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MAMA detector.
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August 17, 1998

ABSTRACT

Bright object protection for the ACS MAMA is similar in concept to that for the STIS
FUV MAMA, but several mechanisms provide better protection for the ACS MAMA. A
mirror blocks all light from reaching the MAMA when the CCDs are being used and t
SBC filter wheel has shuttered positions. Protection mechanisms include, hardware,
software tests plus manual screening of proposals. The stellar magnitude limits are t
lated for the ACS filter set. The worst case is for a 19th magnitude O star exposed thr
the F115LP or F125LP filters or either of the two prisms. Such stars exceed the brig
object protection limits and will require careful manual screening.

1. Introduction

The Solar Blind Channel (SBC) for the ACS uses the STIS FUV flight spare MAM
detector (STF7) and consequently the bright object protection problem for ACS is ve
similar to STIS. There are STIS ISRs which describe the limiting magnitudes, protec
mechanisms and procedures for the case of STIS imaging. These limits are given b
therer et al. in ISR STIS 96-024. The STIS MAMA hardware and software protection
mechanisms are discussed by Clampin in ISR STIS 96-31 while the procedures are
by Leitherer and Taylor in STIS Technical Reports 96-003 and 96-004. This report w
focus on the differences between STIS and ACS Bright Object Protection procedure
establish limiting magnitudes for ACS.

2. ACS Exposure Sequence

The ACS has an aperture door which may be closed and in this position is norm
used for calibration with internal lamps. With the lamps off, the door may be comman
to block illumination following safing events. On the MAMA filter wheel, every third
position is opaque, so that adjacent to each regular filter position, there is a shuttered
1
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tion which will be commanded to be in place when the local rate check monitor dete
excess count rate. Additionally, the HRC M3 fold mirror mechanism directs light eithe
the SBC or the High Resolution Channel (HRC) and when the HRC mode is in use, 
light gets to the SBC. When a set of SBC observations are to be performed, the HRC
age will be turned off (although the WFC will remain on). their shutters closed and th
MAMA high voltage turned on. The M3 fold mirror remains in the HRC position. The fi
ter wheel will be set for the exposure and then the fold mirror moved to the SBC posit
Light is now reaching the detector and immediately the local rate check, described i
tion 4. is activated. Assuming this check is successful, the exposure is made, and th
mirror returned to the HRC position. Unlike a CCD, the MAMA does not integrate and
exposure start and stop time is under software control. The Flight software can be s
respond to the Take Data Flag (TDF) or to ignore it. For external observations, the TD
acknowledged but for internal calibration with the Deuterium lamp or for dark exposu
it is ignored. Shuttering with the M3 mirror is always necessary even if the next expo
is at the same pointing with a different filter. In the process of moving to the next plan
filter it is possible to pass through other filters which let through more light.

3. Brightness Limits

The applicable brightness limits are based on the ACS CARD, taken from the pa
graphs referring to the STIS MAMAs in the Hubble Space Telescope Constraints an
Restrictions Document (CARD). The limits are also discussed in the ACS Science O
tions Requirements Document, Part B (OP-01B). The constraints are:

• The global input count rate must not exceed 1.5x106 counts.sec-1 for more than one
second.

• The local input count rate must not exceed 500 counts.sec-1 per low-resolution pixel in
an area encompassing four or more pixels for more than 30 seconds.

In STIS terminology the regular pixels were known as low-resolution pixels beca
there was the option of encoding into a 2048 by 2048 array of high-resolution pixels. A
does not support the higher resolution, and in this document pixels will always refer to
1024 by 1024 array.

