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Observations of galaxies and galaxy clusters in the local universe can account for only 10%

of the baryon content inferred from measurements of the cosmic microwave background and

from nuclear reactions in the early Universe1–3 . Locating the remaining 90% of baryons has

been one of the major challenges in modern cosmology. Cosmological simulations predict

that the ‘missin
g baryons’ are spread throughout filamentary structures in the cosmic web,

forming a low density gas with temperatures of 10
5 �10

7 K4,5 . Previous attempts to observe

this diffuse warm-hot filamentary gas via X-ray emissio
n or absorption in quasar spectra

have been inconclusive6–9 . Here we report a 5.1�
detection of warm-hot baryons in stacked

filaments through the thermal Sunyaev-Zel’dovich (SZ) effect, which arises from the distor-

tion in the cosmic microwave background spectrum due to ionised gas10 . The estim
ated gas

density in these 15 Megaparsec-long filaments is approximately 6 times the mean universal

baryon density, and overall this can account for ⇠ 30% of the total baryon content of the

Universe. This result establishes the presence of ionised gas in large-scale filaments, and

suggests that the missin
g baryons problem may be resolved via observations of the cosmic

web.
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Missing baryons in the cosmic web revealed by the

Sunyaev-Zel’dovich effect

Anna de Graaff1, Yan-Chuan Cai1, Catherine Heymans1 & John A. Peacock1

1Institute for Astronomy, University of Edinburgh, Royal Observatory, Blackford Hill, Edinburgh,

EH9 3HJ, UK

Observations of galaxies and galaxy clusters in the local universe can account for only 10%

of the baryon content inferred from measurements of the cosmic microwave background and

from nuclear reactions in the early Universe1–3. Locating the remaining 90% of baryons has

been one of the major challenges in modern cosmology. Cosmological simulations predict

that the ‘missing baryons’ are spread throughout filamentary structures in the cosmic web,

forming a low density gas with temperatures of 105�107 K4, 5. Previous attempts to observe

this diffuse warm-hot filamentary gas via X-ray emission or absorption in quasar spectra

have been inconclusive6–9. Here we report a 5.1� detection of warm-hot baryons in stacked

filaments through the thermal Sunyaev-Zel’dovich (SZ) effect, which arises from the distor-

tion in the cosmic microwave background spectrum due to ionised gas10. The estimated gas

density in these 15 Megaparsec-long filaments is approximately 6 times the mean universal

baryon density, and overall this can account for ⇠ 30% of the total baryon content of the

Universe. This result establishes the presence of ionised gas in large-scale filaments, and

suggests that the missing baryons problem may be resolved via observations of the cosmic

web.
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The matter distribution of the Universe follows a web-like pattern, generated by the gravita-

tional instability of small initial density fluctuations. Galaxies and galaxy clusters are embedded

in the knots of the web (known as dark matter haloes), and are connected by large-scale filamen-

tary and sheet-like structures. Both observations and simulations suggest that a significant fraction

of baryons should be found outside the gravitationally bound haloes, in filaments and sheets4, 8, 9.

The baryons are expected to be in a diffuse ‘warm-hot’ state, with a density of the order ten times

the mean baryon density and temperatures between 105 � 107 K. Previous efforts to detect this

warm-hot intergalactic medium focused on the measurement of absorption lines in the spectra of

distant quasars8, and on the X-ray emission from individual cosmic web filaments6, 7. These meth-

ods however probed only the lower and higher temperature end of the warm-hot baryons, leaving

the majority of the baryons still unobserved9.

The thermal Sunyaev-Zel’dovich effect provides an alternative means of detecting the warm-

hot baryons in filaments. The SZ effect arises from the Compton scattering of photons from the

cosmic microwave background by ionised gas. The amplitude of the signal is quantified by the

Compton y-parameter, which is proportional to the line-of-sight integration of the free electron

gas pressure (i.e. y / neTe, where ne and Te are the density and temperature of free electrons

respectively). We search for gas filaments using the all-sky Compton ‘y-map’ from the Planck

collaboration11, for which the locations and orientations of filaments on the map need to be known.From analyses of numerical simulations, we expect filaments to connect pairs of massive

haloes separated by up to ⇠ 20h�1 Mpc 12. As such, a good proxy for the location of filaments is

the line connecting neighbouring massive galaxies. We therefore search for pairs of galaxies in the

constant mass (CMASS) galaxy catalogue from the Sloan Digital Sky Survey Data Release 1213, 14.

