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In this paper, we describe new developments in gas mixtures which have occurred during the last three to four years. In 
particular, we discuss new results on the measurement and modeling of electron drift parameters, the modeling of drift chamber 
resolution, measurements of primary ionization and the choice of gas for applications such as tracking, single electron detection, 
X-ray detection and visual imaging. In addition, new results are presented on photon feedback, breakdown and wire aging. 

1. Introduction 

We have selected several examples f rom the  vast 
subject of wire cham be r  gases to i l lustrate the  progress  
which has been  made  dur ing the  last several years. For  
example there  has been  very impor t an t  progress in the  
deve lopment  of compute r  codes to s imulate  e lec t ron 
t ranspor t  pa rame te r s  with precision adequa te  for most  
applications;  also, the re  is be t t e r  unde r s t and ing  of 
b reakdown problems  and  associated pho ton  feedback,  
there  are now various choices of pho toca thodes  for 
C R I D / R I C H  detectors ,  and  the proper t ies  of he l ium 
and  CF4-based gas mixtures, which are useful gases for 
many appl icat ions at S S C / L H C ,  phi, t a u - c h a r m ,  and  
B factories, are much  be t t e r  unders tood .  

2. Measurements  and model ing of  the electron drift 
parameters  

Real  progress  has  been  made  in this subject  in the  
last several years, in bo th  the  theoret ical  and  experi- 
men ta l  areas. 

In this paper ,  we men t ion  the  results  of calculat ions 
of e lec t ron t ranspor t  pa rame te r s  based  on four models;  
these  are the  calculat ion due to Ness and  R o b s o n  [1], 
the M A G B O L T Z  code of Biagi [2,3], the  W I R C H A  
code of F e h l m a n n  [4], and  the  calculat ion of Frazer  
and  Math ieson  [5]. They are all based  on  solutions of 
the Bo l t zmann  equa t ion  with various degrees  of com- 
plexity. A mul t i t e rm solution of the Bo l t zmann  equa-  
tion, due to Ness and  Robson  [1] is the  most  sophisti- 
ca ted at the  moment ,  since it includes anisotropic  
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elastic scat ter ing formalism and a general  paramet r iza-  
t ion of the  magnet ic  field due to Ness, which does 
seem to agree with data  [6]. However,  we found [7] tha t  
Biagi 's  second order  solution works very well in many 
applications,  and  has one advantage  at  present ,  since it 
includes ionizat ion and a t t achmen t  effects, and  fur- 
t he rmore  is readily available. 

Fig. 1 shows the  CH 4 gas drift  velocity and  diffusion 
data  of Schmidt  [8] in compar ison  with a calculat ion of 
Ness [6]. In o rder  to obta in  such excellent ag reemen t  
with the data  it was necessary to include anisotropic  
elastic scat ter ing cross sections and  to carry out  the 
mul t i t e rm expansion to o rder  l = 6. In addit ion,  the  
au thors  measu red  drift velocity, as well as longi tudinal  
and  t ransverse  diffusion in many molecular  gases and  
mixtures based  on  hel ium, argon, neon,  krypton, xenon 
and CF 4 gases [6]. The  aim was to extract e lec t ron 
scat ter ing cross sections and test  the  theory. They have 
also u n d e r t a k e n  a comprehens ive  p rogram to measure  
drift  pa rame te r s  in magnet ic  field [6]. 

Va 'v ra  et al. [7] measu red  many hel ium and  CF 4- 
based  gas mixtures and  compared  data  with available 
models  [2-5]. Figs. 2 - 6  show the results. A conclusion 
was that  among the  tes ted  models,  the  Biagi calcula- 
t ion [2,3] agrees best  with the  data. However,  the re  are 
still some disagreements ,  for example in the  case of 
CF 4 gas (see fig. 6). Difficulties of the  s imulat ion codes 
with CF 4 gas may be l inked to a cons iderable  disagree- 
men t  among existing measurements ,  especially at high 
E / p  (see fig. 7). Similar p roblems  exist at p resent  with 
He  + D M E  mixtures  [7]. 

