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The cosmology group at LBNL n

« QOver 20 Senior Members. Lots of possible projects and research
SUpPErvisors.

« Very broad program, from data analysis/modeling/theory to
insfrumentation, simulations, data management etc.

« Leading major experiments such as DESI and CMB-54

* Very close connection to campus and to BCCP (joint seminars, meetings,

weakly pizza, speaker’s dinners etc.)
« Campus + LBL - one of the largest and broadest cosmology groups
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A simple yet strange Universe
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The primary goal of the Cosmology
Group program is to understand these

Planck, BOSS “ingredients”!




Brief history of the Universe & our program

Credit: ESA

Years after the Big Bang
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il DARK ENERGY

Insoment | DESI: Massively-multiplexed Spectroscopy
U.S. Depcrment of Energy Office of Science ; Focal pla ne

assembly with
5000 fiber
positioners

Mayall 4m
telescope
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~1 minute to position fibers!

10 spectrographs
(360-980nm)



DES| Dark Energy Spectroscopic Instrument: Massively multiplexed n
spectroscopic survey with 5000 robotic fibers, over ~14,000 sq. deg

Five target classes

A(Qmillion redshifts DESI
(SDSS x20) . (2021-2026)
\ L VRN R N

2.4 million QSOs
Lva z>21

Temoonwea 1 N - —= - D 4

« Almost done collecting 3 years of data b
« Analysis of Year 1 data ongoing. Stay tuned!

* Major LBNL contributions in almost all aspects
« Great alignment with campus/BCCP interests
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10 million 7y _
Brightest galaxies > 0.2
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Sl x 10 (Stage-5 spectroscopy!) two 6




The CMB landscape — 2024-2030%¢ n

20m

Large Aperture Telescope  Small Aperture Telescopes
one 6 meter in diameter 42 cm refractors

Large frequency coverage (30 — 270 GHz)

Funded
6-year program
First light in 2024!




CMB-S4 (20322 — 10 year survey)
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Chile: Two 6m C-D design Telescopes
i i s Observatory and CCAT-prime telescopes

——

CMB-S4 Project In A Nutshell

A deep-wide N_. and Legacy Survey using
2 x 6m telescopes targeting 60% of sky |
with 274,760 detectors over 6 bands from
Chile, over 7 years.

An ultra-deep “r’ survey targeting 3% of
sky using 9 x 0.6m small refractor e

telescopes with 90,336 detectors over 8 - 5m TMA design with gapless mirrors and boresight rotation
bands and a 5m telescope with 128,448 R e e o oocores S permoint
detectors over 7 bands from South Pole,

over 10 years.

The degree angular scale B-mode
sensitivity is provided by both the small
and large telescopes; the arcm delensing
sensitivity by the large telescope.

CMB-S4 CMB-S4 Director’s Review, November 14-17, 2023 Slide 35



CMB Instrumentation

telescope site in the Chilean Atacama desert

prototype sensor array for CMB-S4 __h_- e —M‘S

telescope site at the geographic South Pole

® Exciting CMB instrumentation program at LBNL
® Superconducting detector & readout
development

®* Cryogenic receiver development, integration, and

testing
SIMEY ® Data analysis
¢ Contact
¢ John Groh

® Akito Kusaka
® Adrian Lee
® Aritoki Suzuki

CMB-S4

Next Generation CMB Experiment




5 We are determining SI-
traceable flux calibration

Studying Dark Energy & Gravity with Supernovae

Saul Perlmutter, 4:6 T T T T T T T T to t|e together SNe at a”
Greg Aldering, Alex redshifts.
Kim + Peter Nugent, l 1 ‘ ‘
Rob Knop in C3 44 [ ++| #kﬂ”"“f .N S
L[]
sk +ﬂ+"‘ u LAk 4 At high z, we are currently measuring time-variability of

Dark Energy using HST supernova searches and follow-up.
We are also developing spectral reductiog techniques for
the Roman Space Telescope instruments, and propose an

