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FLAT HELICAL DELAY LINES FOR POSITION READOUT 
ALONG THE ANODE WIRE IN MWPC AND DRIFT CHAMBERS* 

Abstract  

H. o h n o s t  R. L. Chase, 
J. Fischer ,  and A. H.  walentaf 

Brookhaven National Laboratory 
Upton, New York 11973 

The geometry of the  l i n e ,  wi th in  the c o n s t r a i n t s  
o f  low mass and l imited width, permits simple construc- 
t i o n  without the need f o r  phase compensation. The 

' Simple, f l a t  h e l i c a l  delay l i n e s  were developed decrease of the  e f f e c t i v e  inductance f o r  high f r e -  
f o r  avalanche p o s i t i o n  determination along each anode quency components of the signal is relatively small 
wire ,  f o r  unambiguous readout of m u l t i p a r t i c l e  events because of the distance between the turns and the 
i n  multiwire d r i f t  o r  proport ional  chambers. small thickness  of the l ine .  The r e l a t i v e l y  small 
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Lines of various propagation delay and dimensions 
were t e s t e d  with x-rays and B-rays i n  severa l  gas 
mixtures. Avalanche p o s i t i o n  reso lu t ions  of 0.2 mm 
and 0.6 m FWHM, r espec t ive ly ,  were obtained with a 
l i n e  30 cm long i n  non electron-at taching gases. 
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Introduct ion 
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, 

Delay l i n e  readout of the  avalanche p o s i t i o n  i n  
multiwire proport ional  and d r i f t  chambers i s  now 
i n  common . u ~ e . l ' ~  I n  most of these app l ica t ions ,  
the  pos i t ions  of the avalanches a r e  projected on two 
orthogonal delay l i n e s  f o r  two dimensional readout. 
I f  more than one p a r t i c l e  is presen t ,  the  readout is 
ambiguous and requi res  add i t iona l  coordinate  readout. 
I n  experiments with very high energy p a r t i c l e s ,  an 
e f f i c i e n t  de tec t ion  of m u l t i p a r t i c l e  events has become 
more import'ant. 

The unambiguous, two dimensional pos i t ion  de te r -  
mination of severa l  simultaneous p a r t i c l e s  i n  a 
s i n g l e  chamber can be accomplished by avalanche posi-  
t i o n  readout along each anode wire. A t  l e a s t  two 
methods have been developed f o r  t h i s  purpose: charge 
d i v i s i o n  using a r e s i s t i v e  anode wire9 o r  delay l i n e  
readout of the induced s igna l  i n  the proximity of 
and along the anode wire.698 Breskin &.6 and 
Atac &.8 appl ied the l a t t e r  method t o  the  d r i f t  
chamber with a small h e l i x  o r  a t h i n  s t r i p  l i n e  
between two anode wires. Because of t h e  high s igna l  
ve loc i tv  of t h e  l i n e s .  the  revorted s p a t i a l  resolu-  - - 

t i o n  i s - l i m i t e d  t o  2-6 mm FW& along -the anode wire. 

Here we repor t  on delay l i n e s  which a r e  simple 
t o  make and apply, and r e s u l t  i n  good s p a t i a l  resolu-  
t ion.  

Delay Line 

The s t r u c t u r e  of the  delay l i n e  and i t s  p o s i t i o n  
on a MWPC a r e  shown i n  Fig. 1. The delay l i n e  cons i s t s  
of  a wire  h e l i x  wound around a t h i n  p l a s t i c  s t r i p .  A 
narrow s t r a i g h t  ground conductor i s  cemented t o  one 
e x t e r i o r  surface.  

