on the ener-  

gy  the par t i c le  has lost in the gas-volume of the chamber.  This holds t rue  fo r  a wide 

range of p ro jec t i le  charges and veloc i t ies.  The l inear  response of a gas- f i l l ed  ioniza- 

t ion chamber means tha t  there  is a f i xed  mean energy  requ i red  to create one 

e lec t ron- ion  pa i r .  Th is  energy ,  usual ly  denoted by W, amounts to about 30 eV for  the 

commonly used count ing gases and is about a fac tor  of ten smal ler fo r  sil icon detectors .  

The fact  t ha t  W is p rac t i ca l l y  independent  of the par t ic le 's  energy  (at least above some 

hundred  keV) comes about because the compet i t ion between ionizat ion and 

exc i ta t ion-processes is ra the r  independent  of energy  and the amount of energy  going 
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into k inet ic  energy  of gas atoms is neg l ig ib le  Only at low energies at some hundred  

keV, the f rac t ion of the energy- loss  of the par t ic le  due to non- ion iz ing  col l is ions 

increases, p roduc ing  a cor respond ing  increase in W, since there  is less energy  avai l -  

able fo r  ionizat ion processes. 

However,  one should bear in mind tha t  the exper imenta l  evidence fo r  the independ-  

ence of W of the charge of the heavy- ion pro jec t i le  is ra the r  scarce (ICRU 79). The 

best th ing  then,  and what  is normal ly done, is to ca l ib ra te  the ion-chamber  wi th  pro jec-  

t i les wi th  known Z and energy .  An energy - reso lu t i on  as low as 0.7 % FWHM is rou t ine ly  

achieved,  thus p rov ing  tha t  the number of f ree electrons produced by a charged pa r t i -  

cle in a gas is an excel lent  means to determine the energy  the par t ic le  has lost in the 

sensi t ive volume of the ionizat ion chamber.  

Basical ly two impor tant  parameters of a charged par t i c le  can be determined in an 

ion-chamber :  1. the tota l  energy ,  when the par t ic le  is s topped in the chamber.  2. the 

nuclear charge Z, by measur ing the energy  AE the par t i c le  has lost on a cer ta in path x 

and its tota l  ene rgy  E. Ve ry  often gas- f i l l ed  ion-chambers,  especial ly  small ones, are 

s imply used as AE-counters,  whereas the tota l  energy  is measured b y  si l icon detectors 

mounted d i r e c t l y  in the ion-chamber.  Add i t i ona l l y ,  a gas - f i l l ed  ionizat ion chamber can 

be made pos i t ion-sens i t i ve  by var ious methods, which I wi l l  discuss la ter .  This fea ture  

is of special importance fo r  la rge-s ize  ion-chambers.  

The main advantages of gas- f i l l ed  ionizat ion chambers,  compared to so l id -s ta te  

detec tor  te lescopes, may be summarized as fo l lows:  

1. large size detectors  can be bu i l t .  In th is way a broad range of the angu la r  d i s t r i b -  

ut ion of the emit ted par t ic les can be measured wi th  one se t -up .  Fur thermore  the 

large so l id -ang le  saves precious beam-t ime. 

2. The response of an ion-chamber is essent ia l ly  l inear in the deposi ted energy .  A 

pronounced pu lse -he igh t  defect  l ike in so l id -s ta te  detectors  is not observed ,  bu t  

recombinat ion effects are obv ious ly  p resent .  A heavy ion wi th  a g iven energy  y ie lds 

a some percent  h igher  s ignal ,  when the gas -p ressure  in the chamber is reduced by 

about a fac to r  of two (bu t  st i l l  high enough to stop the pa r t i c le ) .  This ef fect  can 

not be exp la ined by an e lec t ro -nega t i ve  impur i t y .  
3. no radiat ion damage occurs in the usual ly  used count ing gases l ike methane, 

iso-butane or  te t ra f l uo r -me thane .  

4. the dynamic range ( i .e .  the range of Z-values and energies which can be measured 

s imul taneously)  is much broader  than of a so l id -s ta te  de tec to r  te lescope. Fu r t he r -  

more, the e f fec t ive  th ickness ( in mg/cm 2) of the de tec to r  can easi ly be adopted to 

the exper imenta l  requi rements by s imply changing the gas pressure .  

Al l  these points l isted above are of special importance and relevance in heavy ion 

phys ics.  The demands of exper iments  w i th  heavy ions have t r i g g e r e d  most of the 

recent  developments of gas- f i l l ed  ionizat ion chambers.  

11.2 A Modern Ion-chamber 

In the fo l lowing I wi l l  d iscuss,  as an example of the s t a t e - o f - t h e - a r t  of modern ioni-  

zation chambers,  a chamber which is c u r r e n t l y  be assembled by  our  g roup  (Gobbi 81) 

at GSI. An a r t i s t ' s  v iew of the 
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Fig. I1.1 Perspect ive  v i ew  of the  Mammoth Twin  i on -chamber .  

Mammoth Twin  i on -chamber  is shown in Fig.  I1.1. The geometr ica l  d imensions of the  

de tec to r  have been de te rm ined  b y  two c r i t e r i a :  the  demands of the  exper imen ts  to be 

pe r fo rmed  w i th  th is  i ns t r umen t  and,  on the  o t h e r  hand,  the  techn ica l  f eas i b i l i t y  of th is  

dev ice .  

Th is  ion -chamber  wi l l  be used in a new k inemat ic  co inc idence se t -up  f o r  exper imen ts  

w i th  heavy  ions wi th  up to 20 MeV/u  k ine t i c  e n e r g y .  In deep ine last ic  co l l is ions,  which 

wi l l  be f u r t h e r  i nves t i ga ted  w i th  th is  appa ra tus ,  the  p r o j e c t i l e - l i k e  react ion p roduc ts  

have nea r l y  the  p ro jec t i l e  v e l o c i t y ,  when the  col l is ion occured  w i th  a low Q-va lue .  To 

stop heavy  ions wi th  th is  e n e r g y  in h y d r o c a r b o n  gases, one needs ~30 mg/cm 2 ( fo r  

238U) and ~80 mg/cm 2 ( f o r  20Ne) (Hube r  80).  The ac t i ve  dep th  of the  chamber has 

been chosen to 125 cm, which co r responds  to a th ickness  of 9 mg/cm 2 pe r  100 mbar 

methane or  33 mg/cm = pe r  100 mbar  i so -bu tane .  With an o p e r a t i n g  g a s - p r e s s u r e  of 

some h u n d r e d  mbar ,  even the  l i gh t  and fast  react ion p roduc ts  are s topped in the  

i on -chamber .  Of course,  a h i ghe r  g a s - p r e s s u r e  would  reduce the  necessary  depth  of 

t he  chamber ,  bu t  t h e r e  are  severa l  reasons aga ins t  i t :  

- low e n e r g y  par t i c les  would stop d i r e c t l y  beh ind  the  en t rance  w indow and t h e r e  

a lways s l i gh t  inhomogenei t ies  of t he  e lec t r i c  f ie ld  are  p resen t ,  which may cause 

incomplete e lect ron co l lect ion by  the  anode. 

