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ABSTRACT

Among the photocathodes used for particle identification based on the Cherenkov Ring Imaging
technique, the TMAE moleculeis still the best in terms of quantum efficiency. Despite the fact that
TMAE gaseous photocathodes have aready been used in anumber of large experiments, one il
seeks answers to many detailed questions. We present a systematic study of gaseous
photocathodes based on TMAE mixed with helium, hydrocarbon and CF4-based gases at normal
pressure. The study includes a measurement of the electron drift velocity, gas quenching
properties, single electron pulse height spectra and anode wire aging. The paper makes
recommendations for carrier gas mixtures to obtain the best quenching, and suggests how to
manage TMAE wire aging. This study was motivated by a specific particle identification detector
proposal, the Fast Drift CRID proposed for the B-factory at SLAC.
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1. INTRODUCTION.

Among the photocathodes used for particle identification based on the Cherenkov Ring Imaging
technique [1], TMAE [2] (Tetrakis dimethylamino ethylene) is probably still the best in terms of
guantum efficiency, asisseenin Fig. 1, which compares the TMAE with a Csl solid
photocathode. In a wavel ength window defined by the transmission of 1 cm of CgF14 liquid,
which isfrequently used as a Cherenkov radiator, the two quantum efficiencies may differ by
almost a factor of two (if one accepts measurements of A. Breskin et.al.[3] as areference). In
addition, TMAE can be delivered in a gaseous form, allowing a continuous replenishing of the
photocathode. Furthermore, as observed in the SLD CRID and DELPHI RICH [4], thereisno
apparent long term loss of efficiency, which may indicate that the long term problems with TMAE
handling are under control.

Despite the fact that the TMAE photocathodes were used in a number of large experiments, one
still seeks answers to many detailed questions :

(& How can avalanche photons be quenched ? The avalanche photons may initiate secondary
ionization, occurring either in the gas or on TMAE-covered electrode surfaces, thus creating
background signals. Many experiments [4] have decided to "baffle" the anode wires using "blind
electrodes’ to limit the number of such photons either entering the drift volume or striking the
neighboring el ectrode surfaces, where they can cause the secondary photoelectrons. This may help
the off-line analysis by simplifying the event, but it doesn't help chamber avalanche quenching
issues, and it complicates the mechanical issues for applications involving many short drift cells.
Can avalanche photons be intercepted directly at the source, i.e. at the anode wire, by choosing a
suitable gas, alowing a simple mechanical structure for the chamber ? We have suggested [5]
using the single el ectron pulse height spectrum as a quantitative measure of quenching. For a
sufficiently long charge integrating gate, the secondary pulses will tend to show up as an excess at
the large pulse height end of the distribution. When fitting the Polya function, such shape will be
parametrized by a negative value of 6. At low gains, typical pulse height spectra are fitted well by
an exponential (Furry) distribution; this case correspondsto 6=0. As one increases the gas gain,
the Furry distribution typically changes to a Polya distribution with 6>0. However, in a presence
of large rate of secondary processes, the exponentia distribution turns directly to adistribution
with 6<0. These questions can only be answered in the final detector geometry operating with
final material choices, gases and voltages. Since this paper is using atest detector, it addresses a
gas dependence for a particular cathode material and geometry choice.

(b) Large dE/dx charge depositsin the detector drift volume tend to cause confusion because the
electronicsis normally tuned for a single electron response. Perhaps there would be an advantage
in choosing a helium based gas to minimize dE/dx deposits.
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(c) Findly, there is the expected large rate of wire aging in TMAE based gases [6,7].

Our study is related to a development of the Fast Drift CRID [8], which was a candidate for
particle identification at the B-factory at SLAC. Fig. 2 showsits basic geometry. It isbased on a
short drift cell of about 10 cm length, repeated many times. Carbon anode wires of 33 um
diameter are placed 0.8 mm away from the cathode, which consists of metal-plated quartz sheets.
The wire-to-wire distance is 5 mm. The coordinate along the length of the cell is measured using
drift time, and the coordinate along the width is measured by means of charge division in the
resistive carbon wires. The coordinate along the 1.5 cm depth of the cell is obtained from the
known wire location. To minimize the radial extent of the detector, we need a short Cherenkov
photon conversion length. Therefore, it is necessary to run a high concentration of TMAE, which
requires the temperature of the TMAE bubbler to be about 40°C to give a photon absorption length
of 6 mm (see CRID and CERES resultsin Ref. 4). The speed of this detector has to be only as
fast asthe dowest devicein the entire detector system, which istypically the central drift chamber.
In our case, the short cell design gives a maximum drift time of 3-4 psec and anegligible
occupancy in the B-factory environment. A description of a prototype device will be described in a
subsequent publication. In this paper we concentrate on the gas studies.

The TMAE molecule can be easily photoionized and excited. Its mean ionization potentia is only
5.4 eV and its dissociation energy to remove a CH3 fragment may be aslow as 2.7 eV; the
molecular structure of TMAE is shown in Fig.3. It isknown that there are three excitation carbon
lines C*(6.43 eV), C*(7.46 eV), C*(7.94 eV) [1] in the acceptance window defined by the CgF14
transparency and TMAE quantum efficiency (Fig. 1). Such excitations occur during the avalanche
and cause the secondary photoelectrons. The excessive production of such hard UV photons can
cause not only a background but also chamber instability. To limit the effect of such UV photons,
it is necessary to choose a carrier gas which is absorptive to such photons. An obvious candidate is
iC4H10. The low dissociation energy of the TMAE molecule is probably related to arather high
rate of wire aging. One may want to cool the avalanche electrons to reduce their energy below the
dissociation energy limit. Again, the best candidate for thisisiC4H10. We have considered three
classes of carrier gases : (a) fast gases based on CFy, to reduce event occupancy, (b) low mass
gases based on helium, to minimize the dE/dx tracking deposits in the drift cells, and (c)
hydrocarbon based gases (especially iC4H10-based gases) to obtain adequate quenching. The study
of mixtures of such carrier gases with TMAE constitutes the framework of our study.

