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Quick Detection System (QDS) is a software package designéeltect interesting point sources
(for example, active galactic nuclei, AGNSs) in the time-ened datastream of the Planck satellite
within approximately one week from the time of the obsemtiAGNSs are rapidly variable, in
the timescale of a few days to a few weeks, and any significamitenust be investigated without
delay.

This article presents the status of the software as an @i the program features as well as
a more detailed look at the data processing steps. Thiseaidian adaptation of the poster which
was presented at the Planck Consortium meeting in IschiaQlApril 2006.
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Figure 1: The place of QDS in the Planck data processing pipeline.

Possible feedback to Planck pipeline

1. General Features
These are some of the general features of the software:

e \ery configurable. Most configuration variables can have frequeaicd detector-specific
values as well as a default value.

e Support for arbitrary number of detectors and frequencies.

e Not strictly Planck-specific: the main restriction is that the data must be in similgs &n
in Planck for ring normalization. This can be circumvented by using prexalized data.

e Can also be run in interactive mode where the results can be examinediacel sloservation
histories can be plotted as graphs.

e User manual (not yet complete).

2. Processing Pipeline

This section describes the processing pipeline (Fifure 2) which is useddess the data rings
from all the detectors.

The first step in the processing pipeline is timrmalizationof the data rings. The 60 very
noisy sampling rings from the same sky circle are averaged together togere@dnoise-reduced
ring, the rings are adjusted to have a well-defined and consistent stasiimtgapd direction (Fig-
ure[3) and finally the sample units are converted from antenna temperaflne density. Future
work will implement caching of the normalized rings to reduce processing timénga already
processed once.

The normalized rings can be easily averaged with rings from other detaottite same sky
circle (detector grouping) and also with surrounding rings to furtheraedhoise.

The next step is filtering and thresholding, which are the actual steps dtexdtdhe point
sources. Filtering uses a Mexican Hat Wavelet filter with the width parametdigarable for
each detector either as a multiple of the beam FWHM or directly in arc minutesteFalains for
filtering include support for matched filters and optimal Mexican Hat widthrd@teation from the
background power spectrum.



Quick Detection System for Planck satellite Juha Aatrokoski

One detector

Normalize Other detectors
60 scan rings (same sky circle)
to one ring I

Detector grouping, |q— |
average together
Antenna temperature
to flux density conversion Produce
alerts
-
Average with Source
surrounding rings
\ Match with known sources
and store new observations
Filter gain
Apply filter
i compensation A
Consolidate with
Manual/auto Threshold and Determine detections from
threshold level detect peaks peak values surrounding rings

Figure 2: A detailed chart of the QDS processing pipeline. This illustrates how ondrongone detector group (and
frequency) is processed. Multiple rings are processed in numeridat. Alerts produced by different detector groups
are merged as the final step of the program run.
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Figure 3: Ring normalization principles. A normalized ring starts from the ecliptic nanthgoes around the pointing
vector in the clockwise direction.

After filtering the noise levet of the data is determined and the data is thresholded to detect
point sources. The threshold is usually configured as a multiple of the levisle Future plans
for thresholding involve maybe using several thresholds for eachpigarily depending on the
galactic coordinates.

As a point source is usually visible in several rings, the detection resuleafth ring must
be consolidated with the results from all the other rings being processatinave duplicates
and determine the correct values for coordinates and brightness. Rimadly detections that are
deemed interesting will produce an alert for the operator.
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Figure 4: Aring after noise reduction and filtering. This example is from the 30 GHzungents. The unfiltered signal
has been adjusted so that its mean is zero. The filter width used was the FéMHMbeam. A detection threshold of
40 is also plotted with dashes. Note the 5 Jy point sourae-at600 and the large background structures at 150
andn = 1150 in the noise-reduced ring, and the detected point source andutiheuspdetections at the corresponding
locations in the filtered ring.

3. Alert Criteria
A detection must satisfy one of the following criteria to be deemed interestingraddce an alert:
e The source is brighter than ever (by a certain factor):

S> CSnax

e The source is brighter than the previous, recent enough observéiton o

S>CSrev At —tprey< T

e The source has an inverted spectrum.
e The source is previously unknown i.e. it is not in the point source databsesd by QDS.

Most of these will probably be spurious due to noise and other artifactg isigimal.

4. Further Information

Further information about Planck science in Metsdhovi and Tuorla cdpurel at the address
http://kurp.tkk.fi/quasar/pl anck/index-en. htm
Questions specifically about QDS can be seqide @ur p. t kk. fi].
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