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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

PSZ1 PSZ2

Based on nominal mission data. Published in 
March 2013. (Planck Collaboration XXIX)

New all-sky catalogue of 1227 SZ sources, 
the largest to date.

Confirmed galaxy clusters: 861
Candidate clusters: 366.  

 Based on nominal mission data. Published in
February 2015 (Planck Collaboration XXVII)
 New all-sky catalogue of 1653 SZ sources,

the largest to date
Confirmed galaxy clusters: 1203

Candidate clusters: 450

Total=1943         Confirmed=1330         Unknown=748
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survey selection function
mass function

Planck 2013 results XXIX

The cluster number counts are very useful to estimate cosmological parameter, as σ8 and Ωm.

THE CONTEXT 
CLUSTER NUMBER COUNTS

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

scaling relations 
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THE CONTEXT 
MASS BIAS

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

MSZ
500 = (1� b)M500 = 0.8+0.2
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THE CONTEXT 
MASS BIAS

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

MHE
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

WHAT ABOUT THE 
DYNAMICAL MASS?
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

 ~10000 SPECTRA 

PSZ1-PSZ2 OPTICAL FOLLOW-UP: 
SUMMARY
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• Identification of possible members in 
the RGB images 

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY
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• Identification of possible members in 
the RGB images 

• Ask for preimaging

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY
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• Identification of possible members in 
the RGB images 

• Ask for preimaging

• Design one mask per cluster based 
on the preimage, RGBs and CMDs 

UP TO 60 SLITLETS 
PER MASK

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY



Antonio Ferragamo !11mm Universe @ NIKA2, Grenoble 03-07 June 2019

• Identification of possible members in 
the RGB images 

• Ask for preimaging

• Design one mask per cluster based 
on the preimage, RGBs and CMDs 

• Obtain the spectra

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY
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• Reduce the spectra

• Identification of possible members in 
the RGB images 

• Ask for preimaging

• Design one mask per cluster based 
on the preimage, RGBs and CMDs 

• Obtain the spectra

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY
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• Reduce the spectra

• Adquire radial velocity and therefore 
the redshift

• Using cross-correlation (xcsao in 
IRAF) with Kennicutt (1992) 
templates ΔV~150KM/S

• Identification of possible members in 
the RGB images 

• Ask for preimaging

• Design one mask per cluster based 
on the preimage, RGBs and CMDs 

• Obtain the spectra

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

DYNAMICAL MASS
CLUSTER IDENTIFICATION - SPECTROSCOPY
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

members selection and the 
velocity dispersion estimation:

We make a 2.5σ clipping around the 
mean velocity 

To avoid the presence of interlopers are 
rejected all that galaxies with distance 
from the BCG (or mean of the members 
positions) is grater than 2.5 Mpc

estimate the velocity dispersion 

DYNAMICAL MASS ESTIMATION
VELOCITY DISPERSION

BIAS
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In order to estimate the velocity dispersion we need to know which is the best scale estimator.
We performed a statistical analysis using 73 galaxy clusters with 0.12 ≤ z ≤ 0.82 and 
0.2 ≤ M200 ≤ 2  (1015  M⊙) from simulations performed with TreeePM smoothed particle 

hydrodynamics GADGET-3 code (Springel 2005) by INAF-OA Trieste 

 galaxies selected within all the 
sample inside r200

 2250 realisations per cluster 
and per number of galaxies

 velocity dispersion calculated 
with: 
Standard deviation
Biweight
Gapper (Beers et al. 1990)

UNBIASED VELOCITY DISPERSION  ESTIMATOR

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES
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INTERLOPERS CONTAMINATION

!16mm Universe @ NIKA2, Grenoble 03-07 June 2019

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

BOUNDED
INTERLOPERSR200

C
UNBOUNDED

INTERLOPERSO UNBOUNDED
INTERLOPERS

BOUNDED
INTERLOPERS

• bounded galaxies 
beyond 3R200 

•background/foreground 
galaxies non 
gravitationally bounded 
to the clusters
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INTERLOPERS CONTAMINATION: BOUNDED

!17mm Universe @ NIKA2, Grenoble 03-07 June 2019

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

The interloper contamination is 
treated by clipping the tails of the 

members distribution in the 
projected phase-space 

the higher the cut, the 
higher the bias 

introduced during this 
operation
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

The fraction of 
interloper is not 
affected by the 

clipping

INTERLOPERS CONTAMINATION: BOUNDED



Antonio Ferragamo !19mm Universe @ NIKA2, Grenoble 03-07 June 2019

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

The bias introduced by 
the σ clipping 

compensates the bias 
due to the interlopers 

Consistent with the 
results of Mamon et al 

(2010)

INTERLOPERS CONTAMINATION: BOUNDED
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INTERLOPERS CONTAMINATION: UNBOUND
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

Mamon et al 2010

Unbounded galaxies mixed to 
clusters members well inside the 

radial 2D distribution 

none algorithm can 
remove completely the 

interlopers

~27% is the fraction of interlopers 
before the velocity cut 

~23% of interlopers remains after the 
2.7σ clipping (Mamon et al.2010)

THE CLIPPING 
AFFECT VERY 
SLIGHTLY THE 
FRACTION OF 
INTERLOPERS
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

Unbounded galaxies mixed to 
clusters members well inside the 

radial 2D distribution 

non algorithm can remove 
completely the interlopers

~27% is the fraction of interlopers 
before the velocity cut 

~23% of interlopers remains after the 
2.7σ clipping (Mamon et al.2010)

THE CLIPPING 
AFFECT VERY 
SLIGHTLY THE 
FRACTION OF 
INTERLOPERS

INTERLOPERS CONTAMINATION: UNBOUND
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UNBIASED VELOCITY DISPERSION  ESTIMATOR IN 
THE SMALL NUMBER OF GALAXIES REGIME

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

ITP median Ngal ~ 14
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UNBIASED VELOCITY DISPERSION  ESTIMATOR IN 
THE SMALL NUMBER OF GALAXIES REGIME

statistically unbiased 
velocity dispersion 

estimators

S0
x

= S
x

 
1 +

 ✓
A

(N
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� 1)

◆C

+B

!!