These galaxies are, on average, hosted by dark matter haloes with a virial mass of ⇠ 1013 h�1M�,

where M� is the mass of the Sun and h is the dimensionless Hubble parameter.For this analysis, we consider galaxy pairs that are well separated, to minimise the contami-

nation to the filament signal by the two host haloes. We select pairs with a projected separation on
2

5.1� level. There is also noticeable excess signal in the outer region of the galaxy pairs, which

plausibly arises from filaments extending beyond the pair. By taking into account both the inner

and outer regions, we detect the filament at the 3.8� level.

Figure 1: The SZ effect for 1 million stacked pairs of galaxies. (a) the symmetrically stacked Compton

y-parameter maps for 1 million close pairs of CMASS galaxies; (b) the modelled signal from the galaxy

host haloes only; and (c) the residual between the stacked data and model. The colour bar indicates the

magnitude of the SZ effect through the dimensionless y-parameter, which is related to the pressure of the

ionised gas. The indicated horizontal and vertical distance scales (rk and r? respectively) are calibrated

using the mean galaxy pair separation of 10.5h
�1 Mpc. The mean projected angular separations are also

shown for the horizontal axis. There is a bridge connecting the pairs of galaxies in the data (a) but not in the

model (b), which indicates the presence of a filament in (a). The detected filament is highlighted in panel

(c) by a dashed box with plus signs indicating the positions of the galaxy pairs.

4

Figure 2: 1-dimensional profiles of the SZ signal from stacked galaxy pairs. (a) The mean radial SZ

profile extracted along the vertical direction in the left-hand panel of Fig. 1; (b) the mean horizontal profile

with a thickness of 6 h�1Mpc extracted from the left-hand panel of Fig. 1; the residual of (c) the radial

profile and (d) the horizontal profile after subtracting the contribution from the two haloes. Error bars

represent statistical uncertainties obtained from the individual profiles. The blue dashed lines and the green

dash-dotted line indicate the modelled primary and secondary halo contributions respectively. The pink

solid lines show the combined modelled contribution from the two haloes. The residual in (c) is consistent

with zero, indicating the success of our modelling. The detected filament lies interior to the halo centres

(dotted lines), shown by the offset between the solid pink line and the black data points in (b), and by the

residuals in (d).

5

If we accept the reality of the filament signal, there remains the question of whether the effectarises from diffuse gas, or from gas within galaxy haloes that are part of the large-scale structurearound the target halo pairs. We distinguish between uncorrelated structures, which lie projectedalong the line of sight to the galaxy pairs, and structures that are correlated with the galaxy pairs.We estimate the residual SZ signal due to the uncorrelated large-scale structures by repeating ourstacking and fitting procedure for a second class of galaxy pairs known as ‘non-physical pairs’16(see Methods). These galaxy pairs are selected to have the same projected distance separations asthe primary sample of physical pairs, but with much larger line-of-sight separations, such that theyare unlikely to be connected by filaments. The residual SZ signal between the non-physical pairs isconsistent with zero, contributing at most ⇠ 10% of the filament signal between the physical pairs.We next estimate the contribution of correlated large-scale structures by repeating our analysis foran all-sky map of the projected number density of CMASS galaxies. We estimate that gas in thesegalaxies will contribute ⇠ 10% of the detected filament SZ signal (see Methods). Therefore, intotal at most ⇠ 20% of the filament SZ signal could be contributed by the alignment of galaxies orgroups of galaxies along the line of sight to the filament.

The amplitude of the filament signal has a maximum value of y = 9 ⇥ 10�9 for the gaspressure parameter y, and peaks half way between the two haloes. The signal is therefore unlikelyto be contaminated by either of the two haloes (see Methods). Cosmological hydrodynamicalsimulations suggest that the gas in filaments is most likely to be at a temperature of 106 K4, 5, 9.Assuming this gas temperature, we estimate the filament gas density to be approximately six timesthe mean baryon density of the Universe. This is consistent with expectations from simulations.Accounting for the entire volume of the CMASS galaxy sample, the ionised gas in these filamentsaccounts for approximately 30% of the total baryon content of the Universe.