C h a r a c t e r i s t i c  p roper t i es  of the l i n e  depend 
la rge ly  on the  geometry. Typical l i n e s  inves t iga ted  
a r e  shown i n  Table 1. The length of the  l i n e  i s  about 
30 cm. Three kinds of cross  sec t ions  of the  core  
s t r i p  were tes ted :  14.3 x 1.6 mm2, 14.3 x 0.8 mm2 and 
25.4 x 1.6 mm2. The windings ranged from 11 t o  38 
turnslcm, with wire  diameters of 75, 100 and 125 p. 
C h a r a c t e r i s t i c  impedances and s p e c i f i c  propagation 
delaysare i n  the region between 270 and 1000 n, and 
between 1.3 and 8 nslcm, respect ively.  

width of the  ground s t r i p  increases the  L/C r a t i o  and 
thus the  c h a r a c t e r i s t i c  impendance. It a l s o  improves 
the coupling e f f ic iency  of the  s i g n a l  t o  the  c o i l  r e l a -  
t i v e  t o  the  ground s t r i p .  The coupling e f f i c i e n c y  is 
a l s o  enhanced by loca t ing  the  ground s t r i p  on the 
s i d e  away from the chamber. 

Attenuat ion of the s igna l  along the t o t a l  length 
of  t h e  l i n e ,  30 cm, i s  l e s s  than 10%. and i s  due t o  
t h e  r a t i o  of t o t a l  r e s i s t a n c e  and c h a r a c t e r i s t i c  
impendance. The t o t a l  de lay- to - r i se  time r a t i o  i s  
around 6. 

Experimental Arrangements 

The performance of the l i n e  was t e s t e d  with a 
MWPC having a f u l l  gap of 12.7 mm, and anode wires  
of 25 pm i n  diameter spaced 6.35 mm. A s  i s  shown i n  
Fig. 1, t h e  delay l i n e  under t e s t  can be placed on 
thc  outs ido of one cathode plane,  whiJl is made of a 
Mylar f i lm with a r e s i s t i v e  coat ing on the  i n s i d e  
under the  delay l i n e .  The r e s i s t a n c e  of the  coat ing is 
abart lo6 - 107 0 per square. This permits easy lrrterchange 
of delay l i n e s  and does not i n t e r f e r e  with the i n t e r n a l  
DC f i e l d  of t h e  chamber. A charge s i g n a l  correspond- 
ing t o  the  anode avalanche i s  induced on the  l i n e  
through the  r e s i s t i v e  cathode plane. The induced 
charge i s  normally shared by nearby conductors, and 
these conductors were simulated by ex te rna l  p l a t e s  
o r  i n t e r n a l  metal coat ings located within 1.5 mm 
along each s i d e  of the delay l i n e .  

Each end of the l i n e  is  coupled t o  a charge 
s e n s i t i v e  preamplif ier  whose input  c o n s t i t u t e s  an 
e l e c t r o n i c a l l y  cooled terminat ionlo f o r  noise reduc- 
t ion.  Signals  a r e  processed by timing filter a m p l i f i e s  
(ORTEC 454) and constant  f r a c t i o n  discr iminators  
(ORTEC 473) a s  s h a m  i n  the block diagram of Fig. 2. 
The time constants  of the e l e c t r o n i c  system a r e  
optimized t o  f i t  t h e  s igna l  r i s e  time from the  l i n e .  

The measurement of the s p a t i a l  reso lu t ion  was 
made i n  two configurat ions;  (a )  t h e  l i n e  was placed 
over and p a r a l l e l  t o  the  anode wire a s  would be the 
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case i n  most app l ica t ions ,  and (b) the l i n e  was placed 
orthogonal t o  the anode wire. With the  l a t t e r  arrange- 
ment, one can measure the i n t r i n s i c  s p a t i a l  resolu-  
t i o n  of the delay l i n e  readout. With the arrangement 
( a ) ,  the s p a t i a l  spread of the  primary ion iza t ion  due 
t o  the  source s i z e  and col l imation and range of the  
charged p a r t i c l e ,  worsen the s p a t i a l  reso lu t ion .  
Therefore most t e s t s  were made with the  arrangement (b).  
Resul ts  with the  arrangement (a)  a f t e r , c o r r e c t i o n  f o r  
t h e  above f a c t o r s  were s i m i l a r  t o  r e s u l t s  with the  
arrangement (b).  