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES
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The new estimators avoid biased in velocity dispersion estimate. 
However, observational limits could be source of additional biases.

APERTURE BIASMASS FRACTION BIAS

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

UNBIASED VELOCITY DISPERSION  ESTIMATOR IN 
THE SMALL NUMBER OF GALAXIES REGIME
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Simulated Cluster masses are calculated using the Munari el al. (2013) relation with 
the galaxy fit parameter A=1177 and α=0.364

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

UNBIASED MASS  ESTIMATOR IN THE SMALL 
NUMBER OF GALAXIES REGIME

M 0(S0
X) = M(SX(Ngal)

1�A↵

(A↵)2(Ngal � 1)C
+B
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To test this corrections we simulated our mask and our members selections.
We perform 300 different configurations for each cluster changing, orientation, line of sight 

and clusters members. 

GTC 
simulated maskTNG 

simulated mask

⌧
Sstd

Sbwt

�
= 0.96± 0.02

⌧
S0
std

Sbwt

�
= 1.00± 0.02

DYNAMICAL MASS ESTIMATION

before correction

after correction

before correction

after correction

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

⌧
M(S0

std)

M(Sbwt)

�
= 1.13± 0.07
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MSZ - MDYN SCALING RELATION:

!27mm Universe @ NIKA2, Grenoble 03-07 June 2019

BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

van der Burg et al. (2016)

Eddington Bias Correction

PRELIMINARY
(WITHOUT ANY CORRECTION)

MSZ
500 = (1�B)Mdyn

500
<latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit>

(1�B) = 0.83± 0.03
<latexit sha1_base64="jPXKpuM4t3r3PjUJM1A/tu4vp/Y=">AAACB3icbVDJSgNBEO2JW4xbXG5eGoMQD4YZI5iLEOLFYwSzQDKEnk4lNvYsdNcIccgH+Bde9eJNvPoZgh9jTwyiie9Sj/eqqKrnRVJotO0PK7OwuLS8kl3Nra1vbG7lt3eaOowVhwYPZajaHtMgRQANFCihHSlgvieh5d1epH7rDpQWYXCNowhcnw0DMRCcoZF6+b2ic1w7oufULlXK3cg31S738gVTJqA/xJklBTJFvZf/7PZDHvsQIJdM645jR+gmTKHgEsa5bqwhYvyWDaFjaMB80G4yuX5MD2PNMKQRKCoknYjweyJhvtYj3zOdPsMbPeul4n9eJ8ZBxU1EEMUIAU8XoZAwWaS5EiYWoH2hAJGllwMVAeVMMURQgjLOjRibnEwcc8/Pk+ZJybFLztVpoVqbBpMl++SAFIlDzkiVXJI6aRBO7skjeSLP1oP1Yr1ab9+tGWs6s0v+wHr/AlvRljo=</latexit><latexit sha1_base64="jPXKpuM4t3r3PjUJM1A/tu4vp/Y=">AAACB3icbVDJSgNBEO2JW4xbXG5eGoMQD4YZI5iLEOLFYwSzQDKEnk4lNvYsdNcIccgH+Bde9eJNvPoZgh9jTwyiie9Sj/eqqKrnRVJotO0PK7OwuLS8kl3Nra1vbG7lt3eaOowVhwYPZajaHtMgRQANFCihHSlgvieh5d1epH7rDpQWYXCNowhcnw0DMRCcoZF6+b2ic1w7oufULlXK3cg31S738gVTJqA/xJklBTJFvZf/7PZDHvsQIJdM645jR+gmTKHgEsa5bqwhYvyWDaFjaMB80G4yuX5MD2PNMKQRKCoknYjweyJhvtYj3zOdPsMbPeul4n9eJ8ZBxU1EEMUIAU8XoZAwWaS5EiYWoH2hAJGllwMVAeVMMURQgjLOjRibnEwcc8/Pk+ZJybFLztVpoVqbBpMl++SAFIlDzkiVXJI6aRBO7skjeSLP1oP1Yr1ab9+tGWs6s0v+wHr/AlvRljo=</latexit><latexit sha1_base64="jPXKpuM4t3r3PjUJM1A/tu4vp/Y=">AAACB3icbVDJSgNBEO2JW4xbXG5eGoMQD4YZI5iLEOLFYwSzQDKEnk4lNvYsdNcIccgH+Bde9eJNvPoZgh9jTwyiie9Sj/eqqKrnRVJotO0PK7OwuLS8kl3Nra1vbG7lt3eaOowVhwYPZajaHtMgRQANFCihHSlgvieh5d1epH7rDpQWYXCNowhcnw0DMRCcoZF6+b2ic1w7oufULlXK3cg31S738gVTJqA/xJklBTJFvZf/7PZDHvsQIJdM645jR+gmTKHgEsa5bqwhYvyWDaFjaMB80G4yuX5MD2PNMKQRKCoknYjweyJhvtYj3zOdPsMbPeul4n9eJ8ZBxU1EEMUIAU8XoZAwWaS5EiYWoH2hAJGllwMVAeVMMURQgjLOjRibnEwcc8/Pk+ZJybFLztVpoVqbBpMl++SAFIlDzkiVXJI6aRBO7skjeSLP1oP1Yr1ab9+tGWs6s0v+wHr/AlvRljo=</latexit><latexit sha1_base64="jPXKpuM4t3r3PjUJM1A/tu4vp/Y=">AAACB3icbVDJSgNBEO2JW4xbXG5eGoMQD4YZI5iLEOLFYwSzQDKEnk4lNvYsdNcIccgH+Bde9eJNvPoZgh9jTwyiie9Sj/eqqKrnRVJotO0PK7OwuLS8kl3Nra1vbG7lt3eaOowVhwYPZajaHtMgRQANFCihHSlgvieh5d1epH7rDpQWYXCNowhcnw0DMRCcoZF6+b2ic1w7oufULlXK3cg31S738gVTJqA/xJklBTJFvZf/7PZDHvsQIJdM645jR+gmTKHgEsa5bqwhYvyWDaFjaMB80G4yuX5MD2PNMKQRKCoknYjweyJhvtYj3zOdPsMbPeul4n9eJ8ZBxU1EEMUIAU8XoZAwWaS5EiYWoH2hAJGllwMVAeVMMURQgjLOjRibnEwcc8/Pk+ZJybFLztVpoVqbBpMl++SAFIlDzkiVXJI6aRBO7skjeSLP1oP1Yr1ab9+tGWs6s0v+wHr/AlvRljo=</latexit>

