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Data Processing Summary

Imaging processing: CASUTOOL 
➤ CASU (Cambridge Astronomy Survey Unit): produces 10 min 

filled mosaic images covering 0.75 deg2 (from 10s WFCAM 
exposures). 

➤ We produce the final mosaic images using CASUTOOLS. 
• Advantages: Full use of the confidence map, better handling of 

edges, better modeling of background (compared to e.g., 
SWARP) 

Catalog: 
➤ Zeropoint: determined using 2MASS and/or UKIDSS LAS  
➤ Sextractor catalogs: ready for preliminary science inspection 

(including flags of cross-talks).  Data quality tests ongoing.
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UKIRT Image Reduction Using the CASU Pipeline
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(Individual 10min exposure is available upon request).



UKIRT NIR Source Catalogs

Catalog: Sextractor-based catalogs for J/H/K-bands in each 
WFCAM tile. 
Columns:  
➤ Basic information (ID, ra, dec, x, y , …) 
➤ AUTO, Aperture(2”,3”) magnitudes, fluxes 
➤ Flags (Crosstalk flag)
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In UKIRT/WFCAM, IR arrays are each divided into 4 electronically 
isolated quadrants, each of which is subdivided into 8 channels (all 
read out simultaneously). 
In our UKIRT survey, crosstalk appears ±(128x2) *N pixels away. 
CASU pipeline removes crosstalk (~90%, but not entirely).

Treatment of Crosstalk: Crosstalk Flags
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In UKIRT/WFCAM, IR arrays are each divided into 4 electronically 
isolated quadrants, each of which is subdivided into 8 channels (all 
read out simultaneously). 
In our UKIRT survey, crosstalk appears ±(128x2) *N pixels away. 
CASU pipeline removes crosstalk (~90%, but not entirely)

Treatment of Crosstalk: Crosstalk Flags (or Masks?)
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Erwin et al. (2006)
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An example: J=12.5 (vega) star
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magenta: detected source in the catalog



UKIRT NIR Source Catalogs

Catalog: Sextractor-based catalogs for J/H/K-bands in each 
WFCAM tile. 
Columns:  
➤ Basic information (ID, ra, dec, x, y , …) 
➤ AUTO, Aperture(2”,3”) magnitudes, fluxes 
➤ Flags (Crosstalk flag): 

➤ FLAG_CXTALK=1 if an object is at the expected cxtalk 
position of a nearby bright star.  Need to be cautious! 

➤ Essential for projects searching for rare objects
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Other Catalogs

U/HSC/WFCAM catalog (via private communication): 
➤ catalog-based position matching 
➤ Including U-band, NIR (UKIDSS, VIDEO, our WFCAM data) 

Photometric redshift and stellar mass 
➤ HSC-only: available photo-z and stellar mass from multiple 

groups (query using the HSC interface). 
➤ U/HSC/WFCAM: Preliminary catalogs. Under test.
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Science Projects with HSC Deep Fields 

Massive galaxies at z=2-4: 
➤ stellar mass function 
➤ spectroscopic followup of massive galaxies 

Near-IR counterparts for high-redshift LAEs and LBGs
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Figure 11. Left panel: comparison of the UltraVISTA star-forming SMF at 2.0 < z < 2.5 and the BM/BX-selected SMF from Reddy & Steidel (2009). The SMFs
show good agreement at the high-mass end but the UltraVISTA SMF suggests a shallower low-mass-end slope than the BM/BX SMF. Right panel: comparison of the
UltraVISTA star-forming SMF at 2.5 < z < 3.0 and the LBG-selected SMF from Reddy & Steidel (2009). These show reasonable agreement at the high-mass end,
although the UltraVISTA SMF suggests that the LBG selection may miss ∼50% of the massive galaxy population in this redshift range.
(A color version of this figure is available in the online journal.)

zphot and Mstar for each galaxy individually. Interestingly, Reddy
& Steidel (2009) also determine a much steeper faint-end slope
(α =−1.73 ± 0.07) for the SMF than other UV-selected samples
that measure the SMF with zphot and SED-fitting techniques
similar to those used for the UltraVISTA catalog (e.g., Stark
et al. 2009; González et al. 2011; Lee et al. 2012).

