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Abstract 

In this paper, we describe new developments in gas mixtures which have 

occurred during the last 3-4 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. 
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1. Introduction 

We have selected several examples from the vast subject of wire chamber 

gases to illustrate the progress which has been made during the last several years. 

For example, there has been very important progress in the development of com- 

puter codes to simulate electron transport parameters with precision adequate for 
; e4 
most applications; also, there is better understanding of breakdown problems and 

-- 
associated photon feedback, there are now various choices of photocathodes for 

GRID/RICH detectors, and the properties of helium and CFd-based gas mixtures, 

which are useful gases for many applications at SSC/LHC, Phi, Tau-Charm, and 

B factories, are much better understood. 

2. Measurements and modeling of the electron drift parameters 

Real progress has been made in this subject in the last several years, in both 

the theoretical and experimental areas. 

In this paper, we mention the results of calculations of electron transport 

parameters based on four models; these are the calculation due to Ness and 

Robson [l], the MAGBOLTZ code of Biagi [2,3], the WIRCHA code of 

Fehlmann [4], and the calculation of Frazer and Mathieson [5]. They are all based 

- on solutions of the Boltzmann equation with various degrees of complexity. A 

multiterm solution of the Boltzmann equation, due to Ness and Robson [l] is the 

most sophisticated at the moment, since it includes anisotropic elastic scattering 

. .- for.malism and a general parametrization of the magnetic field due to Ness, which .-- -%& 
does ?Eem to agree with data [6]. However, we found [7] that Biagi’s second order 

solution works very well in many applications, and has one advantage at present, 
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since it includes ionization and attachment effects, and furthermore is readily 

available. 

Fig. 1 shows the CH4 gas drift velocity and diffusion data of Schmidt [81 in 

comparison with a calculation of Ness [6]. In order to obtain such excellent agree- 

ment with the data it was necessary to include anisotropic elastic scattering cross 

sections and to carry out the multiterm expansion to order 1 = 6. In addition, the -2 -- 
authors measured drift velocity, as well as longitudinal and transverse diffusion 

in many molecular gases and mixtures based on helium, argon, neon, krypton, 

xenon and CF4 gases [6]. The aim was to extract electron scattering cross sections 

and test the theory They have also undertaken a comprehensive program to mea- 

sure drift parameters in magnetic field [6]. 

Va’vra et al. [7] measured many helium and CF4-based gas mixtures and com- 

pared’ data with available models [2-51. Figs. 2-6 show the results. A conclusion 

was that among the tested models, the Biagi calculation [2,3] agrees best with the 

data. However, there are still some disagreements, for example in the case of CF4 

gas (see fig. 6). Difficulties of the simulation codes with CF4 gas may be linked to 

a considerable disagreement among existing measurements, especially at high E/p 

(see-fig. 7). Similar problems exist at present with He + DME mixtures [7]. 

It is not an easy task to measure the electron transport parameters if one wants 

to constrain the models meaningfully One has to pay very careful attention to 

- 

_ .- 

systematic effects resulting from gas mixture calibration, TDC calibration, gas 

impurity, H20,02, temperature and pressure monitoring, mechanical errors, etc. 

To quote a few examples of the precision achieved, Christophorou et al. [9] quote 

er&E in drift velocity at the 5-7% level, Dolgoshein et al. [lo] at the 5% level for 

drift velocity, Schmidt [ll] achieved 1% accuracy for drift velocity and 5% accu- 

racy for single electron transverse and longitudinal diffusion, while 
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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 attempt to incorporate the 

Improvements in the modeling of the electron ,transport parameters mentioned in 

the-previous chapter into a simulation of spatial resolution in an actual geometry; 

this includes the proper simulation of the electrostatics, the primary ionization 

deposits, electron drift, avalanche fluctuations, electronics, etc. This was done 

recently by Biagi [3], and we will mention his results later in chap. 6 when we dis- 

cuss problems with CF4 tracking. 

4. ‘Primary ionization 

The new results include measurement of the number of primary clusters and 

measurement of the electron multiplicity distribution within these clusters. 

Pansky et al. [12] reported a measurement of the primary cluster ionization as 

a function of various gases, including TEA 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 streamer chamber tech- 

- nique. The very large ionization yield in case of TMAE should be noted. 

Fischle et al. [14] measured the distribution of electron multiplicity within the 

primary ionization clusters in Ar, CH,, He, C02, C2H, C3H8 and iC4H10 gases. 