This is the baryon fraction found in filaments derived from our specific selection in termsof filament length and galaxy pair population, so it is certainly incomplete. We expect that moregas in filaments can be detected using deeper galaxy surveys, in which smaller filaments will befound. Moreover, the gas density of these filaments detected via the SZ effect can be determined

6

more accurately if there are other means of observational constraints for the gas temperature. For

example, a high resolution soft X-ray survey will be ideal to help break the degeneracy between

gas temperature and density. Nevertheless, our finding provides strong evidence for the presence

of warm-hot gas in filaments and opens up a new window to search for missing baryons in the

cosmic web.

Methods

Selection of galaxy pairs. We use both the North and South CMASS galaxy catalogues from the

12th data release of the Sloan Digital Sky Survey (SDSS)13, 14 . The CMASS galaxies were selected

using colour-magnitude cuts to identify galaxies in the redshift range 0.43 < z < 0.75 with a

narrow range in stellar mass. The galaxies have a mean stellar mass of 10
11.3M� and are mostly

central galaxies in their host dark matter haloes of typical virial mass ⇠ 10
13 h�

1 M�
17, 18 . CMASS

galaxies therefore represent a highly biased galaxy sample.

Using the full CMASS catalogue of 0.85 million galaxies, we select a sample of galaxy pairs

that are likely to be connected by filaments (‘physical pairs’). Motivated by Clampitt et al.15 , the

pairs are required to have a transverse comoving separation in the range 6�14h
�1 Mpc and a line-

of-sight separation < 5h
�1 Mpc. These ranges were chosen to ensure that the intergalactic medium

is probed as well as the intracluster medium within the haloes (of virial radius ⇠ 1h
�1 Mpc). By

applying the first constraint we prevent contamination from the potential projection of two haloes

along the line of sight. The final selection of physical pairs comprises 1 020
334 pairs with a mean

angular separation of 26.5 arcmin and a mean comoving separation of 10.5h
�1 Mpc.

In addition to our filament candidates, we compile a second sample of ‘non-physical’ pairs of

galaxies that have the same comoving projected separation of 6�14h
�1 Mpc, but are separated by

40� 200h
�1 Mpc along the line of sight. These pairs of galaxies therefore appear close in projec-

tion, yet are highly unlikely to be connected by filaments16 . The resulting selection of 13 622
456

non-physical pairs has a distribution of angular separations similar to that of the physical pairs. We

use this catalogue to estimate the contribution from uncorrelated large-scale structures to the SZ

7

Figure 3: Construction of 1-dimensional profiles. Illustration for the fitting procedure to decompose the

contribution from the isotropic haloes and the filament. The stacked CMASS galaxy pairs for the Compton

y-map are shown in black and white in the main panel. The mean horizontal profile extracted from the 2D

plot is in the upper panel. The pink dashed lines indicate the 60-degree subtended angle used to construct

the mean radial profile in the left panel. The arrows demonstrate how the two haloes were decomposed for

the halo modelling. Blue colours correspond to the primary halo contribution, green to the secondary halo,

and pink to the combined contribution from the two haloes. F (r) indicates the sum of the two isotropic halo

profiles [f(r1) and f(r2)] along the vertical direction. The good agreement between the model and the data

points for the vertical profile allows us to estimate the filament signal indicated by the offset between the

model and the data points in the upper panel.

10

Figure 4: Normalised covariance matrix. The constructed normalised covariance matrix of the data points

from the horizontal profile in Fig. 2. Since the two sides of the profile are perfectly symmetric, only one

quarter of the matrix is shown. This covariance matrix is used to estimate the statistical significance of the

filament signal using Equation 2.

In principle, the excess signal between the two pairs can also be contributed by gas in galaxies

that are part of large-scale structures projected along the line of sight. To estimate the contribu-

tion of uncorrelated large-scale structures, we repeat our analysis for the catalogue of non-physical

galaxy pairs. We use 13.6 million selected non-physical CMASS galaxy pairs to draw 500 subsam-

ples of equal size to the sample of physical pairs, and then perform the stacking, halo modelling

and profile extraction for each subsample. The mean residual SZ signal for the non-physical pairs

is found to be y = (6±3)⇥10�10 with a significance level of 0.2� (Fig. 5). We therefore conclude

that the uncorrelated large-scale structures cannot make a significant contribution to the SZ signal

of the detected filament.