In the right panel of Figure 11, we compare the Ks-selected
star-forming SMF at 2.5 < z < 3.0 with the SMF of Lyman
break galaxies (LBGs) from Reddy & Steidel (2009). Down to
the mass limit of UltraVISTA, the shapes of those SMFs agree
reasonably well, although the number density of Ks-selected
star-forming galaxies is a factor of ∼2 higher than the number
density of LBGs at log(Mstar/M⊙) = 11.0. Taken at face value,
this result suggests the LBG selection may miss approximately
half of the massive galaxies at z > 2.5. A similar result was also
obtained by Marchesini et al. (2010), who found that only 8/14
galaxies in their mass-complete sample (log(Mstar/M⊙) > 11.4)
of Ks-selected galaxies at 3.0 < z < 4.0 would be selected with
U- and B-dropout selection. Using the VVDS spectroscopic
sample, Le Fèvre et al. (2005) and Cucciati et al. (2012) also
found that ∼50% of the star-forming population at z > 3 may
meet the LBG selection criteria, although we note that this result
is based on a comparison of LFs, not SMFs.

In Figure 12, we expand the comparison of the Ks-selected
SMFs and UV-selected SMFs using more recent determina-
tions in the literature from Stark et al. (2009), González et al.
(2011), and Lee et al. (2012). We also compare with the
Ks-selected total SMF at 3.0 < z < 4.0 determined from the
MUSYC/FIREWORKS/FIRES surveys (Marchesini et al.
2009) and the NMBS (Marchesini et al. 2010), as well as the
IRAC-selected SMFs in the UDS from Caputi et al. (2011).
In general, most Ks-selected galaxies at this redshift are star-
forming galaxies (e.g., Figure 6), so comparing the total SMFs
from Marchesini et al. (2009, 2010) and Caputi et al. (2011)
with the star-forming SMFs is a reasonable comparison. We
note that all of the SMFs in Figure 12 have been determined
with a method similar to the UltraVISTA Ks-selected cata-
log, e.g., zphot from broadband photometry, and Mstar from
SED fitting with similar assumptions about SFHs. These SMFs
have a slightly higher median redshift than the BM/BX and

Figure 12. Comparison of the Ks-selected SMF of star-forming galaxies at
3.0 < z < 4.0 from UltraVISTA (blue) and other SMFs in the literature.
The Marchesini et al. (2009, 2010) SMFs are also Ks-selected samples and
agree well with the UltraVISTA SMF. The Caputi et al. (2011) SMFs are
IRAC-selected and also agree well with the UltraVISTA SMF. The Stark et al.
(2009), González et al. (2011), and Lee et al. (2012) SMFs are UV selected.
These agree reasonably well with UltraVISTA at log(Mstar/M⊙) = 11.0, but it
appears that UV selection may miss the most massive galaxies in this redshift
range.
(A color version of this figure is available in the online journal.)

LBG SMFs, so we compare to the highest-redshift SMF in
UltraVISTA, 3.0 < z < 4.0.

Beginning with the Ks-selected samples, we find that, within
the errors, the Ks- and IRAC-selected SMFs agree reason-
ably well, although the region of comparison is limited to
fairly high Mstar. Interestingly, all three show little evolu-
tion in the number density of the most massive galaxies (at
log(Mstar/M⊙) > 11.5) from z = 3.5 to z = 0. The largest dis-
crepancy between the Ks-selected SMFs is for UltraVISTA and
MUSYC at log(Mstar/M⊙) = 11.0, where the number density
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Figure 7. Left panel: the evolution of the stellar mass density of galaxies from z = 4 to z = 0 down to a limit of log(Mstar/M⊙) = 8.0. The UltraVISTA measurements
are shown in red with error bars representing total 1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC
simulations. Other measurements from the literature are shown (see the text for the definitions of the references) and agree well with the UltraVISTA measurements
within the uncertainties. Right panel: the evolution of the number density of galaxies above a fixed mass limit from UltraVISTA. Open circles denote extrapolations
of the Schechter function beyond the data. The black points, light blue triangles, purple stars, and blue stars are NMBS (Brammer et al. 2011), PRIMUS (Moustakas
et al. 2013), S-COSMOS (Ilbert et al. 2010), and zCOSMOS (Pozzetti et al. 2010) data, respectively, and all agree well with the UltraVISTA measurements.
(A color version of this figure is available in the online journal.)

