
The result of  the HOD modeling tells us,   
1) These star-forming galaxies are biases with 

respect to dark matter with a large-scale bias 
factor beff=2.2±0.2, and live in halos of  mass 
above  Mmin~7×1011 M⦿,  typically Mh~ 7×1012 

M⦿ on average, which will likely to grow up 
present-day halos of  Mh~7×1013 M⦿, equivalent 
to the typical mass scale of  galaxy groups today. 

2) The stellar-to-halo mass ratio  (SHMR) is found 
to be lower (M✶/Mh~0.0005) at Mmin~ 7×1011 

M⦿ compared to others measured at higher 
masses (>1012 M⦿), indicating a rapid drop of  
SHMR towards lower masses, as well-confirmed 
in present-day universe. 

3) Relatively small “hosting gap” (M1/Mmin~4.4) 
and large satellite fraction (fsat=0.4) are found 
(but with large uncertainties), which are broadly 
consistent with other studies at z>1 and 
indicates that galaxy pairs in the same, relatively 
low-mass halos significantly contribute to the 
one-halo term of  the correlation function.

Overview  We investigate the properties of  
dark matter halos that contain "main-sequence" 
star-forming galaxies at 1.43<z<1.74 using the 
FMOS-COSMOS sur vey. The projected 
correlation function is measured for 516 galaxies 
down to stellar mass of  109.57 M⦿ and SFR~15 
M⦿ yr-1, for which the Hα emission line is 
detected. We find that these galaxies live in halos 
of  Mh=5×1012 M⦿ on average, which will likely 
become present-day halos equivalent to the typical 
mass scale of  galaxy groups. We then constrain 
the stellar-to-halo mass ratio at Mh<1012 M⦿, 
finding a systematically lower mass ratio than 
those measured at higher masses.   
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The parent galaxies are selected to have KAB<23.5, M✶>109.57 M⦿, SED-based 
predicted f(Hα)>10-16 erg s-1 cm-2, over the central 0.8 deg2 of  the COSMOS 
field, covered by four FMOS footprints (large circles).  The FMOS-specz 
sample (used for clustering analysis) consists of  516 star-forming galaxies, along 
the epoch’s “main sequence”, which have a detection of  Hα at 1.43<z<1.74, 
corresponding to the FMOS H-long grating range.

Sample of  star-forming galaxies at 1.43<z<1.74

1) Detection rate drops around strong 
OH lines, and decreases toward ends of  
the spectral coverage due to increasing 
instrumental noise, affecting the redshift 
distribution, and thus introducing 
spurious clustering. A weight function is 
defined by performing MC simulations 
of  detecting artificial Hα lines with 
realistic noise, and applied (combined 
with a realistic PDF(z) of  the sample) to 
mimic the features in the random 
sample. 
!
2) On-sky galaxy distribution is biased 
by fiber allocation. The sampling rate of  
galaxy pairs is suppressed at scales less/
similar to the minimum fiber separation 
(~1.6’), while distant pairs are easy to 
sample. These effects, distorting the 
resulting wp(rp), are corrected by 
weighting galaxy-pair counts depending 
on their angular separation. The weight 
is defined as a ratio of  angular corre-
lation function of  the parent sample and 
fiber-assigned objects:  
!
To avoid large statistical uncertainties, 
the weight function is defined using 64 
mock samples.

Method and Corrections for biases
Two-point projected redshift-space correlation function wp(rp) is measured using 
the Landy & Szalay’s estimator, while carefully taking into account significant 
observational biases, in particular, 1) inhomogeneous detectability along the 
line-of-sight and 2) the effects of  fiber allocation.
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Observed two-point correlation function and HOD modeling

The observed wp(rp) is well fit with a 
power-law model with a correlation 
length r0=5.3±0.7cMpc (γ=2.0±0.2), 
which is broadly consistent with 
others at similar redshifts using 
samples of  SF galaxies with a similar 
mass range.