* .- T%+genious technique to extract the primary clusters from a, B track (Sr9’ 

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/cm) to allow their individual 
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d e tect ion.  It w a s  very  impor tant  to  h a v e  very  e ff icient d e tec t ion o f s ing le  e lec-  

trons, e v e n  fo r  very  smal l  pu lses  n e a r  p e d e s tal.  In  o rder  to  lim it poss ib le  back-  

g r o u n d  d u e  to  secondary  a v a l a n c h e  e ffects, th e y  u s e d  very  th ick  a n o d e  wi res  ( 4 0 0  

a n d  8 0 0  l.n -n  d i a m e ter). A n  e x a m p l e  o f the i r  resul ts  is s h o w n  in  fig . 9  fo r  a r g o n  g a s . 

They  fo u n d  th a t a l l  o f th e  prev ious ly  m e n tio n e d  hyd roca rbon  mo lecu les  h a v e  

a l m o s t th e  s a m e  e lec t ron dis t r ibut ion wi th in th e  clusters, a n d  th a t very  l ight  e le-  w  - 

m e n ts c o n ta in  a  la rger  p ropor t ion  o f s ing le  e lec t ron c lusters th a n  d o  m o r e  com-  

p lex  a to m s  [p ( l > m e th a n e  =  0 .7 9  a n d  p( l )a rgon  =  0 .6 6 , w h e r e  p( l )  is a  probabi l i ty  

o f hav ing  a  s ing le  e lec t ron cluster].  T h e  d a ta  d o  n o t s e e m  to  a g r e e  wi th th e  ca lcu-  

la t ion o f L a p i q u e  a n d  P iuz [1 5 ], wh ich  is b a s e d  o n  th e  p h o to-absorp t ion  m o d e l  o f 

C h e c h i n  e t al.  [1 6 ] [d a ta : p ( l )a rgon  =  0 .6 5 6  &  0 .0 1 6 , m o d e l : ~ ( 1 ) ~ ~ ~ ~ ~  =  0 .8 0 2 ; a lso  

th e  d a ta  d o  n o t s u p p o r t a  pred ic ted  b u m p  a t n  = lO  d u e  to  L  a b s o r p tio n  e d g e  o f 
. -. 

a r g o n ]. 

S ince  th e r e  h a s  b e e n  cons iderab le  interest  in  h e l i u m - b a s e d  g a s e s  recent ly,  it 

shou ld  b e  m e n tio n e d  th a t such  m ixtures h a v e  a  s t rong P e n n i n g  e ffect  b e c a u s e  He*  

m e tas tab le  leve ls  h a v e  h i g h  e n e r g y  (19.8  a n d  2 0 .6  e V > . A  fe w  par ts  in  1 0 0 0 0  o f 

a l m o s t a n y  a d m i x tu re  p r e s e n t in  he l i um wil l  i nc rease  th e  ion izat ion y ie ld  by  

a b o u t 4 0 - 5 0 %  [1 7 ]. A n  a d d i tio n  o f N e o n  g a s  d o e s  n o t h a v e  such  a n  e ffect  d u e  to  

its h i g h  ion izat ion p o te n tia l  o f 2 1  e V . 

5 . P h o to n  fe e d b a c k  a n d  b r e a k d o w n s  

P rogress  in  th is  a r e a  is represen ted  in  a  b e tte r  u n d e r s ta n d i n g  o f th e  b reak-  

. .- d o w n  a n d  assoc ia ted  p h o to n  fe e d b a c k  processes.  
-<:. . 

L e tus  start wi th a  genera l  descr ip t ion o f p h o to n  p r o d u c tio n  du r ing  a n  ava-  

l anche  process.  Ear ly  s tud ies ind ica ted  th a t th e  m e c h a n i s m  w a s  h igh ly  com-  
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plex. For instance, Peskov [18] and Charpak et al. [19] measured emission 

photon spectra as a function of many conditions: geometry, charge gain, gas, 

pressure, etc. Fig. 10(a) indicates what appears to be a rather complex depen- 

dence on pressure, while fig. 10(b) shows that the photon per avalanche charge 

yield is peaking at lower charge yields. Subsequently people found many sim- 

@fying features. For example, Sauvage et al. [20] observed a simple linear cor- 

relation between charge and light yields in 70% C2H, + 30% Ar + TMAE at 

100 Torr using a phototube to detect light and a parallel plate chamber (PPAC) 

to detect charge (see fig. 11). More recently, Fonte et al. [21] found that the pho- 

ton yield in Ar + TEA, He + TEA, Ar + CH4, He + CH4 and Ar + C+& gases 

operating in the PPAC at low pressure between 120-170 nm can be described 

using laws involving a “photon-equivalent” first Townsend coefficient similar 

to t&charge yield, i.e., the ionization and photon excitations seem to obey sim- 

ilar laws in this respect (S/p = Ax-BPklE, where 6 is the “photon-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 eV), 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 constitu- 

ents of gases used in detectors. Hard UV photons are responsible for creation of 

- secondary photoelectrons, either in a photosensitive gas or in nearby electrodes. 

