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Planck Collaboration: Cosmological parameters

Planck Planck+lensing Planck+WP

Parameter Best fit 68% limits Best fit 68% limits Best fit 68% limits
BUhE s 0.022068  0.02207 +0.00033  0.022242  0.02217 +0.00033  0.022032  0.02205 + 0.00028
8 — 0.12029  0.1196+0.0031  0.11805  0.1186+0.0031  0.12038  0.1199 +0.0027
1000mc - - - - - - 1.04122  1.04132+£0.00068  1.04150  1.04141+0.00067 1.04119  1.04131 + 0.00063
£ P 0.0925 0.097 + 0.038 0.0949 0.089 + 0.032 0.0925 0.089+0912
B CEECidnaEa 09624  0.9616+0.0094  0.9675 0.9635+0.0094  0.9619 0.9603 + 0.0073
In(10"04y) . . . .. .. 3.098 3.103 + 0.072 3.098 3.085 + 0.057 3.0980 30897202
s vov/ ok B RIS 0.6825 0.686 + 0.020 0.6964 0.693 + 0.019 0.6817 D685 000
7 0.3175 0.314 + 0.020 0.3036 0.307 + 0.019 0.3183 0:315: 001
Gl e e 0.8344 0.834 + 0.027 0.8285 0.823 + 0.018 0.8347 0.829 = 0.012
- R 1135 tlats? 11.45 1082 11.37 ERES R

Hg's wisiain b s 67.11 674+14 68.14 67.9x1.5 67.04 B3 1.2
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Current status from observations
The Tegmark representation of power spectrum data (2006)
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Generic Prediction:
abundant small
objects within
(subhalos) and
around (small halos)
big objects (host
halos) ' :
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The satellites of the MW
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SABARESHIRAH
What do we MUST do for dark energy?

(5 deg?, 20000 fibres) (3 deg?, 3000 fibres)
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Weighing the neutrinos using redshift surveys
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Extending to z=1.6-2.5

Planck
Planck+BOSS
2 Planck+BOSS+HSC
:'E Planck+BOSS+HSC+PFS
S
o
e
a®
| L I L A L O L L N O I I I N N L
0.0 0.1 0.2 0.3
Xm, [eV]

Figure 3. Marginalised posterior distribution of neutrino mass con-
straints from Planck 2018 only (black), Planck 2018+BOSS (red),
Planck+BOSS+HSC forecast (blue), and Planck+BOSS+HSC+PEFES forecast
(green). Here we assume ), m, = 0.06 eV for the input neutrino mass, which
corresponds to the lower limit of the normal mass hierarchy. We will con-
strain the sum of neutrino masses to 0.02 eV and 0.04 eV to the 68% and
95% confidence, respectively, from Planck+BOSS+HSC+PFS. The power
spectrum and bispectrum are used for the PFS forecast.
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Galaxy formation: how quenched

Reionization

Stellar winds
Supernovae

[ Behroozi et al. 2013a (AM)

— — == Reddick et al. 2013 (AM)

- = Moster et al. 2013 (pAM)
Moster et al. 2017 (pAM)

——=— @Guo et al. 2010 (pAM)
Wang & Jing 2010 (pAM)

—— Zheng et al. 2007 (HOD)

----- Yang et al. 2012 (CLF)

1073 F =— =— Yang et al. 2009 (GG)

- Hansen et al. 2009 (CL)

i Lin et al. 2004 (CL)

Ap— Behroozi et al. 2010 (AM)

1072

M,IM,

— = Kravtsov et al. 2018 (AM4 CL) J
/
— = Behroozi et al. 201 8/(\UM)
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Detailed map of dark matter around
galaxies, and the evolution history

A >
7140 TONG ¥
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WANG, Huiyuan et al 2016;
Elucid Project



MW satellites from DES and GAIA

- 60 satellite galaxies found

- extended distribution T

the only tracers beyond 100 kpcor ..., &’m BgmL;'cs‘fe s

farther Tgussgn?Mg/“\ * X'OF;LZO ”

- We will use a sample of 28 Q -
satellites with Gaia DR2 i (A

Large Magellanic Cloud ‘Crater |l

Proper motion (pm) S
measurements in [40, 280]
Kpc

Andrew Z. Colvin



Joint constraint with satellites and halos stars

o B M-c relation . .

= 5. ! Without M-c relation

o M halo stars

3 M sat. galaxies

. B combination M = 1.27i8;}§x1012M@
2.00 25
c=11.7"5

o e 2.5

1.50

1.25 ] ] ]
S With M-c relation as prior
N
S 1.00
(@)]
= see M =1.2613717x1012M

_ +2.3

0.50 c=10.417,

0.25 -

0.00 . ' : ;

11.50  11.75  12.00  12.25 00 25 5.0

lg (M200/Mo) p(lgc)

Li.Z, et al. 2020ApJ...894...10L



Gaia EDR3 detections, [10, 30] kpc
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DESI Capability

Mayall telescope at KPNO
+ New top end for BB (supports f/8)

* 3 degdiaFoV
* 5000 fibers

* Ten 3-arm spectrographs
* 380nm-1um

Nearly 40,000 spectra per night!!