1=
[\
| T
P —
——
R
| ee—
— 3
p———
—ot
-5 —
-‘i >
-

§ | § & ambitious new space telescope to follow SNe and LIGO
_g 40+ i gravitational wave triggers.
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S ¥ 3 At mid-to-high z, we are designing and building the
8 38 | f ipelines to follow the tri
= F instruments and software pipelines to follow the triggers
3 +§ 5 from LSST (in Chile) and Roman Space Telescope (in space).
‘A 36} |
= - 4 2 DESI is making the definitive measurement of the nearby
Z e galaxy density field. We are using this and nearby supernovae e AR e
- i to measure the growth of structure, and thereby measure how eeh A o
34 gravity behaves on cosmological scales. '\ . /
DY

1 At low redskjfts, we are using Machine Learning with

the comprehensive observations of 300 SNe from our ! ! . | .
Nearby SN Factory to make possible the next generation 0.8 1.0 1.2 1.4 1.6 1.8
of Dark Energy measurements. Redshift




La Silla Schmidt Southern Survey (LS4)

Why consider a shallow, optical survey in the south at a time
during which it will not only overlap with the Rubin
observatory, but also with the BlackGEM and DECam facilities?

The cadence of the LSST is not optimal for many transients. While the reach of this experiment is
impressive, most science cases are focused on high-precision photometry and astrometry over long
periods of time for the optically brighter end of the transients (e.g., variable stars, high-proper
motion stars, etc.), while on the fainter end the focus is on transients with slower evolution (e.g.,
high-redshift type la supernovae for cosmology). Some transients (NEOs and KBOs) require
frequent paving across the entire sky.

Not all volumes are created equally. The follow-up capabilities of most of the world's telescopes can
only handle the brighter sources discovered by the Rubin Observatory and there is a large swath of
transient science in which a timely spectrum is the only path forward for new science. In addition,
much of the local universe is inaccessible to the Rubin Observatory due to saturation.

One survey is not the path forward for transient astrophysics. What has become increasingly
apparent in astronomy is the power of two or more overlapping surveys. This now forms the

QuiCk chts: backbone of multi-messenger astronomy as well as the desire to initiate collaborations between such 32 fully depleted LBNL CCD’s comprise the 20 sq.
surveys as Euclid and WFIRST with the LSST, or the DES and DECaL$ imaging surveys paving the  deg. focal plane. Camera has been assembled and is
way for a spectroscopic survey like DESI. being tested now.

® 20 sq. deg. fov

* 3 fixed filters to start (g+i+i+z) Overall science goal: Fill in the Rubin

® 45s exp; 15s read+slew Observatory’s LSST cadence to increase the
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g9-band: 21.0+/- 0.5 scientific potential of nearby/fast evolving

* I"band:20.8 +/- 0.2 transients with a particular focus on SN la / _|

* z-band: 20.0 P . n E

* 2k-ak sq.deg./night SN II-P cosmology & peculiar velocities, and

®* 90% Survey mode standard sirens with NS - NS/BH mergers.

* 10% MMA ToO’s and special projects  Stack images over a week’s time to search for

[ ] = H i N .

. Real-time public data strong gravitationally lensed supernovae.

On Sky April 2024 Fixed filters allow for a rapid search in multiple colors

quickly over several hundred sq. deg.



Computational Cosmology Center

A multi-disciplinary center combining people, expertise, and
projects from physical sciences, CS, and applied math

Three major cosmology directions: CMB, supernovae &
transients, and large-scale structure of the universe

Computational directions: instrumental pipelines and data
processing, numerical simulations, ML/AI

Participation in major observational surveys: DESI (LBL-lead),
Simons Observatory, Rubin/LSST, La Silla Schmidt Southern
Survey, CMB-S4 (LBL-lead)

Access to world-leading supercomputer centers including
NERSC, Oakridge and Argonne Leadership Facilities

For more info, people working at the center, and contacts, see:
https://crd.Ibl.gov/divisions/scidata/c3/




R&D efforts
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