In practice, this causes secondary hits, increases in pad multiplicity, and, as we 

will see later, voltage breakdowns. 

-<et us start with wire chambers. Arnold et al. [23] have studied the Fast RICH 

with pad readout. By changing additives such as CH4, C2HG or iC4H,o to a photo- 

sensitive gas such as TMAE or TEA, various excitation lines can be eliminated 

. ^- 
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[see fig. 12(a)]. For instance, with CH4 + TMAE gas the detector is sensitive to all 

three C* excitation lines, with 75% CH4 + 25% iC4H10 + TMAE gas it is sensitive 

only to the C*(6.43 eV> line, while with CH4 + TEA 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 

resulted in a change of a pad multiplicity rate [see fig. 12(b)], and the gas with the 

smaller photon rate results in more stable detector operation. For example, the 

MWPC filled with CH4 + TEA has operated stably with gain up to 2 x 106, 

whereas with CQ + C2H(j + TMAE the gain was limited to 6 x 105. To quote 

another example, fig. 12(c) shows the secondary hit rate due to photon feedback 

in the CRID detector at SLD [22]. Use of C2H6 + TMAE gas makes the detector 

sensitive to all three C* excitation lines. The rate of secondary hits is about 1% per 

.@mary 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 UV photon sources are similar. Fonte et al. [21] found that in 

pure argon photon emission is dominated by the Ar2* band (120-140 nm). How- 

ever, 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 UV photon yield in the 120-180 nm 

. .- 

range as a function of TEA quencher partial pressure. The photon yield decreases 

as a function quencher pressure and varies by several orders of magnitude. What 

is important in the previous paragraph is that the resulting photoelectron yield, rl, 

depends on the gas used, chamber construction, the Q.E. of surfaces, etc. 

The breakdown problem. Let us begin with the PPAC chamber. If G is the 

tot$charge gain, IV0 is the deposited ionization charge, and n is the total photo- 

electi& feedback rate, Fonte et al. [21] found experimentally using the PPAC that 

for the condition q.G > 1, “a slow breakdown” develops; this occurs with -10 ys 
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delay ,  is p h o to n  fe e d b a c k  m e d i a te d  a n d  causes  th e  c h a m b e r  to  b e c o m e  to tal ly  

inoperab le .  For  th e  cond i t ion  Nc,.G  >  lo’, “a  fast  b r e a k d o w n ” deve lops ;  th is  

occurs  wi th on ly  te n s  o f ns  de lay ,  is s p a c e  c h a r g e  m e d i a te d  a n d  th e  c h a m b e r  

recovers  to  fu l l  o p e r a tio n  quick ly  W e  i l lustrate th e s e  cond i t ions  by  m e a n s  o f two 

e x a m p l e s : (a)  if N , =  2 2 0  (Fe55  source) ,  th e n  G  =  5  x l o5  is th e  m a x i m u m  g a i n  

E -fore th e  fast  b r e a k d o w n  occurs;  (b)  if rl=  2  x  lo”, th e n  s low b r e a k d o w n  wi l l  

occur  a t a  g a i n  o f a b o u t G  =  5  x 1 0 5 . T h e  fast  b r e a k d o w n  lim it is consis tent  wi th a  _-  

40-year -o ld  pred ic t ion  o f M e e k  a n d  R a e the r  [2 4 ,2 5 ], wh ich  says  th a t th e  max i -  

m u m  c h a r g e  g a i n  occurs  fo r  ccd  - 2 0  (d  is th e  g a p  in  th e  P P A C , a  is th e  first 

T o w n s e n d  c o e fficient a n d  G  =  e  a-d).  O f course,  a t th a t tim e  it w a s  d o n e  wi th com-  

p lete ly  di f ferent g a s e s . S p a r k  fo r m a tio n  is i n d e p e n d e n t o f th e  d e ta i led  character is-  

t ics- o f th e  g a s ; th is  is b e c a u s e  fast  b r e a k d o w n  is re la ted to  s p a c e  c h a r g e  bu i l dup  

wh ich’ local ly  distorts th e  electr ic fie ld  to  th e  p o i n t th a t very  excess ive  g a i n  is 

r e a c h e d . A  p r o b l e m  re la ted to  th e  P P A C , espec ia l l y  w h e n  u s e d  fo r  s ing le  e lec t ron 

d e tect ion,  wh ich  requ i res  h igher  g a i n  o p e r a tio n , is th a t it is l inear  in  c h a r g e  y ie ld  

al l  th e  w a y  u p  to  th e  spark ing  lim it [2 1 ]. S u c h  a  c h a m b e r  is p r o n e  to  spark ing  in  a  

ha rsh  b a c k g r o u n d  e n v i r o n m e n t. O n  th e  o the r  h a n d , a  w i re  c h a m b e r  saturates th e  

c h a r g e  d e v e l o p m e n t, th u s  i m p e d i n g  th e  o n s e t o f th e  fast  b r e a k d o w n  lim it. In  th is  

s e n s e , a  w i re  c h a m b e r  is a  safer  ins t rument  to  u s e  in  a n  e n v i r o n m e n t w h e r e  o n e  

o p e r a tes  in  th e  vicini ty o f th e  fast  b r e a k d o w n  lim it [2 6 ]. T h e  P P A C  p r o b l e m  c a n  b e  

