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What is panco2? Argonne ¢

NATIONAL LABORATORY

e Pressure profile measurements useful for cluster science
e panco?2: Python library to fit pressure profiles from tSZ data
- Flexible forward modeling MCMC adapted to mm-wave data
= Publicly available, documented, and validated on synthetic data

e Early version presented @ mmuUniverse 2021
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— 2023: Public! More features! Can be used for any mm-wave dataset!

o Pressure profile integrated along the line of sight
Numerical integration for gNFW, analytical for binned

— Compton parameter y map
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® Algorithm
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Algorithm: Schematic overview Argonne &5
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SZ Map, Noise Point source Beam Transfer Integrated Cluster info Pressure Map Mask Parameter MCMC
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Forward modeling MCMC
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mmUniverse 2023 Florian Kéruzoré, ANL 4



Algorithm: Schematic overview  Argonnec.
2 Input data: tSZ map Analysis options
= (+ beam, transfer function, etc) (priors, masks, etc)

l l l ! l l ! l l

MCMC analysis:
fit a pressure profile on tSZ map

|
Results: pressure profile + confidence intervals
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Input data Argonne ¢
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® Map: any flat-sky tSZ map

® Projection read from FITS header

® Any units; conversion to y can be marginalized over
® Estimate of noise (co)variance in the map
® Extra:

® Filtering: (1D, 2D) transfer function, beam

® Point source contamination: positions / fluxes to marginalize over
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Forward modeling of tSZ map Argonne -

® Radially-binned pressure profile
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Forward modeling of tSZ map Argonne ¢

® Radially-binned pressure profile A
1071 5( )‘s
® Pressure profile integrated along the line of sight C?E
Analytical integration (Romero+18) S 1072 3
0
— (B) Compton parameter map = 10-3L .
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Forward modeling of tSZ map

® Radially-binned pressure profile
10—1 u
® Pressure profile integrated along the line of sight o
Analytical integration (Romero+18) ; 1072k
— (B) Compton parameter map = 10-3L
E \
® Convolved by the beam (PSF smearing) 04k ‘ N ]
and transfer function (filtering) T (/LA 3
. . k
— (C) Filtered (data-like) y map r [kpe]
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Forward modeling of tSZ map

® Radially-binned pressure profile
10—1 B
® Pressure profile integrated along the line of sight C?E
Analytical integration (Romero+18) ;’ 107
— (B) Compton parameter map = 1031
< \
® Convolved by the beam (PSF smearing) 04k A
and transfer function (filtering) =-1-(')1 s -----1-(')52 --5---1-(')35 —
: . k
— (C) Filtered (data-like) y map " Lkpel
® (Optional) Conversion to observed units
(Conversion to be marginalized over)
— (D) Filtered, calibrated SZ map 0 . :
g L l (D)
O L |
A
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Forward modeling of tSZ map

® Radially-binned pressure profile
1071E
® Pressure profile integrated along the line of sight o
Analytical integration (Romero+18) ; 1072
— (B) Compton parameter map = 10-3L
® Convolved by the beam (PSF smearing) 10-4L A
and transfer function (filtering) ol ST iy
. . k
— (C) Filtered (data-like) y map " [kpel
® (Optional) Conversion to observed units
(Conversion to be marginalized over)
— (D) Filtered, calibrated SZ map 10 . .
] =
® (Optional) Point source contamination g I 1
(Fluxes to be marginalized over) g 0.5 L |
2 oor| . B |
B! L |
5
8 -0.501| ]
E I
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Forward modeling of tSZ map

Radially-binned pressure profile

Pressure profile integrated along the line of sight
Analytical integration (Romero+18)
— (B) Compton parameter map

Convolved by the beam (PSF smearing)
and transfer function (filtering)

— (C) Filtered (data-like) y map

(Optional) Conversion to observed units
(Conversion to be marginalized over)

— (D) Filtered, calibrated SZ map

(Optional) Point source contamination
(Fluxes to be marginalized over)

— Data-like map from model parameters:

® Pressure profile parameters
® (Optional) Conversion coefficient & zero level

® (Optional) Point source fluxes

Florian Kéruzoré, ANL
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Algorithm: MCMC sampling Argonne ¢

AAAAAAAAAAAAAAAAAA

® Realistic model map M(9) can be compared to input map D through (log-)likelihood:

2log L(O) = Y ([Di — M)/ zi)z

l

summing over pixels i, with 2 the noise RMS map

® |f spatially-correlated noise, can include covariance matrix C :

~2log Z(9) = [D — M(9)|' C [D — M(9)|

® (Caninclude constraint on integrated tSZ signal for large-scale information:

- \2
SR —dn — 22 f(f P.(7) rodr
—2log £(9) + = -
A 1’<III%EIS.
\ )

® Priors on parameters to be specified by the user: any continuous distribution can be
used (specified through spicy.stats)

® Posterior sampled using emcee (multithreaded affine-invariant sampling)

® Samples used to compute credibility intervals on pressure profile + a lot of plots

mmUniverse 2023 Florian Kéruzoré, ANL 7
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® Validation on mock observations
® Synthetic data

® Results
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Validation on mock observations: Synthetic data
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® Goal: validate panco2 on controlled inputs

® Dataset:

- Three mock clusters (C1, C2, C3), covering different (M5, 2)
- Mock-observed to mimic:

® Planck y-map (white noise + beam) (Planck 2015 XXIl)

® SPT-SZ y-map (white noise + beam) (Bleem+22)

® NIKA2 150 GHz map (white noise + beam + TF) (Kéruzorée+20)
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Results Argonne ¢

Data Best-fit model Residuals
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Data Best-fit model Residuals
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Results Argonne ¢

Data Best-fit model Residuals
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Results

NIKA2 150 GHz [mJy/beam]

mmUniverse 2023
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Results Argonne ¢

Data Best-fit model Residuals
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Results: extra features Argonne ¢
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Results: extra features Argonne ¢
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Data Best-fit model Residuals
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Results: extra features Argonne ¢

Data Best-fit model Residuals
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Results: extra features Argonne ¢

Data Best-fit model Residuals
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Results: extra features Argonne ¢

Data Best-fit model Residuals
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® Conclusion
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Summary Argonne &
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®* Flexible, fast, accurate Python library to estimate pressure profiles from tSZ maps

- Flexible:
® (Can work on any input flat-sky map

® Many analysis options to choose from — systematic analyses
- Fast: validation fits averaged a few minutes on a laptop*

- Accurate: validation showed unbiased pressure profile estimates
® For different maps (Planck-like, SPT-like, NIKA2-like, with different clusters)

® On scales between beam size and map size

*On my laptop; this is not a guarantee!
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Code / information availability

® panco?2 is publicly available on Github
and easy to install: fkeruzore/panco?

® Online documentation includes API

documentation and example notebooks:
readthedocs

® Paper presenting code & validation is
published: arxiv:2212.01439

® Don't hesitate to reach out if you want to
use it!

mmUniverse 2023

) github.com &

D 29

My ANL NASAJ/ADS GitHub SPT v NIKA2 v Events v

@ panco2 Unpin

main ~ ) | o Go to file Add file ~

docs

examples

panco2

validation
.gitattributes
.gitignore
.readthedocs.yaml
LICENSE.md

README.md

setup.py

README.md

panco2

License [Hifl] docs [PESSIAG] doi 10.21105/astr0.2212.01439  arXiv 2212.01439  ascl 2212.008

panco2 is a Python library for pressure profile measurements in SZ observations of galaxy clusters.

Documentation

Please read the documentation and running examples at

Installation
To install, clone the repository and use pip:

git clone git@github.com:fkeruzore/panco2.git
cd panco2
pip install .

Florian Kéruzoré, ANL

Unwatch 1 ~

<> Code ~

. fkeruzore Merge pull request from fkeruzore/17-publication-referee-re 179
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Doc v Misc v Perso v Archived v Hydro macaroni art

Fork 0 Star 3

About

A Python library for pressure profile
measurements in SZ observations of
galaxy clusters.