Discussions and Summary:  
properties of  dark halos hosting star-forming galaxies at z~1.6
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Figure 15. Constraints of the HOD parameters (logMmin, σ
2
logM , logM ′

1) and ffake. Contours show the 68 and 95 percent
confidence levels. Solid lines show the posterior probability distribution of each parameter. A dashed line indicates the prior
probability distribution of ffake.

Table 4. Priors and constraints of the HOD parameters

Parameters Priora Best-fit Best-fit (ffake=0)

logMmin/(h
−1M⊙) U(9, 15) 11.72+0.11

−0.12 11.65+0.10
−0.10

σ2
logM ≥ 0, G(0.24, 0.03) for σlogM 0.057+0.021

−0.020 0.058+0.023
−0.024

logM ′
1/(h

−1M⊙) U(9, 15) 12.27+0.17
−0.21 12.39+0.21

−0.24

ffake ≥ 0, G(0.14, 0.06) 0.098+0.050
−0.091 —

χ2/νb – 1.45 (ν = 8) 1.10 (ν = 9)

Inferred quantities Constraint Best-fit Best-fit (ffake = 0)

ntot/(h
−1cMpc)3c > 0, G(9.29 0.93) 9.22+1.33

−1.32 × 10−3 9.17+1.52
−1.43 × 10−3

ncen/(h
−1cMpc)3 – 5.61+1.52

−1.73 × 10−3 6.60+1.58
−1.68 × 10−3

nsat/(h
−1cMpc)3 – 3.61+1.39

−2.13 × 10−3 2.57+1.00
−1.97 × 10−3

fsat – 0.39+0.15
−0.20 0.28+0.11

−0.20

Meff/(h
−1M⊙) – 4.71+1.19

−1.62 × 1012 3.85+0.97
−1.49 × 1012

beff – 2.18+0.18
−0.24 2.05+0.15

−0.22

logM1/Mmin – 0.64+0.30
−0.28 0.82+0.30

−0.29

Table 4 continued on next page

The result is also fit with an HOD model, resulting in 
successful constraint of  the model while confirming 
the one-halo term at rp<0.6 h-1cMpc.  
HOD model (3 parameters):

HOD model fit
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We assume that the HOD of central galaxies is given by

⟨Ncen|M⟩ = 1

2

[
1 + erf

(
logM − logMmin

σlogM

)]
, (29)

and that of satellite galaxies is given by

⟨Nsat|M⟩ = 1

2

[
1 + erf

(
log(M/Mmin)

σlogM

)](
M −Mcut

M ′
1

)α

. (30)

For M < Mcut, ⟨Nsat|M⟩ = 0. The parameter Mmin is a halo mass above which a halo has a central galaxy. This
transition is relaxed with a smoothing scale σlogM (Zheng et al. 2005, 2007). The average number of satellite galaxies
increases with increasing halo mass by a power-law parametrized by a slope α and normalization M ′

1, which is related
to the halo mass (M1) at which a halo is expected to have a single satellite galaxy, as M1 = M ′

1 +Mcut.
For computing all observables, we use the halo mass function from Tinker et al. (2010), which defines a halo as

a spherically-collapsed region with an average density 200 times greater than the background matter density of the
Universe, and a large-scale halo bias proposed by Tinker et al. (2010) with an empirical radial scale dependence
derived by Tinker et al. (2012) with corrections described in van den Bosch et al. (2013). We also assume that the
radial distribution of satellite galaxies follows the density distribution of dark matter in halos. We use the Navarro-
Frenk-White profile (Navarro et al. 1997) with the mass-concentration relation calibrated by Macciò et al. (2007) for
this purpose. In addition, we take into account the prescriptions of Kaiser (1987) effect to infer wp(rp) following the
recipe described in van den Bosch et al. (2013).
Once a set of HOD parameters is given, the following physical quantities are inferred:

• Effective large scale bias

beff =
1

ntot

∫
bh(M) ⟨N |M⟩n (M) dM (31)

• Satellite fraction

fsat =
1

ntot

∫
⟨Nsat|M⟩n (M) dM (32)

• Effective halo mass

Meff =
1

ntot

∫
M ⟨N |M⟩n (M) dM (33)

The effective large scale bias is the number-weighted average of the halo bias bh(M). The effective halo mass is the
number-weighted average mass of halos that host galaxies in the sample.

