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Using an Astrometric Measurement Camera to measure
and correct for telescope jitter



Problems/Solutions with Small Space Telescopes

PROBLEM

Light-gathering power much lower
then Hubble’s

Low spectral resolution because
of telescope jitter

SOLUTIONS

 Observe more efficiently with TESS-like orbit
(300-hr uninterrupted exposure)

* Observe in the Lyman UV (1. ~1000 A )

* Observe targets that are too big for HST with a
6’-long slit (optical design by R. Woodruff and B.

Fleming)

* Measure jitter with the Astrometric
Measurement Camera (AMC) and correct for
jitter



Test Case: LUVIS, a Small (0.5 m) Explorer Mission Concept

Table 1 LUVIS Top Level Requirements Woodruff et al., 2022, SPIE 12182R

* Science Sensor mounted on S/C bus
* Science Sensor == OTA plus Spectrometer plus FGS LUV'S to p leve l
« OTA .

* D490 mm clear aperture, f/24:f=11,760 mm re q U ' re m e ntS

* Spatial resolution < 1 arc sec

* OTA Diffraction-limited in flight @ A = 1.0 micron * Spectrometer
* SM 3-DoF mechanism: Focus/tip/tilt * Single disperser Rowland-like spectrometer
* Focus step size/sensitivity: £ 5.0 micron * FOV: 6 arc min long slit, Slit width = FPA resel (20
* FGS um)

* Resel size on sky: 350 mas
* AA:102 to 139.2 nm
» Spectral resolving power, A/AA ~ 20K at 139.2

* FOV 15 arc min diameter, Focal length = 4.7 m
* Pixel on sky: 0.010/4693 = 440 mas
* Resolution 10% of a pixel ~ 44 mas

nm (1-resel)
* FPACMOSCIS120 2K x 2K 10 um pixels » FPA: MCP with 20 um resel
* LOS control «  Photocathode [PC): Csl/windowless
« Body point by bus; Range/jitter 18 arc sec (3 G] * PCusablelength 115 mm (from 127 mm total length)

PC width 50 mm
* Photon counting: Time-tagging photons
* Sun exclusion angle: 95 degree
* Viewing angles wrt Earth-Sun line
* 95 deg to 135 deg
* In-flight Calibration lamps
* Pt Hollow Cathode Lamp with LiF{TBD) window

* Tip/Tilt OTA SM
* Control LOS jitter to 60 mas (1 o) [1/6 of resel]
* Use FGS error signal
« SM tip/tilt
* Range 63 arc sec (3.537*field angle of 18 arc sec)
* Jitter 210 mas (3.537*field jitter of 60 mas)

* Maintain SM despace to TBD during tip/tilt

123,71



LUVIS is a 0.5-m telescope concept
with R~20,000, 6’-long slit spectrograph and
Astrometric Measurement Camera (AMC)

>0cm Slit & GS Field Mirror
Focusing Grating

T SMEX with Simplest Optical
Path!



Components of the AMC

* AMC pickoff mirror — highly reflective mirror (R~0.98) collects light from the telescope and directs it to
a reimaging lens

* Lens
* Adjusts f-ratio to ensure that the CMOS detector has a field of view as large as 15’x15’

* Adds spherical aberration to ensure that size of PSF on the CMOS is 1.5-2 pixels across
e Corrects, if needed, for astigmatism that might distort the PSF

* Detector - backside-illuminated 2Kx2K CMOS
* Low read noise
* Pixel size. 10 micron

Rolling shutter readout

Frame-time 1/20 sec



The CMOS’ View of the Sky as Reflected by the Field Mirror

"Frame Readoutlin

15’x15’ Guide star Field

e by line®

\/

The CMOS doesn’t ever see the target. Instead, it
sees the the surrounding guide star field, which has
a black slot in it made by the slit in the field mirror.
The slit passes light from the target and immediate
surroundings to the reflective grating and then on to
the MCP detector.

- A 2Kx2K CMOS reads out the scene using a rolling-

shutter, which reads out the scene line-by-line and
stores the segment containing the guide star. After
reading out the line, the CMOS electronics sets the
line to zero, and starts integrating the light again for
1/20t second.

A guide star must be bright enough (V<14.0) that it
can be detected at S/N >7 in order that its centroid
X-Y position be measurable with confidence.



How LUVIS will solve the jitter problem & recover its desighed resolving power

15’

Jitter makes all the stars (and target) move
in unison on the CMOS format

In orbit:

*Use the far-UV MCP to detect and measure
the time of incidence, x-y position, and PHA of
each photon event. Simultaneously,

* Use the CMOS to measure the x-y position
of the guide star(s) every 1/20t sec.

On the ground after observation:
* Interpolate in the guide-star history of
positions for the time of each photon event
and correct the position of each

photon event.



Study of Guide Star Fields of 2105 HST COS Targets

A guide star must be bright enough (V<14.0) that it can be detected at S/N >7
in order that its centroid X-Y position be measurable with confidence.
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Study of Guide Star Fields of 2105 COS Targets
[4] Color-Magnitude Diagram

The majority of guide stars (V<14.0) have T_4~4600 -6200 K. Such stars have peak
fluxes at ~5000-7000 A, suggesting BSI CMOS would be ideal.
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Jitter Information from Lockheed ATC (Worst case scenario)

Jitter Boundaries

4 ' . A * The direction of jitter is random.
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Conclusions

* The scientific future is bright for small UV space telescopes that will out-do Hubble
* G@Galaxies, stellar clusters, and nebulae
* Investigations in the Lyman UV

* Obtaining spectral resolution unmarred by telescope jitter is possible because
* The GAIA catalog of stars is available to all
* CMOS technology is well developed and its cost is within reach
* 94% of fields have 2 or more available guide stars (V<14.0)

* The Lyman-UV promises discoveries that only small space telescopes can utilize in this
generation
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