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This note summarizes the results of a study carried out on the aging
effects in low pressure wire multiwire proportional chambers operated with gas
mixtures containing TMAE. A complete description of the results is given in
Ref. 1. The purpose of the study was to investigate the effects of radiation
damage in low pressure wire chambers used as a part of a BaFj-TMAE calorimeter
operated at high rates for an extended period of time. The motivation of
undertaking this work was a report [2] of aging effects seen at very low charge
levels (- 10"1* C/cm) in wire chambers operated with TMAE at atmospheric
pressure. The hope was that the aging effects would be less severe at low
pressure due to the fact that a substantial part of the gas gain takes place in a
parallel plate avalanche mode, and hence the avalanche is spread over a much
larger region than just around the anode wires. This hope was partially
fulfilled, although aging effects are still observed in the low pressure
chambers. Fortunately, for high energy applications such as the SSC, the gas
gain required for a BaF2-TMAE calorimeter is rather low, which should greatly
reduce the aging effects and allow the detector to be used in a number of regions
of interest for high rate calorimetry.

The operation of the BaF2-TMAE calorimeter has been described elsewhere [3].
Its main advantages for use in high rate applications are that it utilizes only
the fast uv scintillation component of the BaF2 (" 0.6 ns decay time) and that
the wire chamber is operated at low pressure. Low pressure operation is an
advantage at high rates since the time response is faster due to the higher
positive ion mobility, and the detector is not sensitive to direct ionization
loss in the gas by charged particles. Moreover, since a wire chamber readout is
used to detect the scintillation light from the crystals, it allows for easy
longitudinal and transverse segmentation by the use of cathode pads, provides a
direct electronic readout, and will work inside a magnetic field. BaF2-TMAE
detectors have been tested at high rates and shown to operate efficiently of up
to 107 Hz per readout element [3,4]. The disadvantages are that the quantum
efficiency is much lower than a photomultiplier tube, (which is not a problem at
high energies), and the aging effects due to the TMAE. The barium fluoride
itself is extremely radiation hard, showing little effect with doses of up to
more than 10 rads [5].

The measurements on aging at low pressure were carried out using the
apparatus shown in Fig. 1. UV light was produced by a deuterium lamp which
passed through a narrow band filter simulating scintillation light produced by
BaF2. The light passing through the crystal (which acted merely as a uv
transmitting window in this case) photoionized the TMAE in the detector. The
photoelectrons were amplified by the multiwire chamber operating at a pressure of
10 Torr of isobutane plus TMAE at 20°C. The change in gain was monitored with a
^^Am source located inside the chamber.
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Flgure 2 shows the change in gain as a function of the amount of charge
collected per centimeter of anode wire for two different gas gains up to a
maximum of - 10"3 C/cm. No significant change in gain was detected. This is
considerably different than the results found in Ref. 2, where a gain loss on the
order of a factor of two was seen after only - 10"1* C/cm. Part of this
difference may be due to the different geometries of the two detectors, but part
is presumably also due to the fact this detector operates at low pressure.
Figure 3 show the effect on the gain up to higher charge levels in two different
modes of operation, both of which produce narrow pulses (- 20 ns baseline-to-
baseline) suitable for high rates. The multistep mode approaches a purely
parallel plate mode in that most of the gain occurs in the uniform field region
of the chamber and very little from around the wires (it would indeed, however,
be interesting to study the aging in a purely parallel plate chamber with no
anode wires). Here a loss in gain begins to occur at < 10~3 C/cm and drops by
about a factor of two at slightly less than 10~2 C/cm. Figure 4 shows the effect
up to - .02 C/cm with a high flow rate. The gain drops to - 80% of its
original value at - 5 x 10"3 C/cm and then levels off up to the maximum charge
collected.