Figure 8. Left panel: the evolution of the stellar mass density of star-forming (blue) and quiescent (red) galaxies as a function of redshift with error bars representing total
1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC simulations. At low redshift the measurements
from Bell et al. (2003; circles and stars) and Baldry et al. (2012; squares and triangles) are shown. The mass density in quiescent galaxies evolves faster than the
mass density in star-forming galaxies, particularly at high redshift. Although they dominate the high-mass end of the mass function at z < 2.5, quiescent galaxies do
not dominate the overall mass density of the universe until z < 0.75 due to a much shallower low-mass-end slope. Right panel: evolution of the number densities of
star-forming and quiescent galaxies at a fixed mass limit as a function of redshift.
(A color version of this figure is available in the online journal.)

high redshift (e.g., Reddy & Steidel 2009; Stark et al. 2009;
González et al. 2011; Lee et al. 2012), which, taken at face
value, disagrees with the flattening of the slope observed for
the Ks-selected SMF. As we show in Section 5.3, UV selection
misses a fraction of the massive galaxy population due to their
quiescence and/or dustiness, so α may be overestimated for the
combined population.

Recently, Santini et al. (2012) measured the faint-end slope
using ultra-deep HAWK-I Ks data, which provides a better com-
parison with the UltraVISTA SMFs than UV-selected SMFs.

They also find a steep faint-end slope (α = −1.84 ± 0.06)
at z ∼ 2, which, taken at face value, does not agree well
with our measurement. Of course, α and M∗

star are correlated
and Santini et al. (2012) cover an area that is two orders
of magnitude smaller than that of UltraVISTA and therefore
they have poor constraints on M∗

star. At z ∼ 2, they find
a value of log(M∗

star/M⊙) = 11.82 ± 0.28, which is almost
an order of magnitude larger than the UltraVISTA value of
log(M∗

star/M⊙) = 10.81+0.06
−0.05. This makes it clear that in order

to simultaneously fit the Santini et al. (2012) measurements and
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The very massive end of the stellar mass function 
at z>2 remains uncertain
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Figure 7. Left panel: the evolution of the stellar mass density of galaxies from z = 4 to z = 0 down to a limit of log(Mstar/M⊙) = 8.0. The UltraVISTA measurements
are shown in red with error bars representing total 1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC
simulations. Other measurements from the literature are shown (see the text for the definitions of the references) and agree well with the UltraVISTA measurements
within the uncertainties. Right panel: the evolution of the number density of galaxies above a fixed mass limit from UltraVISTA. Open circles denote extrapolations
of the Schechter function beyond the data. The black points, light blue triangles, purple stars, and blue stars are NMBS (Brammer et al. 2011), PRIMUS (Moustakas
et al. 2013), S-COSMOS (Ilbert et al. 2010), and zCOSMOS (Pozzetti et al. 2010) data, respectively, and all agree well with the UltraVISTA measurements.
(A color version of this figure is available in the online journal.)

Figure 8. Left panel: the evolution of the stellar mass density of star-forming (blue) and quiescent (red) galaxies as a function of redshift with error bars representing total
1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC simulations. At low redshift the measurements
from Bell et al. (2003; circles and stars) and Baldry et al. (2012; squares and triangles) are shown. The mass density in quiescent galaxies evolves faster than the
mass density in star-forming galaxies, particularly at high redshift. Although they dominate the high-mass end of the mass function at z < 2.5, quiescent galaxies do
not dominate the overall mass density of the universe until z < 0.75 due to a much shallower low-mass-end slope. Right panel: evolution of the number densities of
star-forming and quiescent galaxies at a fixed mass limit as a function of redshift.
(A color version of this figure is available in the online journal.)

high redshift (e.g., Reddy & Steidel 2009; Stark et al. 2009;
González et al. 2011; Lee et al. 2012), which, taken at face
value, disagrees with the flattening of the slope observed for
the Ks-selected SMF. As we show in Section 5.3, UV selection
misses a fraction of the massive galaxy population due to their
quiescence and/or dustiness, so α may be overestimated for the
combined population.