’ Chan NMatnlin Dan’e +~1L1



DESI Sky Coverage

Total 9000 + 5000 deg?°



DES|: started on 15 May 2021

Summary: A new baseline

SV3 LRG 0.3-1.0 g,r,z,W1 600 065 500 7.0 M
SV3 ELG 0.6-1.6 9,7,z 1950 1420 910 12.7 M
SV3 QSO (tracers) <21 grz,W1,W2 210 210 140 1.96 M
SV3 QSO (Ly-«) >21 g,r,z,W1,W2 100 295 60 0.84 M
Total in dark time 2860 2490 1619 22.5 M
SV3 BGS 0.05-0.4 r (Gaia ) 860 688 678 9.5 M
SV3 BGS—Faint 0.05-0.4 r (Gaia G) 540 324 317 4.4 M
SV3 MWS 0.0 g7 (Gaiap) 800+ 720 720 101 M

Total in bright time 2200+ 1732 1715 24.0 M
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r=3.0 Gpc/h

Observed by r=2.0 Gpc/h

BigBOSS

AL
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r=1.0 Gpc/h
BOSS galaxies] 7z=0.2.° ~ r=0.5 Gpc/h Courtesy Anze Slosar




+Planck CMB data

w=w,+w (l-a)

o =0.0011
P(k) — P(ko )(k/ko)ns(ko)ﬂ/ms In(k/ k) Qk; o =0.00074

k, =0.05Mpc"

o =0.077
S, o =0.021

g =0.0032 [ DES galaxy and LyaF BAO

- o =0.0022 | +galaxy broadband % < 0.2 h/Mpc
B +LlyaF broadband

o =0.0019

Qg

o =0.083
o =0.062

1 2 3 4 5 6
rms error improvement over Planck + BOSSBAO
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PFS Instrument on Subaru

Spectrograph System (SpS)

Fiber Optical Cable and

Comnector System (FOCCo5) Metrology Camera System (MCS)

Figure 2. A schematic overview of PES instruments (see text for details).



1able 1

Instrumentation parameters

Prime Focus Instrument

Field of view

~ 1.38 deg (hexagonal - diameter of circumscribed circle)

Field of view area

~ 1.25 deg?

Input f number to fiber

2.8

Fiber core diameter®

127 pm (1.12 arcsec at the FoV center, 1.02 arcsec at the edge)

Positioner pitch

8 mm (90.4 arcsec at the FoV center, 82.4 arcsec at the edge)

Positioner patrol range

9.5 mm (107.4 arcsec at the FoV center, 97.9 arcsec at the edge)

Minimum fiber separation” ~ 30 arcsec
Fiber configuration time ~ 60-120 sec
Number of fibers Science fibers Fixed fiducial fibers
2394 96
Fiber density ~ 2000 deg™> or ~ 0.6 arcmin™>
Spectrograph
Spectral arms Blue Red NIR
Low Res. Mid Res.
Spectral coverage 380 — 650 nm 630 — 970 nm 710 — 885 nm 940 — 1260 nm
Dispersion ~ 0.7A/pix ~ 0.9A/pix ~ 0.4A/pix ~ 0.8A/pix
Spectral resolution ~ 2300 ~ 3000 ~ 5000 ~ 4300
Detector type/read-out mode CCD CCD HgCdTe/SUTR
Spectrograph throughput® ~ 53% (@500nm) | ~ 52% (@800nm) | ~47% (@800nm) | ~ 34% (@1100nm)

4 This is a diameter of the sky projected onto the fiber core through the microlens with a magnification of 1.28.

b The minimum separation includes a physical limitation and a margin for collision avoidance.

¢ These values include detector QEs. The typical total throughput including primary mirror reflectivity, WFC, fibe
systems, spectrograph optics, detector QE, etc. in blue, red, NIR, and medium resolution arms are ~22% (@500nm
~26% (@800nm), ~19% (@1100nm), and ~23% (@800nm), respectively



PFS fields

75° PFS SSP Survey Fields

15°

00

-15°

s PFS Cosmology
/\  PFS Galactic Archaeology (dSph/dirr)
[[] PFS Galactic Archaeology (Halo)
<] PFS Galactic Archaeology (Halo Stream)
O

PFS Galactic Archaeology (Outer disk)
PFS Galactic Archaeology (M31/M33)
PFS Galaxy Evolution (Deep)

-75°
Figure 14. Sky distribution of the PFS survey fields. All targets are drawn from multi-color HSC data.