12

Figure 5: Residual SZ signal of the non-physical pairs. The mean horizontal residual SZ signal of the

500 subsamples of non-physical pairs. Dashed lines indicate the positions of the galaxy pairs. The error

bars show statistical uncertainties obtained from the 500 residual profiles. The residuals are consistent with

zero within the errors, with y = (6 ± 3) ⇥ 10
�10 between the two haloes. This accounts for . 10% of the

filament signal and is therefore subdominant.

Since the non-physical pairs have larger distance separations than the physical pairs, they

may not represent the probability of the alignment of further haloes between the galaxy pairs. We

further examine the effect of possible correlated structures, by constructing a map of the galaxy

number density for the whole CMASS sample. The map was convolved with a Gaussian filter

of FWHM = 10 arcmin to represent the beam size of the y-map. We repeat the same stacking

and fitting procedure for the physical pairs with the galaxy number density map. The resulting 2D

stacked pairs and residual profiles are shown in Fig. 6 together with the extracted profiles and fitted

models. After subtraction of the isotropic component of the two haloes, we find that a filament in

the light distribution between the galaxy pairs is detected. However, the relative level of this signal

is small: 1-2% of the peak values of the two haloes, as against about 10% in the SZ analysis.

We therefore estimate that correlated galaxy haloes contribute approximately 10% of the detected

filament signal.

13

the Planck beam of FWHM = 10 arcmin. We adopt a FWHM for the intrinsic filament profile

of 1.5h�1 Mpc 12; our result for the total baryon content of the filament is almost independent

of this choice, since the large Planck beam is dominant. From our analysis we found the mean

amplitude of the filament between the two pairs to be ȳ ⇡ 0.6 ⇥ 10�8. Taking Te = 10 6 K

and using the cylindrical Gaussian model, we determine the central density in the filament to be

ne(z) ⇡ 6 ⇥ n̄e(z), where n̄e(z) is the mean universal electron density at the medium redshift of

the CMASS galaxy sample z = 0.55. Assuming the universe to be fully ionised and accounting for

the full volume covered by the CMASS survey of ⇠ 4 (h�1 Gpc) 3, this estimated filament density

amounts to approximately 30% of the mean baryon density of the Universe 3: 0.3⌦
b .

Similar conclusions to this work have been independently drawn by Tanimura et al. 22 (here-

after referred to as T17) who announced their analysis of the SZ signal between neighbouring

galaxy pairs at the same time as this publication. Our study differs from T17 mainly in the galaxy

pair catalogues used: T17 used the SDSS-DR12 LRG galaxy catalogue and found 262 864 pairs of

galaxies at redshifts z < 0.4. We used the DR12 CMASS galaxy catalogue and found 1 million

pairs with similar selection criteria. Our sample is 5 times larger and covers a higher redshift range

(0.43 < z < 0.75). These two catalogues are therefore independent and complementary in their

redshift ranges. Despite the differences, we achieved similar results in terms of the amplitudes and

statistical significances of the filament signal. In terms of the Compton y-parameter, T17 found

y ⇡ 1 ⇥ 10�8 at the 5.3� level, whereas we find y ⇡ 0.6 ⇥ 10�8 at the 5.1� level. The fact

that two independent studies using two different catalogues achieve similar conclusions provides

strong evidence for the detection of gas filaments.

1. Persic, M. & Salucci, P. The baryon content of the universe. MNRAS 258, 14P–18P (1992).
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Figure 6: The mean galaxy number density around the galaxy pairs. (a) The main panel shows the

stacked CMASS galaxy number density map for 1 million galaxy pairs, convolved with a Gaussian filter with

FWHM= 10 arcmin and normalised by the peak value of the stacked map. The left and upper side-panels

show the mean radial profile and horizontal profile respectively, and include the modelled contributions from

the primary halo (blue, dashed lines), secondary (green, dash-dotted line) and the two haloes combined

(pink, solid lines). (b) The residual between the stacked map and two isotropic halo profiles. The upper

side-panel shows the residual profile extracted from the boxed region, with dashed lines indicating the

galaxy pair centres. The residual haloes in the filament region are estimated to contribute approximately

10% of the filament signal.