Recently, Santini et al. (2012) measured the faint-end slope
using ultra-deep HAWK-I Ks data, which provides a better com-
parison with the UltraVISTA SMFs than UV-selected SMFs.

They also find a steep faint-end slope (α = −1.84 ± 0.06)
at z ∼ 2, which, taken at face value, does not agree well
with our measurement. Of course, α and M∗

star are correlated
and Santini et al. (2012) cover an area that is two orders
of magnitude smaller than that of UltraVISTA and therefore
they have poor constraints on M∗

star. At z ∼ 2, they find
a value of log(M∗

star/M⊙) = 11.82 ± 0.28, which is almost
an order of magnitude larger than the UltraVISTA value of
log(M∗

star/M⊙) = 10.81+0.06
−0.05. This makes it clear that in order

to simultaneously fit the Santini et al. (2012) measurements and
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The Massive End of the Stellar Mass function at 2<z<4 Preliminary
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Figure 11. Left panel: comparison of the UltraVISTA star-forming SMF at 2.0 < z < 2.5 and the BM/BX-selected SMF from Reddy & Steidel (2009). The SMFs
show good agreement at the high-mass end but the UltraVISTA SMF suggests a shallower low-mass-end slope than the BM/BX SMF. Right panel: comparison of the
UltraVISTA star-forming SMF at 2.5 < z < 3.0 and the LBG-selected SMF from Reddy & Steidel (2009). These show reasonable agreement at the high-mass end,
although the UltraVISTA SMF suggests that the LBG selection may miss ∼50% of the massive galaxy population in this redshift range.
(A color version of this figure is available in the online journal.)

zphot and Mstar for each galaxy individually. Interestingly, Reddy
& Steidel (2009) also determine a much steeper faint-end slope
(α =−1.73 ± 0.07) for the SMF than other UV-selected samples
that measure the SMF with zphot and SED-fitting techniques
similar to those used for the UltraVISTA catalog (e.g., Stark
et al. 2009; González et al. 2011; Lee et al. 2012).

In the right panel of Figure 11, we compare the Ks-selected
star-forming SMF at 2.5 < z < 3.0 with the SMF of Lyman
break galaxies (LBGs) from Reddy & Steidel (2009). Down to
the mass limit of UltraVISTA, the shapes of those SMFs agree
reasonably well, although the number density of Ks-selected
star-forming galaxies is a factor of ∼2 higher than the number
density of LBGs at log(Mstar/M⊙) = 11.0. Taken at face value,
this result suggests the LBG selection may miss approximately
half of the massive galaxies at z > 2.5. A similar result was also
obtained by Marchesini et al. (2010), who found that only 8/14
galaxies in their mass-complete sample (log(Mstar/M⊙) > 11.4)
of Ks-selected galaxies at 3.0 < z < 4.0 would be selected with
U- and B-dropout selection. Using the VVDS spectroscopic
sample, Le Fèvre et al. (2005) and Cucciati et al. (2012) also
found that ∼50% of the star-forming population at z > 3 may
meet the LBG selection criteria, although we note that this result
is based on a comparison of LFs, not SMFs.

In Figure 12, we expand the comparison of the Ks-selected
SMFs and UV-selected SMFs using more recent determina-
tions in the literature from Stark et al. (2009), González et al.
(2011), and Lee et al. (2012). We also compare with the
Ks-selected total SMF at 3.0 < z < 4.0 determined from the
MUSYC/FIREWORKS/FIRES surveys (Marchesini et al.
2009) and the NMBS (Marchesini et al. 2010), as well as the
IRAC-selected SMFs in the UDS from Caputi et al. (2011).
In general, most Ks-selected galaxies at this redshift are star-
forming galaxies (e.g., Figure 6), so comparing the total SMFs
from Marchesini et al. (2009, 2010) and Caputi et al. (2011)
with the star-forming SMFs is a reasonable comparison. We
note that all of the SMFs in Figure 12 have been determined
with a method similar to the UltraVISTA Ks-selected cata-
log, e.g., zphot from broadband photometry, and Mstar from
SED fitting with similar assumptions about SFHs. These SMFs
have a slightly higher median redshift than the BM/BX and