It is not  an easy task to measure  the e lect ron 
t ranspor t  pa rame te r s  if one  wants  to const ra in  the 
models  meaningfully.  One  has to pay very careful  at- 
t en t ion  to systematic effects resul t ing from gas mixture 
cal ibrat ion,  T D C  calibrat ion,  gas impurity, H 2 0 ,  O2, 
t empe ra tu r e  and  pressure  monitor ing,  mechanica l  er- 
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Fig. 1. A compar ison o f  data [8] and ca lcu la t ion [ l ]  f o r  (a) 
drift velocity and (b) diffusion coefficient in CH 4 gas. 

rors, etc. To quote a few examples of the precision 
achieved, Christophorou et al. [9] quote errors in drift 
velocity at the 5 - 7 %  level, Dolgoshein et al. [10] at the 
5% level for drift velocity, Schmidt [11] achieved 1% 
accuracy for drift velocity and 5% accuracy for single 
electron transverse and longitudinal diffusion, while 
Va'vra et al. [7] quote 3% uncertainty for the drift 
velocity and 5 -10% uncertainty for single electron 
longitudinal diffusion. 

3. Modeling of drift chamber resolution 

To illustrate the progress in this area, we discuss an 
at tempt to incorporate the improvements in the model- 
ing of the electron transport parameters  ment ioned in 
the previous chapter  into a simulation of spatial resolu- 
tion in an actual geometry; this includes the proper  
simulation of the electrostatics, the primary ionization 
deposits, electron drift, avalanche fluctuations, elec- 
tronics, etc. This was done recently by Biagi [3], and we 

will mention his results later in section 6 when we 
discuss problems with CF 4 tracking. 

4. Primary ionization 

The new results include measurement  of the num- 
ber of primary clusters and measurement  of the elec- 
tron multiplicity distribution within these clusters. 

Pansky et al. [12] reported a measurement  of the 
primary cluster ionization as a function of various 
gases, including T E A  and TMAE.  The measurement  
was done using a low pressure technique. Table 1 
shows their results together with older data of Rieke 
and Prepejchal [13] obtained with a s treamer chamber  
technique. The very large ionization yield in case of 
T M A E  should be noted. 

Fischle et al. [14] measured the distribution of elec- 
tron multiplicity within the primary ionization clusters 

in Ar, CH4, He,  CO 2, C2H6, C3H 8 and iC4H]0 gases. 
The ingenious technique to extract the primary clusters 
from a [3 track (Sr 9° source) is described in fig. 8. The 
extracted clusters were then allowed to spread at low 
pressure (100 Torr)  and low drift field (10 V / c m )  to 
allow their individual detection. It was very important  
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Fig. 2. (a) The electron drift velocity in 50% At+50% C2H 6. 
The dot-dash curve is a calculation of Biagi [2,3]. (b) Single 
electron longitudinal diffusion in the same gas; the solid curve 
is a 1 / ( ~ - )  dependence, the dot-dash curve is a calculation 
of Biagi [2,3], the dashed curve is the calculation of Fraser 
and Mathieson [5], and the dotted curve is the prediction of 

the WIRCHA program [4]. 
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to have very efficient de tec t ion of single electrons,  
even for very small pulses nea r  pedestal .  In order  to 
limit possible background  due to secondary avalanche 
effects, they used very thick anode  wires (400 and  800 
p.m diameter) .  A n  example of the i r  results  is shown in 
fig. 9 for argon gas. They found tha t  all of the  previ- 
ously men t ioned  hydrocarbon  molecules  have almost  
the  same e lect ron dis t r ibut ion within the  clusters, and 
that  very light e lements  conta in  a larger  p ropor t ion  of 
single e lectron clusters than  do more  complex atoms 

(p(1)methan e = 0.79 and  p(1)argon = 0.66, where  p(1)  is a 
probabil i ty  of having a single e lectron cluster). The  
data  do not  seem to agree  with the  calculat ion of 
Lapique  and  Piuz [15], which is based  on  the  photoab-  
sorpt ion model  of Chechin  et  al. [16] (data: p(1)argon = 
0.656 _+ 0.016, model:  p(1)argon = 0.802; also the data  
do not  suppor t  a predic ted  b u m p  at n = 10 due  to L 
absorpt ion  edge of argon)• 