Releases

Packages

Languages

Python

Suggested Workflows

@ Actions Importer

@ SLSA Generic

generator

° Python application  configure
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https://github.com/fkeruzore/panco2
https://panco2.readthedocs.io/en/latest/
https://arxiv.org/abs/2212.01439

Code / information availability Argonne &
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] 0] v < 0 @ fH panco2.readthedocs.io @ -} ﬂ] + IE]

i Gmail MyANL NASA/ADS GitHub Argonne v panco2v SPTwv NIKA2v Eventsv Docwv Miscv Persov Archived v »

# panco2 . . .
# » Welcome to panco2’s documentation! ©) Edit on GitHub

Welcome to panco2’s documentation!

® panco?2 is publicly available on Github
a n d ea Sy to i n Sta | | : -F |< e rl u Z O rl e / p a n C O 2 panco2's methodology panco?2 is a Python library dedicated to extracting measurements of the pressure profile of the

hot gas inside galaxy clusters from millimeter-wave observations. The extraction is performed
using forward modeling the millimeter-wave signal of clusters and MCMC sampling of a
posterior distribution for the parameters given the input data. Many characteristic features of
References millimeter-wave observations can be taken into account, such as filtering (both through PSF
smearing and transfer functions), point source contamination, and correlated noise. panco2 is
further described in [4].

Examples

API

® Online documentation includes API

documentation and example notebooks:
readthedocs

Installation

To install, clone the repository and use pip:

git clone git@github.com: fkeruzore/panco2.git
cd panco2
pip install .

® Paper presenting code & validation is
published: arxiv:2212.01439

Contents:

e panco2’s methodology

o Forward modeling of thermal SZ signal
o Pressure profile fitting

e Examples

o Running example: Pressure profile of a mock cluster from a mock NIKA2 map
o Computing and using noise covariance matrices

o Simulating data to check analysis options

o Running example: Marginalizing over point source contamination or masking it

® Don't hesitate to reach out if you want to
use it!

e API

o panco2.panco2

o panco2.results

© panco2.noise_covariance
o panco2.masks

& Read the Docs

mmUniverse 2023 Florian Kéruzoré, ANL 14


https://github.com/fkeruzore/panco2
https://panco2.readthedocs.io/en/latest/
https://arxiv.org/abs/2212.01439

Code / information availability

® panco?2 is publicly available on Github
and easy to install: fkeruzore/panco2

® Online documentation includes API

documentation and example notebooks:
readthedocs

® Paper presenting code & validation is
published: arxiv:2212.01439

® Don't hesitate to reach out if you want to
use it!

mmUniverse 2023

O astro.theoj.org @

Gmail My ANL NA S Argonne panco2
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Instrumentation and Methods for Astrophysics

Vol. 6, 2023 - March 09, 2023 IST

panco2: a Python library to
measure intracluster medium
pressure profiles from Sunyaev-
Zeldovich observations

Florian Kéruzoré, Frederic Mayet, Emmanuel Artis, Juan-Francisco Macias-Pérez,
Miren Munoz-Echeverria, Laurence Perotto, Florian Ruppin
https://doi.org/10.21105/astro.2212.01439

1 Sunyaev-Zel'dovich Effect ( Galaxy Clusters )
intracluster mediu pressure profiles

a CCBY-4.0

Florian Kéruzoré, ANL

Argonne &5

NATIONAL LABORATORY

Abstract

( Read article at ArXiv >

We present panco2, an open-source

Python library designed to extract galaxy
cluster pressure profiles from maps of the
thermal Sunyaev-Zeldovich effect. The
extraction is based on forward modeling of
the total observed signal, allowing to take
into account usual features of millimeter
observations, such as beam smearing, data
processing filtering, and point source
contamination. panco2 offers a large
flexibility in the inputs that can be
handled and in the analysis options,
enabling refined analyses and studies of
systematic effects. We detail the
functionalities of the code, the algorithm
used to infer pressure profile
measurements, and the typical data
products. We present examples of running
sequences, and the validation on
simulated inputs. The code is available on
GitHub at
https://github.com/fkeruzore/panco2, and
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