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Motivation

Galaxy clust"rs mass"s "stimat"d und"r 
hydrostatic "quilibrium (HSE) hypoth"sis 
ar" bias"d

But not "nough to conform to CMB pow"r 
sp"ctrum cosmology

Simulations [Gianfagna "t al. 2021]            Obs"rvations  [Salvati "t al. 2018] 
CMB
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Galaxy clust"rs mass"s "stimat"d und"r hydrostatic "quilibrium (HSE) hypoth"sis ar" bias"d

Motivation

○ Which is th" valu" of (1 – b)? 
○ Enough to match our und"rstanding of baryonic 

physics?

→ N""d of a total mass estimate
→ N""d of a w"ll controlled cluster sample

○ Do"s th" bias "volv" with r"dshift? 
○ Ar" high r"dshift clust"rs mor" disturb"d?

→ N""d to cov"r a large redshi2 range
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Data: X-ray hydrostatic mass"s and l"nsing mass"s

W" will us" mass"s "stimat"d from individual mass proGl"s

→ Hydrostatic-to-l"nsing mass bias

Hydrostatic mass"s obtain"d from X-ray data: 

Estimator of tru" mass"s: mass"s from th" l"nsing of background galaxi"s

[l"nsing "I"ct pr"s"nt"d in C. Pay"rn"’s talk]

M. Muñoz-Ech"v"rría – mm Univ"rs" 2023                          4



  

R"f"r"nc" sampl":

Sampl" us"d to calculat" th" bias

Data: combination of clust"r catalogu"s

Mass"s from r"solv"d X-ray and l"nsing proGl"s (not from obs"rvabl"-mass scaling r"lations)

XMM-N"wton clust"rs [CEA/IRAP pip"lin"]

CoMaLit clust"rs [LC2, S"r"no 2015]

Comparison sampl":

Sampl" us"d to "stimat" possibl" syst"matic on 
th" r"f"r"nc" mass"s

Oth"r X-ray HSE mass"s

Oth"r l"nsing mass"s

M. Muñoz-Ech"v"rría – mm Univ"rs" 2023                          5



  

XMM-N"wton clust"rs [CEA/IRAP pip"lin"]

CoMaLit clust"rs [LC2, S"r"no 2015]

R"f"r"nc" X-ray and l"nsing mass"s

Homog"n"ous m"thod appli"d consist"ntly to th" full sampl" 
to r"construct HSE mass"s

○ z < 0.5, ESZ+LoCuSS [Planck Collaboration VIII. 2011, 
Planck Collaboration III. 2013] 

○ 0.5 < z < 0.9, LPSZ sampl"
○ z > 0.9, Bartalucci "t al. 2018

53 clust"rs (+12)

A compilation of l"nsing mass"s for 806 clust"rs from th" 
lit"ratur"

Standardis"d to th" sam" cosmology and d"Gnitions

R"f"r"nc" sampl":

W" match clust"rs on th" basis of th" coordinat"s in catalogu"s and ch"ck with th" r"dshifts 
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53 clust"rs with XMM-N"wton and CoMaLit mass"s

R"f"r"nc" sampl"

○ R"dshift rang" 0.05 < z < 1.07, most of th" clust"rs at z < 0.5
○ L"nsing mass"s c"ntr"d at high"r valu"s than HSE mass"s
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Dir"ct HSE-to-l"nsing mass bias

Fit a bias mod"l with r"dshift "volution:
[Salvati "t al. 2019, Wick"r "t al. 2023]

Cons"rvativ" propagation of unc"rtainti"s:

Add to th" unc"rtainty of "ach mass (δ ) th" disp"rsion with 
r"sp"ct to oth"r mass "stimat"s, σsys

 

→ Hints of r"dshift "volution
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Dir"ct HSE-to-l"nsing mass bias

Clust"rs with v"ry diI"r"nt unc"rtainti"s

W" distinguish subsampl"s in r"dshift                            

→ Without CL J1226.9+3332, no "vid"nc" of 
r"dshift "volution

→ Compatibl" bias "volution mod"l for all subsampl"s

At high r"dshift, v"ry larg" unc"rtainti"s
Impact of "xcluding CL J1226.9+3332
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HSE and l"nsing mass"s ar" sca*"r"d and bias"d with r"sp"ct to th" tru" mass

HSE-to-l"nsing scaling r"lation

Mass "stimat"s for individual clust"rs 
and th"ir corr"sponding unc"rtainti"s 
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HSE and l"nsing mass"s ar" sca*"r"d and bias"d with r"sp"ct to th" tru" mass

→ Fi*ing th" HSE-to-l"nsing scaling r"lation w" m"asur" th" mass bias accounting for th" intrinsic sca*"r
W" us" LIn"ar R"gr"ssion in Astronomy (LIRA) [S"r"no 2016] with th" pylira wrapp"r [by F. Kéruzoré]

HSE-to-l"nsing scaling r"lation

If β = 1, 
th" bias (1-b) = "α

D"viation from lin"arity

Intrinsic sca*"r

R"dshift "volution
If γ = 0, no "volution
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Lin"ar scaling (β = 1) and no "volution with r"dshift (γ = 0)

Scaling r"lation of r"f"r"nc"

!" bias (1-b) = "α

Intrinsic sca*"r
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Scaling r"lation of r"f"r"nc"
R"f"r"nc" sampl": XMM-N"wton and CoMaLiT

With σsys 
intrinsic sca*"r is 
r"duc"d, but 
compatibl" r"sults

→ W" m"asur": 

M. Muñoz-Ech"v"rría – mm Univ"rs" 2023                                     13



  

Lin"ar scaling (β = 1) and "volution with r"dshift (γ ≠ 0)

Intrinsic sca*"r

Evolution of th" scaling r"lation with r"dshift

R"dshift "volution
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Evolution of HSE-to-l"nsing bias with r"dshift

→ No "vid"nc" of "volution of th" bias with r"dshift
→ Important impact of th" intrinsic sca*"r on th" bias "stimat"
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○ Aft"r a car"ful selection of clust"rs: 53 clusters with redshi2s 0.05 < z < 1.07 

○ M"asur"m"nt of th" sca*"r of mass"s b"tw""n diI"r"nt works

○ V"ry conservative propagation of uncertainties

○ Two m"thods to Gt th" bias: with and without intrinsic sca*"r

○ Ignoring th" intrinsic scatter introduc"s a bias in th" HSE-to-l"nsing mass bias

○ No evidence of evolution with redshi2 

○ Strong impact of individual clust"rs with small unc"rtainti"s

○ W" m"asur" (with σsys, σHSE, σl"ns, β = 1, γ = 0):

Summary and conclusions

M. Muñoz-Ech"v"rría – mm Univ"rs" 2023                                     16


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