Since there  has b e e n  cons iderable  interes t  in he- 
l ium-based gases recently, it should be  men t ioned  that  
such mixtures have a s trong Penn ing  effect because  
He*  metas tab le  levels have high energy (19.8 and  20.6 
eV). A few par ts  in 10000 of a lmost  any admixture  
p resen t  in hel ium will increase the ionizat ion yield by 
about  4 0 - 5 0 %  [17]. An  addi t ion of neon  gas does not  
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Fig. 4. (a) Electron drift velocity in 95% H e + 5 %  C2H 6 and 
50% He+50% CzH 6 gases [7]; the solid curve is to guide the 
eye, the dot-dash curve is a calculation of Biagi [2,3]. (b) 
Single electron longitudinal diffusion in the same gases [7]; 
the dot-dash curve is a calculation of Biagi [2,3], the dotted 

curves are predictions of the WIRCHA program [4]. 

have such an effect due to its high ionizat ion potent ia l  
of 21 eV. 

5 .  P h o t o n  f e e d b a c k  a n d  b r e a k d o w n s  

Progress  in this area  is r ep resen ted  in a be t t e r  
unde r s t and ing  of the  b reakdown and  associated pho-  
ton feedback processes.  

Let  us start  with a general  descr ipt ion of pho ton  
produc t ion  dur ing an avalanche process. Early studies 
indicated tha t  the  mechan i sm was highly complex. For  
instance,  Peskov [18] and  Charpak  et al. [19] measu red  
emission p h o t o n  spectra  as a funct ion of many condi-  
tions: geometry,  charge  gain, gas, pressure,  etc. Fig. 
10a indicates what  appears  to be  a r a the r  complex 
d e p e n d e n c e  on pressure ,  while fig. 10b shows that  the  
pho ton  per  avalanche charge  yield is peaking at lower 
charge yields. Subsequent ly  people  found many simpli- 
fying features.  For  example,  Sauvage et al. [20] ob- 
served a simple l inear  corre la t ion  be tween  charge  and  
light yields in 70% C z H  6 + 30% Ar  + T M A E  at 100 
Torr  using a pho to tube  to detect  light and  a parallel  
plate  chambe r  (PPAC)  to detec t  charge  (see fig. 11). 
More  recently, Fon te  et  al. [21] found tha t  the  pho ton  
yield in Ar  + TEA,  He + TEA,  Ar  + CH4,  He + CH 4 
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and Ar  + C 2 H  6 gases operating in the PPAC at low 
pressure between 120-170 nm can be described using 
laws involving a "photon-equiva lent"  first Townsend 
coefficient similar to the charge yield, i.e., thc ioniza- 
tion and photon excitations seem to obey similar laws 
in this respect ( ~ / p  = A e  -Bp~/E, where ~ is the "pho-  
ton-equivalent"  first Townsend coefficient, E is the 
electric field, p is partial pressure of the quencher  gas 
and k is the gas constant). 

What  are the sources of UV photons? Excited 
atomic levels of carbon C*(6.43, 7.46 and 7.94 cV), 
nitrogen N*(8.3, 10.0 and 10.3 eV) or hydrogen H*(10.2 
eV), etc., are usually responsible for photon emission. 
These elements are typical constituents of gases used 
in detectors. Hard UV photons are responsible for 
creation of secondary photoelectrons,  either in a pho- 
tosensitive gas or in nearby electrodes. In practice, this 
causes secondary hits, increases in pad multiplicity, 
and, as we will see later, voltage breakdowns. 

Let us start with wire chambers. Arnold et al. [23] 
have studied the fast R I C H  with pad readout.  By 
changing additives such as CH4, C2H 6 or iC4H10 to a 
photo-sensitive gas such as T M A E  or TEA,  various 
excitation lines can be el iminated (see fig. 12a). For 
instance, with CH 4 + T M A E  gas the detector  is sensi- 
tive to all three C* excitation lines, with 75% CH 4 + 
25% iC4H~0 + T M A E  gas it is sensitive only to the 
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C*(6.43 eV) line, while with C H 4 + T E A  gas it is 
sensitive only to the C*(7.94 eV) and N*(8.3 eV) lines, 
etc. A change of the UV photon production rate re- 
sulted in a change of a pad multiplicity rate (see fig. 
12b), and the gas with the smaller photon rate results 
in more stable detector  operation. For  example, the 
MWPC filled with C H  4 + T E A  has operated stably 
with gain up to 2 × 106, whereas with CH 4 + C z H  6 + 
T M A E  the gain was limited to 6 × 105 . To quote 
another  example, fig. 12c shows the secondary hit rate 
due to photon feedback in the C R I D  detector at SLD 
[22]. Use of C 2 H  6 + T M A E  gas makes the detector 
sensitive to all three C*  excitation lines. The rate of 
secondary hits is about 1% per primary avalanche, 
thanks to a blind structure with which these detectors 
are equipped (without the blinding structure it would 
be about 7%). 