↵ = 0.68± 0.10; (1�B) = 0.65± 0.07
<latexit sha1_base64="LXoRWdDi5/QEKD5Y12ykJO2koR0=">AAACHXicdZDPSsNAEMY3/v9v1KOXxSJUwZKI2oIIohePCtYKbSmTdWyXbpJldyKU0nfwDXwLr3rxJl5F8GFMYgUV/S47+/tmmN0v0Epa8rw3Z2R0bHxicmp6ZnZufmHRXVq+sHFiBFZFrGJzGYBFJSOskiSFl9oghIHCWtA9zvzaDRor4+icehqbIbQjeS0FUIpa7mYDlO7AAfdKe5WGDtPT9/Z50d862uA53f2kXrnlFvySlyu7/yq+rAIb6rTlvjeuYpGEGJFQYG3d9zQ1+2BICoWDmUZiUYPoQhvraRlBiLbZz/804OuJBYq5RsOl4jnE7xN9CK3thUHaGQJ17G8vg3959YSuK82+jHRCGIlsEUmF+SIrjEzDQn4lDRJB9nLkMuICDBChkRyESGGSpvc9jv+Li+00z5J/tlM4PBoGM8VW2RorMp+V2SE7YaesygS7ZffsgT06d86T8+y8fLaOOMOZFfZDzusHp36dGA==</latexit><latexit sha1_base64="LXoRWdDi5/QEKD5Y12ykJO2koR0=">AAACHXicdZDPSsNAEMY3/v9v1KOXxSJUwZKI2oIIohePCtYKbSmTdWyXbpJldyKU0nfwDXwLr3rxJl5F8GFMYgUV/S47+/tmmN0v0Epa8rw3Z2R0bHxicmp6ZnZufmHRXVq+sHFiBFZFrGJzGYBFJSOskiSFl9oghIHCWtA9zvzaDRor4+icehqbIbQjeS0FUIpa7mYDlO7AAfdKe5WGDtPT9/Z50d862uA53f2kXrnlFvySlyu7/yq+rAIb6rTlvjeuYpGEGJFQYG3d9zQ1+2BICoWDmUZiUYPoQhvraRlBiLbZz/804OuJBYq5RsOl4jnE7xN9CK3thUHaGQJ17G8vg3959YSuK82+jHRCGIlsEUmF+SIrjEzDQn4lDRJB9nLkMuICDBChkRyESGGSpvc9jv+Li+00z5J/tlM4PBoGM8VW2RorMp+V2SE7YaesygS7ZffsgT06d86T8+y8fLaOOMOZFfZDzusHp36dGA==</latexit><latexit sha1_base64="LXoRWdDi5/QEKD5Y12ykJO2koR0=">AAACHXicdZDPSsNAEMY3/v9v1KOXxSJUwZKI2oIIohePCtYKbSmTdWyXbpJldyKU0nfwDXwLr3rxJl5F8GFMYgUV/S47+/tmmN0v0Epa8rw3Z2R0bHxicmp6ZnZufmHRXVq+sHFiBFZFrGJzGYBFJSOskiSFl9oghIHCWtA9zvzaDRor4+icehqbIbQjeS0FUIpa7mYDlO7AAfdKe5WGDtPT9/Z50d862uA53f2kXrnlFvySlyu7/yq+rAIb6rTlvjeuYpGEGJFQYG3d9zQ1+2BICoWDmUZiUYPoQhvraRlBiLbZz/804OuJBYq5RsOl4jnE7xN9CK3thUHaGQJ17G8vg3959YSuK82+jHRCGIlsEUmF+SIrjEzDQn4lDRJB9nLkMuICDBChkRyESGGSpvc9jv+Li+00z5J/tlM4PBoGM8VW2RorMp+V2SE7YaesygS7ZffsgT06d86T8+y8fLaOOMOZFfZDzusHp36dGA==</latexit><latexit sha1_base64="LXoRWdDi5/QEKD5Y12ykJO2koR0=">AAACHXicdZDPSsNAEMY3/v9v1KOXxSJUwZKI2oIIohePCtYKbSmTdWyXbpJldyKU0nfwDXwLr3rxJl5F8GFMYgUV/S47+/tmmN0v0Epa8rw3Z2R0bHxicmp6ZnZufmHRXVq+sHFiBFZFrGJzGYBFJSOskiSFl9oghIHCWtA9zvzaDRor4+icehqbIbQjeS0FUIpa7mYDlO7AAfdKe5WGDtPT9/Z50d862uA53f2kXrnlFvySlyu7/yq+rAIb6rTlvjeuYpGEGJFQYG3d9zQ1+2BICoWDmUZiUYPoQhvraRlBiLbZz/804OuJBYq5RsOl4jnE7xN9CK3thUHaGQJ17G8vg3959YSuK82+jHRCGIlsEUmF+SIrjEzDQn4lDRJB9nLkMuICDBChkRyESGGSpvc9jv+Li+00z5J/tlM4PBoGM8VW2RorMp+V2SE7YaesygS7ZffsgT06d86T8+y8fLaOOMOZFfZDzusHp36dGA==</latexit>