Figure 12. Comparison of the Ks-selected SMF of star-forming galaxies at
3.0 < z < 4.0 from UltraVISTA (blue) and other SMFs in the literature.
The Marchesini et al. (2009, 2010) SMFs are also Ks-selected samples and
agree well with the UltraVISTA SMF. The Caputi et al. (2011) SMFs are
IRAC-selected and also agree well with the UltraVISTA SMF. The Stark et al.
(2009), González et al. (2011), and Lee et al. (2012) SMFs are UV selected.
These agree reasonably well with UltraVISTA at log(Mstar/M⊙) = 11.0, but it
appears that UV selection may miss the most massive galaxies in this redshift
range.
(A color version of this figure is available in the online journal.)

LBG SMFs, so we compare to the highest-redshift SMF in
UltraVISTA, 3.0 < z < 4.0.

Beginning with the Ks-selected samples, we find that, within
the errors, the Ks- and IRAC-selected SMFs agree reason-
ably well, although the region of comparison is limited to
fairly high Mstar. Interestingly, all three show little evolu-
tion in the number density of the most massive galaxies (at
log(Mstar/M⊙) > 11.5) from z = 3.5 to z = 0. The largest dis-
crepancy between the Ks-selected SMFs is for UltraVISTA and
MUSYC at log(Mstar/M⊙) = 11.0, where the number density
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Figure 7. Left panel: the evolution of the stellar mass density of galaxies from z = 4 to z = 0 down to a limit of log(Mstar/M⊙) = 8.0. The UltraVISTA measurements
are shown in red with error bars representing total 1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC
simulations. Other measurements from the literature are shown (see the text for the definitions of the references) and agree well with the UltraVISTA measurements
within the uncertainties. Right panel: the evolution of the number density of galaxies above a fixed mass limit from UltraVISTA. Open circles denote extrapolations
of the Schechter function beyond the data. The black points, light blue triangles, purple stars, and blue stars are NMBS (Brammer et al. 2011), PRIMUS (Moustakas
et al. 2013), S-COSMOS (Ilbert et al. 2010), and zCOSMOS (Pozzetti et al. 2010) data, respectively, and all agree well with the UltraVISTA measurements.
(A color version of this figure is available in the online journal.)

Figure 8. Left panel: the evolution of the stellar mass density of star-forming (blue) and quiescent (red) galaxies as a function of redshift with error bars representing total
1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC simulations. At low redshift the measurements
from Bell et al. (2003; circles and stars) and Baldry et al. (2012; squares and triangles) are shown. The mass density in quiescent galaxies evolves faster than the
mass density in star-forming galaxies, particularly at high redshift. Although they dominate the high-mass end of the mass function at z < 2.5, quiescent galaxies do
not dominate the overall mass density of the universe until z < 0.75 due to a much shallower low-mass-end slope. Right panel: evolution of the number densities of
star-forming and quiescent galaxies at a fixed mass limit as a function of redshift.
(A color version of this figure is available in the online journal.)

high redshift (e.g., Reddy & Steidel 2009; Stark et al. 2009;
González et al. 2011; Lee et al. 2012), which, taken at face
value, disagrees with the flattening of the slope observed for
the Ks-selected SMF. As we show in Section 5.3, UV selection
misses a fraction of the massive galaxy population due to their
quiescence and/or dustiness, so α may be overestimated for the
combined population.

Recently, Santini et al. (2012) measured the faint-end slope
using ultra-deep HAWK-I Ks data, which provides a better com-
parison with the UltraVISTA SMFs than UV-selected SMFs.