In the PPAC the U V  photon sources are similar. 
Fonte et al. [21] found that in pure argon photon 
emission is dominated by the Ar~" band (120-140 nm). 
However,  with a small addition of hydrocarbons such 
as TEA,  the emission was quickly dominated by the C* 
and N* emission lines, even at a quencher  concentra- 
tion of only a few Torr. Fig. 13 shows the U V  photon 
yield in the 120-180 nm range as a function of T E A  
quencher  partial pressure. The photon yield decreases 

I. PLENARY TALKS 
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as a funct ion quenche r  pressure  and varies by several 
orders  of magni tude .  W h a t  is impor t an t  in the  previous 
pa rag raph  is tha t  the  resul t ing pho toe lec t ron  yield, ~7, 
depends  on the  gas used, cham be r  construct ion,  the  
Q.E. of surfaces, etc. 

The  b reakdown problem.  Let  us begin  with the  
P P A C  chamber .  If G is the total  charge  gain, N o is the 
depos i ted  ionizat ion charge,  and  -q is the total  photo-  
e lec t ron feedback  rate,  Fon te  et  al. [21] found experi- 
mental ly using the  PPAC tha t  for the  condi t ion r /G > 1, 
"a  slow b reakdown"  develops; this occurs with ~ 10 fxs 
delay, is pho ton  feedback med ia t ed  and  causes the 

Table 1 
Number of primary electrons per 1 cm at 1 atm 

Gas N o [13] Np [12] 

He 4.2 
H e 4.7 
CH 4 25 
C2H 6 41 
C3H s 63 
iCaH]o 84 
DME 62 
cF4. 51 
TEA 
TMAE 

26 ( - 2 + 4 % )  
51 
74 
93 
62 

144 
281 

i r 

10f__f LL_ 
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° HV2 /\ 
! v t / e t o  
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Fig. 8. A detailed view of the cluster extraction device [14]. 

chambe r  to become  totally inoperable .  For  the condi- 
t ion NoG > 108, "a  fast b r eakdown"  develops; this 
occurs with only tens of ns delay, is space charge 
media ted  and the  chambe r  recovers to full opera t ion  
quickly. We i l lustrate these condi t ions  by means  of two 
examples:  (a) if N O = 220 (5SFe source), then  G = 5 x 
105 is the  maximum gain before  the  fast b reakdown 
occurs; (b) if r~ = 2 × 10 -6, then  slow breakdown will 
occur  at a gain of about  G = 5 X 105. The  fast break-  
down limit is consis tent  with a 40-year old predic t ion of 
Meek  and  R a e t h e r  [24,25], which says tha t  the maxi- 
mum charge  gain occurs for a d  ~ 20 (d  is the gap in 
the  PPAC, a is the first Townsend  coefficient and 
G = e'*a). Of  course,  at that  t ime it was done  with 
completely different  gases. Spark format ion  is indepen-  
den t  of the  deta i led character is t ics  of the  gas; this is 
because  fast b reakdown is re la ted  to space charge  
bui ldup  which locally distorts  the  electric field to the  
point  tha t  very excessive gain is reached.  A prob lem 
rela ted to the  PPAC,  especially when  used for single 
e lec t ron detect ion,  which requires  h igher  gain opera-  
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Fig. 9. The experimental results on cluster size distribution for 
argon gas [14], and the results for the model of Lapique and 

Piuz [15]. 
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(5) [19]. 

tion, is that it is l inear in charge yield all the way up to 
the sparking limit [21]. Such a chamber  is prone to 
sparking in a harsh background environment.  On the 
other  hand, a wire chamber  saturates the charge devel- 
opment,  thus impeding the onset of the fast breakdown 
limit. In this sense, a wire chamber  is a safer instru- 
ment  to use in an environment  where one operates in 
the vicinity of the fast breakdown limit [26]. The PPAC 
problem can be reduced in some applications by mak- 
ing use of double or triple stage parallel plate cham- 
bers [21] which can be gated. 