- a h i g h e r  gas p ressure  implies a t h i c k e r  en t rance  w indow which causes more e n e r g y  - 

and ang le  - s t r agg l i ng  and a s t r o n g e r  suppo r t  s t r u c t u r e  f o r  t he  en t rance  w indow,  

which y ie lds  dead zones. 

- i t  is s t i l l  an open ques t ion  w e t h e r  at a h ighe r  gas p ressu re  recombinat ion ef fects do 

occur ,  at  least fo r  the  heav ies t  ions. Aga in ,  a lower  o p e r a t i n g  gas p ressure  is adv is -  

able.  
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Fig. 11.2 Sketch of the kinematics of a 
sp l i t t i ng  process. 

The general  l ay -ou t  of the chamber is 

based on an ear l ie r  design (Sann 75). I t  is 

again a tw in -chamber ,  bu t  now the lower and 

upper  half ( f i g .  11.2) are complete ly  inde-  

pendent  de tec tors .  The chamber body is 

made of o r d i n a r y  s t ruc tu ra l  steel,  the i n te r i -  

o r  is e lec t rop la ted w i th  n ickel .  

A massive i ron -p la te  in the medium plane 

of the de tec to r  separates the gas-volume of 

the two ion-chambers and is s t rong  enough 

to operate  the upper  and lower half  at com- 

p le te ly  d i f f e ren t  gas -p ressures .  In th is way 

par t ic les  wi th  la rge ly  d i f f e ren t  energies can 

be measured s imul taneously  and the dynamic range is g rea t l y  increased.  Such opera t ing  

condi t ions are necessary,  when one wants to invest igate  heavy ion react ions,  where  a 

h i g h - e n e r g y  f o rwa rd  emit ted p ro jec t i l e - l i ke  f ragment  undergoes sp l i t t i ng .  The resu l t ing  

secondary f ragments  emit ted in f o rwa rd  and backward d i rec t ion  w i th in  the moving 

f rame of the p r imary  par t i c le  are then observed at f o rwa rd  angles in the labo ra to ry  

f rame wi th  s ign i f i can t l y  d i f f e ren t  energ ies,  a kinematic s i tuat ion which is sketched in 

f i g .  11.2. The re la t ive  angle of the two sp l i t t i ng  f ragments  ranges from 0 to 60 °. The 

ent rance window of th is  tw in  ionizat ion chamber is 800 mm wide (in the plane) and 2 x 

100 mm high (out  of p lane) .  This dimension has been d ic ta ted by  the technical  feasabi l i -  

t y  of  the w indow.  
Located 700 mm away from the t a r g e t ,  the detec tor  has an angu la r  acceptance of 

+-30 o (in the plane) which jus t  f i ts  to the above descr ibed sp l i t t i ng  process. The d is-  

tance of 700 mm of the ent rance window to the t a rge t  is d ic ta ted by the need of a rea- 

sonable long f l i g h t - p a t h  fo r  t i m e - o f - f l i g h t  measurements. The t ime s top-s igna l  is 

p rov ided  by a la rge-area ,  bu t  never theless ve ry  th in para l le l -p la te -ava lanche  counter ,  

which is insta l led d i r ec t l y  in f r on t  of the chamber.  The massive plate in the medium 

plane ( f ig .  11.3), which separates the upper  and lower chamber,  carr ies on both sides 

the cathode planes. The s t r uc tu re ,  which is +- 10 o incl ined to the medium plane, car-  

ries the anode p lates,  toge ther  wi th  the F r i s c h - g r i d  and the Q-gr id .  

The measurement of the energy  the nuclear par t ic le  has lost across a g iven path 

( the w id th  of t he  dE-p la tes)  t oge the r  wi th  its total  energy  (equal to the sum of the 

signals on all anode plates) y ie lds in format ion about its nuclear charge.  An opt imum 

Z- reso lu t ion  is ob ta ined,  when the rat io of AE : Etota I is as high as .75 (Sistemich 
76).  The large dynamic range of the nuclear  charges of the p roduc ts  f rom a heavy ion 

react ion requ i res  a subd iv is ion of the anode in several independent  e lect rodes,  which 

makes i t  possible to form the opt imum AE : Etota I rat io over  the whole ene rgy -  and 
nuc lear  charge range.  These considerat ions led us to the design of the anode shown in 

f i g .  I1.1. There  are fou r  plates fo r  the energy- loss  measurement of the par t i c le  across 

the dE plates,  which are 60, 60, 200 and 200 mm resp. wide.  The last b ig p late de te r -  

mines the residual energy  ERest. All the anode plates are sp l i t  in two halves to lower 
the capacitance. 
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Fig. 11.3 Side-v iew of the Mammoth ion-chamber w i th  the scat te r ing  chamber.  

The distance between the F r i s ch -g r i d  and the anode is 40 mm. Between these two 

electrodes the so-cal led B-gr id  is mounted.  This g r i d  consists of 50 ]~ wires which run 

para l le l  to the  t rack  of a par t ic le  coming from the ta rge t .  The w i re -spac ing  at the 

ent rance window is 2 mm and at the chamber end 6 ram. This e lectrode determines the 

in -p lane  scat te r ing  angle. When the p r ima ry  electrons d r i f t  to the anode, they  induce a 

signal on the nearest w i re  when they  pass th rough  the Q-gr id .  All the wires are sold- 

ered to a d iscre te  L -C-de lay  l ine and the w i re  which carr ies the signal is determined by 

measur ing the t ime-d i f fe rence  between the signals at the two ends of the de lay - l ine .  