We are interested in the change of the drift velocity when adding alarge amount of TMAE by
running the bubbler temperature as high as 40°C; this resultsin about 0.18% of TMAE relative to
the carrier gas. We do not expect the diffusion to be much affected by adding this small amount of
TMAE. We are also interested in the single el ectron pulse height spectra. As mentioned above, if
secondary avalanches occur due to insufficient avalanche quenching, the single electron spectra
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develop along tail, providing that the integration time is sufficiently long to accept these secondary
processes. We have also performed wire aging studies which will be compared with previously

published results [6,7].
It iswell known that the CF, molecule can absorb an electron and dissociate to form F~ and

CF3™ negativeionsas well as F*, CF,* and CF3* radicals. The probability for these processes

peaks at an electron energy of about 6-7 eV, i.e. the effect occurs only very near the wire when the
field is between 8 and 35 kV/cm/atm [9]. An important question is whether these processes will
cause aloss of single photoelectrons as they arrive at the avalanche region. The iC4H,o admixture
will tend to lower the average electron energy in the avalanche, and therefore it will reduce the
probability of the negative ion formation. According to Biaggi's simulation [10], an addition of
about 20% of iC4H10 should be sufficient to prevent any losses. However, this has to be yet tested,
and is not addressed in this paper.

2. DESCRIPTION OF EXPERIMENTAL APPARATUS.

The drift velocity, single electron pulse height and quenching studies were accomplished using
the experimental setup shown in Figure 4. This portion of experiment was performed at SLAC
and was described in more detail earlier [5]. A No-laser beam was reflected by two mirrors and
injected into adrift cell. The position of the second mirror could be controlled using a stepper
motor, allowing the laser beam position to be moved in precisely known steps. A portion of the
laser beam was reflected to a photodiode which was used to produce a reference start signal for the
timing measurements. To ensure that we were dealing with single electrons, the probability of
having an event per laser shot was set to lessthan 10% by attenuating the laser beam.

The drift cell is made of two sections : adrift region made of equally spaced stainless steel rings
and again region containing a20 um gold-plated tungsten anode wire surrounded by a nickel-
plated cathode. The gain and the drift regions are separated by a stainless steel foil which hasa 330
pum diameter hole, allowing electrons to enter the gain region. The spacers between the stainless
steel rings have small openings for the laser beam, allowing atypical step of 5 mm between two
laser positions. The drift field was defined by the potentials V| and V, . The maximum drift field
wastypicaly 2 kV/cm/atm and was limited by either the 10 kV power supply limit or an electrical
breakdown originating in the drift structure. The wire gain was controlled by the potentials V- and
V| . Normally, the gain was kept fixed and the drift field varied by changing the V| voltage in

small steps.

Avalanchesinitiated by single photoel ectrons were detected by an amplifier of the type used for
the CRID detectors [4] of the SLD experiment. The amplifier output was split, and using aLRS-
612 post-amplifier, the two outputs were discriminated at two different threshold levels. Both
signals were then digitized separately in aLRS TDC-2228. The doubl e threshold technique was
used to improve the timing resolution of the single electron pulses.
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We measured the single electron pulse height spectrausing aLRS QVT-3001 operated in the
charge integrating mode, with an internal 600 ns gate width. To estimate the wire gain we have
calibrated the QVT spectrum by injecting charge into the amplifier input. We fitted the single
electron pulse height spectra with a Polya function and estimated the mean "visible" gain from the
fit. Thevisible gainisaportion of the total gain seen by our integration time (600 ns). A correction
to get the total wire gain was calculated using a knowledge of the QVT gate width, mobility of
positive ions and known time devel opment of the charge, assuming for simplicity a cylindrical
geometry. The correction factor was about 1.5-2.0. We aso applied a cut on small pulses near the
pedestal typicaly below 2-4 fC, to avoid an unreliable region near the threshold of the internal
gating circuit.

For detection of insufficient quenching, we have displayed the amplifier pulses on adigital
oscilloscope, HP-54502A, during the measurements. I nsufficient quenching would show up either
as an irregular shape or as a sequence of multiple pulses following the primary avalanche.

The whole process was controlled by a Macintosh I1cx with aBergoz MAC-CC controller
coupled to CAMAC and GPIB interfaces. The GPIB interface communicated with a Keithley
Digital Multi-meter#196 which monitored various analog voltages and resistances. The system
recorded gas temperature, barometric pressure, oxygen and water concentration. The software was
based on MAC-UA1 software, and included improvements to alow on-linefitting to linear,
Gaussian and Polya functions. The measurement operation was completely under computer
control, including the laser beam positioning, voltage control of Bertan power supplies, etc. The
typical event logging rate was 20 Hz.