- r e d u c e d  in  s o m e  app l ica t ions  by  m a k i n g  u s e  o f d o u b l e  or  tr iple s tage  para l le l  

p la te  c h a m b e r s  [2 1 ] wh ich  c a n  b e  g a te d . 



. 

6. Applications 

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 

injrared absorption cross section give low diffusion. 

The need to reduce event occupancy in straw tube detectors at the SSC/LHC, 

has lead to considerable interest in radiation hard, fast gases based on CF4. In 

addition. the need for improved momentum resolution in the central tracking 

chambers of future Phi, Tau-Charm and B factories has led to the study of 

low mass gases with reduced multiple scattering based on helium. Table 2 con- 

tainsa brief summary of the advantages and disadvantages of these two types of 

gases. 

Playfer et al. [27] simulated helium-based gases with the program 

WIRCHA [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 fm,, r = (A-) / (,/zJ , where eL T is the char- 

acteristic energy and NP is the number of primary electrons, as a measure of the 

final tracking resolution (see fig. 15). They recommend lo-20% of iC4Hlo as a can- 

- didate for helium-based mixtures used for tracking in the 1 GeV/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 mix- 

tu<ees; these can be recognized from Polya fits to single electron pulse height spec- . 
tra. Azain, they found that 15-20% of quencher appears to be sufficient. Grab et 

al. [29] investigated dE/dx performance for mixtures consisting of 80% He + 

. .- 
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20% iC4H10, 80% He + 20% DME and 70% He + 30% DME; they concluded that 

the dE/dx performance should be only lo-20% worse than with standard mixtures 

such as 50% Ar + 50% C2He More information on the practical applications of 

helium-based gases is given in the talk by Boyarski [301. 

It is well known that the CF4 molecule can absorb an electron and dissociate to 

@r-m F- and CF3- negative ions together with F”, CF2* and CF3* radicals. The 

probability for this process peaks at an electron energy of about 6-7 eV [31,341, 

i.e., the process occurs only near the wire and can be responsible for a loss of elec- 

trons before the avalanche starts. Christophorou et al. [9] found experimentally 

that CF4 gas absorbs electrons in an 8-35 kV/cm/atm window, while for 

80% Ar + 20% CF4 the corresponding range is 2-20 kV/cm/atm (note that a gas 

.haS-good high voltage behavior as long as the effective ionization coefficient 

a/N-= a/N -l-l/N is negative [9], where a/N and q/N are the ionization and 

attachment coefficients, respectively-see fig. 16). However, 80% Ar + 10% CO2 + 

10% CF4 does not absorb electrons. Presumably, if enough quencher is added to 

CF4 gas (e.g., 20% of iC4HIO), electrons are cooled to the extent that attachment 

does not occur. What are the consequences of electron attachment near the wire? 

Biagi [3] has shown in his computer simulation of 4 mm diameter straw tubes that 

if a mixture such as 90% Ar + 10% CF4 is used, there can be a real deterioration in 

spatial resolution (see fig. 17). Most of the attachment occurs between 10 and 

25 wire diameters from the anode wire, and only 15% of the original electrons 

reach the anode wire from a distance of 0.9 mm. Additional concerns about CF4- 

based gas mixtures in connection with high rate applications are raised by 

Ya.<mashita et al. [32], who pointed out that the positive ion mobility in CF4 gas is 

muchlower than, for example, in CH4 (see fig. 18). Consequently, it was reassur- 

ing when the SDC collaboration published [33] good results on rate handling 
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capability and tracking resolution in a 4 mm diameter straw tube using 

80% CF4 + 20% iC4H10 gas (see fig. 19). 

6.2. X-ray detection 

Dolgoshein et al. [lo] have measured many Xe-based mixtures at 1 atm for 

TRD application at SSC/LHC (see fig. 20). They found a poor Fe55 source resolu- 

tion of about 60% FWHM for some Xe + CF4 mixtures due to the dissociative elec- 

tron capture mentioned above (see fig. 21). Similar results were published by 

Christophorou for 90% Ar + 10% CF4 [34]. Because of this effect and because CO2 

is only about half as dense as CF4 (smaller dE/dx), Dolgoshein et al. prefer Xe + 

CO2 mixtures for Transition Radiation (TR) applications. 

