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Properties of proportional chambers with spherical drift spaces 
have been investigated. 

An experiment of X-ray diffraction in crystals shows that an 
accuracy of 0.5 mm, at 20 ° inclination with respect to the axis 

of the chamber, can be obtained with 4 cm of drift length. Such 
chambers have many applications: X-ray diffraction patterns, 
pin-hole imaging, angular distributions of cascades of X-rays 
in nuclear physics, etc. 

1. Introduction 

In  the  ea r ly  w o r k  o n  p r o p o r t i o n a l  wi re  c h a m b e r s  

a t  C E R N ,  in 1968 a n d  1969 1), d r i f t  spaces  were  

a d d e d  to  n o r m a l  c h a m b e r s .  I t  was  s h o w n  t h a t  free elec- 

t r o n s  c o u l d  eas i ly  be  t r a n s f e r r e d  f r o m  t he  dr i f t  r e g i o n  

i n t o  t he  w i r e  c h a m b e r ,  a n d  t he  a d v a n t a g e  o f  the  

i n c r e a s e  in effect ive  c h a m b e r  t h i c k n e s s  a n d  h e n c e  o f  

eff ic iency fo r  X - r a y  d e t e c t i o n  w as  n o t e d .  

U n f o r t u n a t e l y ,  w h e n  t he  X - r a y  t r a j e c t o r y  is n o t  

pa r a l l e l  to  t he  d r i f t  f ield t he  i n c r e a s e  in t h i c k n e s s  l eads  

* On leave from Institute of Nuclear Physics, Cracow, Poland. 
t On leave from Laboratoire de Physicochimie Structurale, 

Universit6 Paris, Val de Marne, France. 
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Fig. l. Localization error for inclined directions of X-rays with 
flat chambers of thickness 2L; the position of the converted 
photon is distributed along a segment with projected length 
2L tg0. The range of the photoelectron released in the gas 
introduces another source of error, strongly dependent on its 

energy. 

to  a se r ious  d e g r a d a t i o n  o f  r e s o l u t i o n  (fig. 1). In  t he  

case  o f  p u l s e d  X - r a y  sources ,  w i t h  very  s h o r t  t i m e  

r e s o l u t i o n ,  th i s  c an  be  o v e r c o m e  by  m e a s u r i n g  t he  

de l ay  in the  d e t e c t i o n  o f  t he  pu l se  by  the  sense  wires.  

T h i s  de lay  is p r o p o r t i o n a l  to  the  d i s t a n c e  o f  the  X - r a y  

c o n v e r s i o n  p o i n t  in  the  d r i f t  space  to  the  sense  wire  

p lane .  W e  p r e s e n t  he re  a s o l u t i o n  to  th i s  p r o b l e m  + for  

+ We are indebted to Prof. R. M6ssbauer, who raised the 
problem which led us to the solution of the spherical drift 
chamber, in the summer of 1973. This solution was discussed 
at the Working Group Meeting on X-ray localization, orga- 
nized by the European Molecular Biology Organization, 
in Heidelberg, 17th October 1973. 
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Fig. 2. Spherical drift chambers. The electrons converted in the 
drift space D are transferred to the multiwire chamber C, after 
transfer through the region T. The electric field is radial in D, 
with a proper choice of the potential distribution at the edge of 

the drift volume ( V2 - VD/V2  = 0.66. 
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the case of  cont inuous  X-ray  emission f rom a poin t  
source, e.g, X-ray diffraction from crystals,  p in-hole  
imaging,  etc. The drift  space is spherical and the 
electric drift  field is radial .  Then all X-ray  trajectories  
are paral lel  to the drift  field, and full X-ray capture  
may be obta ined without  any loss of  resolution.  

Fig. 2 shows the construct ion of  a chamber  with an 
opening angle of  50 ° , built  to test this idea. A drift  
space o f  4 c m  is enclosed by two spherical  elec- 
trodes,  the upper  one made o f  40 tm~ A1, with a radius 
of  8.9 cm, and the lower made with a mesh of  50 Im~ 
stainless-steel wires spaced every 500 pm. In order  to 
have spherical  equipotent ia ls  over the largest possible 
drift  volume,  the conical  epoxy edge of  the volume is 
provided with conduct ive  rings every 2 mm set at the 
potent ia l  cor responding  to a radial  field: 

V = ( r ; - r ~ )  - I/2 + - V~ . 

This is done by a p rope r  ad jus tment  of  a resistive 
divider.  