6. Appl icat ions  

6.1. Tracking 

Two very general observations concerning tracking 
gases are that gases with large dipole moment  give slow 
electron drift velocity, and that gases with large in- 
frared absorption cross section give low diffusion. 

The need to reduce event occupancy in straw tube 
detectors at the S S C / L H C ,  has led to considerable 
interest in radiation hard, fast gases based on CF 4. In 
addition, the need for improved momentum resolution 
in the central tracking chambers of future phi, t a u -  
charm and B factories has led to the study of low mass 
gases with reduced multiple scattering based on he- 
lium. Table 2 contains a brief summary of the advan- 
tages and disadvantages of these two types of gases. 

Playfer et al. [27] simulated helium-based gases with 
the program W I R C H A  [4], and concluded that about 
20-30% of quencher  is needed in order  to achieve low 
diffusion and reasonable drift velocity (see fig. 14). 
Schmidt and Martens [28] measured many helium-based 
gas mixtures and decided to evaluate them with a 
figure of merit  fmLT = ( ~ / ( v , ' N p p ) ,  where e L ,  T 

is the characteristic energy and Np is the number  of 
primary electrons, as a measure of the final tracking 
resolution (see fig. 15). They recommend 10-20% of 
iCaH10 as a candidate for helium-based mixtures used 
for tracking in the 1 G e V / c  region. Va'vra et al. [7] 
also measured many basic gas parameters  (figs. 2-7)  
and concluded that one should be concerned about 
secondary avalanche effects in helium-based mixtures; 
these can be recognized from Polya fits to single elec- 
tron pulse height spectra. Again, they found that 15- 
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Fig. 11. The correlation between light and charge production 
in avalanches in a PPAC operating with 70% C 2 H  6 +30% 

Ar + 3% TMAE at 100 Torr with a 55Fe source [20]. 

I. PLENARY TALKS 



40 J. Va 'ura / Wire chamber gases 

20% of quenche r  appears  to be sufficient. Grab  et al. 
[29] invest igated d E / d x  per fo rmance  for mixtures  
consist ing of 80% He + 20% iC4Hm,  80% He  + 20% 
D M E  and 70% He + 30% DME;  they concluded that  
the d E / d x  per fo rmance  should be only 10 -20% worse 
than  with s tandard  mixtures  such as 50% A r  + 50% 
C z H  6. More  informat ion  on the  practical  appl icat ions 
of he l ium-based  gases is given in the  talk by Boyarski 
[301. 

It is well known tha t  the  CF 4 molecule  can absorb  
an e lect ron and  dissociate to form F and  CF 3 nega- 
tive ions toge ther  with F* ,  CF~* and CF3* radicals. 
The  probabil i ty  for this process peaks at  an  e lectron 
energy of about  6 - 7  eV [31,34], i.e., the process occurs 
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TMAE or TEA quantum efficiency and gas transmission [23], 
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25% iC4H m. (b) The measurement of pad multiplicity per 
cluster as a function of cathode voltage for various photosen- 
sitive gases - effect of photon feedback [23]. (c) The measure- 
ment of secondary photoelectron rate due to photon feedback 
per primary avalanche in the CRID detector [22] as a function 
of total avalanche charge in C2H 6 +TMAE gas for various 
TMAE bubbler temperatures and two different anode wire 