Breskin et al. [35] investigated X-ray detection using PPAC detectors with 

C$&,‘iC4HIO and DME gases at pressures of about 1040 Torr and solid CsI pho- 

tocathodes. A very high gain of about 5 x lo7 was achieved in DME gas. Such 

detectors are fast (cl ns), and are capable of high rate (fast ion removal), low dE/ 

dx deposits with localization accuracy of about 200 ,um FWHM. Traditional TR 

detectors, such as straw tubes with Xe-based gases are slow (~30 ns), and have 

large dE/dx and delta-ray background. 

Finally, the excellent pulse height resolution results obtained with microstrip 

gas chambers operating with Xe-based gases [36] should be mentioned. Values as 

- low as lO-11% FWHM were achieved with an Fe55 source; this is far superior to 

what can be obtained with MWPC chambers. 

For a general overview of X-ray detection, we refer to ref. 37. 
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6 .3 . S ing le  e lec t ron d e tect ion 

I .  

There  is a n  interest  in  deve lop ing  th is  te c h n i q u e  fo r  Fast  C h e r e n k o v  R ing  

Im a g i n g  (Fast R ICH) a t th e  S S C /L H C  a n d  B  factory accelerators.  Fig. 2 2  s h o w s  

two poss ib le  c a n d i d a tes,  o n e  is b a s e d  o n  a  M W P C  wi th p a d  r e a d o u t o p e r a tin g  

wi th e i ther  C H 4  +  T E A  g a s e o u s  or  CsI +  T M A E  so l id  p h o to c a th o d e s  [2 3 ]; th e  

o the r  is b a s e d  o n  a  s ing le  g a p  P P A C , a lso  wi th p a d s , o p e r a tin g  wi th a  CsI +  

T M A E  p h o to c a th o d e  a n d  i C d H 1 0  g a s  a t 2 0  Torr  p ressure  [3 8 ,3 9 ]. Fig. 2 3  s h o w s  th e  

q u a n tu m  e ff ic iencies fo r  severa l  poss ib le  p h o to c a th o d e s  [2 3 ]. H o w e v e r , as  w a s  

desc r ibed  in  c h a p . 5  a n d  s u p p o r te d  by  pract ical  exper ience  [2 6 ], it is a n  o p e n  

q u e s tio n  w h e the r  a  s ing le  g a p  W A C  u s e d  in  a  s ing le  e lec t ron d e tect ing m o d e  c a n  

surv ive S S C /L H C  b a c k g r o u n d s  if th e y  a re  as  b a d  as  in  th e  p r e s e n t h e a v y  ion  

e n v i r p n m e n t. S imi lar ly,  th e  rad ia t ion  a g i n g  in  b o th  app l ica t ions  is stil l a n  o p e n  - 
q u e s tio n . In  a d d i tio n , th e  so l id  p h o to c a th o d e s  a re  p robab ly  m o r e  sensi t ive to  var-  

ious  p la t ing p rob lems  (posi t ively c h a r g e d  a v a l a n c h e  f ragments ,  acc idents  wi th 

g a s e s , e tc.). O n e  in terest ing g a s e o u s  p h o to c a th o d e  to  try is 8 0 %  C F 4  +  

2 0 %  C 4 H 1 0  +  T M A E  (60”). 

Final ly,  o n e  shou ld  m e n tio n  a  p roposa l  o f G i o m a tar is  a n d  C h a r p a k  [4 0 ] fo r  a  

h a d r o n  b l ind  th resho ld  C h e r e n k o v  d e tector.  It w o u l d  u s e  a  P P A C  o p e r a tin g  a t 

1  a tm  wi th H e  +  3 0 0 0  P P M  o f C F 4 , wi th a  CsI p h o to c a th o d e , a n d  wi thout  a n y  

front w i n d o w . C F 4  g a s  is m o r e  t ransparent  th a n  C H 4 , a n d  th e  h o p e  is to  w i d e n  th e  

usua l  “T M A E  1  e V  w ide  b a n d  wid th  w i n d o w ” by  a  fe w  e V  in  o rder  to  inc rease  

overa l l  e ff iciency. H o w e v e r , m o r e  e x p e r i m e n ta l  work  is n e e d e d  to  va l idate  th is  

i d e a . 
. -- 

-q-  . 
- 
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6 .4 . V isua l  i m a g i n g  

In  c h a p . 5 , w e  d iscussed  U V  p h o to n  p r o d u c tio n  in  ava lanches .  H o w e v e r , p h o -  

to n s  a re  a lso  p r o d u c e d  in  th e  v is ib le a n d  near-v is ib le  r a n g e  in  th e  p resence  o f a  

su i tab le  a d d i tive. For  instance,  9 8 %  A r +  2 %  C H 4  +  0 .0 4 %  T M A E  g a s  e m i ts 

b e tween  4 0 0  a n d  6 0 0  n m , a n d  9 4 %  A r +  6 %  T E A  b e tween  2 6 0  a n d  3 4 0  n m  [4 1 ,4 2 ]. 

