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Abstract

When HST/STIS resumedoperationsin July 2001usingits redundant
“Side-2" electronics, the read-noiseof the CCD detector appeared to
have increasedby 1e due to a superimposedand highly variable
“herring-bone” pattern noise.For the majority of programsaiming to
detectsignalsnear the STIS designlimits, the impact of this noiseis
far more seriousthan implied by amere 1e increasein amplitude of
the read-noiseasit is of a systematicnature and canresultin  8e
relative deviations (peak-to-valley).

We summarize a method to robustly detectand remove this pattern
noisefrom raw STIS CCD frames (Jansenet al. 2003; Brown 2001).
We report on a Cycle16/17 Ar chival Calibration Legacy program to
(semi-)automatically remove the herring-bone pattern noisefrom all
raw, unbinned Side-2STIS/CCD frames taken between2001July and
2004 August — representinga gain in effective sensitiity of a factor

3 at low S/N. We also discussthe nature of the noise,and present
trendsin characteristicsof the noisepattern.

Nature of the Pattern Noise

The superimposednoisesignal, due to analog-digital cross-talkor a grounding issue
in the STIS Side-2circuitry, is not a spatial signal, but a high frequencysignal in
time. That signal manifestsitself as a spatial “herring-bone” pattern (Fig. 1) that
can drift erratically — even during the relatively short time it takesto read the
CCD. The pattern tendsto be locally semi-coheent, however, and is bestdescribed
asa modulated 14-18kHz wave. The amplitude of that high-frequencywave is
modulated by the superposition of three 1 kHz sinusoidalwaveswith phasesthat
areshifted 120 from oneanother, and which have amplitudes of 3-5e  (seeFig. 2).

Sincea 14-18kHz frequencycorrespondsto a spatial period of 2.5-3.2pixels, the
valuesof adjacent pixels along a row tend to be affectedby offsetsof oppositesigns
(Fig. 2a), resulting in relative deviations of up to 8 e (peak-to-valley). Adjacent
pixels along columns experienceoffsetsthat are shifted in phaseby amounts that
vary from regionto regionin a single frame, and also from frame to frame. The
resulting impact on Side-2CCD data is therefore far more seriousthan implied by
amerele increasein the amplitude of the read-noiseand is partly systematicin
nature.

Removing the pattern noise

Brown (2001)intr oduceda methodto Iter out the pattern noiseby noting that the
sequentialchargeshifts during read-outof the CCD allow oneto corvert a 2-Dimage
into a timed signal. That time-seriesmay be Fourier transformed to the frequency
domain, where one can seaich for the frequencies esponsiblefor the noisepattern,
and then suppressthem in various ways. This works well in imagesor portions
of imageswhere few bright and/or spatially very concentrated(sharp) featuresare
present,but requiresmanual de nition of the frequencylimits of the Iter . If the
Iter is chosentoo wide, or if many genuine high-frequencynon-periodic signals
(e.g, stars, spectrallines, cosmicray events)are present,ringing may occur.

Jansenet al. 2003noted that the problem of automatically and robustly nding the
frequenciesthat correspondto the pattern is greatly reducedif the genuine back-
ground and sciencesignalsare modeledand subtracted rst. The resultingresiduals
image, ideally, only contains photon noise, read-noise,and the herring-bone pat-
tern. In practice, sincethe model won't be (and doesnot needto be) perfect, there
are esidualsof genuil rresin the data aswell. But the contrastof
the herring-bone pattern has becomemuch higher than in the original image. This
meansthat, in the frequencydomain, one can blindly run a peak nding routine
with much relaxed contraints on the frequencyinterval (or alternatively on much
poorer data— e.g, very long spectroscopicexposutesthat are riddled with cosmic
ray hits) and still correctly nd, t, and Iter outthe pattern frequenciesAlso, since
most of the power from genuinesignal hasbeenremoved prior to constructing the
power spectrum, the problem of ringing is effectively avoided.

We further improved the method by replacingthe power at frequenciesassociated
with the noise pattern with white noiseat a level and amplitude that matchesthe
“background” power in two intervals that bracket the affec(edfrequencles In the
original method, such frequer suppl ve lters or
windowing functions, or were setto zero. Replacememwnh white noiseis lesslik ely
to intr oduceartefacts due to the absenceof power at frequenciesthat should have
some,or which may result when many adjacent frequencieshave identical or zero
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Fig. 1 [left] — A sectionof araw, unbinnedSTIS/CCDBIAS frametakenin July 2001. This sectionfeaturesthe highly variable“he g-bone”s ( pixels with

aswell hits.
Fig. 2 [right] — Thepatternnoiseis nota spatialsignal,but resultsfrom a high-frequeng signalin time. Th upto 8e (peak-to-walley), andthepatterncanbe
semi-coherenover tensto hundredf p:xels Apartfrom the 16kHz (2.8 pixel) patternin this example, threesmuso:daima/esf with afrequeng of 1kHz andphaseshatdiffer by 120 from oneanother—
de ne frequeng primarypattern.The 1kHz signalis likely associateavith anonboardbscillatoror clock.
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power. The resultingmodi ed power spectrumis Fourier con-
verted to a 2-D image, and addedto the previously tted “data model” to producea
CCD frame from which the pattern noiseis completelyremoved.

Our optimized Fourier Itering method, brie y outlined above and summarizedin
Fig. 3, wasimplementedin IDL procedure autofilet.pro
shell-scriptsprovide input and allow batch processingf multiple CCD frames, while
a compiled program generatesmulti-extension FITS datasetsthat are compatible
againwith calstis . A the pixel of original and cleaned
bias frames (Fig. 3f) demonstratesthat the noisein the pattern-subtracted frames
appre e th ution very closelyand matchesthe
nominal “Side-1" CCD read-noisethat wasobsered prior to July 2001

Archival Calibration Legacyprogram AR 11258

As part of AR 11258 all raw, unbinned, full-frame Side-2STIS/CCD data setstaken
between2001July and 2004August(eachcontaining oneor moreindividual frames)
were retrieved from the HST Archive and processecat ASU using autofilet to
remove the herring-bone pattern noise. The 75345cleanedframes were quality ver-

Fig. 3— Overview of theautofilet procedure (a) Sectionof the raw STIS/CCDEIAS framenf Frg 1. (b) A data“model” this section, inir he signal(as tted to th
i devi: from rhat t by 3 ,orby a pixel that . The he origi i model,
i.e. ther i is i frequeny space (c) Portionof the power After nding
2 i its width ing he in frequeng of the patternduring the time it takesto readthe CCD) is obtainedby tting a GaussianAll power within 3  of the peak
frequeng is hi thetwo away. T} ed power inverser az2-D
image,to which the modelof panel(b) is added.(e) The i Note, thatthereis no “ringing” dbright regic hits. The
L (a) and(e), i.e., animageof the detectechoisepattern,is shavn in (d). (f) Comparisorof the distribution of pixel valuesin the rav frames. noisein theraw BIAS framels
. Several auxilliary ) 550 . h . ! isewith asigni cantly
4.0e . Autofilet ) ide-1" CCD read. edprior to July 2001.
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Fig.4—C aweekly“superbias” i theHST Archi 1structedrom pattern-subtractebiases While Fig. 5 — . (left) D in th i ith the “herring-bone’| The DARKSs shaw that
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