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BoccTaHoBneHne ckonaeHnm CroHaeBa-
3enbaoBmnya no MHOro4YacToTHLIM KapTam
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AhdekT CloHAeBa-3enbaoBnYa B CKOMIeHUAX

AdhoeKT tSZ BbI3biBAETCA 06pATHLIM KOMNTOHOBCKUM paccesHnemMm potoHoB P Ha anekTpoHax
ropsA4vero rasa B CKOMJIEHUAX, YTO NPUBOAMUT K UCKaXXeHUsaM cnekTpa PU.
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Spectral Distortion Formalism

The tSZ effect’s spectral signature is derived from the
Kompaneets equation, yielding the non-relativistic approxi-
ol, o ze

mation:
o O R N

where = = hv/kT,,q and y denotes the Comptonization
parameter. The distortion appears as a decrement in the
Rayleigh-Jeans regime (v < 217 GHz), an increment in the
Wien tail (v > 217 GHz), and nulls near 217 GHz.
Relativistic corrections for hot cluster electrons modify
this relationship significantly (Challinor & Lasenby 1998):

Tty v ®)
Iy Iy nonrel

where T, represents the electron temperature. These cor-
rections necessitate higher-order terms in the spectral mod-
eling.
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MeToanku pa3geneHnd KOMMoHeEHT, NCIMOJIb30BaBLUNECH

B akcnepumeHTe Planck anga agodpekta CroHaeBa-3e/baoBnya

MeToguka Anroputm paboThbl BoccTtaHoBneHune
KOMMOHEHT
Commander, Bayesian approach employing a Monte Carlo method called Gibbs sampling as its |CMB, dust, sync, FF,

Eriksen et al (2004, 2008)

central computational engine. Within this Bayesian framework, a parametric model
is fitted to the data set in question with standard posterior sampling or maximization
techniques, including cosmological, astrophysical, and instrumental parameters.

mono-,dipoles, limited tSZ

NILC (Needlet Internal
Linear Combination),
Basak & Delabouille
(2012, 2013)

The component extraction is done by computing the linear combination of input
maps that minimizes the variance in a basis spanned by a particular class of
spherical wavelets called needlets.

CMB, tSZ, dust, sync, FF

FastMEM (Fast Maximum
Entropy Method),

Hobson et al (1998),
Stolyarov et al (2002,
2005)

The FastMEM method estimates component maps given frequency scaling models
and external foreground power spectra (and crosspower spectra) with adjustable
prior weight. It is a nonblind, non-linear approach, which assumes a maximum-
entropy prior probability distribution for the underlying components.

CMB, tSZ, dust, sync, FF,
limited kSZ

MILCA, a modified internal
linear combination
algorithm,

Hurier et al (2010)

MILCA generalizes the standard ILC algorithm, generally devoted to CMB emission
extraction, to any astrophysical component with a known emission law.

CMB, tSZ, dust, sync+FF,
CiB

NILC and MILCA — Aghanim et al, Planck 2015 results XXII. A map of the thermal Sunyaev-Zeldovich effect (2016)
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[Mpnmep BoccTaHoBneHua knactepa COMA
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MNpumep BoccTaHOBNEHUN knacTtepa Virgo
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Mpumep BOCCTaHOB/IEHUS KNacTep

MILCA Abel 2319

MILCA y-parameter map
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MeToanka pasgeneHmns KoMnoHeHT FastMEM

ANrOpUTM BbINOJIHAET ONTUMM3aLUIO MOAEeN C 3HTpOI'II/II7IHOI7I perynﬂpl/l3au,|/|e|7|

MeTop ncnonb3yeT Teopemy Balieca ans MakcMmum3auumn NnocTepuopHoi BEPOATHOCTY NOMYUNTb CUTHA
(KOMOGUHALMIO aCTPOIN3NYECKNX N KOCMOJIOTMYECKMX KOMIMOHEHT) A1 BEKTOpaA AaHHbIX C N3BECTHLIMY
LLIYMOBbIMW CBOCTBaAMW (MOXHO YUUTbIBaTb KOPPESTMPOBAHHbIN LYM)