207 clusters

MSZ
500 = (1� bsz)M500

<latexit sha1_base64="LEeBCXLGCaLOe7eOhuCYeKjtxz0=">AAACFHicbVC7SgNBFJ2NrxhfUUub0SDEwrArijZC0MZGiGgemMRldnITh8w+mLkrxGVr/8C/sNXGTmztBT/GTdxCE091OOde7j3HCaTQaJqfRmZqemZ2LjufW1hcWl7Jr67VtB8qDlXuS181HKZBCg+qKFBCI1DAXEdC3emfDv36HSgtfO8KBwG0XdbzRFdwholk5zfP7ejANOOb6PI6pse0aO06dqTv4x2aOna+YJbMEegksVJSICkqdv6r1fF56IKHXDKtm5YZYDtiCgWXEOdaoYaA8T7rQTOhHnNBt6NRlJhuh5qhTwNQVEg6EuH3RsRcrQeuk0y6DG/1uDcU//OaIXaP2pHwghDB48NDKCSMDmmuRNIR0I5QgMiGnwMVHuVMMURQgjLOEzFMSkvqsMbDT5LaXskyS9bFfqF8khaTJRtkixSJRQ5JmZyRCqkSTh7IE3kmL8aj8Wq8Ge8/oxkj3Vknf2B8fAM2MZzR</latexit><latexit sha1_base64="LEeBCXLGCaLOe7eOhuCYeKjtxz0=">AAACFHicbVC7SgNBFJ2NrxhfUUub0SDEwrArijZC0MZGiGgemMRldnITh8w+mLkrxGVr/8C/sNXGTmztBT/GTdxCE091OOde7j3HCaTQaJqfRmZqemZ2LjufW1hcWl7Jr67VtB8qDlXuS181HKZBCg+qKFBCI1DAXEdC3emfDv36HSgtfO8KBwG0XdbzRFdwholk5zfP7ejANOOb6PI6pse0aO06dqTv4x2aOna+YJbMEegksVJSICkqdv6r1fF56IKHXDKtm5YZYDtiCgWXEOdaoYaA8T7rQTOhHnNBt6NRlJhuh5qhTwNQVEg6EuH3RsRcrQeuk0y6DG/1uDcU//OaIXaP2pHwghDB48NDKCSMDmmuRNIR0I5QgMiGnwMVHuVMMURQgjLOEzFMSkvqsMbDT5LaXskyS9bFfqF8khaTJRtkixSJRQ5JmZyRCqkSTh7IE3kmL8aj8Wq8Ge8/oxkj3Vknf2B8fAM2MZzR</latexit><latexit sha1_base64="LEeBCXLGCaLOe7eOhuCYeKjtxz0=">AAACFHicbVC7SgNBFJ2NrxhfUUub0SDEwrArijZC0MZGiGgemMRldnITh8w+mLkrxGVr/8C/sNXGTmztBT/GTdxCE091OOde7j3HCaTQaJqfRmZqemZ2LjufW1hcWl7Jr67VtB8qDlXuS181HKZBCg+qKFBCI1DAXEdC3emfDv36HSgtfO8KBwG0XdbzRFdwholk5zfP7ejANOOb6PI6pse0aO06dqTv4x2aOna+YJbMEegksVJSICkqdv6r1fF56IKHXDKtm5YZYDtiCgWXEOdaoYaA8T7rQTOhHnNBt6NRlJhuh5qhTwNQVEg6EuH3RsRcrQeuk0y6DG/1uDcU//OaIXaP2pHwghDB48NDKCSMDmmuRNIR0I5QgMiGnwMVHuVMMURQgjLOEzFMSkvqsMbDT5LaXskyS9bFfqF8khaTJRtkixSJRQ5JmZyRCqkSTh7IE3kmL8aj8Wq8Ge8/oxkj3Vknf2B8fAM2MZzR</latexit><latexit sha1_base64="LEeBCXLGCaLOe7eOhuCYeKjtxz0=">AAACFHicbVC7SgNBFJ2NrxhfUUub0SDEwrArijZC0MZGiGgemMRldnITh8w+mLkrxGVr/8C/sNXGTmztBT/GTdxCE091OOde7j3HCaTQaJqfRmZqemZ2LjufW1hcWl7Jr67VtB8qDlXuS181HKZBCg+qKFBCI1DAXEdC3emfDv36HSgtfO8KBwG0XdbzRFdwholk5zfP7ejANOOb6PI6pse0aO06dqTv4x2aOna+YJbMEegksVJSICkqdv6r1fF56IKHXDKtm5YZYDtiCgWXEOdaoYaA8T7rQTOhHnNBt6NRlJhuh5qhTwNQVEg6EuH3RsRcrQeuk0y6DG/1uDcU//OaIXaP2pHwghDB48NDKCSMDmmuRNIR0I5QgMiGnwMVHuVMMURQgjLOEzFMSkvqsMbDT5LaXskyS9bFfqF8khaTJRtkixSJRQ5JmZyRCqkSTh7IE3kmL8aj8Wq8Ge8/oxkj3Vknf2B8fAM2MZzR</latexit>