With smal ler chambers of th is t ype ,  a posit ion resolut ion of about 2 mm has been 

achieved by th is method. The ou t -o f -p lane  coord inate is measured via the 

t ime-d i f f e rence  between the passage of the charged par t ic le  th rough  the chamber and 

the anode s ignal ,  since th is signal on ly  appears when the p r imary  electrons have 

passed the F r i s ch -g r i d .  This method to measure the Y-coord ina te  works  of course only 

i f  there  is a constant  d r i f t - v e l o c i t y  and hence a constant  reduced f i e l d - s t r eng th  E/p 

t h r o u g h o u t  the act ive chamber-vo lume.  In ear l ie r ,  smaller chambers, the 

t ime-d i f f e rence  between the cathode s ignal ,  which is p rompt  wi th  the passage of the 

par t i c le ,  and the anode signal was used to ex t rac t  the Y-coord ina te .  But here in th is  

b ig  chamber the cathode signal wi l l  have a too slow r ise- t ime to get  out  a reasonable 

t im ing in format ion.  Instead,  the a l ready mentioned para l le l -p la te  avalanche counter  

placed in f r on t  of the ion-chamber wi l l  p rov ide  the t im ing .  Ano ther  impor tant  aspect of 

th is  avalanche counter  is to p rov ide  the fast  t r i g g e r  signal tha t  a par t ic le  has hi t  the 

ion-chamber .  All the signals of th is  chamber are ra ther  slow, in the ]Js range,  and, 

when using the ion-chamber in coincidence wi th  o ther  fast  de tec tors ,  fo r  example para l -  

le l -p la te  avalanche counters as recoil de tec tors ,  one would have to delay all the fast  

s ignals by some us. 
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The cathode is on negat ive potent ia l ,  the F r i s ch -g r i d  is on g round ,  and the anode 

and the e -g r i d  are on pos i t ive potent ia l .  These last two are chosen such tha t  no elec- 

t rons  are lost on the two g r ids .  In the cathode F r i s ch -g r i d  volume one needs a homoge- 

neous reduced e lect r ic  f ie ld  s t reng th  of E/p = 1 V / ( c m  • T o r r ) ,  when the chamber is 

operated wi th  pure  methane. At  th is  f ie ld  methane has a maximum d r i f t  ve loc i ty  of 10 

cm/1Js. With one constant  cathode potent ia l  all along the depth of the chamber,  the elec- 

t r i c  f ie ld  would fal l  of f  as 1/Y, Y being the cathode F r i s ch -g r i d  d is tance,  which var ies 

between 100 and 400 mm. This s t rong l y  v a r y i n g  f ie ld  not on ly  inf luences the d r i f t - v e -  

loc i ty ,  a ef fect  which de ter io ra tes  the posi t ion determinat ion in the Y -coord ina te ,  bu t  

has f u r t he rmore  the desastrous ef fect  t ha t  the p r imary  electrons are not p r o p e r l y  col- 

lected by  the d i f f e ren t  dE anode plates.  

The e lec t r ic  f ie ld  and the potent ia l  d i s t r i bu t i on  has been calculated w i th  a computer  

p rogram (Ste lzer  82).  A qu i te  homogenoeus e lec t r ic  f ie ld  wi th  a co r rec t  col lect ion of the 

p r imary  electrons onto the d i f f e ren t  anode-p lates can be achieved when the cathode is 

subd iv ided  into segments. Each segment is on a potent ia l  accord ing to its mean distance 

to the F r i s c h - g r i d .  A t  the ent rance,  the f i r s t  cathode segment is 4 mm wide,  and each 

of the fo l lowing is 4 mm w ide r  than the preceedin9 one. Thus one needs about 23 d i f -  

fe ren t  segments. Such a s t ruc tu re  can easi ly be real ized wi th  p r i n t e d - c i r c u i t  mater ia l .  

The chamber wi l l  be ready fo r  the f i r s t  tes t  runs t i l l  the end of th is  year ,  the f i r s t  

exper iments  w i th  th is  b ig de tec to r  are planned in sp r ing  1983. 

11.3 A new way to determine the in -p lane sca t te r ing  angle in an ion-chamber  

ER 

Recent ly a new posi t ion measurement fo r  ionizat ion 

chambers has been repor ted  by a g roup  from the MPI Hei- 

de lberg  (Rosner 1981). They cut  the f i r s t  AE-anode plate 

in t r iang les  and connected the lef t  and the r i gh t  t r iang les  

of th is  saw-b laded s t r u c t u r e  to two ampl i f iers ( f ig .  11.4). 

The energy- loss  of a par t i c le  d iv ides between lef t  and 

r i gh t  t r iang les  accord ing to the impact posi t ion x of the 

par t i c le ,  and th is  impact posi t ion is g iven by the simple 

re la t ion:  

x = ( E R - E L ) / ( E R ÷ E L )  

They repo r t  good l i near i t y  and obta ined a posi t ion 
Fig. II.Zt Position de te r -  resolut ion of 0.3 mm wi th  132 MeV 32S ions. 
ruination by  the t r i ang le  Our  g roup  (Gobbi 81) t r i ed  th is  method in our  120 cm 
method (Rosner 81).  

deep ionizat ion chamber and compared i t  w i th  the posi t ion 

obta ined w i th  the above descr ibed O-gr id .  This O-gr id  

method gives a su f f i c ien t l y  good posi t ion in format ion (A x ~ 2 mm), bu t  fo r  shor t  

t r acks ,  when the  par t i c le  stops a l ready a f te r  some cm, the resolut ion gets worse or  the 

0-s ignal  is even missing.  With the new method we d id  not achieve the good resul ts 

repor ted  by Rosner et al. We observed a 5% c ross - ta l k ,  measured wi th  a pu lser  between 

adjacent segments, which gets a b ig cor rec t ion ,  when the signals on the lef t  and r i g h t  

side are ve ry  d i f f e ren t  fo r  large x . Fu r the rmore ,  the speci f ic  ionizat ion of the  par t i c le  
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increases along the  path across th is  saw-b laded s t ruc tu re .  In p r i nc ip le  one can cor rec t  

fo r  th is  e f fect ,  bu t  th is makes the analysis more compl icated.  F inal ly ,  one should notice 

tha t  th is  method needs twice the amount of e lect ron ics.  Normal ly we use the 0 -g r i d  to 

determine the in -p lane  sca t te r ing  angle,  bu t  fo r  events wi th  no 0-s ignal  we app ly  the 

t r i ang le  method. 

11.4 B r a g g - C u r v e  Spect roscopy 

The most simple way to ex t rac t  the informat ion f rom an ionizat ion chamber is to col- 

lect jus t  all the electrons a nuclear charged par t i c le  has de l ibera ted  in the act ive 

gas-vo lume of the chamber on one anode p late.  In th is  way the total  energy  the par t i c le  

has spent in the chamber is measured. In addi t ion to the tota l  energy  informat ion about 

the nuclear  charge of the par t i c le  can be obta ined by determin ing  the por t ion of energy  

the par t i c le  has lost over  a g iven pa th - l eng th  x. This can be achieved by subd i v id ing  

the anode into two or  more seperate ly  read-ou t  plates,  as i t  is clone in the big chamber 

descr ibed in the p reced ing  chapter .  Even more detai led informat ion about the nature  of 

the  par t i c le  and its physical  p roper t ies  can be obta ined by de termin ing  the spatial  d is-  

t r i b u t i o n  of the e lectrons produced along the path of the par t ic le  in the gas, i .e .  i f  one 

measures the B r a g g - c u r v e .  This B r a g g - c u r v e  spect roscopy (BCS) has f i r s t  been p ro -  

posed and tested by  C. Gruhn (Gruhn 79 and 82). Ano ther  BCS-detec tor  wi th  v e r y  

in te res t ing  f i gu res -o f -me r i t s  has been bu i l t  by  a g roup  of the TU Munich (Schiessl 82).  

