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Trend of Dark Rates of the COS and STIS NUV MAMA Detectors
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Abstract. The dark rate of the STIS NUV MAMA detector was about an order
of magnitude higher after SM4 repair than anticipated, with an initial rate of 0.01
count sec!1pixel!1. Measurements over the past year show a dual-component ex-
ponential decline with e-folding timescales of ! 30 and 300 days. The most recent
measurements show a rate of 2.8 " 10!3 count sec!1pixel!1. The dark rate of the
COS NUV detector started at a very low value of 6 " 10!5 count sec!1pixel!1, and
has displayed a steady increase, approaching the ground-tested level of 3.7 " 10!4

count sec!1pixel!1. Still, the rate of COS NUV detector is considerably lower than
that of its STIS counterpart. The rates for both detectors are sensitive to detector
and tube temperatures, and the rate fluctuations can be fit with an empirical model.

1. Introduction

During the Hubble servicing mission in 2009, the new COS instrument was installed and the
STIS revived. As part of the Cycle 17 calibration programs, we have collected dark images
regularly and have monitored the dark rates of the FUV and NUV detectors. In general, the
dark rates of the FUV detectors, both COS and STIS, are steady and consistent with pre-
SM4 estimates. The NUV detectors, however, display significant changes. We model the
measurements of dark rates with existing parameters that were derived for STIS (Pro!tt,
et al. 2010) over its many year operation. Note that the COS NUV detector is a spare
device for its STIS counterpart, considered as nearly identical. However, their dark rates
follow opposite trends.

2. Observations

The STIS dark images were obtained in ACCUM mode. Since all the data points are
used, the dark rates include contributions from cosmic rays and other e"ects. The COS
dark images, on the other hand, were obtained in TIME-TAG mode, thus o"ering time
resolution. During the SAA (South Atlantic Anomaly) passages, the dark rate becomes
considerably higher than average. We used the time variation of dark rates to identify
and exclude data during SAA passages. When the average dark rate rises to a value more
than twice the normal dark rate or declines from such a high level, a flag was set for SAA.
Further iterations over rates at di"erent intervals yielded an improved identification of the
SAA passage, and the data during that period were excluded from our study.
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Figure 1: STIS NUV dark rate vs. modified Julian date. Two moderate surges, at the
beginning of STIS operation and at modified Julian date (MJD) ! 51500, took place when
the detector was turned on after a long period when the detectors were o!. The surge
during SM4 (MJD ! 55000) is unprecedented in terms of its large scale and slow recovery.

3. STIS NUV

The NUV MAMA dark rate is believed to be dominated by a phosphorescent glow from the
detector window. Impurities in the window contain meta-stable states that are populated
by cosmic-ray impacts. At lower temperatures, the reduced de-excitation rates result in a
build-up of populated meta-stable states, leading to a large, but temporary, increase in the
dark rate once the detector is warmed again. Previous experience with STIS had suggested
that this increase in dark rate would dissipate within a few weeks. However, after its post-
SM4 recovery, the NUV MAMA showed a dark rate about a factor of 10 higher than the
typical pre-failure rate of about 1.1 " 10!3 count sec!1pixel!1 (Figure 1), and it has since
come down very slowly. Even now, more than a year after the STIS repair, the mean dark
rate is approximately 2.5 times its typical pre-failure values.

The temperature of the STIS MAMA detector never reaches equilibrium, as the MAMA
high-voltage power supplies are cycled frequently. As a result, the dark rate fluctuates con-
siderably. Our earlier model of the NUV MAMA window glow as a single population of
meta-stable states with a single band gap and only one time-scale for de-excitation does not
work for the post-SM4 data. We model the dark rate after SM4 with the following parame-
ters: an exponential function of instrument temperature and a dual-component exponential
decay over time. The best fit is (in units of count sec!1pixel!1):

Dark rate = 2.9 " 1024 exp(#18646/(Tc + 273.16)) $ exp((t # t0)/29) +
4.9 " 1015 exp(#12515/(Tc + 273.16)) $ exp((t # t0)/398),

where Tc is OM2TUBET (temperature of the STIS MAMA tube) in Celsius, t is modi-
fied Julian date, and t0 = 55050. The fitting result is shown in Figure 2. The rapid term
resembles some previous surges in dark rate prior to 2004, but there is another population
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Figure 2: STIS NUV dark rate since SM4, plotted in filled circles. The upper curve is a
model fit of temperature parameter OM2TUBET and dual decay components. The lower
curve is an extrapolation of the model fit from data prior to SM4.

that evolves very slowly over time. Fitting with other temperature parameters yields similar
results, as these telemetry data follow similar trends.

4. COS NUV

The dark rate of the COS NUV detector (Dixon et al. 2010) started from a very low
level, at ! 6 " 10!6 count sec!1pixel!1, which is considerably lower than the pre-launch
prediction. Since SM4, the rate has increased approximately linearly over time, as shown
in Figure 3. The fluctuations appear to be correlated with the detector temperature. We
use a single-temperature-component model to fit the data after MJD = 55020 (when the
detector conditions became stable), and the results suggest that

Dark rate = 1.1 " 109 exp(#8791/(Tc + 273.16)) $ ((t # t0)/163 + 1.5),

where Tc is LNTUBET, temperature of the COS MAMA tube, and t0 = 55100.

5. Conclusion

Both the NUV MAMA detectors of COS and STIS show considerable but slow changes
in dark rate. The current measurements are useful in updating the COS and STIS ETC
(Exposure Time Calculator) parameters. The COS NUV MAMA detector still exhibits a
considerably lower dark rate than the STIS detector. More data are needed in the next
year to confirm at which level their values will stabilize, and to understand the cause for
such changes.
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Figure 3: COS NUV dark rate vs. MJD, plotted in filled circles. The curve is a model fit
with tube temperature parameter LNTUBET.
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