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 In order to investigate the properties of filaments with weak gravitational lensing (WL), we 
select 4639 halo pairs with masses higher than 1014h-1Msun from the simulations and 
investigate dark matter distributions between two halos with ray-tracing simulations. In order 
to classify filament candidates, we estimate convergence profiles and perform profile fitting.  

 We find that matter distributions between halos can be classified in a plane of fitting 
parameters, which allow us to select straight filaments from the ray-tracing simulations. We 
find that 35% of halo pairs possess straight filaments, 4% of which can directly be detected at 
S/N>=2 with weak lensing. This result is consistent with observations. 
Furthermore, we study statistical properties of halos at the edges of filaments. We find that 
halos are less massive with increasing filament masses. However, the dependence of these 
halo properties on masses of straight filaments is very weak. 

Abstract



The standard cosmological model (LCDM) that assumes the existence of cold dark matter 
predicts the hierarchal structure formation. N-body simulation with the LCDM model 
predicts many filaments which connect clusters of galaxies. On the other hand, WL have not 
detect so many filament (Dietrich et al, 2012, Jauzac et al, 2014).  
Through large cosmological N-body simulation, we investigate the weak lensing detectability 
and properties of filaments in the LCDM model.

Motivation

Simulation

(ref: http://www.mpa-garching.mpg.de/galform/
millennium/seqD_063a_half.jpg)

many filaments

Observation

Abell 222, 223

Dietrich et al 2012

MACS J717.5+3745

Jauzac et al 2014

Only two filaments were observed 
in weak lensing



Sato et al 2009
Sato et al (2009)

We use the ray-tracing simulation carried out in Sato et al (2009). Cosmological 
parameters are follows WMAP 3-year results (Spergel et al, 2007)  
   
  

・Code; Gadget-2 

・Total Field Of View (FOV); 
                             5000 [deg2]  
                            (5×5[deg2/realization]) 

・Source redshift; zs=0.997 

Simulation



Identification of filaments

filament

κ(θi); simulation 
σi; error at i-th bin

θ

halo

halo

Filaments are identified with profile fitting as follows, 
 1. Select halo pairs from the halo catalog  
        ・Friend-of-Friend masses M>=1014 h-1Msun  
        ・Redshift range 0.4<=z<=0.6  
  
  2.Classify matter distributions  
      in the plane of fitting parameters 
    ・Fitting the convergence profiles between halo pairs  
       with the filament profile (Colberg et al. 2005) 
     

     
      
   
・fitting parameter κ0 ,θc are 
determined by minimizing the value of 
chi-square

θ;distance from the center of a filament Classified into 4 regions



37% of halo pairs have filaments
As a result of fitting

region 4region 3

region 1 region 2

candidates in region 4 have filamentary structure

red; simulation
line; model(Colberg  
       et al, 2005)

Stacked lensing profile in each region



Total Signal-to-Noise ratio
dispersion of the intrinsic ellipticity distribution;
number density of galaxies; ng=30[arcmin-2]

projected length of filament; l

4% of filaments are detected 
at S/N>=2. 
Results of observations are 
consistent with our simulation 
assuming LCDM.

Detectability of filaments

S/N (up to 15 arcmin from filament center)



y=A・log(x)+B

filament mass [arcmin2]
Halos are less massive with increasing filament masses

・Correlation between halo masses and filament masses

Statistical properties of halos at the edges of filaments

 filament mass;

halo mass; region which exceed 500 times the critical density

(θout=15arcmin)



To investigate properties of filaments in LCDM, we use a large set of N-body simulations 
and find that

・Filaments on convergence maps can be classified in the κ0-θc. 

・4% of filaments can be observed with weak lensing at S/N>=2 in 
large-scale surveys.

・Halos are less massive with increasing filament masses because halos 
grow by accretion of matter in filaments.

Conclusion

Large-scale surveys such as HSC can confirm these statistical properties