In making the estimate of the contribution to the filament signal from galaxies within the

filament, we have to consider also the contribution from galaxies below the CMASS limit. These

are significant in principle: taking the relation between the SZ decrement and stellar mass from

Greco et al.21 and the stellar mass function at z = 0.55 from Maraston et al.17, we estimate that

galaxies at or above the CMASS stellar mass contribute approximately 1/3 of the global SZ signal.
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1 Contexte et objectifs

Florian Ruppin - Journal Club - 08/12/2017 

V. Springel et al., Heidelberg Institute for Theoretical Studies

• Contenu matériel de l’Univers organisé sous la 
forme d’une structure filamentaire 

• Galaxies et amas de galaxies ne représentent que 10% du 
contenu baryonique estimé par analyse du CMB et BBN

Baryons manquants dispersés dans les filaments

• Température attendue (simulations numériques) pour les filaments : 105 � 107 K

• Tentatives de détection des filaments par observations de l’émission X ou de l’absorption dans les spectres de quasars

Pas de détection

Utilisation des données Planck (SZ) et SDSS (optique) pour détecter les filaments



2 Sommaire

I – Carte du signal SZ de paires de galaxies

II – Modélisation des halos principaux et carte du filament 

III – Significativité de la détection 

IV – Caractérisation des contaminants

V – Conclusions

Florian Ruppin - Journal Club - 08/12/2017 



3 Sélection de paires de galaxies

Florian Ruppin - Journal Club - 08/12/2017 

SDSS III et al. ApJS (2015)

• Utilisation des catalogues CMASS (Nord et Sud) 
de la 12ème release du SDSS 

• Sélection de galaxies par coupure en magnitude-couleur
0.43 < z < 0.75

• Galaxies centrales dans des halos d’environ 1013 h�1 M�

Paires physiques : 

• Vraisemblablement connectées par un filament

• Séparation projetée dans un intervalle de 6� 14h�1 Mpc

• Séparation le long de la ligne de visée inférieur à 5h�1 Mpc

• Rayon de viriel typique de 1h�1 Mpc

Identification de 1 020 334 paires physiques de galaxies

Paires non-physiques : 
• Même séparation projetée mais séparation le long de la ligne de visée comprise entre 40� 200h�1 Mpc

Identification de 13 622 456 paires non-physiques de galaxies



4 Carte SZ de chaque paire

Florian Ruppin - Journal Club - 08/12/2017 

Planck collaboration et al. A&A (2016)

• Utilisation de la y-map de Planck (résolution angulaire de 10 arcmin)

• Rotation de la zone de la y-map contenant chaque paire de galaxies
Axe principal aligné avec l’équateur et centre de chaque paire coïncide avec l’origine (coordonnées galactiques)

• Mise à l’échelle de chaque carte de paire pour qu’elles se superposent toutes

Stacking de toutes les cartes et de leur version miror selon l’axe perpendiculaire à l’équateur



5 Signal SZ après stacking
5.1� level. There is also noticeable excess signal in the outer region of the galaxy pairs, which

plausibly arises from filaments extending beyond the pair. By taking into account both the inner

and outer regions, we detect the filament at the 3.8� level.

Figure 1: The SZ effect for 1 million stacked pairs of galaxies. (a) the symmetrically stacked Compton

y-parameter maps for 1 million close pairs of CMASS galaxies; (b) the modelled signal from the galaxy

host haloes only; and (c) the residual between the stacked data and model. The colour bar indicates the

magnitude of the SZ effect through the dimensionless y-parameter, which is related to the pressure of the

ionised gas. The indicated horizontal and vertical distance scales (rk and r? respectively) are calibrated

using the mean galaxy pair separation of 10.5h�1 Mpc. The mean projected angular separations are also

shown for the horizontal axis. There is a bridge connecting the pairs of galaxies in the data (a) but not in the

model (b), which indicates the presence of a filament in (a). The detected filament is highlighted in panel

(c) by a dashed box with plus signs indicating the positions of the galaxy pairs.

4

Florian Ruppin - Journal Club - 08/12/2017 



Figure 3: Construction of 1-dimensional profiles. Illustration for the fitting procedure to decompose the

contribution from the isotropic haloes and the filament. The stacked CMASS galaxy pairs for the Compton

y-map are shown in black and white in the main panel. The mean horizontal profile extracted from the 2D

plot is in the upper panel. The pink dashed lines indicate the 60-degree subtended angle used to construct

the mean radial profile in the left panel. The arrows demonstrate how the two haloes were decomposed for

the halo modelling. Blue colours correspond to the primary halo contribution, green to the secondary halo,

and pink to the combined contribution from the two haloes. F (r) indicates the sum of the two isotropic halo

profiles [f(r1) and f(r2)] along the vertical direction. The good agreement between the model and the data

points for the vertical profile allows us to estimate the filament signal indicated by the offset between the

model and the data points in the upper panel.
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6 Modélisation des 2 halos