1 dE 
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Fig. 11.5 Brac jg-curves of th ree  d i f f e ren t  
ions in methane at 200 mb. 

MeV 

200 

150 

100 

50 

32 

20 40 60 80 

Fig. 11.6 Energy- loss  of a heavy ion 
wi th  nuclear  charge Z on its last 20 cm 
in methane at 200 mb. 

Let me f i r s t  t r y  to po in t  out  why  the B r a g g - c u r v e  spectroscopy is a promis ing meth- 

od to determine the energy  and the i den t i t y  of  a heavy ion. In f i g .  11.5 are p lo t ted the 

B ragg -cu rves  of th ree  d i f f e ren t  heavy ions, of Argon,  Xenon and Y t te rb ium at 9 

MeV/u and 12 MeV/u resp. The speci f ic  energy - loss  is p lo t ted versus the path length 
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of the heavy ion in methane at 200 rob. I have chosen th is  representa t ion because, 

f i r s t l y ,  methane is our  favour i te  ion-chamber  gas due to its high d r i f t - v e l o c i t y  and 

secondly,  to i l l us t ra te  the geometr ical  size of detectors  needed to measure heavy ions at 

these energ ies.  The enhancement of the B ragg -peak  at the end of the path of the par -  

t ic le  ranges from about 3 fo r  the " l i gh t "  heavy ion down to about 1.5 fo r  the "heavy"  

heavy ion. The dE /dx - va l ues  in th is  f i gu re  and the fo l lowing have been taken from the 

Nor thc l i f f -Sch i l l i ng  tables (No r thc l i f f  70).  What is actual ly  measured is not the peak of 

the d E / d x - c u r v e ,  bu t  the energy  the heavy ion has lost on i ts last por t ion of its 

range. By looking at f i g .  11.5, when one stays w i th  methane at 200 mb as chamber 

gas, one sees tha t  one should measure the energy  the par t i c le  has lost on i ts last 20 

cm. The energy  a heavy ion wi th  nuclear charge Z looses on i ts last 20 cm in methane 

at 200 mb is p lo t ted in f i g .  11.6. The slope of th is  curve  ranges f rom 4.8 MeV per  

nuclear charge at low Z-values down to around 1.6 MeV per  nuclear  charge at high 

Z-va lues.  This means one needs an ene rgy - reso lu t i on  in the B ragg -peak  of about  0.5 90 

to resolve s ingle Z-values at high Z, which is ce r ta in l y  not easy to achieve. 

How has such a BCS-detector  been real ized by  the two groups? Both ionizat ion 

chambers have the  e lect r ic  f ie ld  lines paral le l  to the par t ic le  t r ack .  The col lect ion of 

the electrons along the par t ic le  t r ack  has the inheren t  d isadvantage tha t  now the 

charge car r ie rs  are in close ne ighbourhood fo r  a much longer  t ime than in a con f igu ra -  

t ion where  the e lec t r ic  f ie ld  is pe rpend icu la r  to the t r ack .  Recombination effects may 

lead, at least fo r  ve ry  heavi ly  ioniz ing par t i c les ,  to a loss of e lec t rons.  A schematic 

v iew of the de tec to r  of the Munich g roup  is shown in f ig .  11.7. 

The ent rance window serves as the cath-  
I I I l I 1 i I ] ~ _ < ~  
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Fig. 11.7 BCS-detec tor  of the Munich 
group (Schiessl 82).  

ode, which is on g round  potent ia l .  The elec- 

t rons  the  par t i c le  has produced in the gas 

d r i f t  to the anode and are sensed by the 

ampl i f ie r  when they  have passed the 

F r i s c h - g r i d .  The chamber is 16 cm deep. 
The separat ion of the ionizat ion in the 

B ragg -peak  f rom the tota l  ionizat ion is done 

by a simple t r i c k :  the p reamp l i f i e r  ou tpu t  

signal is sp l i t  and fed into two 

main-ampl i f ie rs  w i th  d i f f e ren t  shaping times 

t 1 and t 2. T 1 is about  the col lect ion t ime of the e lectrons f rom the Bragg-max imum and 
the signal f rom th is  ma in-ampl i f ie r  is thus p ropor t i ona l  to the ionizat ion around the 

B ragg -peak ,  and,  as we have seen f rom f i g .  11.6, is t he re fo re  a unique func t ion  of the 

nuclear charge.  The shaping t ime t 2 of the second ampl i f ie r  is chosen to be longer  than 
the tota l  col lect ion t ime of the electrons and is thus p ropor t iona l  to the tota l  energy .  

Both g roups  repo r t  a Z- reso lu t ion  of about 1.2 90 at Z = 16 (Schiessl 82) and at Z = 

26 resp.  (Gruhn 82). This f i g u r e - o f - m e r i t  is about  the same as the one achieved wi th  

'convent ional '  ion-chambers ,  where the e lect rons are col lected pe rpend icu la r  to the 

t r ack  and the nuclear  charge is determined by  a AE-ERest measurement on two anode 

plates.  This method works  best,  as a l ready ment ioned,  when AE and ERest have about 
the same magni tude,  and under  th is  opt imum cond i t ion ,  a Z- reso lu t ion  of 1.190 at Z = 92 

has been achieved (Sann 80). But ,  since the length of the anode plates is f i xed ,  th is  

opt imum condi t ion is on ly  fu l f i l l ed  in a ra the r  l imi ted ene rgy -  and Z - range .  By p r i nc i -  

ple of opera t ion ,  a BCS - de tec tor  always takes the opt imum par t  of the ionizat ion t r ack  
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as the Z-s ignal  and thus should have a much b igger  dynamic range with good 

Z- resol ut ion. 