6.2. Limitations for the HOD parameters

We sample the posterior distribution of the HOD parameters given the abundance and clustering measurements
using a MCMC technique. While the HOD model defined above has five parameters, our data do not have enough
statistics to constrain all the parameters simultaneously. We here describe the prior limitations imposed on some
model parameters to resolve degeneracies and to avoid overfitting.
We fix the power-law slope α in Equation (30) to be 1, which is supported observationally (Zehavi et al. 2005;

Zheng et al. 2007) and theoretically (Kravtsov et al. 2004; Zheng et al. 2005), and has been commonly applied in past
studies (e.g., Conroy et al. 2006). We further impose a relation between Mcut and M ′

1 as

logMcut/(h
−1M⊙) = 0.76 logM ′

1/(h
−1M⊙) + 2.3, (34)

following Conroy et al. (2006). In addition, we impose priors on σlogM independently by using a stellar-to-halo mass
relation derived by Behroozi et al. (2013a) with the uncertainties on the stellar mass estimate taken into account (see
Appendix C for details). The prior probability distribution is given by

P (σlogM ) ∝

⎧
⎨

⎩
exp

[
− (σlog M−0.24)2

2×0.032

]
for σlogM ≥ 0,

0 for σlogM < 0.
(35)

The prior on the contamination fraction ffake is given as ffake = 0.14 ± −0.06 (see Section 4.3). We use uniform
non-informative priors on the halo mass parameters logMmin/(h−1M⊙) and logM ′

1/(h
−1M⊙), in the range [9, 15].
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1, which is related
to the halo mass (M1) at which a halo is expected to have a single satellite galaxy, as M1 = M ′

1 +Mcut.
For computing all observables, we use the halo mass function from Tinker et al. (2010), which defines a halo as

a spherically-collapsed region with an average density 200 times greater than the background matter density of the
Universe, and a large-scale halo bias proposed by Tinker et al. (2010) with an empirical radial scale dependence
derived by Tinker et al. (2012) with corrections described in van den Bosch et al. (2013). We also assume that the
radial distribution of satellite galaxies follows the density distribution of dark matter in halos. We use the Navarro-
Frenk-White profile (Navarro et al. 1997) with the mass-concentration relation calibrated by Macciò et al. (2007) for
this purpose. In addition, we take into account the prescriptions of Kaiser (1987) effect to infer wp(rp) following the
recipe described in van den Bosch et al. (2013).
Once a set of HOD parameters is given, the following physical quantities are inferred:

• Effective large scale bias

beff =
1

ntot

∫
bh(M) ⟨N |M⟩n (M) dM (31)

• Satellite fraction

fsat =
1

ntot

∫
⟨Nsat|M⟩n (M) dM (32)

• Effective halo mass

Meff =
1

ntot

∫
M ⟨N |M⟩n (M) dM (33)

The effective large scale bias is the number-weighted average of the halo bias bh(M). The effective halo mass is the
number-weighted average mass of halos that host galaxies in the sample.
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Next-generation NIR-MOS: Subaru/Prime Focus Spectrograph survey

Preliminary

Future PFS survey will provide Opt-NIR 
spectra of  half  a million galaxies at 0.7<z<2 
over 15 deg2, promising a dramatic step 
forward in our ability to study galaxy 
clustering and its link to galactic properties. 
Here we demonstrate the power of  PFS on 
measuring galaxy correlation functions for 
subsets of  galaxies.

Fiber-assigned objects 
angular correlation is suppressed.

Parent sample

Suppressed at  
rp<1h-1cMpc

Enhanced slightly  
at larger rp

Corrected
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