Florian Ruppin - Journal Club - 08/12/2017 

• Carte symétrique suivant l’axe vertical

Modélisation de la contribution des halos

modèle identique pour les 2 halos

• Profil SZ = moyenne du signal dans des portions 
d’anneaux situées dans 2 secteurs de 60 degrés

pas de contamination due au filament

• Modèle à symétrie circulaire
fonction radial définie par un polynôme 
d’ordre 4 multiplié par une exponentielle

• Signal total pour un halo :

paramètre fixé



Figure 2: 1-dimensional profiles of the SZ signal from stacked galaxy pairs. (a) The mean radial SZ

profile extracted along the vertical direction in the left-hand panel of Fig. 1; (b) the mean horizontal profile

with a thickness of 6 h�1Mpc extracted from the left-hand panel of Fig. 1; the residual of (c) the radial

profile and (d) the horizontal profile after subtracting the contribution from the two haloes. Error bars

represent statistical uncertainties obtained from the individual profiles. The blue dashed lines and the green

dash-dotted line indicate the modelled primary and secondary halo contributions respectively. The pink

solid lines show the combined modelled contribution from the two haloes. The residual in (c) is consistent

with zero, indicating the success of our modelling. The detected filament lies interior to the halo centres

(dotted lines), shown by the offset between the solid pink line and the black data points in (b), and by the

residuals in (d).

5

7 Résultats de l’ajustement

Florian Ruppin - Journal Club - 08/12/2017 

• Comparaison du profil mesuré suivant la direction 
verticale avec le modèle ajusté :

résidu au pourcent

• Comparaison du profil mesuré suivant la direction 
horizontale avec le modèle ajusté :

résidu significatif entre les deux halos

Signal du résidu =                du signal 
de recouvrement des 2 halos 

⇠ 10%

Paramètre de nuisance dans l’ajustement : 
expansion du profil de halo par un facteur s

Ajustement du modèle sur la carte complète 
dans l’hypothèse 0 (pas de filament)

Variation du signal du filament de  ⇠ 10%



8 Significativité de la détection

Figure 4: Normalised covariance matrix. The constructed normalised covariance matrix of the data points

from the horizontal profile in Fig. 2. Since the two sides of the profile are perfectly symmetric, only one

quarter of the matrix is shown. This covariance matrix is used to estimate the statistical significance of the

filament signal using Equation 2.

In principle, the excess signal between the two pairs can also be contributed by gas in galaxies

that are part of large-scale structures projected along the line of sight. To estimate the contribu-

tion of uncorrelated large-scale structures, we repeat our analysis for the catalogue of non-physical

galaxy pairs. We use 13.6 million selected non-physical CMASS galaxy pairs to draw 500 subsam-

ples of equal size to the sample of physical pairs, and then perform the stacking, halo modelling

and profile extraction for each subsample. The mean residual SZ signal for the non-physical pairs

is found to be y = (6±3)⇥10�10 with a significance level of 0.2� (Fig. 5). We therefore conclude

that the uncorrelated large-scale structures cannot make a significant contribution to the SZ signal

of the detected filament.

12

Florian Ruppin - Journal Club - 08/12/2017 

• Etude du profil de résidu calculé dans une portion 
de                             de large⇠ 6h�1 Mpc

• Calcul de la covariance entre chaque point en 
utilisant les cartes y de chaque paire de galaxies

• Calcul du         :           �2

• Conversion du        en un écart-type gaussian (compte tenu du nombre de degrés de liberté)�2

Position des points du résidu entre les 2 halos à            du niveau zéro                5.1�



9 Etude des contaminants

Figure 5: Residual SZ signal of the non-physical pairs. The mean horizontal residual SZ signal of the

500 subsamples of non-physical pairs. Dashed lines indicate the positions of the galaxy pairs. The error

bars show statistical uncertainties obtained from the 500 residual profiles. The residuals are consistent with

zero within the errors, with y = (6 ± 3) ⇥ 10�10 between the two haloes. This accounts for . 10% of the

filament signal and is therefore subdominant.