They also find a steep faint-end slope (α = −1.84 ± 0.06)
at z ∼ 2, which, taken at face value, does not agree well
with our measurement. Of course, α and M∗

star are correlated
and Santini et al. (2012) cover an area that is two orders
of magnitude smaller than that of UltraVISTA and therefore
they have poor constraints on M∗

star. At z ∼ 2, they find
a value of log(M∗

star/M⊙) = 11.82 ± 0.28, which is almost
an order of magnitude larger than the UltraVISTA value of
log(M∗

star/M⊙) = 10.81+0.06
−0.05. This makes it clear that in order

to simultaneously fit the Santini et al. (2012) measurements and

11

The Astrophysical Journal, 777:18 (30pp), 2013 November 1 Muzzin et al.

Figure 7. Left panel: the evolution of the stellar mass density of galaxies from z = 4 to z = 0 down to a limit of log(Mstar/M⊙) = 8.0. The UltraVISTA measurements
are shown in red with error bars representing total 1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC
simulations. Other measurements from the literature are shown (see the text for the definitions of the references) and agree well with the UltraVISTA measurements
within the uncertainties. Right panel: the evolution of the number density of galaxies above a fixed mass limit from UltraVISTA. Open circles denote extrapolations
of the Schechter function beyond the data. The black points, light blue triangles, purple stars, and blue stars are NMBS (Brammer et al. 2011), PRIMUS (Moustakas
et al. 2013), S-COSMOS (Ilbert et al. 2010), and zCOSMOS (Pozzetti et al. 2010) data, respectively, and all agree well with the UltraVISTA measurements.
(A color version of this figure is available in the online journal.)

Figure 8. Left panel: the evolution of the stellar mass density of star-forming (blue) and quiescent (red) galaxies as a function of redshift with error bars representing total
1σ random errors inclusive of cosmic variance and the errors from photometric uncertainties as derived using the MC simulations. At low redshift the measurements
from Bell et al. (2003; circles and stars) and Baldry et al. (2012; squares and triangles) are shown. The mass density in quiescent galaxies evolves faster than the
mass density in star-forming galaxies, particularly at high redshift. Although they dominate the high-mass end of the mass function at z < 2.5, quiescent galaxies do
not dominate the overall mass density of the universe until z < 0.75 due to a much shallower low-mass-end slope. Right panel: evolution of the number densities of
star-forming and quiescent galaxies at a fixed mass limit as a function of redshift.
(A color version of this figure is available in the online journal.)

high redshift (e.g., Reddy & Steidel 2009; Stark et al. 2009;
González et al. 2011; Lee et al. 2012), which, taken at face
value, disagrees with the flattening of the slope observed for
the Ks-selected SMF. As we show in Section 5.3, UV selection
misses a fraction of the massive galaxy population due to their
quiescence and/or dustiness, so α may be overestimated for the
combined population.

Recently, Santini et al. (2012) measured the faint-end slope
using ultra-deep HAWK-I Ks data, which provides a better com-
parison with the UltraVISTA SMFs than UV-selected SMFs.

They also find a steep faint-end slope (α = −1.84 ± 0.06)
at z ∼ 2, which, taken at face value, does not agree well
with our measurement. Of course, α and M∗

star are correlated
and Santini et al. (2012) cover an area that is two orders
of magnitude smaller than that of UltraVISTA and therefore
they have poor constraints on M∗

star. At z ∼ 2, they find
a value of log(M∗

star/M⊙) = 11.82 ± 0.28, which is almost
an order of magnitude larger than the UltraVISTA value of
log(M∗

star/M⊙) = 10.81+0.06
−0.05. This makes it clear that in order

to simultaneously fit the Santini et al. (2012) measurements and

11

Over total area ~16 deg2: ECOSMOS (3.1), ELAISN1(7), XMMLSS (3.3), DEEP2-3 (2.3)
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NIR Spectroscopic Follow-ups of Massive Galaxies at z~3
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Science Projects with HSC Deep Fields 

Near-IR counterparts for high-redshift LAEs and LBGs 
➤ No individual detections (stacking?) 
➤ collaboration with other groups: e.g., SILVERRUSH (LAEs), 

GOLDRUSH (LBGs)
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