Mdyn
500 = �M500

<latexit sha1_base64="+h9QWTPY1X2Q1vPj6MWVxggJdO4=">AAACEHicbVDLSgNBEJyNrxhfUY8iDAbBU9gVRS9C0IsXIYKJgSSG3kmrg7Ozy0yvEJY9+Qf+hVe9eBOv/oHgx7iJe9DEOhVV3XRX+ZGSllz30ylMTc/MzhXnSwuLS8sr5dW1pg1jI7AhQhWalg8WldTYIEkKW5FBCHyFl/7dydC/vEdjZagvaBBhN4AbLa+lAMqkXnnzrJfsu256lfQHOuVHvOMjAc/VXrniVt0R+CTxclJhOeq98lenH4o4QE1CgbVtz42om4AhKRSmpU5sMQJxBzfYzqiGAG03GcVI+XZsgUIeoeFS8ZGIvzcSCKwdBH42GQDd2nFvKP7ntWO6PuwmUkcxoRbDQyQVjg5ZYWTWD/K+NEgEw8+RS80FGCBCIzkIkYlxVlhWhzcefpI0d6ueW/XO9yq147yYIttgW2yHeeyA1dgpq7MGE+yBPbFn9uI8Oq/Om/P+M1pw8p119gfOxzdaxpvq</latexit><latexit sha1_base64="+h9QWTPY1X2Q1vPj6MWVxggJdO4=">AAACEHicbVDLSgNBEJyNrxhfUY8iDAbBU9gVRS9C0IsXIYKJgSSG3kmrg7Ozy0yvEJY9+Qf+hVe9eBOv/oHgx7iJe9DEOhVV3XRX+ZGSllz30ylMTc/MzhXnSwuLS8sr5dW1pg1jI7AhQhWalg8WldTYIEkKW5FBCHyFl/7dydC/vEdjZagvaBBhN4AbLa+lAMqkXnnzrJfsu256lfQHOuVHvOMjAc/VXrniVt0R+CTxclJhOeq98lenH4o4QE1CgbVtz42om4AhKRSmpU5sMQJxBzfYzqiGAG03GcVI+XZsgUIeoeFS8ZGIvzcSCKwdBH42GQDd2nFvKP7ntWO6PuwmUkcxoRbDQyQVjg5ZYWTWD/K+NEgEw8+RS80FGCBCIzkIkYlxVlhWhzcefpI0d6ueW/XO9yq147yYIttgW2yHeeyA1dgpq7MGE+yBPbFn9uI8Oq/Om/P+M1pw8p119gfOxzdaxpvq</latexit><latexit sha1_base64="+h9QWTPY1X2Q1vPj6MWVxggJdO4=">AAACEHicbVDLSgNBEJyNrxhfUY8iDAbBU9gVRS9C0IsXIYKJgSSG3kmrg7Ozy0yvEJY9+Qf+hVe9eBOv/oHgx7iJe9DEOhVV3XRX+ZGSllz30ylMTc/MzhXnSwuLS8sr5dW1pg1jI7AhQhWalg8WldTYIEkKW5FBCHyFl/7dydC/vEdjZagvaBBhN4AbLa+lAMqkXnnzrJfsu256lfQHOuVHvOMjAc/VXrniVt0R+CTxclJhOeq98lenH4o4QE1CgbVtz42om4AhKRSmpU5sMQJxBzfYzqiGAG03GcVI+XZsgUIeoeFS8ZGIvzcSCKwdBH42GQDd2nFvKP7ntWO6PuwmUkcxoRbDQyQVjg5ZYWTWD/K+NEgEw8+RS80FGCBCIzkIkYlxVlhWhzcefpI0d6ueW/XO9yq147yYIttgW2yHeeyA1dgpq7MGE+yBPbFn9uI8Oq/Om/P+M1pw8p119gfOxzdaxpvq</latexit><latexit sha1_base64="+h9QWTPY1X2Q1vPj6MWVxggJdO4=">AAACEHicbVDLSgNBEJyNrxhfUY8iDAbBU9gVRS9C0IsXIYKJgSSG3kmrg7Ozy0yvEJY9+Qf+hVe9eBOv/oHgx7iJe9DEOhVV3XRX+ZGSllz30ylMTc/MzhXnSwuLS8sr5dW1pg1jI7AhQhWalg8WldTYIEkKW5FBCHyFl/7dydC/vEdjZagvaBBhN4AbLa+lAMqkXnnzrJfsu256lfQHOuVHvOMjAc/VXrniVt0R+CTxclJhOeq98lenH4o4QE1CgbVtz42om4AhKRSmpU5sMQJxBzfYzqiGAG03GcVI+XZsgUIeoeFS8ZGIvzcSCKwdBH42GQDd2nFvKP7ntWO6PuwmUkcxoRbDQyQVjg5ZYWTWD/K+NEgEw8+RS80FGCBCIzkIkYlxVlhWhzcefpI0d6ueW/XO9yq147yYIttgW2yHeeyA1dgpq7MGE+yBPbFn9uI8Oq/Om/P+M1pw8p119gfOxzdaxpvq</latexit>