One way to take advantage of the Bragg-peak measurement in an ion-chamber with 

the electr ic f ie ld lines perpendicu lar  to the t rack would be to d iv ide the anode in 10 cm 

wide plates. The two or  three last anode plates which show a signal wi l l  be added 
together  and taken as the Bragg-peak signal (cf. f ig .  11.5,6). Combined with the mea- 

surement of the total energy by summing up all the anode plates, this should y ie ld an 

optimum Z-resolut ion over  a wide dynamic range. A chamber with 140 cm depth would 

need 14 preampl i f iers ,  mainamplif iers and ADC channels; an amount of electronics sti l l  

to lerable.  

I I I .  Low-Pressure Proport ional Counters 

II1.1 Paral le l -Plate-Avalanche Counters 

Since the i r  upcoming in the instrumentat ion technique for  heavy ion experiments in 

1975 (Hempel 75, Stelzer 76), para l le l -p la te  avalanche counters (PPAC) have found 
wide-spread use predominant ly  as t iming detectors for  heavi ly  ionizing radiat ion. Its 
simple design and operat ion,  its excel lent  t iming results (a t ime-resolut ion of 120 ps 
(FWHM) is obtained with a small size detector ,  fo r  large-area detectors a t ime-resolu-  

t ion of 200-300 ps FWHM is rout ine ly  achieved under  exper imental  condit ions) and its 
re l iab i l i t y  are one of the main a t t rac t ive  features of this gas propor t ional  counter.  Very  
soon a PPAC could be made posi t ion-sensi t ive by inser t ing a gr id  of wires between the 
anode and cathode and by d iv id ing  the cathode into str ipes (Breskin 77, Eyal 78, Just 

78,  Harrach 79). 

~mday-gup 

K-x~ 

Na I 
Fig. Ill.1 Experimental set-up with a r ing-counter  (Bock 82). 

As an example of the great f l ex ib i l i t y  one has in the design of a PPAC I would l ike 
to mention the r ing-counters  (Gaukler  77) which have been bu i l t  in the last years in 

our  detector  laboratory  (Bock 82, Lieb 82). The cathode made of p r i n ted -c i r cu i t  mate- 
rial has a etched r ing pat tern ;  the r ings are read out by means of a tapped de lay- l ine 

and thus the scat ter ing angle 0 of the par t ic le  is d i rec t l y  determined. The azimuthal 
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angle { is obtained by inser t ing a gr id  of wires, with the wires in radial d i rect ion,  

between anode and cathode; if only a rough { -determinat ion is needed, the subdiv is ion 

of the anode-foi l  into azimuthal segments wi l l  do the job. The counter has a hole in the 

middle to let the beam pass th rough.  A typ ica l  experimental  conf igurat ion with such a 

r ing-counter  is shown in f ig .  II1.1 (Bock 82). The two react ion-products from a bina- 
ry  reaction of the beam in the target  are detected in the r ing-counte r ,  which measures 

the i r  scat ter ing angles and the i r  t ime-o f - f l i gh t -d i f fe rence .  These quant i t ies completely 

determine the kinematics of the b inary  reaction. The sodium-iodide crystals around the 
ta rge t  measure the accompaning ~'-rays. The counters denoted by PM monitor the beam 

posit ion. 
A problem speci f ical ly met in heavy ion physics is the wide dynamic range of the 

specif ic ionization dE/dx  of the part icles to be detected. Sometimes part ic les have to be 

registered which d i f fe r  in the i r  energy-depos i t  in the gas of the PPAC by more than a 
factor  of 100. In an exper imental  env i ronment  with a high f lux  of ve ry  heavi ly  ionizing 
radiat ion the h igh-vo l tage appl ied to the PPAC has to be lowered by about 10 or  20 

volts to avoid spark ing,  and 100~ detection ef f ic ieny for  l ight  part ic les,  e .g.  ~-par t i -  
cles, is no longer achieved. We found out a simple t r i ck  to 

100- R 
~ g e p  improve the dynamic range of the detection ef f ic iency of a 

80 PPAC by simply increasing the operat ing pressure from 
the usual 10 mb to about 30 rob. Obvious ly ,  at th is h igher 

60 pressure a se l f -quenching effect in the gas-mul t ip l icat ion 
process occurs. In f ig .  111.2 is plot ted the pu lse-he ight  

40 ° ratio R for  f ission fragments and ~-part ic les from a 
~ _ , ~ , ,  252Cf-source versus the operat ing gas-pressure.  The 

20 small-size PPAC with a 0.8 mm anode-cathode gap shows at 

a low pressure a pu lse-he ight  rat io of about 90, a value 
10 20 30 /+0mb one expects from dE/dx  tables (Nor thc l i f f  70) and levels 

pressure 
off to about 10 at > 40 mb pressure. The large-size detec- 

Fig. 111.2 Quenching tor with a 2 mm gap exhib i ts  a l ready at low pressure a 
in a PPAC (cf. t ex t ) .  

strong quenching effect.  A rat io of ~ 30 has also been 
observed by other  groups (Hempel 75, Just 78). Above 25 

mb the pu lse-he ight  rat io of f ission fragments and a lpha-par t ic les is independent  from 
the gas-pressure and is about 6. Our group (Gobbi 81) has al ready often made use of 
this feature  of a PPAC. "L igh t "  heavy ions are e f f ic ient ly  suppressed by operat ing the 
PPAC with a low pressure and a reduced h igh-vo l tage,  whereas at a h igher  pressure 

and increased HV all the l igh t  ions are registered with fu l l  e f f ic iency.  
A French group (Urban 81) invest igated the response of a PPAC with a 5 mm gap at 

100 mb i -butane to minimum-ionizing part ic les,  which have a specif ic ionization a factor  
of 1000 smaller than a-part ic les at 5 MeV. In a planar electrode conf igurat ion i t  is not 
possible to maintain at 100 mb pressure the high electr ic f ie ld one needs to mul t ip ly  
su f f i c ien t ly  high the few pr imary electrons the part ic le has lef t  behind in the detector.  

The maximum at ta inable reduced f ie ld s t rength is 80 V/ (cm • rob), about a factor  of 
f i ve  to six smaller than normally reached in low-pressure counters.  The ef f ic iency is 
thus only  80%, the t ime-resolut ion is 3.7 ns (FWHM). 

As long as we use PPAC's in our  labora tory ,  there is a discussion about the ques- 

t ion whether  the ve ry  low energy secondary electrons emitted by the heavy ion t ravers -  
ing the cathode foi l  cont r ibute to the signal. These electrons which are produced 
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d i rec t l y  at the cathode are most important for  a t iming measurement, since they have 

always a constant d r i f t - t ime and by far  the biggest gas-mul t ip l icat ion across the whole 

anode-cathode gap (according to the Townsend- law of the gas-mul t ip l icat ion process).  