diameters. 
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only nea r  the  wire and  can be  responsible  for a loss of 
e lectrons before  the  avalanche starts. Chr i s tophorou  et 
al. [9] found exper imental ly  tha t  CF 4 gas absorbs  elec- 
t rons  in an 8 -35  k V / c m / a t m  window, while for 80% 
Ar  + 20% CF 4 the  cor responding  range  is 2 - 2 0  
k V / c m / a t m  (note  tha t  a gas has  good high voltage 
behavior  as long as the  effective ionisat ion coefficient 
~ / N = c e / N - ~ 7 / N  is negat ive [9], where  a / N  and 
~ / N  are the  ionizat ion and a t t achmen t  coefficients,  
respectively - see fig. 16). However,  80% A r  + 10% 
CO 2 + 10% CF 4 does not  absorb  electrons.  Presum- 
ably, if enough  quenche r  is added  to CF 4 gas (e.g., 20% 
of iC4H]0),  e lect rons  are cooled to the extent  tha t  
a t t a chmen t  does not  occur. W h a t  are the  consequences  
of e lec t ron a t t achmen t  nea r  the  wire? Biagi [3] has  
shown in his compute r  s imulat ion of 4 mm d iamete r  
straw tubes  tha t  if a mixture such as 90% Ar  + 10% 
CF 4 is used, there  can be a real  de ter iora t ion  in spatial  
resolut ion (see fig. 17). Most  of the  a t t achmen t  occurs 
be tween  10 and  25 wire d iameters  from the  anode  
wire, and  only 15% of the  original  e lect rons  reach  the  
anode  wire f rom a dis tance of 0.9 mm. Addi t iona l  
concerns  about  CF4-based gas mixtures  in connec t ion  
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Table 2 
Comparison of helium and CF4-based gases 

Helium 
Disadvantages 
1) Low primary ionization (4.2 prim. pairs/cm in pure 

helium). 
2) Low drift velocity ( < 1 cm/~s  in pure helium)• 
3) Large single electron diffusion (580 ~ m / ~ )  in pure 

helium). 
4) Possibility of secondary effects at small concentration of 

a quenching gas. 
Advantages 
1) Large radiation length (5284 m). 

Low multiple scattering (below 1 GeV/c) .  
2) Small photon absorption cross section• 

Low synchrotron radiation background. 
3) Small Lorentz angle• 
4) Allows low voltages on parallel plate chambers. 
5) A good UV transparency (Cherenkov detectors). 

CF4 
Disadvantages 
1) Dissociative electron attachment. 
2) Poor pulse height resolution in some mixtures. 
3) By itself, it undergoes a wire aging. 
Advantages 
1) Very high electron drift velocity ( > 10 cm/~s).  
2) Low diffusion (near thermal up to 2 kV/cm/atm).  
3) High primary ionization (51 prim. pairs/cm). 
4) In some admixtures, no wire aging observed. 
5) In some admixtures, wire aging deposits etched away. 
6) A good UV transparency (Cherenkov detectors). 
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Fig. 15. Figure of merit fm L (see text for definition) for 
longitudinal diffusion as a function of the reduced electric 

field for helium-based mixtures with 10% of quencher [28]. 

with high rate applications are raised by Yamashita et 
al. [32], who pointed out that the positive ion mobility 
in CF 4 gas is much lower than, for example, in CH 4 
(see fig. 18). Consequently, it was reassuring when the 
SDC collaboration published [33] good results on rate 
handling capability and tracking resolution in a 4 mm 
diameter  straw tube using 80% CF 4 + 20% iC4H]0 gas 
(see fig. 19). 

6.2• X-ray detection 
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Fig. 14. The results of the calculation of drift velocity (a) and 
single electron longitudinal diffusion (b) in helium-based gases 

[27] using a program WIRCHA [4]. 

Dolgoshein et al. [10] have measured many Xe-based 
mixtures at 1 atm for T R D  application at S S C / L H C  
(see fig. 20). They found a poor 55Fe source resolution 
of about 60% F W H M  for some Xe + CF 4 mixtures due 
to the dissociative electron capture ment ioned above 
(see fig. 21). Similar results were published by 
Christophorou for 90% Ar + 10% CF 4 [34]. Because of 
this effect and because CO 2 is only about half as dense 
as CF 4 (smaller d E / d x ) ,  Dolgoshein et al. prefer  Xe 
+ CO 2 mixtures for transition radiation (TR) applica- 
tions. 

Breskin et al. [35] investigated X-ray detection using 
PPAC detectors with C2H6, iC4Hl0 and D M E  gases 
at pressures of about 10-40 Torr  and solid CsI photo- 
cathodes. A very high gain of about 5 × 107 was 
achieved in D M E  gas. Such detectors are fast ( <  1 ns), 
and are capable of high rate (fast ion removal), low 
d E / d x  deposits with localization accuracy of about 
200 ~m FWHM.  Traditional TR  detectors, such as 
straw tubes with Xe-based gases are slow ( <  30 ns), 
and have large d E / d x  and delta-ray background. 