Since the non-physical pairs have larger distance separations than the physical pairs, they

may not represent the probability of the alignment of further haloes between the galaxy pairs. We

further examine the effect of possible correlated structures, by constructing a map of the galaxy

number density for the whole CMASS sample. The map was convolved with a Gaussian filter

of FWHM = 10 arcmin to represent the beam size of the y-map. We repeat the same stacking

and fitting procedure for the physical pairs with the galaxy number density map. The resulting 2D

stacked pairs and residual profiles are shown in Fig. 6 together with the extracted profiles and fitted

models. After subtraction of the isotropic component of the two haloes, we find that a filament in

the light distribution between the galaxy pairs is detected. However, the relative level of this signal

is small: 1-2% of the peak values of the two haloes, as against about 10% in the SZ analysis.

We therefore estimate that correlated galaxy haloes contribute approximately 10% of the detected

filament signal.

13

Florian Ruppin - Journal Club - 08/12/2017 

• Même étude itérée 500 fois en 
utilisant les paires non-physiques

• Étude de la contamination due aux 
structures non-corrélées

Résidu moyen des 500 sous-échantillons 
non-significatif (            )0.2�



Figure 6: The mean galaxy number density around the galaxy pairs. (a) The main panel shows the

stacked CMASS galaxy number density map for 1 million galaxy pairs, convolved with a Gaussian filter with

FWHM= 10 arcmin and normalised by the peak value of the stacked map. The left and upper side-panels

show the mean radial profile and horizontal profile respectively, and include the modelled contributions from

the primary halo (blue, dashed lines), secondary (green, dash-dotted line) and the two haloes combined

(pink, solid lines). (b) The residual between the stacked map and two isotropic halo profiles. The upper

side-panel shows the residual profile extracted from the boxed region, with dashed lines indicating the

galaxy pair centres. The residual haloes in the filament region are estimated to contribute approximately

10% of the filament signal.

In making the estimate of the contribution to the filament signal from galaxies within the

filament, we have to consider also the contribution from galaxies below the CMASS limit. These

are significant in principle: taking the relation between the SZ decrement and stellar mass from

Greco et al.21 and the stellar mass function at z = 0.55 from Maraston et al.17, we estimate that

galaxies at or above the CMASS stellar mass contribute approximately 1/3 of the global SZ signal.
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Etude des contaminants

• Possible contamination par des halos 
entre les paires de galaxies (proches)

• Carte de densité numérique de galaxies 
basée sur l’échantillon CMASS complet

• Convolution de la carte par le lobe Planck

• Répétition de l’analyse sur la carte 
obtenue et identification d’un filament

• Signal du filament de l’ordre de 1� 2%
de la valeur du pic des 2 halos

Ne permet pas d’explique le résidu SZ 
identifié (              de la valeur du pic)⇠ 10%



11 Conclusions
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Fraction de baryons dans les filaments :

• Selon les simulations numériques : gaz dans les filaments chauffé par des chocs jusqu’à 106 K

• Selon les observations : limite supérieure Te < 107 K

• Modélisation du filament par un cylindre dans lequel la densité de gaz suit une gaussienne 2D

Densité centrale dans le filament : ne(z) ' 6⇥ n̄e(z)

n̄e(z)avec              la densité électronique moyenne au redshift moyen de l’échantillon CMASS (                     )z = 0.55

• Correspond à environ 30% de la densité moyenne de baryons dans l’Univers
compte tenu du volume couvert par le survey CMASS

0.3⌦b

- Fraction de baryon trouvée pour cette sélection très spécifique de paires de galaxies 
- Valeur de la densité complètement dégénérée avec la température 



La première règle du 
Journal Club est : 

“Il est important de 
participer au Journal Club”

Merci de votre attention
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• Thermal Sunyaev-Zel'dovich effect (SZ) 

Study of the ICM from its imprint on the CMB (spectral distorsion) 

Inverse Compton scattering of CMB photons on hot ICM electrons

CMB photons acquire energy

SZ effect is redshift independent

Carlstrom et al. ARA&A (2002)

21
7 

G
H

z

• SZ effect amplitude given by the Compton parameter:

Characterize the electron pressure within the ICM

The Sunyaev-Zel’dovich effect

• Integrated Compton parameter:
: radius of a sphere containing         times

the critical density of the Universe

Sunyaev & Zel’dovich CoASP (1972)
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R500 500
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