4. MAMA Protection Mechanisms

The MAMA has two protection mechanisms built into the MAMA hardware, the
Bright Scene Detection (BSD) and the Software Global Monitor (SGM). These will tu
off the high voltage if the set rates are exceeded.
2
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The Bright Scene Detection System

The Bright Scene Detector (BSD) system works by monitoring two anode wires wh
respond to two of every 32 rows of pixels. The high voltage turn-off is triggered if eith
anode wire detects a rate of 16200 counts in a 138 millisecond interval or if the sum o
two signals reaches this level. For uniform illumination of the detector, the BSD detec

17 of the total rate and therefore activates at a global count rate of 106 counts.sec-1. For
non-uniform illumination such as a point source or a spectrum dispersed parallel to 
rows, there is the possibility that most of the signal will be missed if the image falls
between the sensitive rows. Conversely, a spectrum falling on the sensitive rows wil
ger the BSD at a modest count rate of 117,400 per second. Furthermore the respons
is relatively slow at a sample time of 138 msec.

The Software Global Monitor

The SGM monitors the observed rate (OR) and turns off when a dangerous rate 
detected. The OR detector sees the full area of the anode which is larger than the 1
1024 decode area. Because of the dead time of the counting electronics, the observe

OR, is always less than the true incident rate EV, being of the form OR=(EV)e-(EV).t where
t is the 260 nanosecond deadtime. The high voltage will turn off at a true rate of

106 counts.sec-1 which corresponds to an observed rate of 7.7x105. The SGM threshold is
set at this value. Neither the BSD nor the SGM provide complete protection against 
age to the detector. Two more layers of protection of in-flight software and proposal
screening will be in place.

Figure 1: GLOBAL LIMITS

CARD LIMIT

SOFTWARE
GLOBAL

MONITOR

1.5x106 counts sec -1 for
more than 1 second

2.0x106 counts sec -1 for
138 msec

7.7x105 counts sec -1 for
100 msec

GROUND
SCREENING

Loss of
detector

MAMA
HV off

MAMA
HV off

200,000 counts sec -1 Observation
disallowed

BRIGHT SCENE
DETECTOR
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Local Rate Check Monitor

The Local Rate Check (LRC) monitor is a flight software system which is based 
0.3 second initial exposure taken at the start of every external or calibration lamp obs
tion, that is, all exposures other than darks. A 1024 by 1024 pixel array is created. In
software the pixels are re-binned into “super-pixels” each composed of 4 x 4 regular
els. If any one of the super-pixels receives more than 225 counts, the filter wheel is m
to the blocked position and the observation proceeds as a pseudo-dark. Completing
operation to block the light will take not more than 20 seconds which is within the 30
ond limit imposed by the CARD. Even if this test succeeds it is still possible for a 4 b
pixel block, sitting across super-pixel boundaries, to receive excessive counts. A sec
scan is done, the form of which depends on whether a prism is being used. If there 
prism, an 2 by 2 super-pixel analysis box is run over the image, searching for any pos
where the box count exceeds 225. For the prism modes the box is 1 by 2 super-pixe
the threshold count is 390. The long direction of this test box is in the direction of the
prism dispersion.The threshold numbers are counts registered in the 0.3 second exp

and have been chosen to conform to 200 counts.sec-1.pixel-1 over a 4 by 4 pixel area. The
discrimination threshold is not increased for the larger box sizes because we are sti
ing for point sources. Due to variation of the point spread function with wavelength a
the position of the center of the distribution relative to pixel boundaries, the number 
counts in the test box does not bear a fixed relation to the brightest 4 x 4area. Howe
simulations have been performed to select the most representative values.

If the LRC fails, the filter wheel is moved to a blocking position. The instrument is n
safed, the HV is not turned off and in other respects the observation proceeds as sche
but is effectively a dark image. If the succeeding observation is programmed to use 
same filter there will be no command to change the filter wheel position. The opaque
wheel position will be maintained and the observation lost. This will be the case eve
the succeeding observation is of a different target. Observations with a different filter
proceed normally, subject to a fresh Local Rate Check.
4
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Figure 2: LOCAL LIMITS

5. Screening

All the BOP violation scenarios described so far cause observing time to be lost 
possibly damage the detector. If the high voltage is abruptly turned off by the hardwa
there are two concerns. First there might have been exposure damage before the ha
could react and secondly the rapid high voltage turn-off might damage the tube. Any
events will be thoroughly investigated and the MAMA will not be used again until the
cause is understood and steps taken to prevent a recurrence. The investigation can
expected to take several days during which time all scheduled MAMA exposures wil
lost. A local rate check failure will affect only the exposure which triggers the failure 
those immediately following in the same observation set which use the same filter. S
quent observations will continue subject to their own local rate checks. To minimize 
probability of any of the automatic protection mechanisms being activated, we will scr
all proposals looking for any sources in the field of view that might cause the BOP me
nisms to be activated.