Finally, the excellent pulse height resolution results 
obtained with microstrip gas chambers operat ing with 
Xe-based gases [36] should be mentioned• Values as 
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Fig. 17. A Monte Carlo simulation of the resolution in a 90% 
Ar+10% CF 4 mixture at 1 atm in a 4 mm diameter straw 
tube [3]. The cross-hatched area represents the uncertainty in 

the attachment cross section. 

efficiencies for several possible pho toca thodes  [23]. 
However,  as was descr ibed in section 5 and suppor ted  
by practical  exper ience  [26], it is an open  quest ion 
whe the r  a single gap P P A C  used in a single e lec t ron 
detect ing mode  can survive S S C / L H C  backgrounds  if 
they are as bad as in the  present  heavy ion environ-  
ment .  Similarly, the  radia t ion  aging in bo th  applica- 
t ions is still an open  question.  In addit ion,  the solid 
pho toca thodes  are probably more  sensitive to various 
plat ing problems (positively charged  avalanche frag- 
ments ,  accidents  with gases, etc.). One  interes t ing 
gaseous pho toca thode  to try is 80% CF 4 + 20% C4H 10 
+ T M A E  (60°). 

low as 1 0 - 1 1 %  F W H M  were achieved with an 55Fe 
source; this is far super ior  to what  can be  ob ta ined  
with M W P C  chambers .  

For  a general  overview of X-ray detect ion,  we refer  
to ref. [37]. 

6.3. Single electron detection 

There  is an interes t  in developing this t echnique  for 
fast Cherenkov  ring imaging (fast R I C H )  at the 
S S C / L H C  and B factory accelerators.  Fig. 22 shows 
two possible candidates ,  one is based  on a M W P C  with 
pad readou t  opera t ing  with e i the r  CH 4 + T E A  gaseous 
or CsI + T M A E  solid pho toca thodes  [23]; the  o ther  is 
based  on  a single gap PPAC,  also with pads, opera t ing  
with a CsI + T M A E  pho toca thode  and  iC4H10 gas at 
20 Torr  pressure  [38,39]. Fig. 23 shows the q u a n t u m  
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Fig. 18. The inverse mobility of positive ions as a function of 
the C H  4 fraction for gas mixtures of Ar+  C H  4 o r  CF 4 + C H  4 

[32]. 
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Finally,  one  shou ld  m e n t i o n  a p roposa l  of 
Giomata r i s  and  Cha rpak  [40] for a had ron  bl ind 
th reshold  Cherenkov  detector .  It would use a P P A C  
opera t ing  at 1 a tm with He  + 3000 PPM of CF 4, with a 
CsI pho toca thode ,  and  wi thout  any f ront  window. CF 4 
gas is more  t r an spa re n t  than  CH4, and the  hope  is to 
widen the  usual " T M A E  1 eV wide bandwid th  win- 
dow" by a few eV in order  to increase  overall  effi- 
ciency. However,  more  exper imenta l  work is needed  to 
val idate  this idea. 

6.4. Visual imaging 

In sect ion 5, we discussed U V  pho ton  p roduc t ion  in 
avalanches.  However,  pho tons  are also p roduced  in the  
visible and  near-visible range  in the  presence  of a 
sui table  additive. For  instance,  98% Ar  + 2% CH 4 + 
0.04% T M A E  gas emits  be tween  400 and  600 nm, and 
94% Ar  + 6% T E A  be tween  260 and  340 nm [41,42]. 
The  PPAC increases  the  light yield, and  allows the  use 
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of a thin,  wavelength-shif t ing scinti l lator placed just  
before  the  exit window. The  gas mixture with T E A  
proved to be  more  s table in applicat ions for visual 

imaging. 
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7 .  W i r e  a g i n g  

Although some progress has been made in the area 
of simple cookbook rules, and in the understanding of 
aging due to formation of nonconducting surface films 
on anode wires [43-45], nevertheless, we still lack a 
real understanding. Perhaps it should be ment ioned 
that new techniques have been developed for identify- 
ing the fragments of avalanches, and some connections 
between wire aging problems and the plasma chemistry 
have been identified. 
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The best advice one can give is to test wire aging in 
as realistic a setup as possible. This should include a 
detector  with realistic geometry, functioning at its true 
operat ing point, the use of gases with planned purity, 
and the presence of all contaminating materials such as 
glues, etc. If  the wire aging test ends up to be positive 
under such conditions, one can have some hope for the 
final application. This is what, for instance, Bon- 
darenko et al. [46] did; they found no aging in their 
straw tubes for doses up to 1.5 C / c m  in gases such as 
50% Xe + 50% CO 2 and 50% Xe + 30% CO 2 + 20% 
CF 4. 

