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Absrac: We presen a forecas of he capabiliy of he upcoming Cosmic Microwave Background (CMB) experimen LieBIRD o deec he relaivisic Sunyaev-Zeldovich
(rSZ) eec and measure he elecron gas emperaure (Te) of seleced galaxy clusers. Following he approach of Remazeilles & Chluba, (2020)[11], we implemen a momen
expansion of he rSZ signal for a se of pivo emperaures (T̅e) and use a Consrained Inernal Linear Combinaion (CILC) componen separaion mehod o exrac wo
momen maps: he Compon-y map and he emperaure modulaed Compon-y map, y(Te - T̅e). Subsequenly, we employ a parameric  using he saisical framework
Cobaya o joinly exrac he hermal SZ parameer, y, and he elecron emperaure, Te. This ting assumes predened spaial prole emplaes for he cluser’s compon-y
parameer and elecron gas emperaure. This analysis uses simulaions combining LieBIRD and Planck frequency channels.

Inroducion

● The Sunyaev-Zeldovich (SZ) eec is he specral disorion of CMB caused by Compon
scatering of CMB phoons wih elecrons in ionised media (Galaxy clusers)[1].

● Elecron gas emperaure (Te) of Galaxy Clusers can be 5 - 15 keV resuling in small relaivisic
correcion o he SZ specrum (rSZ)[2][3] imporan while using he SZ clusers as a
cosmological probe.

● The rSZ eec provides a direcmm-wave probe of Te ha is complemenary o X-rays.
● Previous sudies[4-8] esimaed average Te of cluser samples via sacking.

LieBIRD and Mapping he Ho Gas in he Universe:
● Lie (Ligh) spacecraf for he sudy of B-mode polarizaion and Inaion from cosmic

background Radiaion Deecion[9].
● JAXA’s L-class Mission, Frequency Bands: 34 o 448 GHz (15), Angular Resoluion: 70.5′ o 17.9′ ,

Sensiiviy: 2.2 µK.arcmin[9].

SZ science wih LieBIRD:
● Producing he nex-generaion all-sky SZ signal map[10].
● Deecing he rSZ eec from individual clusers, Consrain he CMB y-ype disorion,

Synergy wih X-ray surveys, Srucure formaion sudies[10].
Thermal SZ specrum along he line-of-sigh of a galaxy
cluser for dieren elecron gas emperaure values (Te)

rSZ 0th and 1st Order Moment Maps

● Simulaion[10]*: LieBIRD and Planck frequency maps including asrophysical
foregrounds and nominal noise. A simulaed galaxy cluser caalog, based on
real Planck PSZ2 clusers and random clusers generaed using a halo model
mass funcion, is used.

● Taylor expansion of he rSZ specrum up o rs order abou a pivo
emperaure(T̅e)[11]:

● A Consrained Inernal Linear Combinaion (CILC) componen separaion
mehod produces he following maps a angular resoluion of 5’
○ Compon-y map (0h Momen)
○ Temperaure modulaed Compon-y map (1sMomen)

Parameric ting mehod o recover Te

● Two-parameer MCMC  (Cobaya[12]) using he below
likelihood scheme. Covariance beween 0h and 1s
Momens is no considered ye.

The 0h momenmap and 1smomenmaps of Coma cluser smoohed o 30’ beam
in a 5°✕ 5° pach generaed using T̅e = 2, 7, and 10 keV. A Cluser posiion
(indicaed by a red doted circle) in he 1sMomenmap, he signal appears
posiive, null or a negaive depending on wheher he cluser Te is greaer han,
equal o or less han he T̅e , respecively. This provides a rough esimae of he
cluser Te by creaing maps a dieren pivos.

Spaial prole Templaes

● TY(i,j): Bea prole for Compon-y
parameer

● TT
e
(i,j): Top-ha prole for Te

θ500: Cluser characerisic radius

*Simulaions creaed by Mahieu Remazeilles as par of he LieBIRD SZ science aciviies
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Conclusion:
● For LieBIRD in combinaion wih Planck, he parameric ting mehod is able o
exrac he elecron gas emperaure of clusers seleced wih higher
signal-o-noise raio and larger angular size. The curren sample of seleced
clusers consiues ~ 50% of he clusers wih angular size larger han 15’.

● Clusers wih 95% credible inerval for Te less han 15 keV are excluded: hese
clusers have lower SNRs and smaller angular sizes making he  dicul.

● The LieBIRD insrumen conguraion used for his work is under rescope
sudies, and subsequen revisions may change he resuls.

Fuure seps:
● Include he cross-covariance beween he 0h and 1sMomen in likelihood.
● Calculae he mean cluser emperaure in dierenmass bins via sacking.
● Look for more realisic spaial prole emplaes, paricularly for he elecron gas
emperaure.
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Fi Resul Summary for all Clusers: Fi resul of 20 clusers seleced based on he
SNR (0h MomenMap) larger han 10 and angular size θ500 larger han 15 arcminue.
The x-axis shows he inpu Te values of clusers, and he y-axis shows he ted Te
values. The color bar represens he SNR of he clusers, and poin size scales wih
heir θ500. Error bars show he 95% credible inervals. The red dashed line indicaes
where inpu Te equal o ted Te. The wo oulier clusers have map-level issues ha
need furher invesigaion. The maps are smoohed o an eecive beam of 30’
before ting as i provides beter  resulmainly due o lower noise.

Fi resul for Coma Cluser: Comparison of he inpu and recovered
maps wihin a 5°✕ 5° pach a an angular resoluion of 30′. The red
doted circle in Temaps marks a radius of one θ500.The values marked in
he colorbar are he maximum and minimum values of he respecive
signals in he pach. (Coma, Inpu Te: 7.3 keV, Recovered Te: 6.7 ± 1.2 keV.)