The first stage of bright object protection will be the study of proposals, searchin
field of view for sources for which calculated rates would exceed conservative limits s
approximately one fourth of the rate that would trigger the automatic mechanisms. T

will be set at 200,000 for the global rate and 50 counts.sec-1.pixel-1 for the local rate. The
primary responsibility will be the proposer’s to evaluate all objects in the field, but man
and automatic procedures will be set up at STScI to check all proposals. For moving
gets the field to evaluate will depend on when the observation is scheduled and will
require a large area to be scanned. We will expect to provide an automated method

CARD LIMIT

LOCAL RATE
CHECK

500 counts sec -1 pixel -1

over 2x2 pixels for more
than 30 seconds

200 counts sec -1 pixel -1

over 4x4 pixels for
300 msec

GROUND
SCREENING

Loss of local
sensitivity

Current

50 counts sec -1 pixel -1 Observation
disallowed

observation
blocked
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such cases based on the Guide Star Catalog and other catalogs plus and related se
software. The Guide Star Catalog will only reach 18th magnitude so other catalogs w
have to be searched in the region of the proposed targets. Procedures will be define
subsequent documents dedicated to screening issues.

6. SBC Filters

The SBC has eight filters whose properties are summarized in Table 1. There ar
long pass filters which are designed to provide a series of uniformly spaced bandpa
over the SBC’s 115–180 nm spectral coverage (see Figure 3). One narrow band filte
provided for 5% bandpass imaging at Ly-α. Two prisms are provided for low-dispersion
(R~100) spectroscopy from 125–180 nm, and 115–180 nm

Table 1..SBC Filter Wheel Complement

Figure 3: SBC Long pass Filter Set

Filter Name Description
F122M Ly-α (λ = 1200 Å, ∆λ = 60 Å)

F115LP MgF2 (1150 Å long pass)

F125LP CaF2 (1250 Å long pass)

F140LP BaF2 (1400 Å long pass)

F150LP Crystal quartz (1500 Å long pass)

F165LP Suprasil (1650 Å long pass)

PR110L LiF Prism (R~100 @ 1250-1800 Å)

PR130L Caf2 Prism (R~100 @ 1150-1800 Å)
6
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7. Magnitude Limits

Table 2, based on a similar table in Reference 1, has been designed to assist in 
screening procedure. It shows the limiting magnitude for main sequence stars of sel
spectral types which would result in the maximum permitted count rates at the MAM
detector. Calculations were also performed for super-giants. They were not included
because the main sequence stars are relatively brighter in the UV and provide the m
stringent limits. The first row gives the surface brightness of an extended object with a

spectrum that would give a count rate of 50 counts.sec-1.pixel-1. The second row again
refers to a flat spectrum but for a point source that would cause a count rate of 50

counts.sec-1 in the brightest pixel. Conservatively, any source which has this brightnes
any wavelength within the passband being used should not be permitted in a propos
field of view. Subsequent rows give the magnitudes of stars of a range of spectral ty

that would give 50 counts.sec-1 at the brightest pixel.

The estimates have been made using the Institute’s synphot software which calcu
the throughput for a source spectrum transmitted through any optical path of the teles
and instruments. It incorporates transmission efficiencies, filter curves and detector
response, and the calculations have been performed for each of the SBC filters. The
tra are assumed unreddened and the calculation gives the limiting V-magnitudes. A 

body spectrum at a temperature of 50,000oK is included. Calculated rates assume the s
lar image is centered on a pixel and that 15% of the light falls on that central pixel. Re
laboratory measurements indicate that this fraction is between 8% and 15% so the
assumed value will not underestimate the maximum intensity.