Resul ts  f o r  X-rays and 6-rays 

The s p a t i a l  reso lu t ion  f o r  5 5 ~ e  x-rays was s tudied 
with two gas mixtures: A(90%) + CH4(10%) and A(80%) + 
C02(20%). The avalanche s i z e  was measured on the  anode 
wire. For these gases and e s s e n t i a l l y  po in t  ion iza t ion ,  
the  proport ional  region extends t o  2 x lo6 e lec t rons  
measured with 1 p s  c l ipp ing  time of t h e  anode s igna l .  
With bigger avalanches the s i g n a l  amplitude versus the 
amount of primary ion iza t ion  and appl ied f i e l d  s t a r t s  
t o  s a t u r a t e .  ~ e i ~ n i t i o n l 4  becomes not iceable a t  
avalanche s i z e s  over - 2 x lo7 e lec t rons .  1 The maximum 
avalanche s i z e  obtained without r e i g n i t i o n  i s  two times 
bigger f o r  A(80%) + C02(20%) than f o r  A(90%) + CHq(lO%). 

S p a t i a l  and time reso lu t ion  versus avalanche s i z e  
f o r  5%e x-rays with a t y p i c a l  delay l i n e ,  # l o ,  a r e  
shown i n  the  upper curve of  Fig. 3. The reso lu t ion  
with a pu lse r  s igna l  capac i t ive ly  coupled with a po in t  
probe located i n  the  proximity of t h e  l i n e  is  a l s o  
shown t o  ind ica te  the e f f e c t  of any noise o r  non- 
l i n e a r i t y  from the avalanche process on the  resolut ion.  
For these measurements, the  pu lse r  s i g n a l  was shaped 
l i k e  the x-ray s igna l .  Resul ts  with x-rays and pu lse r  
s i g n a l s  a r e  very c lose  up t o  an avalanche s i z e  of -107 
e lec t rons  and then separa te  a t  bigger avalanche s izes .  
This d i f fe rence  may stem from i n s t a b i l i t i e s  i n  t h e  
avalanche process in t h i s  region. 

' he  middle curve shows the reso lu t ions  with the  
delay l i n e  with the  pu lse r  in jec ted  i n t o  t h e  p a r a l l e l  
connected preamp inputs  t o  ind ica te  the noise con t r i -  
bu t ion  from the  delay l i n e .  The bottom curve is taken 
without preamplif iers  t o  i n d i c a t e  the  no ise  from these. 
The data  show t h a t  the noise contr ibut ions t o  the 
reso lu t ion  from t h i s  delay l i n e  i s  about equal t o  t h a t  
from the preamplif iers  i n  absolute  value. 

The dependence of the  s p a t i a l  reso lu t ion  A A l A  on 
the  anode avalanche s i z e  QA can be deduced empir ical ly  
from the s t r a i g h t  p a r t  of t h e  corresponding curve of 
~ i g .  3 as ~ a i e  a qA-0-9. According t o  the  noise 
ana lys i s  by ~ a d e k a l o ,  A i l &  can be s t a t e d  a s  