The gas mixing was performed using two mass flow controllers [11]. Prior to mixing the flow
rate of each controller was calibrated by a soap bubble flow meter. We used an Oxisorb filter [12]
and a 13X molecular sieve [13] during all measurements to remove the oxygen and water.
However, in case of the CF4 gas with the TMAE additive, this was not enough : the "99.7%
purity” CF4 gas that we used was normally contaminated by something other than oxygen, but
which caused the oxygen cell to read at alevel of 30-50 ppm. The oxygen meter used an A2C
electrolytic cell [14]. This problem isimportant for the TMAE work, since alow oxygen level is
typically used to "certify" agiven gas setup. The oxygen level needsto be below the 1-2 ppm level
before tests can continue, because the TMAE molecule is very reactive with oxygen, producing
electronegative impurities that affect the electron lifetime. A large production rate of TMAE-
oxygen byproducts would also contaminate the gas system. We found that the problem of false
oxygen readings can be solved by adding asilicagel [15] and an elemental copper filter [16].
Neither the Oxisorb nor the 13X molecular sieve filters solved this problem. We achieved a0.3
ppm level of oxygen after the elemental copper filter was introduced, at aflow rate of about 50
cc/min. Thesilicage filter isthere to protect the active surfaces of the elemental copper, which
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actually perform the cleaning. The water level in the carrier isless critical for the tests using
TMAE. The 13X molecular sieve filter was used, obtaining about 1-2 ppm of H20. It ispossible
to buy CF4 of "99.999% purity”, but it is very expensive. Without the above mentioned special
filtering with the elemental copper, we obtained 2-3 ppm of oxygen, and used that solution in
severa tests performed at LBL and at the Weizmann institute [17]. However, in the SLAC gas
system, we normally used CF4 of "99.7% purity” with the filtering described above. Table 1
shows the purity and sources of gases used in this paper.

TMAE was added to the carrier gas by bubbling the gas through liqguid TMAE. The TMAE
bubbler temperature was set between 15°C and 40°C, corresponding to a TMAE vapor pressure
between 0.24 and 1.36 Torr. The TMAE vapor pressure as a function of temperature was
calculated according to the Clausius-Clapeyron equation :

1 1
P=A eXp[B(T—-;)], 1)

o

where T istemperature in degrees Kelvin, T, is areference temperature, and P is the vapor
pressurein Torr. Anderson [2] has determined A = 0.500 Torr, B = 6372°K, T, = 300°K. The
Delphi RICH group quoted dlightly different values[18] : A = 0.563 Torr, B = 6285°K and T =
300°K. We will use the Delphi's valuesin this paper.

The TMAE used in the present tests was cleaned by the same technique used for the CRID
detector [4] by (a) washing it with deionized water, (b) filtering through silicagel, 3A and 5A
molecular sieves, and (c) keeping it under partial vacuum by pumping at about 1-3 Torr for 15-20
hours. In the earlier TMAE wire aging tests [6], the vacuum pumping step was not performed.

The detector vessel temperature was set about 10°C higher than the bubbler temperature to
prevent condensation. Small variations of temperature during a measurement were corrected to a
nominal detector temperature T, i.e., the calculation of E/p isquoted at T+273, where T isthe
detector temperature in a given measurement. In this paper we quote results at two nominal
temperatures, at 298 and 323°K. Similarly, small variations of pressure were corrected to a
nominal pressure of 1 atm = 1013.6 mb.

The wire aging studies were performed at LBL using two types of detectors. Thefirst type of
detector is shown in Figure 5a and was described in more detail in reference 6 and 7. All tests used
a5 mCi Fed radiation source. The Fed> X-rays had to penetrate a stainless stel foil of 12 um
thickness before entering the active volume of the chamber. Various types of anode wires were
placed into a cathode dot, which had the same geometry as the CRID detectors [4]. The cathode
was made of nickel plated aluminum, the plating technique used was the electroless nickel process.
A typicd initia current was about 100-200 nA at a CRID operating point that correspondsto a
total wire gain of about 2x10°. The source illuminated about 5 mm of wire length on average. The
second type of detector used in the wire aging study had 10 mm inside diameter copper tubes, with
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athin aluminum window to allow the Fed source X-rays to penetrate into the active volume of the
tube (Fig. 5b). The tube used 50 um gold-plated tungsten anode wire. In this case, the source
illuminated about 3 mm of wire length.
3. EXPERIMENTAL RESULTS.
3.1. Quenching properties of TM AE-laden gases.
3.1.1. CF4+TMAE

The principle motivation to try this particular gas was its high electron drift velocity. There would
also be a considerable operational advantage in using a single-component carrier gas.

We immediately noticed that this particular gas mixture has difficulty quenching adequately,
resulting in frequent chamber trips. Insufficient quenching is caused by an inability of the
avalanche to extinguish itself : the avalanche breeds another one creating an instability. This

secondary avalanche breeding isillustrated by the single el ectron pulses shown in Figure 6. Figure
6a shows a reasonably well behaved single electron pulse in CF4 gas without TMAE. Thisisto be

compared to Figure 6b showing poorly quenched pulsesin CF4+TMAE gas with TMAE bubbler
at 400°C and the detector at 50°C. The pedestal is not shown because there were too many events
with no signal, due to the small probability to detect a single photoelectron (causing the QVT
overflows). The poor quenching is accompanied by formation of many pulses corresponding to
multiple avalanches. Subsequently we found an explanation for this effect [19] : CF4 hasavery
strong emission line near 165 nm, which can easily ionize TMAE molecule. This may explain
above mentioned "bad quenching behavior" of thisgas. The CF4+TMAE gasisthe only gas
where we have seen along tail (10-20 ns) in the distribution of time arrival of the charge.
Nominally thisdistribution is close to Gaussian [5]. The reason for the tail is probably adelay due
to deexcitation of CF4 molecules. Our work motivated enough interest to promote further study on
the CF4 scintillation in reference 17.

The insufficient quenching in CF4+TMAE gas can be quantified by measuring the single
electron pulse height spectra[5]. If the avalanche breeding or the secondary cathode processes
cause the chamber pulsesto look like those in Figure 6b, single electron pulse heights start
developing an excess at the large pulse side of the spectrum, provided that the integration gate is
sufficiently long. The Polyadistribution parameter 6 may be a good parameter for indicating a
development of along tail in the pulse height spectrum, if "avalanche breeding” occurs. The Polya
function is defined asfollows :

Pla) D1 (1+) TP e+ /D

where q is the number of electronsin the avalanche and q is the corresponding mean number of
electrons. A positive value of 6 indicates good quenching, while a negative value 0 indicates poor



guenching. Table 2 shows our results for various gases. One can see that CF4+TMAE gases have
very negative values of 0, supporting our model.