A t  the typical  working  potent ia l  of  10 kV appl ied 
at  electrode E~, the electric gradient  is 1.8 kV/cm for 
the first cent imeter  after E~ and 1.0 kV/cm for the 
last cent imeter  before the t ransfer  grid E 2. The drifted 
electrons transfer  to a 1 0 × 1 0 c m  2 flat mult iwire 
chamber  with 1 mm anode  wire spacing, th rough  the 
transfer  space T (fig. 2). The two cathodes  are made of  
50t~m wires, spread every 0.5 ram, grouped into 
bands  of  3 mm and perpendicu la r  to each other. The 
read-out  method,  i l lustrated by fig. 3 and described 
elsewhere2), is based on the calculat ion of  the centre 

S/-- 

Fig. 3. Principle of the avalanche centre-of-gravity reao-out 
method. The avalanches surrounding a wire a induce a positive 
pulse on the cathode strips b. The pulse height of the induced 
pulse is measured and stored, and the centre of gravity of the 
pulse-height distribution is calculated and gives the position 
of the avalanche. The two cathode planes are equipped with 
strips parallel and orthogonal to the wires; coordinate x parallel 
to the sense wires, coordinate y orthogonal to the wires. 

of  gravity of  the avalanches,  using the posit ive signals 
induced on each band of  the cathode.  

Fig. 4 shows a compute r  display of  a spatial  distri- 
but ion of  6 keV X-rays  obta ined by this method  with 
the same chamber ,  without  the drift  space. It represents  
letters cut out of  a plast ic  sheet. 

The accuracy a long the wire has been shown to be 
better than 300 l~m (fwhm), and an in terpola t ing  
effect between the wires has been observed.  I t  is not  
clear to what  extent  this may lead to an accuracy bet ter  
than that  of  the wire spacing. 

2. Properties of the spherical chamber 

2.1. EFFICIENCY AND ENERGY RESOLUTION 

The gas used in the chamber  is a mixture of  argon 
(75%), i sobutane (23%), and methylal  (2%), f lowing 
continuously.  Some measurements  were done with 
xenon replacing the argon.  We tested the chamber  
mainly with 8 keV Cu K~ line. The p robab i l i ty  of  
absorp t ion  is abou t  63% in the drift  space with argon 
and I00% with xenon. We observed,  indeed, a consid-  
erable  increase of  efficiency with the drif t  vol tage 
appl ied across the drift  space. 

The pulse-height  dis t r ibut ion is peaked in a reason-  
ably  symmetr ic  way showing that  no major  loss due to 
gas a t t achment  occurs in the drift  space. The resolut ion 
is bet ter  than 20% (fwhm) at 6 keV. The pulse height 
is reduced by the loss of  free electrons,  due to the 
l imited t ransparencies  of  the transfer  grids. This may 
be an advantage  since it offers a possibi l i ty  to 
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Fig. 4. An example of a spatial distribution of X-rays. Computer 
display obtained from a flat chamber, with I mm wire spacing, 
irradiated with 5.9 keV X-rays. A thin plastic sheet with cut-out 
letters is placed against the chamber. Wire diameter 10pro. 

Argon, isobutane, methylal filling. 
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discriminate between the photons absorbed in the 
different parts of  the chamber whenever the drift space 
does not totally absorb the X-rays. 

2.2. SPACE RESOLUTION 

Fig. 5 shows the wire structure when a portion of the 
chamber is irradiated with an uncollimated source• 
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Fig. 5. Irradiation of  a port ion of the spherical chamber with an 
uncollimated source• 

Fig. 6. (b) Photons traversing the drift space• The crystal is 
fixed at a position giving one diffraction spot. No potential is 
applied to the drift volume• Some electrons from the transfer 

region leak to the chamber• 
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Fig. 6. Computer  display of  diffraction pattern obtained from 
an ambelline crystal ClsHmNO5 8 keV X-ray beam. Total drift 

voltage V1 = 10 kV. Vs = +3  kV. 

(a) At top right, central beam; at bot tom right and top left, two 
diffraction spots at different angular positions of the crystah 

c) 
4 kV back drift 
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Fig. 6. (c) Same conditions as m (b) but a back potential is 
applied to the drift space: only photons absorbed in the 
chamber C are detected• We see the bad intrinsic resolution of  

a chamber with no spherical drift space• 
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A collimated beam of Cu K= X-rays was directed 
towards the centre of the chamber. A crystal of  
ambelline* of a size of  a few tenths of  a millimeter, 
rotates at the focus of  the drift-space electrodes. 

* C18H21NOs. Space group P2z2121:a = 11.729 A, b = 8.859 A, 
c = 15.306 A. 

Fig. 6a shows a characteristic diffraction pattern, 
displayed by the computer. The spot at the upper right 
is produced by the direct beam and two reflections at 
different angles are shown. 