where i s  the  r a t i o  of the  t o t a l  delay t o  the  s igna l  
r i s e  time from the  delay l i n e ,  20 is  t h e  l i n e  impedance, 
tm is the FWHM of the  output  pulse i n  response t o  a 
6-function input .  Q i s  the  s i g n a l  charge a t  the  end 
of the  l i n e  and en 1s an equivalent  s e r i e s  noise 
vol tage of the  amplif ier  f o r  cooled terminations. For 
t h i s  l i n e  #LO, @ a 6.3, ZO 700 Q and tm - 25 us. 
The measured s p a t i a l  reso lu t ion  AL/i is 2.2 x 10'3 a t  
an anode avalanche s i z e  of 5 x lo6 e lec t rons .  Without 
delay l i n e ,  t h e  equivalent  reso lu t ion  is - 1.4 x 10'3 
f o r  the  same avalanche s i z e .  The e f f e c t i v e  avalanche 
s i z e  on the  delay l i n e  is much smaller  than the  anode 
avalanche s i z e  because the  anode avalanche s i z e  is 
measured with a c l ipp ing  time of 1 vs; while t h e  s igna l  
shaping d i f f e r e n t i a t i o n  time constant  used o n . t h e  delay 
l i n e  s i g n a l  is only 20 us, and because the  coupling 

e f f ic iency  of the  l i n e  t o  the  avalanche i s  about 30%. 
As a whole, s ince  only about 10% of the anode s igna l  
is used f o r  the time measurements, Qs the e f f e c t i v e  
charge i n t o  the l i n e  i s  only about 5 x 105- e lec t rons .  
From these d a t a ,  the  preamplif ier  and delay l i n e  noise 
combined is estimated as  en = 2 x v / H ~ % .  

The s p a t i a l  reso lu t ions  with d i f f e r e n t  delay 
l i n e s  a r e  summarized i n  Fig. 4 a s  a funct ion of the 
s p e c i f i c  propagation delay t ~ .  I n  the  region of tD 
between 1.3 and 8 ns/cm, the  s p a t i a l  reso lu t ion  var ies  
almost l i n e a r l y  a s  l l t ~  f o r  a given avalanche s i z e  on 
the  anode f o r  a l l  l ines .  This means t h a t  the  time 
reso lu t ion  is nearly constant  f o r  a l l  l i n e s  because 
~t = A A  . t ~ .  This behavior is  due t o  the  s i m i l a r  
construct ion of the delay l i n e s  except f o r  the  number 
of turns.  Consequently the  increase  of the  r i s e  time 
with the  slower l i n e s  i s  here compensated by the in -  
crease of 20 r e s u l t i n g  i n  an improved s i g n a l  t o  noise 
r a t i o .  

The reso lu t ion  f o r  minimum ion iz ing  p a r t i c l e s  
passing through the  chamber measured with Io6Ru 5-rays 
i s  shown i n  Fig. 5. I n  these measureaents, the delay 
l i n e  pulses  were shaped by 20 ns d i f f e r e n t i a t i o n .  The 
l a r g e  d i f fe rence  i n  t h e  reso lu t ion  between 5-rays and 
x-rays i s  due t o  t h e  d i f f e r e n t  r i s e  time of  the chamber 
s igna l .  The d r i f t  time of e lec t rons  l i b e r a t e d  along 
the p a r t i c l e  t r a c k  increases the  width of the cur ren t  
s igna l  f o r  8-rays up t o  150 - 250 ns,  depending on the 
gas mixtures and appl ied f i e l d .  These delay l i n e s  
a r e  not optimized f o r  such slow s i g n a l s .  The d i f -  
f e r e n t i a t e d  s i g n a l  used f o r  f a s t  timing u t i l i z e s  only 
a f r a c t i o n  of the  t o t a l  induced charge. The b e s t  
s p a t i a l  reso lu t ion  f o r  B-rays was obtained with the 
d i f f e r e n t i a t i o n  time constant  of 20 - 50 us. The gas 
mixture with a f a s t e r  e l e c t r o n  d r i f t  ve loc i ty  gave a 
b e t t e r  s p a t i a l  reso lu t ion  f o r  the same anode avalanche 
s i z e ,  which was confirmed with pure Cur a much f a s t e r  
gas. Unfortunately t h i s  gas requ i res  a high operat ing 
voltage. 