However, there is another way to recognize poor quenching. If the single electron pulse height
spectrum is plotted on alogarithmic scale, a negative value of 8 corresponds to a case when an
excessisobserved above alinear decrease at large pulse heights, i.e. the decrease is dower than
exponentia. To illustrate this behavior, Fig. 7 shows a comparison of single electron spectra of
CF4+TMAE and CF4. Fig. 7a shows the spectrum in a"new chamber" (see below) with the CF4
gas (detector at 25°C), Fig. 7b shows the same for CF4+TMAE (bubbler at 15°C; detector at
300C) and Fig. 7c the same for even higher TMAE concentration (bubbler at 40°C; detector at
50°C).

In addition to two previously mentioned characteristics, one can also observe avery large
dependence of the wire gain on the voltage in poorly quenched gases. Among the gases presented
in Table 3, the CF4+TMAE has the largest sensitivity of gain to voltage. Furthermore, the
CF4+TMAE gas has atendency to create the self-sustaining cathode currents triggered by an
intense radioactive source, smulating high background conditions.

Finally, we would like to mention a phenomenon of "photosensitive memory". Once the TMAE
was introduced to the chamber operating with CF4 gas, the chamber had a"memory" of the
TMAE even after avery extended period of 5 weeks with N2 gas flowing (vacuum pumping was
not possible in this case). Such a TMAE exposed chamber, operating with the CF4 gas, never
reaches the same maximum wire gain compared to a"new chamber” prior the introduction of
TMAE. The exposed chamber behaved asif the cathode surfaces were photo-sensitized and that
the avalanche photons from the CF4 excitation drove the chamber easily into an instability (we
think that there remains some residual contamination of TMAE or its reaction products on the
surfaces, causing this behavior).

3.1.2. CF4+iC4H 10+ TMAE.

Adding 20% or more of iC4H10 to CF4+TMAE greatly improves the chamber quenching
behavior. For example, it could again reach its pre-TMAE "new chamber" operating voltages
without any problem. Fig. 8 shows single electron spectrain CF4+iC4H10+ TMAE gases. Fig. 8a
shows 80%CF4 +20%iC4H 10 (no TMAE; detector at 25°C) gas with a positive 8 = +0.324 (see
Table 2), indicating sufficient quenching. However, Fig. 8b indicates that addition of TMAE
(bubbler at 400C; detector at 50°C) makes 8 negative (6 =-0.636). More iC4H1g isneeded to
stabilize the avalanche process. Fig. 8c indicates that 32% of iC4H10 givesjust about exponential
behavior (6~0). Fig. 8d indicates further improvement in quenching as more iC4H1g is added; in
this case the mixture is 63.5% CF4 +36.5% iC4H10 (bubbler at 40°C; detector at 50°C) yields 6=
+0.626. Thisresult suggeststhat 6 isvery sensitive.



Fig. 9 shows voltage-gain characteristics for two groups of gases, one is CF4+TMAE, and the
other is a better quenched CF4+ iC4H10+TMAE. One can see that CF4, if mixed with TMAE, has
much steeper gain dependency on the voltage compared to CF4+iC4H10+TMAE. Table 3 shows
this quantitatively. It indicates that the lope dG/dV is a sensitive indicator of poor quenching :
CF4+TMAE gas (TMAE bubbler at 40°C and the detector at 50°C) has the worst quenching of all
gases we have tested, and has also the largest slope.

3.1.3. CH4+TMAE.

Fig. 10a shows the CH4 pulse height spectrum without the TMAE. Fig. 10b indicates that
CH4+TMAE has quenching difficulties somewhat similar to those of CF4+TMAE, athough to
much lesser extent. Confirmation of thisisgivenin Table 2, where 6 is seen to change from
+0.422 t0 -0.093 as the gas is changed from CH4 to CH4+TMAE.

3.1.4. CoHs+TMAE.

This particular gasisused inthe SLD Barrel CRID [4]. Thereis direct experience with the rate of
secondary avalanche hitsin the SLD experiment, which gives us a chanceto "calibrate" our
guenching model. The observed rate of secondary photoelectrons in the drift volume is about 1%
for every primary single electron avalanche. By removing the photon blocking e ectrode structure
(blinds) in the SLD Barrel CRID [4], one would keep asimple wire geometry asis planned for the
Fast Drift CRID (Fig. 2), and the rate of secondary photoel ectrons would increase to 7-8%. Our
test, asone can seein Fig. 11 and Table 2 indicates that CoHg+TMAE belongs to the category of

well-quenched gases (6=+0.235), according to our model.
3.15.iC4H10+tTMAE.

Fig. 12 and Table 2 clearly indicate that iC4H10+ TMAE is one of the best quenched gases we
have tested (8=+0.639). In addition, the gain-voltage dependence is smallest (Fig. 13 and
Table 3).

3.1.6. COx+CoHg+TMAE.

Thisgasisused in the SLD Endcap CRID [4], which needs a slower gasto reduce the Lorentz
angle due to the ExB effect. Fig. 14 show the pulse height spectra. A comparison of Fig. 14b with
Fig. 11b shows that this gas has somewhat poorer quenching behavior than the SLD Barrel CRID
gas CoHg+TMAE. Table 2 indicates 6=+0.107 for 15%CO>+ 85%CyHg+TMAE gas compared
to 6=+0.235 for CoHg+TMAE. Table 3 indicates that the CO,/CoHg/ TMAE also has a steeper
gain-voltage dependence. Although thereis this difference between these two gases using our
guenching model, the SLD Endcap CRID operates successfully. However, based on testsat SLD,
only ~100 extra Volts is needed on the cathode to drive a very large fraction of eventsinto pulse
height saturation, indicating that the gas may be sensitive to the quenching problem.