In each case, starting with the initial gain loss, deposits began to form on
both the anode and cathodes. These deposits surely limited the amount of gain
produced in the vicinity of the anode wires. Some of the deposits are shown in
Fig. 5. In spite of this buildup of material on the electrodes, the chamber
continued to function due to the fact that parallel plate avalanche gain could
still occur in the anode-cathode gap. Such an operation would clearly not be
satisfactory for the long term, but it does show that the effect on the chamber
is less severe at low pressure than at high pressure.

It should be noted that for all of these exposures, the rate of aging was
- 10~5-10~5 C/cm/min, which is perhaps a factor of 100 higher than one would
expect in most practical applications. This was of course necessary to study
large total doses in a relatively short time. However, one should not exclude
the possibility that long term aging effects might be different at much lower
dose rates.

No attempt was made to determine the chemical composition of the deposits.
However, they are entirely similar to the deposits described in Ref. 2. They
appeared pale yellow in color as long as they were kept out of contact with
oxygen. When exposed to air, they exhibited a greenish luminescence for a few
minutes and turned dark golden brown after several hours. This is very similar
to the properties of TMAE when exposed to air. A chemical analysis was made on
the deposits in Ref. 2, in which they concluded that the residues were not pure
TMAE, but were related to TMAE in the form of tertiary amide. However, this
analysis was only performed on the oxidized residues. Further work [6] has shown
that the same deposits are formed in gas discharges in a variety of gas mixtures
containing TMAE at low pressure (H2, isobutane, ethanol, methanol, isopropanol,
and methylal in the 5-20 Torr range), as well as in pure TMAE. This seems to
indicate that the host gas plays a minor role in the formation of the deposits
and that the effect is due to the fragile nature of the TMAE molecule.
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It is interesting to note that the color and behavior of these deposits are
remarkably similar to the thermal decomposition products of TMAE described in
Ref. 7. In that paper, the authors describe two condensable by-products of the
thermal decomposition of TMAE at 283-323°C, one a clear liquid and the other a
dark brown viscous liquid which appeared to be a polymerization of the first when
exposed to air. This brings to mind that the aging products may be related to
thermal breakdown of the TMAE in the avalanche.

In the BaF2-TMAE aging study, it was found that the residue, even in its
unoxydized form, had a very low vapor pressure. The gas system, capable of
pumping the detector down to - 10~6 Torr, was used to try and pump the deposits
away after they had formed on the electrodes. This proved to be possible,
although the time required was quite long. After forming deposits from an
exposure of - 7 x 10~3 C/cm resulting in a gain loss of - 50%, pumping for 15
hrs restored the gain to - 80% of its initial value, and pumping for 5 days
restored the gain to 96%. It was found that isopropyl alcohol vapor speeded up
the recovery considerably. This leads to the conclusion that if one is able to
pump out the detector periodically, it should be possible to cope with the aging
effects over a much longer period of time.

Given these results, how would a BaF2-TMAE calorimeter survive at the SSC?
To answer this question, one must determine what are the operating conditions of
the detector and what are the radiation levels in the regions of the SSC where a
detector of this type might be used. An example of a "genaric" detector is shown
in Fig. 6. It consists of lm2 of BaF2, 20 radiation lengths in depth, read out
every 5 r.l. (10 era). The transverse segmentation is in 2 cm x 2 cm towers. The
total amount of BaF2 required is 4 x 10 cm , or about 2 metric tons.

The charge produced on the anode wires per unit radiation dose can be
estimated using the following formula:

where N is the number of photoelectrons produced per unit energy deposit in the
crystal, D is the conversion from energy to dose (D = 3 x 10 MeV/cra /Gy), G is
the gas gain, q the charge of the electron, and p is the anode wire density per
cm3 of BaF2. We take for N and p the values given for the detector described in
Ref. 3 and references therein. We assume a photoelectron yield of 5 pe/MeV with
TMAE operating at 40°C. This can be compared with - 8 x 10"3 e/MeV of direct
ionization produced in the gas by charged particles. We assume an anode wire
plane with lmm wire spacing, giving a density p = 1 cm anode wire/cm3 of BaF2.
(We assume a wire anode structure in order to compare with the aging study
result, i.e., C/cm, but we would expect similar aging at a given dose even with a
purely parallel plate structure).