These l i n e s  can a l s o  be usefu l  f o r  high prec i s ion  
measurements of avalanche loca t ion  over l imi ted  
dis tances.  I n  order  t o  g e t  an idea of the  resolving 
p w e r  of  such a l i n e ,  a s h o r t  l i n e ,  25.4 mm wide, 1.6 mm 
th ick ,  6 cm long, 104 turns/25.4 mm, t~ 16nslcm and 

ZO 1000 n, was put  on the  cathode plane orthogonal 
t o  the  anode wire. With a gas mixture of A(80%) + 
C02(20%), the  reso lu t ion  of 85 pm FWHM a t  an avalanche 
s i z e  of  2 x 107 e lec t rons  permitted determination of an 
e f f e c t i v e  avalanche loca t ion  r e l a t i v e  t o  t h e  anode wire. 
I n  Fig. 6 ,  the  e f f e c t i v e  p o s i t i o n  of the  avalanche was 
measured f o r  two d i f f e r e n t  source pos i t ions  on each 
s i d e  of the  anode wire. Two d i s t i n c t  locat ions were 
found ind ica t ing  t h a t  the avalanche does not  surround 
the  wire  uniformly but  t h e  measured loca t ion ,  l e f t  
o r  r i g h t ,  ind ica tes  on which s i d e  the  avalanche s t a r t e d .  
The d i s tance  between two peaks was 190 pm. 

Indicat ions of avalanche pos i t ion  asymmetry have 
been reported by Walenta &.ll i n  a d r i f t  chamber, 
and Charpak and ~ a u l i l 2  i n  a MWPC using t h e  r a t i o  of 
induced charges on cathode s t r i p s .  The e f f e c t  of 
avalanche l o c a l i z a t i o n  on one s i d e  of t h e  wire  has 
been confirmed with o ther  methods and w i l l  be reported 
elsewhere. l3 

Conclusion 

With the simple, f l a t  delay l i n e ,  i t  is  ehown 
t h a t  the avalanche p o s i t i o n  can be measured with good 
precis ion.  S p a t i a l  reso lu t ions  of 0.2 mm FWHM and 



0.6 mm RJHM were obtained f o r  " ~ e  x-rays and p-rays, 3. J. R. Gil land and J. E. Emming, Nucl. I n s t r .  & 
respec t ive ly ,  with the l i n e  of t~ - 5 ns/cm a t  an ava- Meth. 104 (1972) 241. 
lanche s i z e  of 2 x lo7 e lec t rons .  

4. J. L. Lacy and R. S. Lindsay, Nucl. I n s t r .  & Meth., 
Compared t o  t h e  p r in ted  delay l i n e 7  a t  the same 119, (1974) 483. 

d i s tance  from the  anode wire and f o r  the  same avalanche - 
s i z e ,  t h i s  l i n e  gives b e t t e r  s p a t i a l  reso lu t ion  because 
of  (1) i t s  e f f i c i e n t  coupling t o  the anode, (2) i t s  

5. E. Beardsworth, J. Fischer ,  S. Iwata, M. J. LeVine, 
V.Radeka and C. E. Thorn, Nucl. I n s t r .  & Meth., 

higher  impedance and (3) i t s  slower propagation 
ve loc i ty .  However, the  thickness  of our l lne  is  some- 

127 (1975) 29. - 
what ( rad ia t ion  length of 1.6 mm Luci te  
4.6 x 10-3) than t h a t  of t h e  p r in ted  l i n e s .  

Parameters of the  p resen t  delay l i n e  can be 
t a i l o r e d  t o  t h e  requirement of the  app l ica t ion .  A s  
these l i n e s  a r e  placed ou ts ide  of t h e  chamber without 
d i s t u r b i n g  t h e  e l e c t r i c  f i e l d  ins ide ,  one has more 
f l e x i b i l i t y  i n  the  choice of delay l i n e  parameters. 
For long, slower l i n e s ,  phase compensation with small 
patch s t r i p s  may improve the  l i n e  c h a r a c t e r i s t i c s .  