3.1.7. HetiC4H 10+t TMAE.

Fig. 15 shows several single electron pulse height spectra from tests of He+iC4H10+TMAE
mixtures. From Table 2 we can see that about 20% of admixture of iC4H 10 in helium appears to
provide good quenching (6=+0.216). However, judging from the gain-voltage dependence (see
Table 3), a40% admixture of iC4H1g is preferable.

3.1.8. HetCoHg+TMAE.

From Fig. 16 and Table 2 we conclude that 50%He+50%CoHg+TMAE has sufficient

guenching (6=+0.273).
3.2. Drift velocity.

It isimportant to understand the effect on the drift velocity of adding arelatively large amount of
TMAE. In the case of very fast CF4 based mixtures, the effect of TMAE isto reduce the drift
velocity, while in the case of the helium-based gases, the effect is to increase the drift velocity.

Fig. 17 shows a comparison of the drift velocity for CF4 (no TMAE, detector at 25°C), CF4 +
TMAE (bubbler at 15°C, detector at 30°C), and CF4 + TMAE (bubbler at 40°C, detector at 50°C).
One can see that arelatively large addition of TMAE (~0.18% relative to the carrier gas) lowersthe
drift velocity only at the lower fields, and the gas still remains fast.

Fig. 18 shows a comparison of the drift velocity between 80%CF4 +20%iC4H10 (n0o TMAE,
detector at 50°C), 80% CF4 +20% iC4H10 + TMAE (bubbler at 40°C; detector at 50°C), 68%
CF4 +32% iC4H10 + TMAE (bubbler at 40°C; detector at 50°C), and 63.5% CF4+36.5%
iC4H10+TMAE (bubbler at 40°C; detector at 50°C). It is apparent that this group of gases
containing iC4H1g is aready somewhat slower than the CF4 gas.

Fig. 19 shows the drift velocity in slower gases CoHg, iC4H10, 50% He+50% CoHg , 15%
CO2+85% CoHg, 80% Het+20% iC4H10, 60% Het+40% iC4H 10 with and without TMAE addition
(bubbler at 40°C; detector at 50°C).

One can conclude that if one chooses iC4H10+TMAE gas because of the quenching argument,
the Fast Drift CRID will achieve ~3.3 cm /psec at 1 kV/cm; achoice of 60% He+40% iC4H10
gives~2.9 cm/usec. Therefore, in the Fast Drift CRID design, the ten cm drift will require up
to~3 usec.

3.3. Wireaging.

One does expect a high rate of polymerization in TMAE-laden gases because the low mean
ionization potential of the TMAE molecule, 5.4 eV, provides the photoionization capability, and
because the N-CH3 bond strength is less than 3 eV, giving a high degree of fragility (see Fig.3).

Early tests were performed at SLAC in the apparatus described by Fig. 5a[6]. Recently, some
of the tests were repeated in the same gpparatus including different wire diameters and gases. The
tests included not only the anode wire aging, but also measurement of charging effects and self-
sustaining cathode currents [7]. To verify and complement the SLAC wire aging resultsin a
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completely different setup, we also performed the wire aging tests at LBL in a setup described
earlier [20].

It isuseful to remind the reader of the non-TMAE resultsfirst [21]. It was observed earlier that
the pure CF4 has avery rapid aging rate. The wire gain drops by more than 100000 %/C/cm in the
first few mC of a charge dose. This was not expected since we did measure very low aging rates
with mixtures such as 80%CF,+20%iC4H . A model explaining this effect is given in references
20 and 21 and indicates that the problem is caused by the cathode related effects .

Fig. 20 shows two wire aging results with CF4+TMAE; with the TMAE bubbler operating at
40.6°C and the detector at 50°C : (a) with 33 um diameter carbon wire in the detector of Fig. 5a
and (b) with 50 um diameter gold plated tungsten wire in the detector of Fig. 5b. In both types of
detectors we have observed a seemingly strange result . The current would initialy drop, asina
normal wire aging experiment, but after few minutes the current would slowly start increasing, as
if the cathode were coated with some photosensitive material which produced a photocurrent
initiated by the photons from the avalanche. At that time we did not yet know that the CF4 isavery
good emitter of photonsin aform of scintillation light at about 165 nm, just at a wavelength where
TMAE has large quantum efficiency [17,19]. As the cathode deposits build up during the wire
aging test, a photocurrent triggered by the CF4 excitations increases, causing the behavior seenin
Fig. 20. In addition, it was a so noted that the chamber would rather easily develop self-sustaining
cathode currents, i.e. currents which would persist even when the source was removed.

The gas 80%CF4+20%i C4H10+TMAE exhibits the usual wire aging behavior for TMAE, i.e. a
rather smooth decrease as a function of charge dose. Fig. 21 shows experimental results with this
gas together with the previous results[ 6,7]. It is seen that the use of larger diameter anode wire
reduces the wire aging rate. For large anode wires the TMAE aging rate is comparable to the aging
rate of a chamber without the TMAE. This confirms the old result which showed that the larger
the anode wire diameter, the smaller the wire aging rate [6,7]. Fig. 22 shows that the wire aging
rate isindependent of TMAE concentration. This also confirms the previous results [6,7].

We also have confirmed the previous results[6,7] that the wire aging deposits can be evaporated
by passing asmall current through the wire and heating it. In Fig. 22 we used one "new" and two
"regenerated” wires. In this particular case we used the 33 um diameter carbon wire, ~70 Volts
across the wire and ~40 mA current for about 2 minutes.