Mpouecc onTMMm3aumm NPoMcXoauT A1 Kaxaon Moabl B cnekTpasibHo ob6nacTtu (Pypbe, cdhepunyeckmne
rapMOHVKN UTA) — ONTUMU3ALMIO MOXHO BbINOMHATL NapaniefibHo

MeToguka npeasioxeHa Hobson et al (1998) ana ®ypbe-obnactun, agantmposaHa o4 cnyydyas coepunyeckmnx
rapMoHUK B cTaTbaX Stolyarov et al (2002, 2005) n no3Bondet pabotarb C kKapTaMn B pa3HOM paspeLLeHnm

FastMEM npumeHsnca B npouyecce paspaboTkn MHCTPYMEHTapuUs pasaeneHuns KoMnoHeHT asia Planck,
NCNONb30BaJ/ICA Kak OJ/1 MOAENbHbIX, Tak U /19 peaslbHbIX AAaHHbIX

OcHoBHas npobnema, obwas ana nogxoga MEM — TpygHOCTM OLEHKM OLLIMOOK BOCCTAHOBIEHHOIO CUrHasna.
MopaenupoBaHue MoHTe-Kapno, Heobxoanmoe Ansa oueHKn owmnbok, 10-15 net Ha3zaz 6bI/10 04eHb 3aTpaTHO C
TOYKWN 3PEHNSA KOMMBIOTEPHbIX pecypcos, noatoMmy FastMEM oTcyTCcTByeT B uncne MeToavik, Kotopblie
NCNOJIb30BA/INCH AN1A NONYYEHNA OCHOBHbIX HAUYyUHbIX MPOAYKTOB (BOCCTAHOB/IEHHbLIX KAPT KOMMOHEHT)




OcHOBHble cBoncTBa FastMEM - |

* For each spherical harmonic mode (/,m) we have d;,, =R, a,,, +¢,,,, where d,,, a,,
and g;,, are column vectors that correspond to the data, physical components and
noise respectively; R, is the response matrix which includes beam smearing and
frequency scaling of the components from some reference frequency. Vector a,,,
represents physical component signal at the reference frequency.

* According to Bayes’ theorem, we have to maximize the posterior probability

Pr(alm | dlm) o Pr(dlm I alm)Pr(alm)'

* A priori correlation information 1s incorporated into the separation algorithm by
defining a ‘hidden’ vector h;,, at each mode, that is related to the vector a,,, by

* Assuming the instrumental noise to be Gaussian, the likelihood function at each
mode is given by Pr(d,, |a,,) o exp[-x? (h,,)], where y?is the standard misfit
statistics given by

%’ (hy)=(dy,m Ry Ly hy,) TN(dy,,- Ry Lyhy,)

where N is n,* n,noise covariance matrix for the mode (,m) .




OcHoBHble cBoncTBa FastMEM - 11

* For the prior Pr(h;,) we assume the entropic form Pr(h;,,) oc exp[a S(h;,,,m)], where
S(h,,,,m) is the cross-entropy of the complex vectors h;, and m, where m is a model
vector to which h,,, defaults in absence of data.

* Maximizing the posterior probability Pr(a,,, |d,,), or Pr(h;, |d, ) with respect to h,,,
is equivalent to minimising the function

(I)(hlm) = X2 (hlm) - S(hlmfm) '

* The regularising parameter o can be found in a Bayesian manner by treating it as
another parameter in the hypothesis space.




KoHBenep obpaboTkn FastMEM
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CMB tSZ
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33-94GHz maps (single DA), Nside=1024, recovered components are CMB, tSZ,
synchrotron, free-free, thermal dust, anomalous dust
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MoaenbHble gaHHble Planck, BocctaHoBneHne CMB

Original CMB map, in pK

Reconstructed CMB map, in uK




MogenbHble AaHHbIe

Original thermal SZ map
(smoothed with 5’), iny

Reconstructed thermal SZ map, iny




Input model Recovery



OKOHHas yHKUMA BOCCTAHOBIEHHOW KapThbl tSZ
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PensaTuBncTcKkue nonpasku rSZ
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CnekTpasibHbIX UCKaXXeHUIA B
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dopmannima Pokkepa-lnaHka