If wire aging occurs, some remedy must be found 
[43-45]. An interesting solution was found by Open-  
shaw et al. [47] in the case of aging in 50% Ar  + 50% 
C2H 6. They found that the gain can be restored, and 
deposits on the anode wires removed, by running 80% 
CF 4 + 20% C a n l 0  and operating the chamber  with a 
source. It is well known that CF 4 gas is used in industry 
for etching purposes. This experiment created much 
interest in using CFa-based gases for the prevention of 
aging. However,  one should be careful [48] to verify 
that the actual anode wire is not etched, and thereby 
reduced in diameter.  

Subsequently, it was surprising to learn that CF a gas 
alone was found to age rather significantly [49], as can 
be seen in fig. 24a. This was found to be independent  
of anode wire material  and gas purification, including 
the Nanochem filter [50]. As was stated earlier, the CF 4 
molecule can be dissociated easily if drifting electrons 
exceed 4-5  eV in energy. The iCaH10 admixture will 
tend to lower the average electron energy in the 
avalanche, as can be seen in fig. 24c; therefore it will 
reduce the probability of negative ion formation. The 
negative ions will tend to drift towards the anode wire. 
It is presently unclear why this mechanism will produce 
a different rate of wire aging between the two above- 
ment ioned CF 4 gases. One  possibility is that, in the 
case of 80% CF 4 + 20% iCaH10 , the isobutane serves 
as a material  on which the fluorine and fluorocarbon 
radicals react, with the resulting products tending to be 
volatile [47]. Apparently,  this mechanism is absent in 
the case of CF 4 gas alone, and the anode wire is 
coated, or reacts to form a nonconducting metallic 
fluoride [53]. 

Helium-based gases have been tested thus far only 
in tube geometr ies  [7], and, as one can see in fig. 24b, 
the aging rate is zero or small (this test should be 
repeated in an open wire geometry to investigate the 
importance of cathodic effects, such as the Malter  
effect). The electrons in the 95% He + 5% C2H 6 gas 
mixture tend to be much hotter, as one can see in fig. 
24c. Perhaps, they can destroy any polymerization 
product, and the resulting species are volatile. 

We do not have a real understanding of the wire 
aging process, at least to the extent which physicists 
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would like. We need more quantitative information, 
such as the average energy of electrons near  the wire 
(see fig. 24c), or information about avalanche frag- 
ments. One  example in the latter category which we 
would like to ment ion is the measurement  of Fraga et 
al. [51]; they measured light production in the region 
from 120 to 400 nm in order  to identify the presence of  
ions and radicals (see figs. 25a-25b). The advantage of 
this technique is that it identifies the fragments at the 
moment  of creation. On the other  hand the limitation 
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is that it sees only "br ight"  fragments, and might miss 
"d im"  ones. Another  example worth of mentioning is 
the GC-MS analysis of avalanche products [53,54]. To 
enhance the signal in this case, it was necessary to 
cryotrap the avalanche byproducts after they left a test 
tube chamber. This means that only final stable and 
heavier molecules were seen. Figs. 26a-26b show their 
results. What  is interesting is that 50% Ar + 50% C2H 6 
and CF 4 gases behave completely differently. When 
high voltage on the chamber  is on, and source is active, 
the former gas produces a large amount  of hydrocar- 
bon fragments in the avalanche, whereas CF 4 gas yields 
very little. However,  as soon as the source is removed, 
CF 4 gas yields a large number  of molecules, as can be 
seen in fig. 26b. In other  words, the chamber traps 
CF4-based molecular fragments during operat ion with 
a source, as if most of the fragments were negatively 
charged and trapped by the anode wire. This is not 
understood at the moment,  but the almost "digital"  
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[49,53,54]. 

character of the process gives some hope for underly- 
ing simplicity. 

8.  C o n c l u s i o n s  

It is clear that the physics of gases and surface 
phenomena  is such a rich and complex subject as to 
ensure that the Vienna Conference has good prospects 
well into the next century! 
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