(1�B) ⌘ (1� bSZ)

�
<latexit sha1_base64="vDbz277ijEbKpvvlaAymR7mAop8=">AAACGXicbVDLTgJBEJzF9xv16GUi0cBBsmtM9Ejw4lGjCJElpHdocMLsw5leErLZP/AP/AuvevFmvHoy8WNckIOidapUdae7youUNGTbH1ZuZnZufmFxaXlldW19I7+5dW3CWAusiVCFuuGBQSUDrJEkhY1II/iewrrXPx359QFqI8PgioYRtnzoBbIrBVAmtfP7ReegWuIu3sVywN2uBpFkktdOLm/SUpq4HhKkvJ0v2GV7DP6XOBNSYBOct/OfbicUsY8BCQXGNB07olYCmqRQmC67scEIRB962MxoAD6aVjLOk/K92ACFPELNpeJjEX9uJOAbM/S9bNIHujXT3kj8z2vG1D1pJTKIYsJAjA6RVDg+ZISWWVHIO1IjEYw+Ry4DLkADEWrJQYhMjLPmsjqc6fB/yfVh2bHLzsVRoVKdFLPIdtguKzKHHbMKO2PnrMYEu2eP7Ik9Ww/Wi/VqvX2P5qzJzjb7Bev9C95sn2g=</latexit><latexit sha1_base64="vDbz277ijEbKpvvlaAymR7mAop8=">AAACGXicbVDLTgJBEJzF9xv16GUi0cBBsmtM9Ejw4lGjCJElpHdocMLsw5leErLZP/AP/AuvevFmvHoy8WNckIOidapUdae7youUNGTbH1ZuZnZufmFxaXlldW19I7+5dW3CWAusiVCFuuGBQSUDrJEkhY1II/iewrrXPx359QFqI8PgioYRtnzoBbIrBVAmtfP7ReegWuIu3sVywN2uBpFkktdOLm/SUpq4HhKkvJ0v2GV7DP6XOBNSYBOct/OfbicUsY8BCQXGNB07olYCmqRQmC67scEIRB962MxoAD6aVjLOk/K92ACFPELNpeJjEX9uJOAbM/S9bNIHujXT3kj8z2vG1D1pJTKIYsJAjA6RVDg+ZISWWVHIO1IjEYw+Ry4DLkADEWrJQYhMjLPmsjqc6fB/yfVh2bHLzsVRoVKdFLPIdtguKzKHHbMKO2PnrMYEu2eP7Ik9Ww/Wi/VqvX2P5qzJzjb7Bev9C95sn2g=</latexit><latexit sha1_base64="vDbz277ijEbKpvvlaAymR7mAop8=">AAACGXicbVDLTgJBEJzF9xv16GUi0cBBsmtM9Ejw4lGjCJElpHdocMLsw5leErLZP/AP/AuvevFmvHoy8WNckIOidapUdae7youUNGTbH1ZuZnZufmFxaXlldW19I7+5dW3CWAusiVCFuuGBQSUDrJEkhY1II/iewrrXPx359QFqI8PgioYRtnzoBbIrBVAmtfP7ReegWuIu3sVywN2uBpFkktdOLm/SUpq4HhKkvJ0v2GV7DP6XOBNSYBOct/OfbicUsY8BCQXGNB07olYCmqRQmC67scEIRB962MxoAD6aVjLOk/K92ACFPELNpeJjEX9uJOAbM/S9bNIHujXT3kj8z2vG1D1pJTKIYsJAjA6RVDg+ZISWWVHIO1IjEYw+Ry4DLkADEWrJQYhMjLPmsjqc6fB/yfVh2bHLzsVRoVKdFLPIdtguKzKHHbMKO2PnrMYEu2eP7Ik9Ww/Wi/VqvX2P5qzJzjb7Bev9C95sn2g=</latexit><latexit sha1_base64="vDbz277ijEbKpvvlaAymR7mAop8=">AAACGXicbVDLTgJBEJzF9xv16GUi0cBBsmtM9Ejw4lGjCJElpHdocMLsw5leErLZP/AP/AuvevFmvHoy8WNckIOidapUdae7youUNGTbH1ZuZnZufmFxaXlldW19I7+5dW3CWAusiVCFuuGBQSUDrJEkhY1II/iewrrXPx359QFqI8PgioYRtnzoBbIrBVAmtfP7ReegWuIu3sVywN2uBpFkktdOLm/SUpq4HhKkvJ0v2GV7DP6XOBNSYBOct/OfbicUsY8BCQXGNB07olYCmqRQmC67scEIRB962MxoAD6aVjLOk/K92ACFPELNpeJjEX9uJOAbM/S9bNIHujXT3kj8z2vG1D1pJTKIYsJAjA6RVDg+ZISWWVHIO1IjEYw+Ry4DLkADEWrJQYhMjLPmsjqc6fB/yfVh2bHLzsVRoVKdFLPIdtguKzKHHbMKO2PnrMYEu2eP7Ik9Ww/Wi/VqvX2P5qzJzjb7Bev9C95sn2g=</latexit>
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BIASES IN THE ESTIMATION OF GALAXY CLUSTER DYNAMICAL MASSES

PRELIMINARY
(WITHOUT INTERLOPERS CORRECTION)