The last two rows refer to planets. As the Earth and Jupiter orbit around the Sun
ter’s apparent V-magnitude varies between -2.9 and 2.0 and, therefore, can only be
observed when it is close to its greatest distance from the earth through the Lyman-
filter. There are no neutral density filters in the SBC complement. Saturn’s magnitud
ies between 0.0 and 0.8 and may safely be observed at any time but only through th
Lyman-alpha filter.The calculated magnitudes may be compared directly for the Lym
alpha and long-pass quartz filters. The Lyman-alpha results are the same within a fe
tenths of a magnitude while the ACS quartz filter throughput is less sensitive by abou
magnitude
7



Spectral
Type α Quartz

Surface

Brightnessa
11 1.6x10-12

Point Source

Fluxb

14 5.2x10-15

O5Vc 7.1 19.8

B1V 5.1 18.3

B3V 4.7 17.8

B5V 4.4 17.8

B8V 3.0 17.6

A1V 8.5 16.4

A3V 6.2 16.0

A5V 4.6 15.3

F0V -0.1 13.3

F2V 12.4

F5V 10.9

F8V 10.9

G2V 8.1

G5V 7.7

G8V 6.6

K0V 4.2

T=50000 19.8

Jupiter

Saturn
(a) Brightness of flat-spectrum diffuse source in units of ergs.sec-1.cm-2.A-1.arcsec-2.

(b) Brightness of flat-spectrum point source in units of ergs.sec-1.cm-2.A-1.
(c) Limits are V magnitudes for unreddened stars.

Table 2: MAMA Imaging Bright Limits

F122M
Ly-α

F115LP
MgF2

F125LP
CaF2

F140LP
BaF2

F150LP
Quartz

F165LP
Suprasil

PR110L
LiF

Prism

PR130L
CaF2

Prism

STIS
Clear Lyman-

1.2x10-11 9.6x10-13 9.6x10-13 1.5x10-12 2.2x10-12 6.1x10-12 1.1x10-12 1.1x10-12 4.7x10-13 2.4x10-

6.9x10-14 5.8x10-15 5.8x10-15 9.1x10-15 1.3x10-14 3.6x10-14 6.3x10-15 6.3x10-15 1.5x10-15 7.8x10-

17.0 19.5 19.4 18.7 18.1 16.8 19.3 19.3 20.9 1

16.2 18.7 18.6 17.9 17.3 16.1 18.4 18.5 19.9 1

15.3 17.9 17.8 17.2 16.6 15.4 17.7 17.7 19.5 1

14.5 17.2 17.2 16.7 16.1 14.9 17.1 17.1 19.3 1

13.2 16.2 16.1 15.7 15.2 14.0 16.0 16.1 18.7 1

10.4 14.1 14.2 14.0 13.7 12.8 14.1 14.1 17.0

8.6 13.2 13.2 13.1 13.0 12.4 13.1 13.1 16.5

6.2 12.1 12.1 12.1 12.1 11.7 12.0 12.0 15.7

2.4 10.0 10.2 10.2 10.1 10.0 10.0 10.0 13.5

1.3 9.2 9.4 9.4 9.3 9.2 9.2 9.2 11.4

-0.6 7.3 7.6 7.6 7.5 7.4 7.3 7.3 9.3

6.0 6.4 6.3 6.2 6.1 6.0 6.0 8.6

4.4 4.8 4.7 4.6 4.5 4.4 4.4 7.5

3.9 4.3 4.2 4.1 4.0 3.8 3.8 7.3

3.1 3.5 3.5 3.3 3.2 3.0 3.0 6.1

1.4 1.9 1.9 1.7 1.6 1.4 1.4 3.6

16.9 19.4 19.3 18.7 18.1 16.7 19.2 19.2 20.8

-2.2 4.1 4.3 4.3 4.2 4.0 4.0 4.0

-1.6 3.5 4.1 4.0 3.8 3.7 3.5 3.5
8
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