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The particle nature of dark matter                              
- mass, cross-section, charge                          
- γ-ray - cosmic shear cross-correlation 

FIR line emitters at high-z                    
-  ALMA detection of z=7 [OIII] line 

Beyond N =1012 , to N = 0(!) 
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Plasma interaction prevents CHAMPs from falling into 
the bottom of gravitational potential. Effectively a WDM-like
density fluctuations are generated.

CHAMP acoustic
oscillation



Small	
  structures	
  in	
  alterna1ve	
  models

CDM Long-Lived CHAMP 
WDM

Thermal/Non-thermal

10 Mpc

Quite similar structure in Long-Lived CHAMP model and 
WDM models



Rapid	
  growth	
  of	
  early	
  blackholes

Marziani+11

  Early seed-BH    
      formation 
         and  
           rapid  
              growth

Saturation ?

1Gyr
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determined	
  	
  
blackhole	
  mass



Gravo-­‐thermal	
  collapse	
  of	
  a	
  SIDM	
  halo
Pollack,	
  Steinhardt,	
  Spergel	
  2015

Ader	
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  /me,	
  
the	
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  core	
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  gravo-­‐thermal	
  
collapse,	
  to	
  produce	
  
a	
  blackhole	
  with	
  mass	
  
of	
  ~	
  1%	
  of	
  Mhalo



Blue	
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  and	
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Hirano, Zhu, NY, Spergel, Yorke, 2015, ApJ   A 300 Msun star at z=186 !
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…and	
  P(k)	
  at	
  small	
  length	
  scales.
Primordial	
  fluctua/ons	
  
at	
  galac/c	
  and	
  stellar	
  scales

Hard	
  to	
  measure,	
  but	
  
a	
  powerful	
  probe	
  
of	
  the	
  nature	
  of	
  dark	
  maGer	
  
and/or	
  
physics	
  of	
  infla1on.

P(k)	
  at	
  large	
  scales	
  
well	
  determined.

?

?



Indirect search
for 

dark matter



Visualizing	
  dark	
  maZer	
  
Small distortion of galaxy shapes → Grav. potential

Recent snapshot from HSC survey



When we have two maps…

Dark matter distribution
from CFHTLenS
survey

Fermi all-sky γ-ray



M. Shirasaki
(NAOJ)

S. Horiuchi
(UC Irvine)



The first “cosmological” constraints 
on the annihilation cross-section



All-­‐sky	
  gamma-­‐ray	
  map

Fermi sat. 
Ackermann et al. 2014
Circles indicate the locations of 25 Milky Way satellite galaxies



Annihila/on	
  cross-­‐sec/on

Fermi 4-year data
Search for excess γ-emission
from dwarf galaxies
　　↓
No detection
　　↓
Constraints on the annihilation
cross-section



The	
  “local”	
  constraints

Fermi (Ackermann et al 2014)



Dark matter distribution in a CFHT field

6 arcmin

Number of source galaxies per grid (grid size=0.15 arcmin)



masked WL map

Lensing analysis
Observation

inhomogeneous shear map

continuous 
WL mass map

Ray-tracing simulation
homogeneous shear map

continuous 
WL mass map

discard some pixels = paste mask field

masked WL mapstatistics

NOT directly 
compared!

add noise

take up inhomogeneity



Shear -γ cross-correlation

Shirasaki, Horiuchi, NY 2014 

Model prediction (template)

Astrophysical	
  
sources	
  sub-­‐dominant	
  
at	
  large-­‐angular	
  scales



4 fields: 154 deg2



〈σv〉
CFHT-Fermi cross-correlation



HSC	
  0.5	
  billion	
  galaxies

Dark matter, dark energy, 
test of gravity Area →

De
pt
h 
→

Euclid (2020-）



All-sky simulation

100 GeV, thermal cross 
section bb channel

Extra-galactic γ-ray (θpix ~ 0.2 deg) Weak lensing(θpix ~ 1 arcmin)

Many	
  HSC	
  mocks



We’ll use HSC!!!

FORECAST



With LSST…

DETECTION with 3-5σ confidence is possible！！！

← This bound
derived from the current
Fermi data (only 4 years)
and
the current 
SFG/blazer model. 



Galaxy distribution  
at high redshift





Hydrogen	
  Ly-­‐α	
  
　No	
  sample	
  at	
  z	
  >	
  8	
  (IGM	
  abs.?)	
  
UV/op1cal	
  line	
  
	
  	
  Target	
  of	
  JWST/TMT.	
  Bright	
  lines	
  such	
  as	
  [OII]3727,	
  
	
  	
  [OIII]4959,5007.	
  Recent	
  success	
  of	
  CIII]1909@z=2。	
  

[CII]	
  158μm	
  
	
  	
  ALMA	
  detec/on@high-­‐z.	
  From	
  PDR.	
  
[OIII]	
  88μm	
  
	
  	
  From	
  HII	
  regions,	
  simple	
  emission	
  process.	
  	
  
　 



Submm lines



Cosmological simulations

z=6                7                 8                  9                10

UV luminosity 
function

Our model



Reproduce	
  SMF	
  at	
  z	
  <	
  4



Galaxy SED

Dust	
  	
  	
  	
  	
  	
  	
  	
  	
  
con/nuum	
  
(Mdust,	
  dn/da)

Stellar	
  light

Nebular	
  lines	
  
(SFR,	
  age,	
  Z)



OIII emitters
Cosmo. simulation (Inoue, Shimizu, NY 2014, ApJL)

ALMAc2 1hour

with lens



Submm galaxies on the light-cone

> 0.1 mJy

z=2.7

z=4

z=6

z=8.7



Discovery	
  by	
  ALMA!
Inoue	
  et	
  al.	
  submiZed 5σ!	
  detec/on	
  of	
  [OIII]



In	
  near	
  future,	
  with	
  JWST



Summary
On going and planned wide surveys can be 
used to map dark matter distribution,  
to probe the nature of dark matter and 
dark energy. Multi-wave correlation 
analysis will be a key technique. 

Line emitters as new tracer of large-scale 
structure at high redshift (ALMA, SPICA) 