For a comparison, we have also performed some non-TMAE wire aging tests to see how they
differ from those for the TMAE-laden helium mixtures. Table 4 summarizes al resultsincluding
the previous results given in reference 6 and 7. Notice that the helium based non-TMAE results are
about 1000 times better than the results with TMAE.

4. CONCLUSIONS
a) We have investigated criteriafor quenching in avalanche counters using a quantitative model
11



[5] based upon the Polya function fits to the single el ectron pulse height spectrum. This model
has been successfully applied to gases with and without TMAE. From the fitted mean charge
g , we have determined the wire gain, and from the parameter 6, we can predict the quenching
capability. A positive value of 0 indicates good quenching, while anegative 6 indicates poor
guenching. According to this model one should choose a gas with the largest possible

positive 6.

b) Increased TMAE concentration causes a decreasein 6.

c) The CF4 +TMAE mixture is the poorest gas we have tested with regard to quenching. We
believe thisis because photons from avalanche-excited CF4 molecules arein the TMAE
photoionization window. This gasis aso very prone to excitation of self-sustaining
currents. We think that this gas would be a very bad choice.

d) We recommend adding at least 50% of iC4H 10 to the CF4 +TMAE mixture to ensure good
guenching.

€) CH4+TMAE exhibits quenching difficulties similar to those of CF4+TMAE, but to a much
smaller degree.

f) The best quenching candidate for the Fast CRID isiC4H10+t TMAE.

g) He+tTMAE with admixture of 20-40% of iC4H1o is aso an interesting choice, because it would
reduce dE/dx depositsin the chamber.

h) A relatively large addition of TMAE (40°C bubbler temperature), does not alter the drift

velocity
significantly. In CF4-based gases, the drift velocity is decreased, whilein the helium-based
gases the drift velocity is increased.

i) We have confirmed the previous wire aging results[6,7], that the TMAE wire aging deposits
can be removed by heating the carbon anode wire with asmall current, and that the rate of

aging
isinversely proportional to the anode wire diameter.
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FIGURE CAPTIONS
1. Quantum efficiency of TMAE compared to Csl [3]. The graph also shows a transmission of
1 cm of CgF14liquid, which isatypical radiator in the CRID detectors, and defines a short
wavelength acceptance edge.

2. Fast CRID with short drift cell geometry and no blind structure blocking the avalanche photons.

3. TMAE (Tetrakis dimethylamino ethylene) molecular structure.

4. Experimental setup used to measure the drift velocity, single electron pulse height spectra and
guenching characteristics.
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5. (@) Thefirst setup used to perform the wire aging and rate dependent effectsat SLAC in
references 6 and 7; (b) The second setup to perform the wire aging at LBL.

6. Examples of (a) well quenched single electron pulse in CF4 gas, and (b) poorly quenched pulses
using CF4+TMAE gas (bubbler at 40°C; the detector at 50°C), which demonstrate avalanche
breeding.

7. Our measurements of single electron spectra (a) in the "new chamber" with the CF4 gas
(detector at 25°C); (b) for CF4+TMAE (bubbler at 15°C; detector at 30°C); (c) for CF4+
TMAE (bubbler at 40°C; detector at 50°C). Solid lineis an indication of exponentia shape.

8. Our measurements of single electron spectrain (a) 80% CF4+20% iC4H10 (no TMAE; detector
at 25°C), 6 > 0; (b) 80% CF4+20% iC4H10 +TMAE (bubbler at 40°C; detector at 50°C), 6
<0; (c) 68% CF4 +32% iC4H10 +TMAE (bubbler at 40°C; detector at 50°C), 6 ~0; (d)
63.5% CF4 +36.5% iC4H10+ TMAE (bubbler at 40°C; detector at 50°C), 6 > 0. Solid lineis

an indication of exponential shape.

9. Our measurements of voltage-gain characteristicsfor CF4+TMAE (bubbler at 15°C; detector
at 30°C; closed squares), CF4+TMAE (bubbler at 40°C; detector at 50°C; closed circles),
80%CF4 + 20%iC4H10+TMAE (bubbler at 40°C; detector at 50°C; open squares),
68%CF4+ 32%iC4H10+TMAE (bubbler at 40°C; detector at 50°C; open diamonds),
63.5%CF4+36.5%i C4H10+ TMAE (bubbler at 40°C; detector at 50°C; + points), 80%CF4+
20%iC4H10 (no TMAE; detector at 25°C; open circles).

10. Our measurements of single electron spectrain (a) the CH4 gas (detector at 25°C); (b) for
CH4+TMAE (bubbler at 40°C; detector at 50°C). Solid lineisan indication of exponential
shape.

11. Our measurements of single electron spectrain (a) the CoHg gas (detector at 25°C); (b) for
CoHet+TMAE (bubbler at 400°C; detector at 50°C). Solid lineis an indication of exponential
shape.

12. Our measurements of single electron spectrain (a) the iC4H10 gas (detector at 25°C); (b) for
iIC4H10+TMAE (bubbler at 40°C; detector at 50°C). Solid lineis an indication of

exponential shape.

13. Our measurements of voltage-gain characteristicsfor (a) non-TMAE gases (detector at 50°C)

80%He+ 20%iC4H 10 (open circles), 50%He+ 50%CoHg (open diamonds), CoHg (closed
squares), 15%C0,+85%CoHg (+ points), iC4H10 (closed circles), (b) TMAE laden gases
(bubbler at 40°C; detector at 50°C) : 80%He+ 20%iC4H10+TMAE (open circles), 50%He+
50%CoHg+TMAE (open diamonds), 60%He+ 40%iC4H10+ TMAE (closed diamonds),
15%C02+85%CoHg+TMAE (+ points), CoHe+ TMAE(closed squares), CH4+ TMAE
(open squares), iC4H10+ TMAE(closed circles).
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14. Our measurements of single electron spectrain (a) the 15%C02>+85%CoHg gas (detector at
25°C); (b) for 15%C02+85%CoHe+TMAE (bubbler at 40°C; detector at 50°C). Solid
lineisan indication of exponentia shape.