Table 2

Sample and Depths

Layer Field Selection exp. time’  #of FoVs?  nights® #of spectra  Requirement(s)?  Main science®
Cosmology HSC-W  grizy 15min ~ 1100 ~70 ~ 4M redshift ([O ]) BAO, RSD, LSS
ancillary targets HSC-W  gri(zY)+ext. data (Gaia, etc.) 15-30min ~ ~ 1100 - ~ 100K - GA (stars, WDs), GE (e.g., QSOs)
galsz< 1 HSC-D i<?23 2 hrs 11 ~3.5 ~ 28K spectral features ~ GE (control sample, deep)
gals 0.7 <z<1 HSC-D  y <22.5+zy, 2 hrs 11 ~8.5 ~ 68K spectral features GE (0.7 <z < 1)
gals 1 <z<2 HSC-D  y <225 +z 2 hrs 11 ~ 8.7 ~ 69K spectral features  GE (1 < z < 2)

HSC-D  y>225,J <228 +zy 2 hrs 11 ~12 ~ 96K spectral features  GE (1 < z < 2, main)
gals 0.7 <z<2 HSC-D J <228+ zph 12 hrs 11 ~ 16 ~ 14K spectral features ~ GE (0.7 < z < 2, deep)
gals 2.1 <z<25 | HSC-D  y <243 +zp, 6 hrs 11 ~83 ~ 22K spectral features ~ GE (IGM/foreground)
gals 25 <z<3.5 | HSC-D  y<243,g<242+7zy, 6 hrs 11 ~3.1 ~8.3K spectral features  GE (IGM/background)

HSC-D  y<24.3,24.2 <g <247 +zp, 12 hrs 11 ~10.5 ~ 14K spectral features  GE (IGM/background)
gals3.5<z<7 HSC-D  y <245 +z 6 hrs 11 ~83 ~ 22K spectral features  GE (high-z)
z~22LAEs/ HSC-D NB387, Ly, >3 X 1042 3 hrs 11 ~14 ~ 7.4K spectral features ~ GE, cosmic reionization
z~57,666 LAEs | HSC-D  NB816,921, Ly, > 5 x 10+ 6 hrs 11 ~ 1.7 ~4.5K redshift (Lya) cosmic reionization

HSC-D NB816,921, Ly, =3 -5X 104 12 hrs 11 ~2.1 ~2.8K redshift (Lya) cosmic reionization
AGNO05=<z<6 HSC-D i < 24(grizy) 1-4hrs 11 ~ 1.8 ~9.7K spectral features ~ GE, CGM, IGM
MW-dSphs/dIrré | HSC" g<23 3hrs 40’ 30.5 ~ 60K S/Nleont. > 10 DM profiles, [Fe/H] and [e/Fe] dist.
M31¢ HSC" g<23 Shrs 47 29.4 ~ 13K S/Nleont. > 10 accretion history, DM subhalos, M33
MWs HSC g<22 3hrs 83 31.1 ~ 26K S/Nleone. > 10 MW grav., macro DM (incl. PBH)

Notes — @ The total exposure time for each sample on source. ?) The number of pointings (roughly corresponding to survey area). ) The primary requirement
on spectroscopic observation for each sample. ¥ The primary science drivers. ¢ The main science. /) The units of Lyy, are [erg s7!]. ® Medium-resolution

mode spectroscopic observation is included. ” Including NB515 narrow-band imaging to discriminate member giants from foreground dwarf stars. ? Two visit
observation of each pointing to identify binary stars.
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Figure 11. Recovery of cosmic structures from the PFS SSP at (z) = 1.1,2.4 and 6.6. The top left and middle shows the simulated density fields from the
Horizon AGN simulation at (z) = 1.1 and (z) = 2.4, while bottom left and middle show the reconstructed density from the PFS galaxy redshift distribution and
IGM absorption data using the algorithms, ARGO (Ata et al. 2015) and TARDIS (Horowitz et al. 2019). The top right panel shows reionization bubbles in the HI
21cm brightness temperature distribution from Kubota et al. (2019), while the bottom panel shows the LAE distribution observed by PFS spectroscopy, which is
anti-correlated with the ionized bubbles in this particular model.
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11.25 m aperture
4,332 fibers

> 1.5 square degree field of view
» spectral resolutions, from R~3,000 to R~40,000

near-IR wavelength range of 0.36—-1.8 microns
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SpecTel: A 10-12 meter class Spectroscopic
Survey Telescope

® 11.4-meter aperture
a five square degree field of view

® 15,000 robotically-controlled fibers

» Wavelength 360-1330 nm

® Low, medium, high resolution 3000---
EU based




Megamapper: NG of DESI

Magellan telescope
3.0 deg diameter field-of-view

® 20,000 zonal fiber positioners

wavelength range in 360-555, 555-656, and
656-980 nm channels

» David Schlegel



