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•  Relatively Small Signal on top of background and foreground due to 
Galactic emission and unresolved point sources 

•  Grasp of current X-ray missions makes detection nearly impossible other 
than in a few specific cases 



WHIM AcF WITH XMM-NEWTON
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AcF AcF of 6 XMM-Newton empty fields 
in the 0.4-0.6 keV range 

The fraction of X-rays due to the 
WHIM 

 in the energy range 0.4-0.6 keV  
is 12±5% of the total diffuse X-ray 

emission 

Galeazzi et al. 2009 



The AcF in the CDFS with XMM-Newton

Unresolved  
point sources 

Ø  4 MS 
Ø  33 pointings 
Ø  2 different sets of roll-angle (180 deg 

apart) 
Ø  Chandra-detected point sources 
Ø  Diffuse sources from Alexis Finoguenov 
Ø  Diffuse emission consistent with other 

work 
 



The AcF in the CDFS with XMM-Newton

Ø  S m a l l c o r r e l a t i o n 
signal detected in 
both 0.4-0.6 keV and 
0.7-0.9 keV band 

Ø  W e r u l e d o u t  a 
systematic origin of 
the signal 

Ø  Negligible correlation 
at high energy 

Ø  The signal in the two 
s o f t  b a n d s  i s 
correlated èsame 
origin 

Ø  T~9x106 K 
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Comparison with models

Unresolved  
point sources 

Signal in 0.4-0.6 keV band inconsistent with models 
 
Ø  Cosmic variance (it is known the the CDFS is devoid of significant 

structures) 
Ø  Problem with the models 

Ø  Metal diffusion? (but what about UV data?) 
Ø  Temperature distribution? 
Ø  ??? 

Models from Ursino et al. 2010  



SEARCH FOR INTERCLUSTER FILAMENTS
A222-A223 

Werner et al. 2008 

•  z=0.21  
•  identied as a possible filament 

through weak lensing and as an 
overdensity of color selected 
galaxies 

•  The clusters are separated by 
14’ (2.8 Mpc)  

•  Projected distance 15 Mpc  
•  144 ks pointing with XMM-Newton  
 
Ø  Filament outside the virial radius 

of the clusters 
Ø  emission measure 

(ne x np x V) =1.72 x 1065 cm-3 
Ø  Temperature: kT = 0:91 keV 
Ø  Metallicity of 0.2 solar 

See also SZ, de Graaff+ 2017  



SEARCH FOR INTERCLUSTER FILAMENTS

K. Sato et al., 2010                                                          I. Mitsuishi et al., 2012 

Sculptor Supercluster                                Shapley Supercluster 



X-RAY EMISSION FROM INTERCLUSTER FILAMENTS

Sculptor Supercluster                               Shapley Supercluster 



X-RAY EMISSION FROM INTERCLUSTER FILAMENTS

Shapley 



SEARCH FOR INTERCLUSTER FILAMENTS

Shapley point sources 

Excess emission due to 
galaxies in the filament between 

the two clusters! 

Ursino et al. 2015 



What can we do next?

Unresolved  
point sources 

1)  SHORT TERM:  
Look at other deep fields with XMM-Newton (e.g., COSMOS – in 
progress) 

2)  SHORT-MEDIUM TERM:  
Use other tracers to highlight the x-ray signal 
•  Cross-correlation with galaxy maps 
•  Cross-correlation with SZ 

3)  MEDIUM-LONG TERM:  
High energy resolution studies with Athena 



The WHIM with Athena

Unresolved  
point sources 

Kaastra et al. 2013 



The WHIM with Athena

Unresolved  
point sources 

Emission Statistics 

Kaastra et al. 2013 



Future plans

Unresolved  
point sources 

Ø  Cross correlation with galaxies 
Ø  Multi-wavelength study (correlation with other bands) 
Ø  Extend XMM-Newton work to investigate cosmic variance 



Future plans

Unresolved  
point sources 

Multi-wavelength coverage and sensitivity in the COSMOS field 



WHIM	in	emission.	COSMOS	
Spatial information 

Correlation with galaxies can beat down the 
foreground 

20K galaxies in the ZCOSMOS survey 
(+20K with photometric redshifts) to trace 
the galaxy density field up to z=1. 
(Kovac+ 2010). 
Several large scale structures already  
detected. Most notably at z~0.4 and 
at z~0.7. For the latter, Wall-like, a dedicated  
redshift survey of galaxies galaxies has been 
done to increase sampling. 
 

Branchini et al. 2018 



WHIM	in	emission.	Alterna5ve	probes	
Probes different from galaxies are being used to statistically detect the WHIM signal. 

And could be combined with similar results obtained by Athena. 
 

 One example is the SZ-signal. An indirect, statistical WHIM detection has recently 
been claimed by de Graaff+ 2017 in filaments connecting galaxy pairs as a result of a 

stacking analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 

A similar procedure can be repeated in the COSMOS field observed by Athena to look 
for a OVII/OVIII emission enhancement in between galaxy pairs. The resulting signal 

can be combined with the analogous SZ enhancement. 
 
 
 
 
 
 
 
 
 



X-RAY/SZ CORRELATION
Sunyaev-Zel'dovich effect  

è X-rays and SZ can probe 
different regions of the WHIM  



X-RAY/SZ CORRELATION

Simulated signal and background for 150 GHz ACT band  
and 100 ks XMM-Newton observation 

 
                  SZ signal alone                                    SZ/X-ray cross coefficient 

WHIM                            BACKGROUND 

Ursino et al. 2014 


