
A tale of two papers

SM 



A common approach

• Study evolution of cluster properties
• Previous work focused on comparing the 

properties of the brightest high z 
clusters with those of local systems

• However massive distant systems do 
not (on average) evolve into massive 
local systems. 

• Investigate less massive clusters which 
are (on average) the progenitors of 
massive local systems.  



Different Goals and Samples

R21 Evolution of Cool Core 
fraction across cosmic time

50 H-S/N +17 L-S/N SPT sample 
Chandra follow up  

7 SPT sample, 3 AC   XMM follow up  

F21 Evolution of Metal 
Abundance across cosmic time 



Different Goals and Samples

Density profiles

50 H-S/N +17 L-S/N SPT sample 
Chandra follow up  

7 SPT sample, 3 AC   XMM follow up  

Metal abundances in 0.3-1.0 r500



Combining High S/N & Low S/N samples 

Careful and creative treatment of several issues

Correcting H S/N - L S/N bias   

Is throwing away ~90% of your data really the best approach?

H S/N data used only for preparatory analysis, not for 
establishing if a system is CC or not



Centroid vs Peak
Center SB profiles on Centroid or Peak?    

Use 30 obj with highest S/N to investigate how stable Centroid 
and Peak are in low S/N regime 

Centroid appears to be more stable

More fundamental questions: 
1. Does Centroid or Peak best  identify the CC?
2. How distant are Centroid and Peak?

Not Addressed  

However, is this really the question?  
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Reconstruction of density profile
50 high S/N “Standard” X-ray analysis (forward fitting MCMC) to 

SB and spectra in annuli to derive n_e profiles
17 low S/N  X-ray + SZ (forward fitting MCMC)

Use of sophisticated statistical analysis tools



Reconstruction of density profile
50 high S/N “Standard” X-ray analysis (forward fitting MCMC) to 

SB and spectra in annuli to derive n_e profiles
17 low S/N  X-ray + SZ (forward fitting MCMC)

Use of sophisticated analysis tool. 
Great care in handling statistical issues 
Same approach is not followed when dealing with systematic issues.
Example Instrumental bkg is subtracted not modeled  



Using SZ to improve n_e profile



Non evolving cores in self-similarly evolving clusters 

n_e profiles measured by combining X and SZ self sim scaled and 
averaged  

….



Comparison of n_e @ 10kpc for high S/N sample
n_e measured by combining X and SZ compared with those from 
standard X analysis for high S/N sample 

“Although the available number of 
counts in the joint X-ray/SZ analysis 
is on average seven times lower than 
the one used in the standard X-ray 
analysis, we do not find any 
significant systematic deviation from 
the identity line (black) between the 
two estimates of the core density.”

“We note however that this effect is 
taken into account in the uncertainties. 
Thus, this deviation with the line of 
equality is not significant.”



Comparison of n_e @ 10kpc for high S/N sample
n_e measured by combining X and SZ compared with those from 
standard X analysis for high S/N sample 

1. Do we buy this?
2. Why not?

“We note however that this effect is 
taken into account in the uncertainties. 
Thus, this deviation with the line of 
equality is not significant.”



Core Density evolution  
n_e @ 10 kpc from profiles measured by combining X and SZ   

Result is consistent with no evolution

“Test the significance of a linear
evolution of the ICM core density”

likelihood ratio analysis, which 
assumes data drawn from normal 
distribution



CC evolution  
n_e(r=100kpc) = 1.5x10-2 cm-3 defined as threshold dividing CC from NCC

CC fraction consistent with being constant



Implications

• Solid evidence that mergers can disrupt CC, large fraction of NCC have 
gone  through a CC phase

• The CC fraction does not change significantly with time. 



Overall assesment
• Good selection of sample 

• Important scientific issue 

• Good understanding of statistical issues, perhaps sometimes excessive use 
of statistical tools and misunderstanding statistics is not an end but a 
means

• Limited understanding of systematic issues

• Very unlikely that either issue has any impact on main scientific result

Overall judgement very positive



• Chandra data too shallow to measure Z 

• XMM data with  supporting Chandra data

• Fit                     beta model to Chandra and XMM SB, model 
convolved with PSF for XMM  

Data analysis/imaging



Data analysis/spectra
• Fit spectra in concentric annuli

• Use of a square mixing matrix that describes how much of the emission 
detected in a given annulus originates from each spherical shell.

• This mixing matrix is used to link normalizations of the APEC models fitted to 
the annuli appropriately for the deprojection analysis. It must also account 
for SB profile

• The temperatures and metallicities of neighbouring shells are linked over 
certain scales, depending on the specific analysis (i.e. density deprojection
versus temperature and metallicity profiles).

• XMM PSF convolution included 

• Modeling of instrumental and astrophysical background
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Abundance estimate

• Derived Z from 2 spherical shells       0-0.3 r500  &   0.3-1.0 r500

• Uncertainties estimated using MCMC in XSPEC

I am always amazed when I see this level of sophistication in the statistical 
machinery. I am equally puzzled by the lack of any analysis of systematics 
which potentially provide errors of comparable size.

Asplund 09



Abundance evolution
Comparison of measurements with local sample 

Consistent with no evolution of abundance 

Confirmation of previous results on local systems: for Z to be so 
homogeneous in each clusters and for the cluster to cluster scatter to 
be so small, in Ghizzardi+21, we concluded that enrichment must have 
occured in the proto-cluster phase, this is confirmed by simulations 
and consistent with other observational results 



Science is not wishful thinking

Flores+21 (although they do not cite us) share this conclusion, they discuss 
it profusely and yet…

• They are aware that the statistical evidence is non-existent
• They also understand that a late enrichment would be difficult to reconcile 

with local measurements 
and yet they speak of “tantalizing indication”



More spinning

Flores+21 claim their analysis leads to an impressive tightening of the 
evolutionary model, is this really the case? 

• As previously stated, analysis of local samples points to enrichment in the 
protocluster phase 

• F+21 provide the first confirmation from z=1-2 clusters of this

• Do they tighten evolutionary models? I do not see how, since the enrichment 
in the model is expected to occur at redshifts larger than those sampled.



Overall assesment

• Selection of sample not optimal 

• Important scientific issues addressed 

• Good understanding of statistical issues

• Limited understanding of systematic issues

• The result, consistent with expectations, is an important one, it stands on 
its own, spinning is unjustified

Overall judgement positive (particularly if you can read between the lines)


