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Context: previous NIKA2 LPSZ analysis
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So far, only one LPSZ cluster analysis published:
PSZ2-G144.83+25.11 (F. Ruppin et al., A&A 2018)

« Massive : Mpianck= 8.22 x 10" Mg
« Low redshift:z =058

e tobs =55 xtpsz=11h

> Great for NIKA2 science verification

- Next analysis: go for a fainter cluster?

Redshift z
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Choice of next target
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Best candidate: ACT-CL J0215.4+0030
 Low mass: Mact = 3.8x101* Mg
« High redshift: z = 0.87

* tobs = tipsz =9 h
- We expect a smaller, fainter cluster

- Assess the NIKA2 performance on an
“extreme” cluster of the LPSZ sample:

How hard will data reduction be?

« What will thermodynamic properties
look like?
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Prior knowledge of the cluster

ACTPol 148 GHz map of the cluster XMM view of the cluster

| |
150
0°35’

« High quality XMM data for a

= 100
high redshift cluster (z=0.87)
S —50
] ¥ . .
E o 0 - Few objects at that redshift
E ! 50 " have X spectroscopy data
- * Topsxmm = 35 Ks
25" _
-150
() T.Louis eral., JCAP2017
2h15m45s 30s 15s 00s
Right ascension (J2000)
XMM profiles (with spectroscopic information)
1072+ ' nE v T : i
g % éo, o-Temperature profile f [
i ()
.. 9 iéi 10" = ' i
A \ S sk . o g T E
I \ N [
"Density profile > 31 L] T 1" Pressure profile f 102k —..Mass profile
Radius [kpc] Radius [kpc] Radius [kpc] Radius [kpc]

To be compared with SZ products
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NIKA2 observations of the cluster

. Cluster observed for 9h during the 14th NIKA2 run (N2R14, Jan. 16-23 2018)

- Atmospheric condition during the observations: (T225 € [0.1, 0.3])

Tos (atmospheric opacity at 225 GHz) for ACT)0215 scans:
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- Average conditions for Pico Veleta winter observations\
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Declination (J2000) [degree]

NIKA2 maps of the cluster
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NIKA2 maps of the cluster
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« Large noise structures surrounding the cluster
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NIKA2 maps of the cluster
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« Large noise structures surrounding the cluster

- Strong point-sources contamination (“holes” in the cluster:
positive signal compensating the SZ decrement)
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Challenges of the analysis

From the maps, we identify two problems with the data:

1. The noise structures: need to find a better way to remove (“decorrelate”)

noise in the map;

2. The point-sources: need to know how our signal is affected by contamination

« How can we remove them?

« Impact on thermodynamic results?
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Remaining noise in the maps
Point-sources contamination

Thermodynamics of the ICM
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Remaining noise in the maps
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Data reduction : the CMOB method

Decorrelation method used so far: Common mode one block (CMOB)

1. Mask out the region of the map
containing the signal of interest
(e.g., a disk at the center of the map)
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Data reduction : the CMOB method

Decorrelation method used so far: Common mode one block (CMOB)

. 50 : . .
1. Mask out the region of the map 60 TOI from A2

containing the signal of interest — Common mode A2
(e.g., a disk at the center of the map)

2. Compute the medians of TOls outside
of the mask: common mode (CM)

Flux [Jy]
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Common mode computation from 60 TOI
(Figure from F. Ruppin)
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Data reduction : the CMOB method

Decorrelation method used so far: Common mode one block (CMOB)
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containing the signal of interest — Common mode A2
(e.g., a disk at the center of the map)

2. Compute the medians of TOls outside
of the mask: common mode (CM)

Flux [Jy]

3. Subtract it from all the TOls, and

project them on a map:
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Data reduction : the CMOB method

Decorrelation method used so far: Common mode one block (CMOB)

. 50 : . :
1. Mask out the region of the map 60 TOI from A2

containing the signal of interest — Common mode A2
(e.g., a disk at the center of the map)

2. Compute the medians of TOls outside
of the mask: common mode (CM)

Flux [Jy]