The yield of secondary electrons depends on the specif ic energy- loss of the heavy ion 

and ranges typ ica l l y  between some ten and some hundred in the forward direct ion 
(Pferdek~mper 77). The yield of pr imary electrons due to ionization in 1 mm i -butane at 

10 mb is roughly  about a factor  of 20 h igher ,  thus outnumber ing completely the second- 

a ry  electron emission process. One could th ink  of evaporat ing the cathode with a 

substance, l ike l i th ium- f luor ide ,  to enhance the secondary electron y ie ld.  Tests with 
such a counter are planned in our  laboratory  in the near fu ture .  

II1.1 The Double-gr id  Avalanche Counter  

Following the idea of Charpak's mul t i -s tep-avalanche chamber, where the overal l  
mult ip l icat ion process is subdiv ided into two steps (Charpak 78, Breskin 79), one of us 
(Lynen 80) suggested to use this pr inc ip le  of operat ion in a ve ry  low pressure heavy 

ion detector.  The schematic view of such a doub le-gr id -ava lanche counter (DGAC) is 
shown in f ig .  111.3. The detector consists of four  electrodes, denoted by S, K, A and 
T. S and T are thin mylar foi ls (1.5 ]Jm) or  stretched po lypropy len foi ls (0.6 ]Jm) uni-  
fo rmly  evaporated e i ther  with s i lver  or  gold. 

The operat ing gas-pressure is 2 mb 

S ~ 00 -520V i -butane.  The electrodes K and A are orthogonal 
K ' . . . . .  .~ r . . . . . .  ~ov K2 wire gr ids of 20 pm gold-p la ted tungsten wires. 

3 0.s K I , ~  2 A ~ ....... .~I. r.. ........ ~ The wire-spacing is 0.8 mm on the K-electrode 
T 3 +200v I and 0.5 mm on the A-plane.  The spacing 

T I - ~ f -  between adjacent electrodes is 3 ram. Typical  

31~ potentials appl ied to the d i f fe ren t  electrodes are 
n) b) indicated in f ig .  111.3 as well. Fig. 111.4 shows 

a plot of the electr ic f ie ld lines in such a con- 
Fi 9. 111.3 Schematic view of a f igura t ion (Stelzer 82). One dist inguishes three 
doub le -g r id  avalanche counter.  
a) electrode conf igurat ion,  regions with qui te a d i f fe ren t  f ie ld s t rength.  In 
b) shape of the observed signals, the high f ie ld region between S and K a reduced 

f ie ld -s t reng th  E/p = 800 V/(cm • mb) is 

reached, near ly  twice as high as normally 
achieved in PPAC's. In this gap the main ampli f icat ion process occurs. Most of the sec- 
ondary  electrons are caught by the wires of the K-gr id  and there a fast (r ise-t ime 3ns) 
negat ive signal ( label led K 1 in f ig .  111.3b) appears, which induces on S a fast posit ive 
signal.  Close in the v i c in i t y  around a wire of the K-plane, in the very  high f ie ld 
region,  most p robab ly  a second ampli f icat ion occurs, as a l ready pointed out by Breskin 

(1982). The rest of the electrons d r i f t  into the low-f ie ld region K-A with E/p = 150 
V/ (cm • mb), where on ly  l i t t le  gas-ampl i f icat ion occurs. Pract ical ly all the electrons 
pass through the A - g r i d  and reach the medium-f ield region A- T (E/p = 300 V/(cm • 
rob)),  where again mult ip l icat ion takes place. A ra ther  slow negat ive signal with a 

r ise-t ime ~ 12 ns appears on T,  which induces a posi t ive signal A 2 on the A -g r i d .  The 
signal-component A 1 most p robab ly  comes from electrons caught by the A-p lane,  which 

induces the K2-component on K. The signal on T is 35ns later than the signal on K 
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and S. Th is  t i m e - d i f f e r e n c e  can be used to  est imate the  d r i f t - v e l o c i t y  of e lec t rons  in 

i so -bu tane  at these h igh E/p va lues .  The d is tance between K and T is 6 ram, hence the  

d r i f t - v e l o c i t y  is 17 cm/l~S, 

(Bohrmann 76).  
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Fig. II1.# Elec t r ic  f ie ld  l ines in a DGAC. E lec t rode 
'S '  is located  at  Y=9 ram. Po ten t i a l s  as in Fig.  
111.3. 
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Fig. 111.5 The s ignals of a 
DGAC as a f unc t i on  of U K. 

Th is  q u a l i t a t i v e  p i c t u re  of t he  gas-amp l i f i ca t ion  process and of the  deve lopment  of 

t he  s ignals on the  d i f f e r e n t  e lect rodes has been ga ined b y  s t u d y i n g  the  p u l s e - h e i g h t  

and the  pu l se - fo rm of all t he  s ignals as a func t i on  of the  potent ia ls  app l ied  to the  f ou r  

e lec t rodes.  Fig. 111.5 shows the  p u l s e - h e i g h t  of t he  s ignals as a func t ion  of t he  po ten-  

t ia l  U K app l ied  to  the  K - g r i d .  Th is  p lo t  c l ea r l y  shows the  mutual  dependence and cor -  

re la t ions of all t he  s ignals.  A more nega t i ve  po ten t ia l  on K decreases the  f ie ld  between 

S and K, bu t  increases the  f ie ld  in the  second ampl i f i ca t ion gap.  

Al l  t he  s ignals are in the  o r d e r  of some mV and,  a f t e r  a fas t ,  low-no ise  amp l i f i e r ,  

t h e y  all show an exce l len t  s i gna l - t o -no i se  ra t io .  The s ignal  f rom the  S-e lec t rode  is t ak -  

en as a t im ing -s i gna l .  The measured t im ing  peak of the  l i gh t  f ragments  of  a 252 Cf 

source has a w id th  of 400 ps (FWHM). Tak ing  in to  account  the  i n t r i ns i c  

v e l o c i t y - d i s t r i b u t i o n  of these f ragmen ts ,  t h e i r  e n e r g y - l o s s - s t r a g g l i n g  in the  fo i ls  of t he  

p reced ing  s t a r t - c o u n t e r  and the  c o n t r i b u t i o n  of t he  s t a r t - c o u n t e r ,  one calculates a 

t ime- reso lu t i on  of the  DGAC (ac t i ve  area 20 x 30 cm 2) of 200 ps (FWHM). By look ing at 

the  f i e l d - l i n e  d i s t r i b u t i o n  of such a coun te r  ( f i g .  111.4) one should expec t  a s t rong  v a r -  

iat ion of t he  d r i f t p a t h - l e n g t h  and hence of the  d r i f t - t i m e  of the  e lec t ron to  t he  nearest  

w i re  of the  K - g r i d ,  depend ing  on the  impact po in t  of t he  nuc lear  pa r t i c le  on the  coun t -  

er .  Bu t  due to the  t r ansve rsa l  d i f f us ion  of t he  e lec t ron c loud on t h e i r  way  to  the  