The structure of the reflection spots is characteristic 
of a situation where a fraction of the X-rays is not 
absorbed in the drift space but in the transfer region T 
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Fig. 7. Spatial distribution of the diffraction spots. The computer displays the intensity distribution along an axis parallel to the 
sense wires, separately for the two diffraction spots visible in fig. 6a. (a) Argon, isobutane, methylal filling. Bottom right spot, with 
a backward drift field (V I~ 0 ) ,  no drift field (Va = V2 = 0) and a forward drift field (V1 = --10 kV). (b) Same gas filling. Top left 
spot. The shape of the distributions corresponding to the absorption in the different volumes D, T, and C of fig. 2 are then clearly 
visible• (c) Xenon, isobutane, methylal filling. The two spots show the same structure; no photon traverses the drift region D. 
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and in the chamber C. In figs. 6b and 6c the crystal is 
set at a position where only one reflection appears. 
We see the result with the drift voltage switched off: 
the photons are detected directly in the chamber or in 
the transfer region. Fig. 6c shows the display with a 
back-drift voltage applied to the transfer drift region, 
and we detect only the photons absorbed in the 
chamber C. We see clearly the gain in resolution ob- 
tained from the spherical structure. 

In order to measure only the photons absorbed in 
the drift region, two alternatives are possible: either 
the drift space is made absorptive enough by a correct 
choice of thickness and gas, or the pulse height is used 
to discriminate between photons absorbed in different 
regions (see section 2. I). 

From the computer we can obtain a display of the 
intensity distribution along any direction. In fig. 7 are 
seen the distributions of photon intensities along the 
axis parallel to the wires, separately for each of the 
spots seen in fig. 6a. The fwhm of 550 Hm obtained with 
argon fillings reflects the range of the photoelectrons in 
argon and the size of  the crystal. We have repeated this 
measurement with xenon replacing argon (fig. 7c). We 
see that the tails due to the photons absorbed in the 
transfer region have disappeared and that the resolu- 
tion, 47OHm, is slightly improved, owing to the 
reduction of the photoelectron range. 

2.3. SIGNAL-TO-NOISE RATIO 

It should be emphasized that the signal-to-noise 
ratio for a rotating crystal is much more favourable 

. r e , . <  ~ t  4 " ]  "~ ~ "  " * 

Fig. 8. Diffraction pat tern o f  a powder.  The  considerable noise 
is due to the glass suppor t  for the powder.  

with such a method than with a detection method, 
such as film, where the background is integrated over 
360 °. The computer can keep a record of the time of 
detection of the photon, and only those background 
counts that have been detected while the crystal is at 
a position where it detects a reflection are to be taken 
into account. The noise in a proportional chamber is 
known to be about 1 count per meter of wire, per 
second. This includes the cosmic-ray background and 
the ambient radioactivity. 

The X-ray offers two additional ways of reducing this 
background. One is the energy discrimination, the 
other one is the use of the pattern of sense wires asso- 
ciated with every event. For X-rays the number of sense 
wires hit will be very limited, while it may be consid- 
erable with high-energy electrons coming from the 
background. This is more so with a large drift space. 

A diffraction pattern obtained with a powder is 
shown in fig. 8. The considerable noise is produced 
by the glass support for the powder, as was checked 
with a film. Some circular lines are clearly visible. 

3. Conclusion 

Our measurements show that spherical drift cham- 
bers present great advantages for the imaging of X-rays: 
diffraction by point crystals, imaging with pin-hole 
screens, etc. They permit a high increase in efficiency 
with no apparent loss of resolution. Low-cost gases 
such as argon can be used, with a large thickness com- 
pensating for the relatively low X-ray absorption 
coefficients. It is known that drift lengths of as much 
as 50 cm have been used in particle physics 3) with 
accuracies showing that the diffusion still permits 
localization in the millimeter range. 

The spherical drift spaces can be associated with 
multiwire chambers with any read-out methods. 

Two read-out methods are actively developed for 
X-ray imaging with proportional chambers: the delay- 
line method of the Perez--Mendez group, the resistive 
wire read-out used by Borkowski and Kopp4). 

However, one may wonder whether the full exploita- 
tion of the data from a spherical drift chamber, 
particularly in those cases where the crucial problem is 
the signal-to-noise ratio, is not best carried out with 
digital methods giving also the number of sense wires 
involved in each event. 

We are indebted to Mr R. Benoit who has, with great 
enthusiasm and cleverness, solved the technical 
problems encountered in the construction of the proto- 
type, with the help of Mr N. Gregoric. 
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