T h e  P P A C  increases  th e  l ight  y ie ld,  a n d  a l lows th e  u s e  o f a  th in,  w a v e l e n g th-shif t-  
_ -  

i ng  scint i l lator p laced  just b e fo re  th e  exit  w i n d o w . T h e  g a s  m ixture wi th T E A  

p r o v e d  to  b e  m o r e  s tab le  in  app l ica t ions  fo r  v isual  i m a g i n g . 

7 . W ire a g i n g  

A lth o u g h  s o m e  progress  h a s  b e e n  m a d e  in  th e  a r e a  o f s imp le  c o o k b o o k  rules,  

a n d  in  th e  u n d e r s ta n d i n g  o f a g i n g  d u e  to  fo r m a tio n  o f n o n c o n d u c tin g  sur face 

film s  o n  a n o d e  wi res  [4 3 4 5 ], never the less ,  w e  still lack a  rea l  u n d e r s ta n d i n g . Per -  

h a p s  it shou ld  b e  m e n tio n e d  th a t n e w  te c h n i q u e s  h a v e  b e e n  d e v e l o p e d  fo r  i d e n ti- 

fy ing th e  f ragments  o f ava lanches ,  a n d  s o m e  c o n n e c tio n s  b e tween  wi re  a g i n g  

p rob lems  a n d  th e  p l a s m a  chemis t ry  h a v e  b e e n  i d e n tifie d . 

T h e  b e s t adv ice  o n e  c a n  g ive  is to  test  w i re  a g i n g  in  as  real ist ic a  se tup  as  pos-  

s ible.  Th is  shou ld  inc lude  a  d e tector  wi th real ist ic g e o m e try, fu n c tio n i n g  a t its t rue 

- o p e r a tin g  p o i n t, th e  u s e  o f g a s e s  wi th p l a n n e d  puri ty,  a n d  th e  p resence  o f a l l  con-  

ta m i n a tin g  m a ter ia ls  such  .as  g lues,  e tc. If th e  w i re  a g i n g  test  e n d s  u p  to  b e  pos i -  

t ive u n d e r  such  condi t ions,  o n e  c a n  h a v e  s o m e  h o p e  fo r  th e  fina l  appl icat ion.  Th is  

. --  is F.& a t, fo r  instance,  B o n d a r e n k o  e t al.  [4 6 ] d id;  th e y  fo u n d  n o  a g i n g  in  the i r  
-s&.  . 

s t rawTubes  fo r  d o s e s  u p  to  1 .5  C /cm  in  g a s e s  such  as  5 0 %  X e  +  5 0 %  C O 2  a n d  

5 0 %  X e  +  3 0 %  C O 2  +  2 0 %  C F 4 . 

1 3  



If wire aging occurs, some remedy must be found [4345]. An interesting solu- 

tion was found by Openshaw et al. [47] in the case of aging in 50% Ar + 

50% C2H6. They found that the gain can be restored, and deposits on the anode = _.. 

. . 

wires removed, by running 80% CF4 + 20% C4H10 and operating the chamber 

with a source. It is well known that CF4 gas is used in industry for etching pur- 

-2 -- poses. This experiment created much interest in using CF4-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 CF4 gas alone was found to age - 

rather significantly [49], as can be seen in fig. 24(a). This was found to be indepen- 

dent of anode wire material and gas purification, including the Nanochem 

filter [50]. As was stated earlier, the CF4 molecule can be dissociated easily if drift- 

- ing electrons exceed 4-5 eV in energy. The iC4H,, admixture will tend to lower 

the average electron energy in the avalanche, as can be seen in fig. 24(c); 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-mentioned CF4 

.’ 

gases. One possibility is that, in the case of 80% CF4 + 20% iC4HIO, the isobutane 

serves as a material on which the fluorine and fluorocarbon radicals react, with 

the resulting products tending to be volatile [471. Apparently, this mechanism is 

absent in the case of CF4 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 geometries [7], and, 

. -- 
-<-+ - 

as one can see in fig. 24(b), 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% C,H, gas mix- 