MSZ
500 = (1�B)Mdyn

500
<latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit><latexit sha1_base64="32jmtgUUJ0H4W+RB/CDWB1t3TkU=">AAACFXicbVC7SgNBFJ2NrxhfUUubIUGIhWFXFG2EEBsbIaJ5YBLD7OQmDpmdXWbuCmHZ3j/wL2y1sRNba8GPcRODaPRUh3Pu5d5z3EAKg7b9bqVmZufmF9KLmaXlldW17PpGzfih5lDlvvR1w2UGpFBQRYESGoEG5rkS6u7gZOTXb0Eb4atLHAbQ9lhfiZ7gDBOpk82ddaID246vo4urmB7TgrNb3qHfYneo4k42bxftMehf4kxInkxQ6WQ/Wl2fhx4o5JIZ03TsANsR0yi4hDjTCg0EjA9YH5oJVcwD047GWWK6HRqGPg1AUyHpWISfGxHzjBl6bjLpMbwx095I/M9rhtg7akdCBSGC4qNDKCSMDxmuRVIS0K7QgMhGnwMVinKmGSJoQRnniRgmrSV1ONPh/5LaXtGxi875fr5UnhSTJlskRwrEIYekRE5JhVQJJ3fkgTySJ+veerZerNev0ZQ12dkkv2C9fQK6vp0Y</latexit>

(1�B) = 0.78± 0.02
<latexit sha1_base64="mt+SFG5iYCuvrXA1QuMdZPV8vvE=">AAACCHicbVDLSgNBEJyNrxhfUfHkZTAI8WDYDUJyEUK8eIxgHpAsYXbSiUNmH8z0CmHJD/gXXvXiTbz6F4If42wMool16aKqm+4uL5JCo21/WJmV1bX1jexmbmt7Z3cvv3/Q0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW98lfrte1BahMEtTiJwfTYKxFBwhkbq54+Kznn9jF5Su1Sp0l7kG2KX+/mCKTPQH+IskgKZo9HPf/YGIY99CJBLpnXXsSN0E6ZQcAnTXC/WEDE+ZiPoGhowH7SbzM6f0tNYMwxpBIoKSWci/J5ImK/1xPdMp8/wTi96qfif141xWHUTEUQxQsDTRSgkzBZproTJBehAKEBk6eVARUA5UwwRlKCMcyPGJigTx9Lzy6RVLjl2ybm5KNTq82Cy5JickCJxSIXUyDVpkCbhJCGP5Ik8Ww/Wi/VqvX23Zqz5zCH5A+v9C7rIlmc=</latexit><latexit sha1_base64="mt+SFG5iYCuvrXA1QuMdZPV8vvE=">AAACCHicbVDLSgNBEJyNrxhfUfHkZTAI8WDYDUJyEUK8eIxgHpAsYXbSiUNmH8z0CmHJD/gXXvXiTbz6F4If42wMool16aKqm+4uL5JCo21/WJmV1bX1jexmbmt7Z3cvv3/Q0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW98lfrte1BahMEtTiJwfTYKxFBwhkbq54+Kznn9jF5Su1Sp0l7kG2KX+/mCKTPQH+IskgKZo9HPf/YGIY99CJBLpnXXsSN0E6ZQcAnTXC/WEDE+ZiPoGhowH7SbzM6f0tNYMwxpBIoKSWci/J5ImK/1xPdMp8/wTi96qfif141xWHUTEUQxQsDTRSgkzBZproTJBehAKEBk6eVARUA5UwwRlKCMcyPGJigTx9Lzy6RVLjl2ybm5KNTq82Cy5JickCJxSIXUyDVpkCbhJCGP5Ik8Ww/Wi/VqvX23Zqz5zCH5A+v9C7rIlmc=</latexit><latexit sha1_base64="mt+SFG5iYCuvrXA1QuMdZPV8vvE=">AAACCHicbVDLSgNBEJyNrxhfUfHkZTAI8WDYDUJyEUK8eIxgHpAsYXbSiUNmH8z0CmHJD/gXXvXiTbz6F4If42wMool16aKqm+4uL5JCo21/WJmV1bX1jexmbmt7Z3cvv3/Q0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW98lfrte1BahMEtTiJwfTYKxFBwhkbq54+Kznn9jF5Su1Sp0l7kG2KX+/mCKTPQH+IskgKZo9HPf/YGIY99CJBLpnXXsSN0E6ZQcAnTXC/WEDE+ZiPoGhowH7SbzM6f0tNYMwxpBIoKSWci/J5ImK/1xPdMp8/wTi96qfif141xWHUTEUQxQsDTRSgkzBZproTJBehAKEBk6eVARUA5UwwRlKCMcyPGJigTx9Lzy6RVLjl2ybm5KNTq82Cy5JickCJxSIXUyDVpkCbhJCGP5Ik8Ww/Wi/VqvX23Zqz5zCH5A+v9C7rIlmc=</latexit><latexit sha1_base64="mt+SFG5iYCuvrXA1QuMdZPV8vvE=">AAACCHicbVDLSgNBEJyNrxhfUfHkZTAI8WDYDUJyEUK8eIxgHpAsYXbSiUNmH8z0CmHJD/gXXvXiTbz6F4If42wMool16aKqm+4uL5JCo21/WJmV1bX1jexmbmt7Z3cvv3/Q0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW98lfrte1BahMEtTiJwfTYKxFBwhkbq54+Kznn9jF5Su1Sp0l7kG2KX+/mCKTPQH+IskgKZo9HPf/YGIY99CJBLpnXXsSN0E6ZQcAnTXC/WEDE+ZiPoGhowH7SbzM6f0tNYMwxpBIoKSWci/J5ImK/1xPdMp8/wTi96qfif141xWHUTEUQxQsDTRSgkzBZproTJBehAKEBk6eVARUA5UwwRlKCMcyPGJigTx9Lzy6RVLjl2ybm5KNTq82Cy5JickCJxSIXUyDVpkCbhJCGP5Ik8Ww/Wi/VqvX23Zqz5zCH5A+v9C7rIlmc=</latexit>

