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Large scale structure (LSS)

  The LSS clustering and its evolution encode 
information about the early universe and the 
gravitational law. 

  The basic LSS statistics are frequently employed 
to reveal underlying cosmological model. 

- power spectrum (two point correlation function) 

- mass function 

- halo bias 

- etc.
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Cosmic degeneracy
  The basic LSS statistics might be insufficient 
for conclusively discriminating ΛCDM when 
multiple extended cosmologies coexist in 
nature. (Baldi et al. 2014)

3

Power spectrum Mass function



Cosmic degeneracy
  The basic LSS statistics might be insufficient 
for conclusively discriminating ΛCDM when 
multiple extended cosmologies coexist in 
nature. (Baldi et al. 2014)

3

Power spectrum Mass function
Something new 

required!!!



Motivation

  Recently Shim et al. (2014) showed that 
supercluster (SC) spine specific size (degree of 
straightness of the SC spine) can serve as a 
complementary test for distinguishing ΛCDM 
from f(R) gravity.

  Thus, we explore the possibility that the SC 
spine specific size help to break this cosmic 
degeneracy.
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Data
  We used data from N-body simulations performed by Baldi et al.

(2014) for the GR+ΛCDM and the f(R)+ν model. 

  - f(R) model (Hu & Sawicki 2007) with n=1, fR0=df/dR|t0=-10-4 

   - Total neutrino mass Σi mνi 
= 0, 0.2, 0.4, 0.6 eV 

  Combination of MG-gadget implementation (Puchwein et al. 
2013) and massive neutrinos module (Viel et al. 2010) 

  Simulation box size: 1h-1Gpc 

  Particle number : 5123 (CDM, neutrino) 

  Cosmological parameters : Planck value (Ade et al. 2013)

5



Constructing the SC samples

 The SCs are constructed by using the FoF again 
to the cluster-sized halos ( M ≥ 1013 h-1M⊙).

ΛCDM f(R) + ν
Notation GR+ν0 f(R)+ν0 f(R)+ν02 f(R)+ν04 f(R)+ν06

Σi mνi
0 eV 0 eV 0.2 eV 0.4 eV 0.6 eV

# of SC spines 17,684 18,404 17,655 17,212 17,039
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Mean specific size <S>

  The mean specific 
size <S>, unlike the 
standard statistics, 
yields value of       
Σi mνi  

=  0.2 eV 

which makes f(R) 
universe resemble 
ΛCDM.

The most degenerate model 
according to PS, MF

~

ΛCDM

(submitted)

~
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Evolution of mean specific size

  The deviations of 
mean specific size 
<S> from the 
ΛCDM of all the 
f(R)+ν models 
increase. 

(submitted)

~
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Summary

  We explored the possibility that the SC spine specific 
size (degree of straightness) can break the cosmic 
degeneracy. 

  The effect of f(R) gravity universe with massive 
neutrino on the specific size is different from that on 
standard statistics. 

  All of the four models are distinguishable from the 
ΛCDM at high redshifts. (z ≧ 0.3) 

  Our results hints at the possibility that the specific 
size distribution can help to break the cosmic 
degeneracy when combined with the standard statistics.
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