15. Our measurements of single electron spectrain (a) 80% He+20%iC4H1g0 (no TMAE; detector

at 25°C), 6 > 0; (b) 80% He+20% iC4H10 +TMAE (bubbler at 40°C; detector at 50°C),
0~ 0; (c) 60% He +40%iC4H10 +TMAE (bubbler at 40°C; detector at 50°C), 6 > 0. Solid
lineisan indication of exponentia shape.

16. Our measurements of single electron spectrain (a) the 50%He+50%C>Hg gas (detector at
250C); (b) for 50%He+50%CoHs+TMAE (bubbler at 40°C; detector at 50°C). Solid lineis
an indication of exponential shape.

17. Our measurement of the drift velocity for CF4 (no TMAE; detector at 25°C; closed circles),
CF4+TMAE (bubbler at 15°C; detector at 30°C; open squares), and CF4+TMAE (bubbler at
400C; detector at 50°C; open circles). Curveisonly for eye guidance.

18. Our measurement of the drift velocity for 80% CF4 +20% iC4H10 (no TMAE; detector at
500C; closed circles), 80% CF4 +20% iC4H10 + TMAE (bubbler at 40°C; detector at 50°C;
open sguares), 68% CF4 +32%iC4H10+TMAE (bubbler at 40°C; detector at 50°C; open
circles), and 63.5% CF4 +36.5% iC4H 10+ TMAE (bubbler at 40°C; detector at 50°C;
closed sguares). Curves are only for eye guidance.

19. Drift velocity in various gases : (@) with no TMAE and 24°C detector temperature : CoHg

(open

sguares), iC4H10 (closed squares), 50% He+50% CoHg (open circles), 15% CO>+85% CoHg
(open diamonds), 80% He+20% iC4H 10 (closed circles); (b) with 40°C TMAE bubbler and
500C detector temperature : CoHg (open squares), iC4H 10 (closed squares), 50% He+50%
CoHg (open circles), 15% CO2+85% CoHg(open diamonds), 80% He+20% iC4H 19 (closed
circles); 60% He+40% iC4H10 (crosses). Curves are only for eye guidance.

20. New wire aging results with CF4+TMAE, with the TMAE (40°C bubbler; 50°C detector;

open
sguares) in the detector of Fig. 5awith a33 um diameter carbon wire; the same, but in
the detector of Fig. 5b with 50 um diameter gold plated tungsten wire (open circles).

21. New wire aging results in 80%CF4+20%i C4H1g gas (no TMAE; detector at 24°C; open
triangles) in the detector of Fig. Sb witha50 um diameter gold plated tungsten wire; the

same, but with TMAE (15°C bubbler; open circles); in 80%CF4+ 20%iC4H10 gas with
TMAE (40°C bubbler; detector at 47.6°C; open squares) in the detector of Fig. Sawith a33
pum diameter carbon wire; in CoHg with TMAE (27°C bubbler; detector at 40°C; open
diamonds) in the detector of Fig. Sawith 7 um diameter carbon wire (CRID Barrel
condition).
14



22. New wire aging results in 80%CF4+20%i C4H1g gas with TMAE (40.6°C bubbler; detector at
47.69C; open circles) in the detector of Fig. S5awith a"regenerated” 33 um diameter carbon
wire; the same with the detector at 61.5°C (open diamonds); the same with a"new" wire,
detector at 24°C and TMAE bubbler at 17.8°C (open squares).
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Table 1 - Purity of gases used in thiswork

Gas Source of gas Specification of purity Used in graph # or Table #
CoHg Liquid Belge Very high purity; used in the SLD CRID 11,12,14,16,19

CoHg Matheson "CP - Grade" 21

He Matheson 99.999 % 11,15,16,19,21,

CO2 Liquid Carbonics 99.998 % 14, 19

iC4H10 | Matheson 99.5% 8,9,13,15,18,19,21, 22

CF4 AlphaGaz 99.999 % 20,21, 22

CFg Liquid Carbonics 99.7 % 6,7,8,9,17,18,19

CHg Matheson "CP - Grade" 10
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Table 2 - Summary of Polyafitsto single electron pulse heights
(20 um wire diameter, Eais electric gradient on the anode wire surface,
Vcis cathode voltage, 8 isaPolyafunction parameter and np is number of

degrees of freedom).
G a S Ve Approx. Mean \isible 0 X2 I n,
[kV] Ea[kV/cm] charge q [€]

CF4 -1.95 ~396 7.5x 105 +0.209 1.02
(wire at 249C) +0.024
CF4+TMAE -1.62 ~334 2.3x 10° -0.553 122
(bubbler at 159C, wire at 24°C) +0.008
CF4+TMAE -1.415 ~295 1.7 x 10° <-0.999 >10
(bubbler at 409C, wire at 509C)

80%CF 4+ 20%IC2H10 175 ~358 3.2 x 10° +0.324 139
(wire at 249C) +0.037
80%CF 4+ 20%iCgqH1 0+ TMAE -1.605 ~331 1.3x 10° -0.636 1.98
(bubbler at 40°C, wire at 509C) +0.004
68%CF 4+ 32%i C4H 10+ TMAE -1.606 ~331 1.6 x 10° +0.014 1.61
(bubbler at 40°C, wire at 50°C) +0.018
63.5%CF 4+ 36.5%i C4H 10+ TMAE -1.605 ~331 1.6 x 105 +0.626 2.74
(bubbler at 400C, wire at 50°C) +0.015