14 



ture tend to be much hotter, as one can see in fig. 24(c). 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 would like. We need more quantitative information, such 

as the average energy of electrons near the wire [see fig. 24(c)], or information 

about avalanche fragments. One example in the latter category which we would 

like-to mention is the measurement of Fraga et al. [51]; they measured light pro- 

duction in the region from 120 to 400 nm in order to identify the presence of ions 

and radicals [see fig. 25(a),(b)]. The advantage of this technique is that it identifies 

the fragments at the moment of creation. On the other hand the limitation is that it 

sees only “bright” fragments, and might miss “dim” ones. Another example 

worth of-mentioning is the GC-MS analysis of avalanche products [53,54]. To 

en&&e the signal in this case, it was necessary to cryotrap the avalanche byprod- 

ucts after they left a test tube chamber. This means that only final stable and 

heavier molecules were seen. Fig. 26(a),(b) shows their results. What is interesting 

is that 50% Ar + 50% CzH, and CFJ gases behave completely differently When 

high voltage -on the chamber is on, and source is active, the former gas produces a 
- 

large amount of hydrocarbon fragments in the avalanche, whereas CF4 gas yields 

very little. However, as soon as the source is removed, CF4 gas yields a large num- 

ber of molecules, as can be seen in fig. 26(b). In other words, the chamber traps 

CFJ-based molecular fragments during operation 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” character of the process gives 

SOS: hope for underlying simplicity. 
- 
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8. Conclusions 

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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Figure Captions 

1. A comparison of data [S] and calculation [l] for (a) drift velocity and 

(b) diffusion coefficient in CQ gas. 

2. (a) The electron drift velocity in 50% Ar + 50% C,l++ The dot-dash curve is a 

calculation of Biagi [2,3]. 
; e4 

(b) Single electron longitudinal diffusion in the same gas; the solid curve is a 
_- 

the 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]. 

3. (a) The drift velocity in 78% He + 15% CO2 + 7% iC4HlO gas [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 gas [7]. The dot-dash 

curve is a calculation of Biagi [2,3], the dotted curves are predictions from the 

WIRCHA program [4], the solid curve is a l/ ( Jk) fit to the data. 

4. (a) Electron drift velocity in 95% He + 5% C$& and 50% He + 50% C2% 

-gases [7]; the solid curve is to guide the eye, the dot-dash curve is a calcula- 

tion 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].. 

5. (a) Electron drift velocity in the DME gas [7]; the dot-dash curves are calcula- 

. -- tions of Biagi [2,3]. 
-cl-- - 

(6) Single electron longitudinal diffusion in the same gas; the dot-dash 

curves are calculations of Biagi [2,3]. 

20 



I 

6. 

7. 

; .F- 

8. 

9. 

10. 

(a) Electron drift velocity in the CF4-based gases [7]. The dot-dash curve is a 

calculation of Biagi [2,3]. 

(b) Single electron longitudinal diffusion in the same gases [7]; the solid 

curves are l/ (@) fits, the dot-dash curve is a calculation of Biagi [2,3]. 

(a) CF4 electron drift velocity data. 

(b) The same at higher drift field. 

A detailed view of the cluster extraction device [14]. 

The experimental results on cluster size distribution for argon gas [14], and 

the results for the model of Lapique and Piuz [ 151. 

(a) The photon emission spectrum from argon excited by an avalanche [18]; 

100 pm wire diameter, gain 100, Fe55 source, pressure 0.1 atm (l), 1 atm (2), 

i0 atm (3) and 25 atm (4). 

- (b)-Photon emission normalized to avalanche charge as a function of ava- 

lanche charge for 98% Ar + 2% TEA (l), Ar + TMAE (0.4 Torr) (2), 87% He + 

11% CH4 + 2% TEA (3), 97% Ar + 3% CH4 + TMAE (0.4 Torr) (4) and CH4 + 

TMAE (0.4 Torr) (5) [19]. 

11. The correlation between light and charge production in avalanches in a 

WAC operating with 70% C2H6 + 30% Ar + 3% TMAE at 100 Torr with a 

Fe55 source [20]. 

12. (a) The relative position of C* and N* photon emission lines within the pho- 

tosensitive window defined by TMAE or TEA quantum efficiency and gas 

transmission [23]. 

(b) The measurement of pad multiplicity per cluster as a function of cathode 

-&voltage for various photosensitive gases-effect of photon feedback [23]. 

(c)The measurement of secondary photoelectron rate due to photon feed- 

back per primary avalanche in the GRID detector [22] as a function of total 
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a v a l a n c h e  c h a r g e  in  C 2 H 6  +  T M A E  g a s  fo r  var ious  T M A E  bubb le r  te m p e r a -  

tu res  a n d  two di f ferent a n o d e  wi re  d i a m e ters. 

1 3 . T h e  m e a s u r e m e n t o f p h o to n  rate pe r  a v a l a n c h e  e lec t ron fo r  di f ferent q u e n c h -  

ers  a t var ious  part ia l  p ressures  [2 1 ]. 