↵ = 0.67± 0.09; (1�B) = 0.62± 0.06
<latexit sha1_base64="OtYWiRzjDV1U2xNhKr5Fk57temA=">AAACH3icdZDLSgNBEEV7fMb4irp00xgEBR16RHwgQtCNywhGhSSEmrbUxp6ZprtGCCE/4R/4F251407cCn6MM0mEKFqr2+dWUdU3NFo5EuLDGxkdG5+YLEwVp2dm5+ZLC4vnLkmtxJpMdGIvQ3CoVYw1UqTx0liEKNR4Ed4d5/7FPVqnkviM2gabEdzE6lpJoAy1ShsN0OYW+CEX/s4ub5hI+GL/gK8Fm0frfbqV00yInVapHPiiV/n7l/i2ymxQ1Vbps3GVyDTCmKQG5+qBMNTsgCUlNXaLjdShAXkHN1jPZAwRuman96suX00dUMINWq4070EcnuhA5Fw7CrPOCOjW/fZy+JdXT+l6r9lRsUkJY5kvIqWxt8hJq7K4kF8pi0SQX45cxVyCBSK0ioOUGUyz/Ibj+F+cb/mB8IPT7XLlaBBMgS2zFbbGArbLKuyEVVmNSfbAntgze/EevVfvzXvvt454g5kl9qO8jy9qUp1v</latexit><latexit sha1_base64="OtYWiRzjDV1U2xNhKr5Fk57temA=">AAACH3icdZDLSgNBEEV7fMb4irp00xgEBR16RHwgQtCNywhGhSSEmrbUxp6ZprtGCCE/4R/4F251407cCn6MM0mEKFqr2+dWUdU3NFo5EuLDGxkdG5+YLEwVp2dm5+ZLC4vnLkmtxJpMdGIvQ3CoVYw1UqTx0liEKNR4Ed4d5/7FPVqnkviM2gabEdzE6lpJoAy1ShsN0OYW+CEX/s4ub5hI+GL/gK8Fm0frfbqV00yInVapHPiiV/n7l/i2ymxQ1Vbps3GVyDTCmKQG5+qBMNTsgCUlNXaLjdShAXkHN1jPZAwRuman96suX00dUMINWq4070EcnuhA5Fw7CrPOCOjW/fZy+JdXT+l6r9lRsUkJY5kvIqWxt8hJq7K4kF8pi0SQX45cxVyCBSK0ioOUGUyz/Ibj+F+cb/mB8IPT7XLlaBBMgS2zFbbGArbLKuyEVVmNSfbAntgze/EevVfvzXvvt454g5kl9qO8jy9qUp1v</latexit><latexit sha1_base64="OtYWiRzjDV1U2xNhKr5Fk57temA=">AAACH3icdZDLSgNBEEV7fMb4irp00xgEBR16RHwgQtCNywhGhSSEmrbUxp6ZprtGCCE/4R/4F251407cCn6MM0mEKFqr2+dWUdU3NFo5EuLDGxkdG5+YLEwVp2dm5+ZLC4vnLkmtxJpMdGIvQ3CoVYw1UqTx0liEKNR4Ed4d5/7FPVqnkviM2gabEdzE6lpJoAy1ShsN0OYW+CEX/s4ub5hI+GL/gK8Fm0frfbqV00yInVapHPiiV/n7l/i2ymxQ1Vbps3GVyDTCmKQG5+qBMNTsgCUlNXaLjdShAXkHN1jPZAwRuman96suX00dUMINWq4070EcnuhA5Fw7CrPOCOjW/fZy+JdXT+l6r9lRsUkJY5kvIqWxt8hJq7K4kF8pi0SQX45cxVyCBSK0ioOUGUyz/Ibj+F+cb/mB8IPT7XLlaBBMgS2zFbbGArbLKuyEVVmNSfbAntgze/EevVfvzXvvt454g5kl9qO8jy9qUp1v</latexit><latexit sha1_base64="OtYWiRzjDV1U2xNhKr5Fk57temA=">AAACH3icdZDLSgNBEEV7fMb4irp00xgEBR16RHwgQtCNywhGhSSEmrbUxp6ZprtGCCE/4R/4F251407cCn6MM0mEKFqr2+dWUdU3NFo5EuLDGxkdG5+YLEwVp2dm5+ZLC4vnLkmtxJpMdGIvQ3CoVYw1UqTx0liEKNR4Ed4d5/7FPVqnkviM2gabEdzE6lpJoAy1ShsN0OYW+CEX/s4ub5hI+GL/gK8Fm0frfbqV00yInVapHPiiV/n7l/i2ymxQ1Vbps3GVyDTCmKQG5+qBMNTsgCUlNXaLjdShAXkHN1jPZAwRuman96suX00dUMINWq4070EcnuhA5Fw7CrPOCOjW/fZy+JdXT+l6r9lRsUkJY5kvIqWxt8hJq7K4kF8pi0SQX45cxVyCBSK0ioOUGUyz/Ibj+F+cb/mB8IPT7XLlaBBMgS2zFbbGArbLKuyEVVmNSfbAntgze/EevVfvzXvvt454g5kl9qO8jy9qUp1v</latexit>

207 clusters

(1
-b

)

COMPARISON  WITH LITERATURE

MSZ - MDYN SCALING RELATION:


