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Clean maps for analysis of diffuse ¢ esa
background

 Extended emission analysis requires clean maps

 Compact objects contribute to the image power spectra with a
significant power at a broad range of spatial frequencies:

— (1) modify the image properties at frequencies comparable to the beam-size
— (2) depending on the surface density and clustering strength, lower spatial
frequencies are contaminated with a smaller power density but typically at
large bandwidth
* Image analysis techniques are difficult to compare if sources are not
subtracted because their sensitivity to discrete sub-structures may
be quite different

— techniques using sparsity information (i.e. singularity skeleton) could be
disturbed by even a few point-sources

— Techniques analysing full intensity maps are more sensitive to clustering
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Motivation for boloSource()

* For diffuse emission analysis we need a technique to subtract
sources what fall within a well defined range of spatial frequencies

* A major requirement: preserve noise properties of the image!

=> Classical way: try modeling the source intensity 7 in the
position-position space and subtract from the image

=» ...this is not easy but one could
reduce the problem to 1D in the
detector timeline

e Subtract sources from the detector timeline and re-project the
image
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Source subtraction on the timeline€:€sa

* Reduced dimensionality in I(t)vs. I, y)but noise spectrum in timeline is more
complex:

_ AflUf . ApD det | S
Iy=Ngy+Ngy+Nqy+1,

I =N +1I

(x,y) = 77 (%) (x,y)
* Lower S/Nin L1 timeline than in L2 reconstructed map

* Looks difficult but we mainly interested in to subtract high-frequency
components. In the masked part of the timeline one could interpolate with

simulated noise plus sky background:

: ; 1/f D det S(lowfreq)
Interpolated intensity —> =
in masked timeline I(’) llv(l) t N(’) T N(T)' +| I(f)

| !

Simulated noise Baseline estimate from data
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in HIPE
getsources
(position
and size)

Create a L2
source mask

2nd order
de-glitching
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Rrojectthe
map

Back-project
source mask
to L1
timeline
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Interpolate
with
simulated

Optimize L1 \
mask
location and
size

Decompose
frequency
components
and simulate
noise
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Create a L2
source mask

Get source centroid &
from getsources

e (Create a L2 mask for —— Aperture

aperture

|_— L2 mask

e Aperture radius defin
cutoff frequency

Roland Vavrek (ESA/HSC) boloSource() Map-Maker Workshop 31 January 2013 European Space Agency



. map
aling ,\\(\'6
k o
e Get source centroid &
from getsources
 Create a L2 mask for < — peture
aperture < ’ B L2 mask
* Aperture radius define <
cutoff frequency
* Backproject L2(x,y) mask 4 \\\ L1 mask
L1(t) timeline mask ” . of a given
. bolometer
e L1 mask size depends on L2 \ 2 pixel
: S Nominal sc %
aperture size AND scan el / 2
speed

Orthogonal scan
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Decompose

frequency
components
and simulate
noise

imilar to CWT)
control over

algorithms
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Baseline estimation d=esa

* Take L2 mask size (i.e. effective diameter of input mask aperture)
for a given source, this determines the high-frequency cutoff for
the baseline estimate on the L1 timeline (Note, the L1 adaptive
mask size cannot be used as it requires a priori baseline estimate!)

 Decompose signal with SWT

* Flag high-frequency outliers above a given sigma level on the entire
scan leg

* Interpolate flagged outliers with baseline estimate

Iterate until * Solve inverse transform, reproduce intensities
outliers disappear

* Create output products:
— Baseline
— Noise dataset
— Outlier mask

Interpolated intensity ——> [ Nl/f+ N(r) + N

in masked timeline (1)

det )i S(lowfreq)
AN
| 1
Simulated noise Baseline estimate from data
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Baseline estimation

Herschel PlotXY

photBaselineEstimator
Sigma: [3.0] Paraml: [7] Param2: [2] Param3: [4]
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Baseline estimation

Herschel PlotXY

photBaselineEstimator
Sigma: [3.0] Paraml: [7] Param?2: [2] Param3: [4]
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Baseline estimation

Herschel PlotXY

photBaseline Estimator
Sigma: [3.0] Paraml: [7] Param2: [2] Param3: [4]
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Baseline estimation

Herschel PlotXY

photBaselineEstimator
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Baseline estimation

Herschel PlotXY

photBaselineEstimator
Sigma: [3.0] Paraml: [7] Param?2: [2] Param3: [4]
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Decompose
frequency
components
and simulate
noise

distribution of a single scan-
we experience in the

considered being

e wavelet space:
fter last iteration
coefficients to the

equencies equal and

Interpolated intensity ——> IS(lowfreq)
in masked timeline (1)
1
Simulated noise Baseline estimate from data
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Noise simulation dzesa