1 4 . T h e  resul ts  o f th e  ca lcu la t ion o f drift veloci ty  (a)  a n d  s ing le  e lec t ron longi tu-  

; *- d ina l  d i f fus ion (b)  in  h e l i u m - b a s e d  g a s e s  [2 7 ] us ing  a  p r o g r a m  W I R C H A  [4 ]. 

1 5 .-- F igure  o f mer i t  fm ~  (see  text  fo r  d e fin i t ion)  fo r  long i tud ina l  d i f fus ion as  a  

fu n c tio n  o f th e  r e d u c e d  electr ic fie ld  fo r  h e l i u m - b a s e d  m ixtures wi th 1 0 %  o f 

q u e n c h e r  [2 8 ]. 

1 6 . T h e  m e a s u r e d  e ffect ive ion izat ion c o e fficient a /N as  a  fu n c tio n  o f E /p  in  dif- 

..- fe r e n t g a s e s  [9 ]. 

1 7 . - A  M o n te  Car lo  s imula t ion  o f th e  reso lu t ion in  a  9 0 %  A r +  1 0 %  C F 4  m ixture a t 

1  a tm  in  a  4  m m  d i a m e ter  s t raw tu b e  1 3 1 . T h e  c ross-ha tched a r e a  represents  

th e  uncer ta in ty  in  th e  a tta c h m e n t cross sect ion.  

1 8 . T h e  inverse  mobi l i ty  o f posi t ive ions  as  a  fu n c tio n  o f th e  C H 4  fract ion fo r  g a s  

m ixtures o f A r +  C H 4  or  C F 4  +  C H 4  [3 2 ]. 

1 9 . (a)  T h e  e x p e r i m e n ta l  d a ta  o n  reso lu t ion o b ta i n e d  in  4  m m  d i a m e ter  s t raw 

tu b e s  in  8 0 %  C F 4  +  2 0 %  C 4 H l o  g a s  [3 3 ]. 

(b)  A  compar i son  o f reso lu t ions a t th e  S S C  rate a n d  a  s low rate. 

2 0 . Drift veloci ty  in  X e  +  C F 4  (a)  a n d  X e  +  C O 2  g a s  m ixtures [lo ]. 

2 1 . F e 5 5  pu lse  h e i g h t spect ra  fo r  4 0 %  X e  +  6 0 %  C F 4  (l), 4 0 %  X e  +  4 0 %  C F 4  +  

.-- 2 0 %  C H 4  (2)  a n d  4 0 %  X e  +  4 0 %  C O 2  +  2 0 %  N e  (3)  [lo ]. 
-&-  - 

2 2 . @ ) A  s ing le  g a p  para l le l  p la te  c h a m b e r  ( P P A C )  wi th p a d  r e a d o u t. 

(b)  A  w i re  c h a m b e r  wi th p a d  r e a d o u t. 
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23. (a) The TEA quantum efficiency as a function of photon wavelength with 

either helium (a) or C& (b) as carrier gas [23]; curve (1) is from ref. 23 and 

curve (2) is from ref. 55. 

(c) The TMAE quantum efficiency with helium carrier gas [23]; curve (1) is 

from ref. 23, curve (2) from ref. 55 and curve (3) from ref. 56. 

; _ (d) The quantum efficiency of CsI without and with adsorbed TMAE [23]. 

24. _- (a) Wire aging in CF4 and 80% CF4 + 20% iC4H10 gases [7]. 

(b) Wire aging in 95% He + 5% C+I,j and 78% He + 15% CO2 + 7% iC4HIO 

gases [7]. 

(c) Average electron energy near the anode wire as calculated using Biagi’s 

program [2,31. 

251’-- Measurement, of photon yield during avalanche in 90% Ar + 10% CH4 gas 

- either in self quenching streamer mode (a) or proportional mode (b) 1511; 

about 80% of CH and CH+ fragments identified 1521. 

26. GC-MS analysis of avalanche products during aging test either in 50% Ar + 

50% C$-& gas (a,b) or CF4 gas (c,d) [49,53,541. 



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

Gas Np (Rieke et al. [131) NP (Pansky et al. 1121) 

He 4.2 - 

H2 4.7 - 

CH4 25 26 (-2 +4%) 
; e4 

C2H6 41 51 
_- 

C3H8 63 74 

i-C4H10 84 93 

DME 62 62 

-4 51 - 

TEA - 144 

TMAE - 281 
- -. 

. -- 
-<y . 

- 
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Table 2. 

Helium 

Disadvantages 
1. Low primary ionization (4.2 prim. pairs/cm in pure helium). 
2. Low drift velocity (~1 cm/ps in pure helium). 
3. Large single electron diffusion [580 pm/sq(cm) 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). 

Disadvantages 
CF4 

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 (>lO cm/ps). 
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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