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Summary:



The purpose of this report is to begin exploring how the wavelength calibration system will effect the lifetime of the DDL and MAMA detectors on HST/COS and what type of functional/design  limitations must  be imposed upon the wavelength calibration system to insure the UV detectors are not adversely effected during the 8 year mission lifetime of the COS instrument.  



Assumptions:



Without a concrete design for the wavelength calibration system it was necessary to make certain assumptions regarding the performance of the optical path, the number of operations, the exposure times, and intensities of the Pt/Ne lamp.  These assumptions are:




The full emission light cone from the Pt/Ne lamp is collected and used in the wavelength calibration system.  The lamp has a ID 0.229 cm emission region which is located approximately 7.62 cm behind the 2.54 diameter MgF2 window.  Therefore the steradians subtended by the emission cone is (=8.549 X 10-2 str.  The emission are is A=((0.115)2=0.04155 mm2.  So the A( = 3.55 X 10-3 str cm2.  The lamp is described in Klose et al. (App. Optics, 29, 2951 - 2959). 


The radiance (photons/cm2/sec/str) for each emission line was calculated by scaling the relative intensities presented in Reader et al. (Ap.J. Supp., 1990, 72, 831-866) to the measured radiance of the 1169.7477� line presented in Klose et al. for the lamp at 10mA.  Figure 1 shows the final radiance versus wavelength used in this analysis.

The efficiency of each COS spectroscopic channel used for this analysis is as follows (see the BASG SER COS-SYS-005 for the most accurate estimates of the efficiencies).  Each value presented is a Òby eyeÓ estimate of the average efficiency across the band:

G130M ( 0.11

G160M & G140L  ( 0.06

G190M & G260M  ( 0.025

G230L  ( 0.025

The efficiency of the wavelength calibration optical system is 10-6 and is assumed to include a neutral density filter.  The requirement is to be able to acquire adequate wavelength calibration spectra with a single neutral density filter.

Each channel has a slightly different resolution element size.  The following are the resel sizes used for this analysis:

1 resel for the G130M and G160M = (1300�/20,000)/(1.68�/mm) X 0.2 mm = 0.04 X 0.2 mm2 = 8 X 10-3 mm2.

1 resel for the G140L = (1600�/2,000)/(17�/mm) X 0.2 mm = 0.047 X 0.2 mm2 = 9.4 X 10-3 mm2.

1 resel for the G190M and G260M = (2450�/20,000)/(2�/mm) X 0.04 mm = 0.06 X 0.04 mm2 = 2.5 X 10-3 mm2.

1 resel for the G240L  = (2450�/850)/40�/mm X 0.04mm = 0.058 mm2

The detector microchannel plate lifetime per resolution element was calculated by multiplying the area of a given resel in mm2 and the events/mm2  specification for each detector.  The resel lifetimes are limits above which the microchannel plates will begin to show gain sag.  A decrease in the DQE will begin to occur after approximately twice current lifetime limits:

The lifetime of the DDL detector is limited to 109 events/mm2.  Therefore, the total lifetime of a resel = 8 X 106 photons for the G130/160M channels and 9.4 X 106 photons for the G140L channel.

The lifetime of the MAMA detector is limited to 1010 events/mm2.  Therefore, the total lifetime of a resel = 2.5 X 107 photons for the G190/260M channels and 5.8 X 108 photons for the G230L channel.


The resolution of the Pt/Ne data presented in the Reader et al. paper was acquired at 0.07� resolution.  This is approximately the same resolution as the COS instrument, therefore, the flux from each line was assumed to fall completely within a single resolution element for the G130M and G160M channels.  The Pt/Ne spectrum was rebinned to 0.8� resolution for the G140L analysis and 2.88� for the G230L analysis.


Each exposure time is 1 sec.


There are 1500 orbits per year assumed for COS observations.  For the purposes of this analysis I used the following allocations of orbits.  


 G130M & G160M  = 300 orbits each


G140L = 200 orbits


G190M & G230M = 240 orbits each

G230L = 100 orbits

During each exposure 2 calibration exposures are acquired for all the COS FUV and NUV channels, one at the beginning and end of each orbit.

No focal plane offsets were accounted for in this simulation, so these simulations can be considered somewhat conservative as dithering will distribute the bright lines across the mcp face and thus reduce the total number of photons any one area sees.



Results:

Figures 2, 3, 4, 5, and 6 show the expected counts/resel/exposure for the G130M, G160M, G140L, G190M, G260M, and G230L channels respectively.  The exposure times for these figures is 1 second, so they are also effectively count rates.  Clearly there will be sufficient counts to provide high quality data for calibrating the wavelength scales.

Figures 7, 8, 9, 10, and 11  show the total counts each resel sees for each channel.  In general, under the assumptions stated there is atleast a factor of 2 safety margin between the expected detector exposure and the threshold for gain sag.  This effectively leaves the instrument team with leeway for adjusting the exposure times and neutral density filters.










Conclusions at this time:


Given the current understanding of the wavelength calibration system the COS instrument will provide high quality wavelength calibration data in flight.  Under the assumptions presented, the wavelength calibration spectrum should be moved once a year to minimize the chance of gain sag.  The lamp is very bright and the calibration system will likely have to have a strong neutral density filter (on order 10-6) to keep the count rates within safe limits.  Once the calibration system is designed this model can be easily modified to provide engineer input to the instrument team.
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