Herschel PlotXY 8 Herschel PlotXY

Observed signal Simulated noise

Wavelet coeffs.
Identical STDDEV

for observed and
simulated cubes

Wavelet power
Wavelet power

950 1000 1050 950 1000 1050 1100
Frame number Frame number

8 00 Herschel PlotXY

boloSource simulated noise boloSource simulated noise spectrum
Sigma: [3.0] Paraml: [7] Param2: [2] Param3: [4]. Adaptive mask: | Sigma: [3.0] Paraml: [7] Param2: [2] Param3: [4], Adaptive mask: |

simulated

noise adjusted to

the source cutoff-
frequency

FFT of observed &
simulated noise

Yellow: simulated
noise including all
frequency
components

750 800

0.8 1.0 12 14
Readouts

Frequency [Hz]

ise in frequency range:[0.5]

Roland Vavrek (ESA/HSC) boloSource() Map-Maker Workshop 31 January 2013



Optimize L1

mask
location and
size

Interpolate
with
simulated
noise

aptive mask

aximum:

the “autodetect”

peak of at least 3

— Find t
— This sec

Take the pre 1d simulated noise

components bey ithin the section of L1
adaptive mask

Do bit-rounding (2-bit < OD 1005 and 1-bit > OD 1005)

he peak
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L1 bolometer
signal in the
timeline

Interpolated
signal

Timeline interpolation
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LO bolometer timeline example (red band, pixel [8,8])
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Back-projected
input mask

Intermediate
working mask

Optimized adaptive
mask



Timeline interpolation

Herschel PlotXY

boloSource L1 timeline interpolator
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: d:esa
First run of boloSource() «

e W ‘
* First run of boloSource (Hi- - "
GAL |=297°)
* Background is quite well . P :
preserved e
° By prOdUCt: MadMap - Reconstruction artifacts
reconstruction noise (aka undershooting
(undershooting artifacts) CrosSEEiE -
could be eliminated 1
* For the analysis of ‘ 5
extended emission there is
no strict need for other n

cleaning techniques (L.

Piazzo et al. in prep.)

Reconstruction artifacts
disappeared

. -
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Differential image

nput mask

0.001 0 0.001 0.002 0.003 0.004 0.005
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Chamaeleon-|

MadMap reduction

Original map Point-source Differential image
subtracted A
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Chamaeleon-|

Scanamorphos reduction

Original map Point-source Differential image -
subtracted ' A

*-  Different noise
-~ model after point-
source subtraction?
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Chamaeleon-|

Scanamorphos reduction

Original map Point-source Differehtial image
subtracted .

Different noise
* model after point-
source subtraction?
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Differential (detection)
image

-
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Point-source photometry

1342189130. HD15008 , F

Early results on a 160 um :
faint source

(G. Marton)

boloSource() uncertainty
compared with aperture
photometry on HPF
+photProject map

1 observation with 9
repetition, photometry is
done on maps combined
of 2 repetitions pairs
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boloSource() ing

ius (no range

boloSource(

Compatible

Full code in Jytho
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Perspectives Cesa

e Build bechmarking environment by using simulated sources back-projected onto
the L1 detector timeline

 Photometry on differential detection image. The benchmarking environment
should cover the [surface brightness, PWS slope] space

* Tryin combination with map-makers and check the reconstruction artifact
removal potential (and get source detection map in one go!)

* Mask detection layer can be added. Thresholding on unsharp-masked image
looks very promising (H. Bouy)

* Try it for SPIRE, simple ROI back-projection of L2->L1 mask is possible
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Some examples

SAOImage ds9

Field297_pacs_160_madmap_original.image.fits
Field297

1541.69

o | 11:55:50.280 | 8 | -62:38:36.55 |

X 1164.125 Y 975.625

X|  1164.125 Y 975.625
Zoom 8.000 Angle 0.000

boloSource()
differential

£

boloSource() getsource

Agency
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Some examples

File diff.fits

Object Field297
Value 1359.05
FKS @ | 11:55:50.280 d | -62:38:36.55

Physical X 1164.125 Y 975.625

Image X 1164.125 Y 975.625
Frame 4 Zoom 8.000 Angle 0.000

edit | view

MadMap original

=

iﬁ a

frame

zoom 1/8

boloSou
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zoom 1/4

rce()

getsources
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Some examples

File
Object
Value
FKS
Physical
Image

diff fits
Field297
79.022
@ | 11:54:16.993

1262.375
1262.375

5 | -62:49:01.66
Y| 876.000
Y|  876.000

Frame 4  Zoom 8.000 Angle | 0.000
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SAOImage ds9
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Some examples

|
| |
Y
| Angle 0.000 |

MadMap original boloSource()
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SAOImage ds9

getsources
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boloSource()
differential

Space Agency



Some examples

SAOImage ds9

MadMap original boloSource() getsources boloSource()
differential

Space Agenc)
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