Higher q u a l i t y  delay l i n e s  have been coupled t o  
an e n t i r e  plane of cathode w i r e s , 1 * 4 ~ 5  but  they can 
not  resolve the  ambiguity f o r  m u l t i p a r t i c l e  events with 
a s i n g l e  chamber. However with the  use  of a number 
of the  l i n e s  here  described,  each assoc ia ted  with one 
o r  few anode wires ,  an unambiguous, two dimensional 
readout of m u l t i p a r t i c l e  events becomes possible .  
When the  presen t  l i n e  is appl ied t o  a d r i f t  chamber, 
t h e  d r i f t  time measurement on t h e  anode wire, in addi- 
t i o n  t o  the  separa te  time measurement of the s i g n a l  
a r r i v i n g  a t  each end of t h e  delay l i n e ,  permits us  
t o  handle two p a r t i c l e s  in a s i n g l e  d r i f t  space with 
l imi ted  prec i s ion ,  provided t h a t  the  pulses  a r e  suf -  
f i c i e n t l y  separated t o  be resolved by the  e lec t ron ics .  
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Table 1. Mechanical and E l e c t r i c a l  Parameters of Delay Lines 

Rise Time 
. with 

pu lse r  
(ns) 

8 

Propaga- 
t i o n  
Delay 
(nslcm) 

1.29 

Attenua- 
t i o n  per 
30 cm 

(%I 

< 1 0  

Ohmic 
Resistance 
per  30 cm 

R (R) 

36 

Width of 
Ground 
strip 
c(mm) 

3.2 

- 
Line 

1 

Length 
A(cm) 

30.0 

Wire 
Diameter 

(@) 

7 5 

Turns 
p e r  

2.54cm 

28 

Core Cross Sect ion Character- 
i s t i c  

Impedance 
2, (a) 

330 

width, a 

(-1 

14.3 

Thickness 
b (mm) . 

1.6 



Figure  Captions 

Fig.  1 S t r u c t u r e  of the  delay l i n e  and i t s  p o s i t i o n  on a  MWPC. 

Fig.  2   lock diagram of the  readout e l e c t r o n i c s .  

Fig.  3 Time and s p a t i a l  r e so lu t ions  vs, anode avalanche si.ze f o r  

55Fe x-rays. Delay l i n e  # l o ,  tD = 5.28 ns/cm, was placed 

orthogonal t o  the  anode wire.  Gas: A(90YO) + CH4(10%). 

The e f f e c t  of the  no i se  con t r ibu t ion  by the  delay l i n e  and 

t h e  e l e c t r o n i c  system i s  ind ica ted  by the  d i f f e r e n c e  

between curves.  

Fig. 4 S p a t i a l  r e s o l u t i o n  a s  a  funct ion  of the  s p e c i f i c  propagation 

delay f o r  var ious  avalanche s i z e  and f o r  55Fe x-rays.  

The l i n e s  ware placed orthogonal t o  the. anode w i r c .  Gas: 

Fig.  5  S p a t i a l  r e s o l u t i o n  vs anode avalanche s i z e  f o r  $-rays passing 

thr'6ugh the  chamber and f o r  55Fe x-rays. Delay l i n e  24,  

t~ 
= 3.2'0 ns/cm, was placed orthogonal t o  the  anode wire .  Anode 

avalanche s i z e  was measured wi th  a  1 psec  c l ipp ing  time. 

The delay l i n e  pulses  were shaped by 20 nsec d i f f e r e n t i a t i o n .  

Fig.  6 P o s i t i o n  spectrums of the  avalanche 'for the  two p o s i t i o n s  of 

the  55Fe x-ray source a t  2.5 rum from the  anode wire .  

' Gas : A(809.) + CO2(2WO). The s p a t i a l .  r e s o l u t i o n  was 8 5  pm 

FWHM and t h e  d i s t ance  between the  peaks was 190 pm. 
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