* Bknag rSZ Ha nopsagoK MeHbLue
yem tSZ

* W3mepeHua rSZ panyt
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NONYYNUTb 3HAUYEHUA Te, NPUUYEM
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MopaenupoBaHue BKkIaaa HepensaTUBUCTCKOro tS

A[SZ AISZ f(x)
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Thermal SZ frequency scaling




MoaennpoBaHue BKaL
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PasnoxeHune B psaa KoadpdouumeH
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(Several reconstructed fields instead of one)




BoccTtaHoBneHue pacn




BoccTtaHoBneHne pacnpegeneHus Te- I




BoccTtaHoBneHue pacnpeaeneHusa Te-




BoccTaHoB/eHMe pacnpeaeneHu

l,, x T, template l,, template

T, recovery T, template

Y-parameter and T, modelled maps were provided by R.Kneissl



Moaenb Knactepa Ha NpsAMOYyro/sibHouW nsowanke, FayccoBbln npodunb Te,
COMA-noao6HbIn knactep, 1.31x1.31 rpaayc, 128x128 nukcenos




MogenunpoBaHune curHasia Ha Yyactotax 70 — 545 [Ty
(CMB, thermal dust, free-free, CO, tSZ, rSZ)
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BapuaHT BOCCTaHOBNEHUS pacnpeaeneHns y-napamerpa 1 Te
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Moaensb Knacrtepa Ha NpPAMOoyrosibHon naowanke, andpdoepeHunansHbIn
[[ayccoBblin npodonb Te
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BapuaHT BOCCTaHOBNEHUS pacnpeaeneHns y-napamerpa 1 Te
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3ak/iroyeHue

CyulecTByeT HECKO/IbKO METOAMK A151 BOCCTAHOB/IEHNA KapT napameTpa KOMATOHU3aUMn y B Kactepax,
roe Habnwpgaetcs adodhekt SZ (MILCA, NILC, FastMEM, 6binu nonbITkn co SMICA n SEVEM).

FastMEM no3BonsieT paboTaTtb C KapTaMu B pa3HOM paspeLLleHnm, HoO UMeeT NPo6eMbI C OLEHKOW
OLNGOK BOCCTAHOB/IEHHOTO CUrHaa.

Hu oguH meToa He Aan yaoBNEeTBOPUTESbHbBIX Pe3ynbTaTtoB BOCCTAaHOB/IEHUA T /15 OTAE/bHbIX
KNnacTepoB npu paboTe C CyLeCTBYOWMMM MHOIOHaCTOTHLIMKY KapTaMin ¢ y4€ToM rSZ. EcTb paboThl, rae
NCNonb3yT METOA OcpefiHEHUA No Bcem Knactepam (Hanp. Remazeilles & Chluba (2024)), koTopblii
rnokasblBaeT cpefHee 3HavyeHue Te nopsagka 5 keV.

akcnepnmeHThl ¢ FastMEM nokasbiBatloT, YTO Ka4eCTBO BOCCTAHOB/IEHNSA Te HEBLICOKOE B T.4. U NOTOMY,
4YTO MPU HAJSIMYNK Manoro Yncsia 4YacToTHbIX KaHanoB (6 KaHaoB oT 70 oo 545 'ry) B aTOM gManasoHe
HeobXoANMO YyUnTbIBaTb 60/bLLIOE KONMMYECTBO KOMIMOHEHT CUrHana, Takmx kak CMB, TennoByto Mblfb U
nonpaBKn 3a CYET Bapuauuii Temneparypbl, CBOO60AHO-CBOOOAHOE M3yyeHune, CO, apdekT SZ u
pPeNATUBUCTCKME MOMpaBKu, YTO NPUBOANT K HEYCTONUNBOMY PELLEHUIO.

CuTyauuo MOryT yNyullnTb 6yayLime cnyTHUKOBbIE 3KCNEPUMEHTbI B MM 1 Cy6-MM AManasoHe, KOTopble
ob6ecneyat 60/blUee YAC/0 CNEKTPasIbHbIX KAHAMOB, /TyULLME LLIYMOBbIE XapakTePUCTUKM U Nyyllee
paspeLlleHne, B YaCTHOCTY NPoekT MUNINMeTPOH.
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