3. Subtract it from all the TOls, and

project them on a map:

_100 5l0 160 150 2(I)0 250 3(l)0 3&130 460 450
Time [s]
4 (oonnal) compute a new mask (e.g. Common mode computation from 60 TOI
where SNR > threshold) and restart (Figure from F. Ruppin)

But... we still have too much noise in the output map
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Test of another decorrelation

Idea:

Original data
1. Get a signal-dominated TOls (A) using 0
any working decorrelation method
5
[,
>
t
Signal-dominated data (A)
N\
5
[,
>
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Test of another decorrelation

I : .
dea Original data
1. Get a signal-dominated TOls (A) using 0
any working decorrelation method
5
2. Subtract the signal-dominated TOls £3
from your data
- Only noise remaining (B) >
t
Noise only data (B)
N\
5
[,
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Test of another decorrelation

Idea:

1. Get a signal-dominated TOls (A) using
any working decorrelation method

2. Subtract the signal-dominated TOls
from your data

- Only noise remaining (B)

3. Estimate common mode from these
“noise TOIs” and subtract it from the
original data

- More signal-dominated TOlIs (C)

4. Repeat from step 2 with the new
signal-dominated information

F [Jy]

F [Jy]

Signal-dominated data (A)
A

5

More signal-dominated data (C)
N\
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Test of another decorrelation

Idea:

1. Get a signal-dominated TOls (A) using

any working decorrelation method - 038
. _ " 0.6
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| Result: much better noise removal\
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Transfer function computation

Process

Simulated input map Output map

NIKA2 Pipeline
—_—>

l

pout (k)/pm (k)

- Quantifies at which angular scales we lost signal in the analysis (“filtering”)

- Essential tool for SZ model fitting: filtering has to be taken into account
when comparing a model to data
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Transfer functions comparison

Common Mode One Block: New method:
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We have yet to quantify how much this new method affects our signal :
« Understand transfer function
* See how much point-sources were filtered out
- The following results are given for the method
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Point-sources contamination
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Sub-millimetric sources in the field

| dentification of 5 sub-mm sources (( ) near the cluster from HerS82 catalog (iero et at. 2014)
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- For each identified source, we have Herschel SPIRE fluxes (at 250, 350 and 500 pm)

« Sources close to the cluster (within Rsgg)

- estimating contamination is important

- Small cluster (area ~ a few beams)
-~ need a precise knowledge of the sources’ extension
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Point-source removal: Example of source #4 (1/2)  NI|KA®2

Fit point sources in the NIKA2 Tmm map as a NIKA2

beam profile: sum of 3 gaussians ol
(Perotto et al. 2019, in prep)
"8 10—3_
« Better modeling of the beam than simple £
g
gaussian profile 3 10}
£
3 o)
« More flux in the sides of the profile “ L 4% more flux
- Better point-source removal In the sides
10-° - —— One gaussia.n
. | |_ Threle gau551ansI |
amplitude = flux of the source at Tmm 0 20 0 20 40
Distance from center [arcsec]
Extraction result :
Data Best fit Residuals
4 4 4
z Z z § > We have the flux of the
1 1 ! ? source in 4 frequencies,
0 0 0 o .
| | 2 and we can fitits SED

|
)

-2 -2
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Point-source removal: Example of source #4 (2/2)  N|KA®2

We use MCMC to fit the SED, and integrating the SEDs from the posterior distribution in the NIKA2 2mm
bandpass gives us the 2mm flux distribution

2 | |—— MCMC best fit 12000 1.4imJ y Best fit
- I NIKA2 2mm lo confidence
| @ SPIRE
[| @ NIKA2 lmm

10000 —

8000 — |J_4 LLL
_? o Source’s P ool - NIKA2 2mm
SED H flux distribution
4000 —
10"
2000 —

Frequency [GHz] NIKA2 2mm [mly]

2 ways to use this:

1. Get one value of 2mm flux, and subtract it from the 2mm map

2. Use the PDF as prior in MCMC fit of (SZ profile + point-sources)
- To be done
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SEDs of all sources
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Point-source removal results

Applying to all 5 sources, we get their 2mm fluxes; modelling them as a NIKA2 beam profile,

we can remove them from the 2mm map:

NIKA2 data PS contamination Io.6

=

—0.4
—-0.6

In some regions, point-source flux > SZ signal

- Correction accuracy Is essential for model fitting
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Point-source removal results

Applying to all 5 sources, we get their 2mm fluxes; modelling them as a NIKA2 beam profile,

we can remove them from the 2mm map:

NIKA2 data hI% PS contamination Io.6
0.4 0.4

=02 —0.2

—0.0 0.0

|l o2

0.4 0.4
N
| | 06 0.6

In some regions, point-source flux > SZ signal

- Correction accuracy Is essential for model fitting
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Thermodynamics of the ICM
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Thermodynamic profiles of the cluster
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Comparison with NIKA

Adam et al., A&A 2015 mJy/beam
CLJ1226.9+3332: High redshift cluster observed 30§ N ‘ I2
34' 00" | €
by NIKA (adam et al, A&A 2015, Romero et al.,, A&A 2018) Q
- 30" : o
- Redshift similar to ACT-CL J0215.4+0030 5 3300 L 0.,
. E 30" | . ’
« Higher mass %
32' 00" | /(= —1
.. . @)
- Similar results (good agreement with XMM data after o b e % 1 )
point-sources subtraction) 330 31 o e MG ol I A
12" 27™M 058 26™M 555
; Ga00 (D)
1073 L === Planck scaling relation(Planck collab. XI, 2011) —— Center: R.A. 12 26 38.37  Dec +33 32 47.4
: +~ Planck calibration sample (Planck Collab. XI, 2011) d
B I§I CLJ1226.9+3332 (Adam et al. 2015)
i ACT-CL J0215.4+0030 (this work)
_ Cluster z M 500 [1014M@}
% P CLJ1226.94+3332 089  5.961102
E : *,/”H '
2 o pe gy ACT-CL J0215.4+0030 0.87  3.86 4 0.42
« B . miS SO
:Qv: N = ’ .
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1078 g SZ Signal — Mass scaling relation

10"
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A\ Not point-sources corrected A

Large disagreement between XMM
and NIKA2 data:

« Bad point-source removal will

give poor profiles quality

-> We need to remove them correctly

« What if we didn’t have information on the

sources ?

* 21/48 LPSZ clusters have no Herschel

Information
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A\ Not point-sources corrected A

Large disagreement between XMM
and NIKA2 data:

Bad point-source removal will

give poor profiles quality

-> We need to remove them correctly

What if we didn’t have information on the

sources ?

21/48 LPSZ clusters have no Herschel

Information

- What will be the impact of undetected

sources on our analysis?

t
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LPSZ products

Pressure profile Scaling relation
100 = : — NIKAZ2 best-fit 103H Planck scaling relation(Planck collab. XI, 2011)
- — Arnaud ef al. 2010 profile . Planck calibration sample (Planck Collab. XI, 2011)
' p | 1 PSZ2 G144.83+25.11 (Ruppin et al. 2018)
I ACT-CL J0215.4+0030 (this work)
E = eap
: 3 P A
1072 5"//
I 1(;15
Radius [kpc] Mspo [Mo]
Significant deviation from Arnaud et al. 2010 So far, agreement with the Planck scaling
universal pressure profile relation (on two clusters)

No conclusion can be drawn from 2 clusters - have to wait for the full LPSZ sample
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Conclusions & perspectives

« Great synergy between NIKA2 data and XMM-Newton imaging data at low SNR
- Encouraging for future analysis of clusters with no X spectroscopy

« Decorrelation process is still in development, along with careful study of the

filtering and transfer function

* Information on point-source contamination Is for LPSZ analysis, as

bad point-source removal will lead to bad ICM reconstruction

- Systematic effects of undetected sources on the pressure profile need to be

investigated
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