CHg -1.806 ~369 3.0 x 10° +0.422 1.09
(wire at 240C) +0.010
CH4+TMAE -1.758 ~360 2.4 x 10° -0.093 129
(bubbler at 400C, wire at 50°C) +0.010

CoHe -1.806 ~369 4.0x 10° +0.415 0.99
(wire at 249C) +0.009
CoHg+TMAE -1.657 ~341 25x 10° +0.235 116
(bubbler at 400C, wire at 50°C) 0011

iC4H10 -1.956 ~398 1.8x 10° +0.733 175
(wire at 249C) +0.008

iC4H10+ TMAE -1.956 ~398 1.9 x 10° +0.639 1.26
(bubbler at 400C, wire at 50°C) +0.008
15%CO2+85%C2Hg -1.805 ~369 2.9 x 10° +0.409 117
(wire at 249C) +0021
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15%CO2+85% CoHg+ TMAE -1.636 ~337 1.8 x 10° +0.107 116
(bubbler at 409C, wire at 50°C) +0.010
50%He+50%C2Hg -1.406 ~293 2.1x 10° +0.274 0.90
(wire at 2490C) +0015
50%He+50%CoHg+ TMAE -1.274 ~268 1.7 x 105 +0.273 105
(bubbler at 409C, wire at 50°C) +0.008
80%He+ 20%iCaH10 -1.255 ~265 2.8 x 10° +0.338 1.03
(wire at 249C) +0.021
80%He+ 20%iC4H 10+ TMAE -1.174 ~249 1.9 x 105 +0.216 1.04
(bubbler at 40°C, wire at 50°C) +0.007
60%He+ 40%i C4H 10+ TMAE -1.374 ~287 2.2 x 10° +0.226 1.18
(bubbler at 409C, wire at 50°C) +0.005

Table 3 - Gain dependence on voltage (20 um tungsten wire diameter).

Gas

G(V+100/ At G . - 2x10°
G(V) VI S

[Gai nincreaseper 100 V]

CF4 (wire at 24°C)

CF4+TMAE (bubbler at 159C, wire at 24°C) 74
CF4+TMAE (bubbler at 400C, wire at 50°C) 117
80% CF4+20% iC4H10 2.38
80% CF4+20% iC4H10+TMAE (bubbler at 40°C, wire at 50°C) 3.95
68% CF4+32% iC4H10+TMAE (bubbler at 40°C, wire at 50°C) 315
63.5% CF4+36.5% iC4H10+TMAE (bubbler at 400C, wire at 50°C 2.93
CHg (wire at 249C) 3.06
CH4+TMAE (bubbler at 400C, wire at 50°C) 2.80
CoHg (wire at 249C) 2.34
CoHg +TMAE (bubbler at 40°C, wire at 50°C) 2.34
iC4H 10 (wire at 240C) 2.03
iC4H10+TMAE (bubbler at 40°C, wire at 50°C) 2.14
15% CO+85% CoHg (wire at 249C) 2.18
15% CO2+85% CoHg+TMAE (bubbler at 400C, wire at 500C) 2.76
50% He+50% CoHg (wire at 240C) 2.84
50% He+50% CoHg+TMAE (bubbler at 40°C, wire at 50°C) 2.97
80% He+20% iC4H10 (wire at 249C) 4.30
80% He+20% iC4H10+TMAE (bubbler at 400C, wire at 50°C) 331

2.87

60% He+40% iC4H10+TMAE (bubbler at 40°C, wire at 50°C)
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Table 4 - Gain decrease as a function of a charge dose [%/C/cm or %/mC/cm]
caused by the anode wire aging; TMAE tests used 33 um carbon wire

diameter (unless specified differently); non -TMAE tests used 20 um

tungsten wire diameter; use a Fe®> source to cause the wire damage.

TMAE based gases

Gain change
as a function of
charge dose

Total Gain
drop after an
accumulated

TMAE : bubbler at 40°C, wire at 50°C taken near charge dose
~1 mC/cm of 1 mC/cm
[%/mC/cm] [%0]
80% CF4+20% iC4H10+TMAE 27.7 £0.7 ~44
80% CF4+20% iC4H10+TMAE (50 um) 11.1 +2.5 ~12
CH4+TMAE 6.3 £1.0 ~30
CoHg +TMAE 6.2 +0.6 ~15
CoHg +TMAE (7 um) 14.1 +0.8 ~83
iC4H10+TMAE 10.2 +0.5 ~28
15% CO2+85% CoHg+TMAE 23.0 +2.3 ~65
50% He+50% CoHg+TMAE 159 +1.5 ~32
80% He+20% iC4H10+TMAE 5.8+0.1 ~11
60% He+40% iC4H10+TMAE 13.0 £0.7 ~23
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Fig.1
Fig.2
Fig.3
Fig.4
Fig.5
Fig.6
Fig.7
Fig.8
Fig.9
Fig.10
Fig.11
Fig.12
Fig.13
Fig.14
Fig.15
Fig.16
Fig.17
Fig.18
Fig.19
Fig.20

Non -TMAE based gases

Gain change
as a function of
charge dose

taken near

~80 mC/cm

[%/C/cm]

95%He+5%C2oHg 0.1 £ 0.1

78%He+15%C02+7%iCaH10 30 0.2
80% CF4+20% iC4H10 46 * 0.1
50% He+50% CoHg 23+ 0.2
70% He+30% C3Hg 44 + 1.2

7618A20
7872A6
5563A9
6936A1
7618A2
7618A4
7618A11
7618A12
7618A6
7618A22
7618A23
7618A24
7618A15
7618A18
7618A17
7618A16
7618A3
7618A5
7618A14
7618A8
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Fig.21
Fig.22

7618A9
7618A10
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