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JEM-X microstrip detectors

In-flight evolution

Technical note JEMX-DSRI-2003-1

N, Lund, C.B. Jørgensen, S. Brandt, J. Chevenez, C.A.Oxborrow
and N.J.Westergaard

 2003-04-10

1) Recapitulation of the microstrip anode loss problem

Prior to the launch of INTEGRAL it was planned to operate both JEM-X units at a gas gain of
1500.

JEM-X1 was activated on October 27, the desired gas gain was reached at a HV setting of 900
V, corresponding to the pre-launch prediction.

JEM-X2 was activated on October 29, the desired gas gain was reached at a HV setting of 880
V, 10 V below the pre-launch prediction (the gas gain in JEM-X2 had always been slightly
higher than in JEM-X1 for the same voltage).

On November 7 it was realized that the microstrip anodes were being rapidly eroded and both
JEM-X units were switched off. 

By that time 9 anodes had been lost in JEM-X1 during 11 days of operation and 12 anodes
lost in JEM-X2 during 9 days of operation. (Figures 1 and 2 illustrates graphically the anode
loss history).

JEM-X1 was reactivated on November 9 with a HV setting of 820 V. This corresponded to a
gas gain of 450 (30 % of nominal).

JEM-X2 was reactivated on November 12 with a HV setting of 800 V and a gas gain of 450
(30 % of nominal).

During the next month a further 3 anodes were lost in JEM-X1, no further damage was seen in
JEM-X2. As a consequence, it was decided that JEM-X1 should be placed in a dormant mode
when the PV phase was completed, and further, that the JEM-X1 HV value should be reduced
by 2 steps (20 V).

This was implemented on December 11, the JEM-X1 voltage was reduced to 800 V corre-
sponding to a gas gain of 350 (23 % of nominal).

JEM-X1 was kept in a dormant mode with the HV off between December 29, 2002 and
February 7. 2003. It was operated at 800 V during the Crab calibration (February 7-28), and
remains in the dormant mode after February 28.



Now, at the beginning of April 2003 we have lost 4 anodes in JEM-X2 in the 4.5 months of
continous operation at 800 V since November 12, 2002. We have seen no further anode losses
in JEM-X1 in its 6 weeks of intermittent operation at 800 V since the beginning of December.

It appears that the current anode loss rate is one anode per month in JEM-X2 and maybe less
than that in JEM-X1. At the current loss rate the effective area of JEM-X2 is reduced by about
6% per year. This rate is unpleasant, but not alarming and it is recommended that JEM-X2 is
operated at the about the current gas gain at least until the next Crab calibration opportunity in
July-August.

It would be an advantage scientifically to reactivate JEM-X1. However, due to the current
lack of understanding of the gain evolution of the microstrip detectors (see below) and the
shortage of telemetry, we suggest to leave JEM-X1 in the dormant mode until after the
INTEGRAL Mission Performance Review and the implementation of the telemetry system
upgrade.

Tables I summarizes the current dead-anode situation for the two JEM-X units.

2) Microstrip gain evolution.

It has been realized that both JEM-X units exhibit a steady increase in gas gain with time
when operating at a constant voltage setting.

The effect is most pronounced in JEM-X2, but also apparent in JEM-X1. (Figure 3 and 4).    It
can also be noted that the rate of gain change has decreased in both JEM-X units, most
noticeable in JEM-X1.

Figure 3 and 4 also shows that the calibration sources are reliable indicators for the time
evolution of the gas gain for the detector as a whole, the global gain is measured using the
Xenon fluorescense peak recorded all across the detector

Apparently the gas gain is changing more rapidly when the detector is active than when it is
off. However, this conclusion is not absolutely certain, because the current gain drift in
JEM-X1 is anyway very small.

Figure 5 and 6 shows a more detailed analysis of the gain evolution of JEM-X2, here the
temperature effects on the gain have been removed. Figure 6 shows that the rate of gain
change is decreasing, from about 14 % per month initially to about 6 % per month at present.

Using our housekeeping data we have checked the stability of the high-voltage power supplies
and they seem to be very stable in both JEM-X units; the observed variations of the  output
voltages corresponds to gain changes at the percent level over first six months of operation.

We have also checked the detector pressure sensors. Unfortunately they only measures the
pressure in crude steps (about 2.5% per step). There are in fact indications that we may have a
gas leak from JEM-X2, maybe about 2.5% per year, whereas the gas pressure in JEM-X1
appears constant within the uncertainties. Indeed, if we have lost 1% of the gas in JEM-X2
during the first 5 months of the mission, then this may account for some 15% of the gain



increase, and this may at least partially explain the observed  difference between JEM-X1 and
JEM-X2

We have considered whether the effect could be due to radiation damage of the microstrip
plates or the voltage divider circuits. But the different behaviour of JEM-X1 and -2 speaks
against this.

For the time being we consider a small gas leak in JEM-X2 plus a change in the gas composi-
tion as the most likely explanation. This could be a partial removal of the methane quench gas
due to polymerization or liberation of a new gas component with "Penning"-action. Both
effects are likely to depend on the duty cycle of detector usage - thus the higher change rate in
JEM-X2 is a natural consequence of its continous usage. However, given the almost constant
detector pressure we consider it rather unlikely that the methane concentration by itself has
changed enough to explain the observed change in gain. 

We do not consider the gain change (or the gas leak) as a threat to the lifetime of the detector.
We intend to adjust the high voltage so as to keep the gas gain close to value at which the
Crab calibrations were performed. We will monitor the gain evolution continously for the
future and take action, should new trends become apparent.



Figur 1 Time evolution of anode losses in JEM-X1

Figur 2 Time evolution of anode losses in JEM-X2



Figur 3 Gain evolution in JEM-X1. Note the perfect correspondence between the
Xenon curve in this figure (the crosses) and the curves for the two calibration sources
#2 and #4. Calibration sources #1 and #3 are Fe55 sources emitting at 6 keV, #2 and
#4 are Cd109 emitting at 22 keV.

Figur 4 Gain evolution in JEM-X2



Figur 5 JEM-X2 gain evolution, temperature corrected

Figur 6 Fit to the gain evolution in  JEM-X2
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