The gas gain will be determined by the minimum energy deposit and pulse
width requirements in the particular application. We can write the gas gain G in
the expression
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where E^n is the minimum energy deposit per crystal, e is the charge
collection efficiency for a given signal integration time, and T is the minimum
electronic threshold. We will assume in this example we want a narrow pulse
width (-10 ns) and a relatively high minimum energy threshold of E^,, - 1
GeV. This would give e - .02. We should note that with longer shaping, giving
say 20 ns wide pulses, one could increase e to - 0.1 and reduce E^n to ~
200 MeV. Finally, we take T - 10"* e's, assuming a 5 a noise cut with 2000 e
rms noise. Substituting these values in equation 2 gives G = 102. Using this
value, equation 1 gives an aging rate of R = 2.4 x 10~6 C/cm/Gy.

Various sources of radiation dose at the SSC are given in Ref. 8. The main
cause of radiation damage in calorimeter detectors will be due to electromagnetic
showers. The dose rate from incident photons as a function of pseudorapidity is
given in Fig. 5.6 of Ref. 7. If we assume that one could stand a level of a few
x 10~2 C/cm/yr in the BaF2-TMAE calorimeter, given the ability to pump down the
detector periodically between runs, one could tolerate a dose of - 104 Gy/yr.
This would imply that such a detector could be used at pseudorapidities up to
- 2.5 in the central region (r = 2m), and up to n ' 4 in the forward
direction (r = 20m).

The dose rate from hadron showers should be much less. The ratio of the
dose rate from hadron showers at the hadron shower maximum to the dose from em
showers at the em shower maximum scales as 2.8 x 10"2 x E(GeV)"0'23. This is
an upper limit for this detector, given that the BaF2 is only - 1.3 hadronic
interaction in depth.

The dose from albedo photons and neutrons, roughly in the few MeV range, is
equal to - 105/MeV/sec. This implies a yearly dose rate of < 10~5 C/cm/yr,
which is negligible compared with the electromagnetic dose.

In conclusion, one can say that a BaF2~TMAE calorimeter has a number of
properties which make it attractive for use at high rates such as at the SSC.
The BaF2 part of the detector has been shown to be extremely radiation hard and
should not present a problem with regard to radiation damage. The low pressure
wire chamber readout containing TMAE is susceptible to radiation damage, but the
effects set in at charge levels which should be tolerable in some regions at the
SSC. More work is clearly required to understand the radiation damage process in
TMAE tf it is to be used for this type of calorimetry or other applications where

radiation exposure is involved.
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Figure 1. Apparatus used for studying aging
effects in TMAE at low pressure.
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Figure 2. Relative gain versus charge
removed from anode wires for two different
gas gains: solid points, G - 1.3 « 10 ,
*ging rate - 1.8 x 10"6 C/cm/rain; open
points, G " 1.3 x 10**, aging rate
- 1.5 x 10~6 C/cm/min.
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Figure 3. Relative gain vs charge removed
from anode wires for different operating
modes, G - 10^: solid points, negative
bias, aging rate - l.Ux 10~5 C/cm/rain;
open points, multistep, aging rate
- 7 x 1O~6 C/ctn/min.
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Figure 4. Relative gain versus charge
removed from anode wires with gas flow of
200 cc/min, G - lO*4,aging rate
- 1-2 x 10~5 C/cm/rain.



Figure 5. Deposits formed after aging on
a) anode wires b) cathode mesh.
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Figure 6. Example of a lm2 BaF2-TMAE
calorimeter with transverse ( 2 x 2 cm)
and longitudinal (5 r.l.) segmentation.