K - g r i d ,  these d r i f t p a t h  d i f fe rences  are smeared out .  The t r ansve rsa l  d i f f us ion  of t he  

e lec t rons  d u r i n g  t h e i r  d r i f t  t h r o u g h  the  3 mm S - K gap can be est imated as fo l lows:  

1. at  a tmospher ic  p ressu re ,  at low E/p va lues ,  the  t r a n s v e r s a l  d i f fus ion  is (Jean-Mar ie  

79):  6x = 235 l~m per  10 mm d r i f t  
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2. the  d i f fus ion  scales wi th  1 /SQRT(p)  at cons tan t  E/p  (Fa r r  78) 

Neglect ing the  E/p  dependence,  one gets at p = 2 rob: 

x = 0.235 • SQRT(500) • 0.3 mm FWHM 

x ~ 1.60 mm FWHM. 

35- 

g.  
U e~- 

l e -  

[ I I r 

C t~R I~ELS  

a) 

I i J I I 
i i i  i i  

i Ii 

i ! ~ 

i i 

bJ 
Fig. 111.6 a) Posit ion spect rum of a DGAC ( i l l im ina ted  r o u g h l y  homogeneous wi th  e last i -  

t i ca l l y  sca t te red 5.9 MeV/u Xe - i ons )  wi th  a 4 mm tap s t r u c t u r e .  

b) the  same fo r  a DGAC wi th  2 mm taps.  

The g r ids  K and A are used fo r  the  pos i t ion de termina t ion  in the two coord ina tes .  

The wi res  are g r o u p e d  in 4 mm wide bins and so ldered t oge the r  to a tapped 

Fig. 111.7 Exper imenta l  a r r a n g e m e n t  of 
10 DGAC's a round  the  t a r g e t  (Lynen  
82) .  

Fig. 111.8 Ins ta l la t ion  of DGAC's in a b ig 
sca t te r i ng  chamber (Gobbi 8"/). 

Fotos:  A. Zschau, GSI 

d e l a y - l i n e .  As d e l a y - l i n e  we use e i t he r  3 ns pe r  tap long Lemo-cables or  ch ips.  The 

d e l a y - l i n e  is read ou t  at both ends,  a method which al lows a rough in te rpo la t ion  

between two taps.  Fu r t he rmore ,  since the  sum of the two s ignals has to be a cons tan t ,  

namely the  to ta l  length  of t he  d e l a y - l i n e ,  m u l t i - p a r t i c l e  hi ts on the  de tec to r  can be 
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c lear ly  d is t ingu ished .  Fig. 111.6a shows a posi t ion spectrum of 5.9 MeV/u Xe- ions,  

e last ica l ly  scat tered on Au; the 4 mm wide tap s t r uc tu re  is c lear ly  resolved.  This shows 

tha t  the d i f fus ion of the electron cloud is less than 4 mm. Fig. 111.6b shows the posi-  

t ion spectrum of another  de tec tor  which has a 2 mm wide tap s t r uc tu re ;  here the tap 

s t r uc tu re  is much less resolved,  which indicates a t ransversa l  d i f fus ion in the o rde r  of 

2 ram, in fa i r  agreement w i th  the above est imated value. 

The signal f rom the T-e lec t rode  (c f .  f i g .  I l l . 3 )  is well  sui ted fo r  an energy- loss  

measurement. The resolut ion is in the o r d e r  of 25~. 

Due to the low opera t ing  pressure  of 2 mb, even large-s ize  (20 x 30 cm 2) DGAC's 

can be bu i l t  which have on ly  10 mm wide frames. These frames are permanent ly  g lued 

toge ther  and are thus gas - t i gh t  and do not need an ex t ra  housing to contain the count -  

ing gas. This has the ve ry  impor tan t  advantage tha t  these counters can be instal led 

ve ry  close toge the r ,  thus minimiz ing dead spaces between them. A f u r t h e r  advantage of 

the low pressure  is tha t  the S and T -e lec t rode  can serve as well as the gas-windows,  

which cons iderab ly  reduces the total  th ickness of the counter ,  w i t hou t  de ter ioa t ing  too 

much the t ime- and energy- loss  resolut ions.  

These doub le -g r i d  avalanche counters have been bu i l t  by  our  g roup  since 1981 fo r  

two large exper imenta l  se t -ups :  

1) fo r  exper iments  at the SC at CERN wi th  84 MeV/u carbon- ions ,  10 DGAC's in t rape -  

zoidal form (act ive area 220 cm2), were a r ranged around the t a rge t  to detect  the 

l i gh t  and heavy f ragments  (Lynen 82). The dynamic range is wide enough to reg is-  

te r  wi th  fu l l  e f f ic iency l igh t  ions A > 10 in the presence of heavy t a rge t - res idues .  

Fig. 111.7 shows the exper imenta l  a r rangement .  

2) Twelve 20 x 30 cm = counters of th is  t ype  have been bu i l t  fo r  a new kinematic coinci-  

dence se t -up fo r  exper iments at 20 MeV/u at the upgraded UNILAC (Gobbi 81). Fig. 

111.8 shows the instal lat ion of the counters inside the sca t te r ing -chamber .  
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a) b) 
Fig. 111.9 a) Time resolut ion of a DGAC (cf .  t e x t ) .  (1 ch = 100 ps ) .  b) Pulse-height  

spect rum of e last ica l ly  scat tered Xe- ions in a DGAC. 

These b r i e f l y  mentioned set -ups have a l ready been used sucessfu l ly  in several 

exper iments .  Fig. 111.9a shows the per formance of the t iming of a DGAC. In th is  f i gu re  

the d i f fe rence between calculated and measured t ime is p lo t ted .  The calculated t ime has 

been obtained from the scat te r ing  angles of e last ica l ly  scat tered Xe on Au at 5.9 

MeV/u.  The t ime spectrum shown includes the  con t r ibu t ion  f rom the uncer ta in ty  in the 
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ang le-determinat ion  (clue to the 4 mm pos i t ion- reso lu t ion  in the DGAC's and the 4 mm 

wide beam spot ) .  

Fig. 111.9b shows the pu lse -he igh t  spectrum in a DGAC of Xe- ions f rom the above 

react ion.  Events below the dashed l ine at channel 500 are background events.  

Quite recent ly  a smal l -s ize DGAC (5 x 7 cm 2) has been bu i l t  and tested (Kel ler  82),  

which d i f fe rs  in some aspects f rom the above descr ibed ones: 

1) The w i re  distance in the K- and A-p lane is 1 ram. 

2) The A - T  gap has been increased from 3 to 6 mm. 

3) Two ne ighbour ing  wires are soldered toge ther  to a tap of a de lay - l ine ,  i .e .  the tap 

w id th  has been decreased from 4 mm to 2ram. 

Let me b r i e f l y  descr ibe the main d i f ferences in the per formance of th is new designed 

DGAC compared to the old one: 

1. Despite the increased w i re  distance of 1 mm ( instead of 0.8 ram) in the K-plane,  the 

counter  st i l l  has an excel lent  t ime- reso lu t ion  of <200 ps (FWHM), as determined wi th  
a 252( f -source  and a 1.4 MeV/u Kr-beam. This ef fect can be understood by remem- 

ber ing  the est imated t ransversa l  d i f fus ion of ~1.6 mm of the electrons (see above) 

across the 3 mm wide gap.  Fig. I I I .  ]0a shows a t ime-spect rum 

. . . .  . . . . .  , . . . . .  . . . . .  -~ .~. , . . . . .  . . . . . . . .  ~ .  , 

C 
0 ?ee- 
U - 
N G~e- 
T 
S see-  

C H A N N E L S  

a) b) 
Fig. II1.10 a) TOF-spec t rum of the f ragments  of a 252( f -source  between a smal l-s ize 

PPAC and a DGAC (1 ch = 100 ps) .  

b) Pulse-height  spectrum of 1.4 MeV/u Kr - ions .  The resolut ion is ~20 4. 

(The spikes at channels 120 and 220 are pu lser  s igna ls . )  

C H A N N E L S  

Fig. II1.11 Position spectrum of 1.4 
MeV/u Kr - ion  in a DGAC (cf .  t e x t ) .  

of the l igh t  and heavy f ragments of a 
252( f - sou rce .  The observed wid th  of 400 ps 

(FWHM) includes the ve loc i ty -  and 

energy- loss  s t ragg l i ng  in the s ta r t - coun te r  

and the con t r ibu t ion  of the s ta r t - coun te r  (a 

smal l -s ize PPAC) i tsel f .  The total  th ickness 

of the counter  is <300 tJg/cm = (the ent rance 

w indow,  the S-e lect rode and the T-e lec t rode ;  

all are s t re tched po lyp ropy lene  foi ls wi th some 

s i l ve r - coa t i ng ) .  I t  would be h igh ly  des i rab le  

to reduce the th ickness fu r the rmore .  One way 

to do tha t  would be to replace the S-foi l  by a 

nar row g r i d  of w i res .  But now i t  is doub t fu l  

wether  the good t im ing proper t ies  are st i l l  
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maintained.  The p r imary  electrons produced d i rec t l y  at S (act ing as cathode, cf .  

f i g .  111.3), which are most impor tant  fo r  the t iming p roper t ies  of the de tec tor ,  

exper ience an inhomogenous e lect r ic  f ie ld ,  since at the beg inn ing  of the d r i f t  to the 

anode, there  is no smear ing-out  ef fect  due to a d i f fus ion process. 

2) Due to the b igge r  A-T  gap,  the signals on A and T are now completely decoupled.  

The signal on A is now negat ive,  caused by electrons caught  by the wires and is no 

longer  a pos i t ive signal induced by T.  This of fers the poss ib i l i t y  to adjust  the 

pu lse -he igh t  on T ( fo r  example, to match the pu lse -he igh t  to the range of the 

charge-sens i t i ve  ADC which measures the energy- loss)  w i thou t  a f fect ing the signal 

on A. Fig. I I l . ] 0 b  shows the pu lse -he igh t  spectrum of 1.4 MeV/u Kr - ions .  

3) The ef fect  of the reduced t ap -w id th  of 2 mm on the posit ion determinat ion has 

a l ready been discussed ( f ig .  111.6). Fig. II1.11 shows the pos i t ion -spec t rum meas- 

ured on the K - g r i d  when the detector  is i l luminated wi th  1.4 MeV/u Kr- ions th rough  

a c i r cu la r  mask wi th  5.5 mm diameter.  In the Y-coord ina te  a nar row cut  has been 

appl ied.  From the sharp slope at the edges of the mask a resolut ion of o.25 mm 

(FWHM) is calculated. On the Y-coord ina te ,  the A - g r i d  (cf .  f i g .  111.3), the posit ion 

resolut ion is a fac tor  of two worse. This f i nd ing  can be expla ined by the longer  

d r i f t - p a t h  of the electrons th rough  the detec tor  and hence a b igge r  t ransversa l  d i f -  

fus ion.  On this de tec tor  commercial ly avai lable de lay- l ine  chips have been used. Two 

types (BELFUSE and RHOMBUS) have been tested and compared. They showed simi- 

lar  per formance.  The l inear i ty  of these delay- l ines is good enough for  a 

pos i t ion- reso lu t ion  of about 2 mm, bu t  ce r ta in ly  not adequate fo r  a resolut ion of 

<1 mm. 

IV. Summary and Out look 

I have t r i ed  to i l l us t ra te  the present  status of gas- f i l l ed  heavy- ion dedectors .  

Despite t he i r  venerable  age, gaseous detectors are in a st i l l  ongoing stage of develop-  

ment, cont inous ly  modif ied and adapted to new exper imenta l  requ i rements .  Heavy ion 

exper iments  requ i re  detect ion systems which are able to record s imul taneously  in on ly  

one de tec to r  several parameters,  l ike t i m e - o f - a r r i v a l ,  posit ion or  energy ,  of par t ic les 

cover ing  a broad range of specif ic ionizat ion.  Gas- f i l led detectors  have proven to be 

well sui ted to meet these demands. 

In the near f u tu re ,  the in teres t  in heavy- ion physics wi l l  focus on h igher  energies 

and the demands fo r  detectors wi l l  change. On the one hand, v e r y  th in detec tors ,  l ike 

the one used up to now, wi l l  be needed to reg is te r  par t ic les f rom the 

ta rge t - f r agmen ta t i on  region,  bu t  the fast  f o rwa rd -go ing  products  wi th  t he i r  much less 

speci f ic ionizat ion and the i r  high mu l t i p l i c i t y  wi l l  requ i re  detect ion systems which 

resemble more and more the ones used in High Energy Physics. 

I thank  all my colleagues fo r  the many helpfu l  discussions du r i ng  the prepara t ion  of 

th is manuscr ip t ,  especial ly Dr.  A. Gobbi and Prof. U. Lynen.  
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