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Outline

1 Background: LSS & spectroscopic surveys — how they probe 
DE, gravity, neutrino mass, and PNG

2 DESI: BAO, neutrino mass & the dynamical dark-energy surprise

3 PFS Cosmology: independent and unique cross check

4 Synergy between LSS and CMB: lensing, kSZ & 
cross-correlations



The large-scale-structure (LSS) survey landscape

Spectroscopic (3D) Imaging / weak lensing (2D) Other probes

• Clusters (SZ / optical / X-ray)

• Lyα forest (z > 2 IGM)

• 21cm 

• X-ray maps

• Cosmic Infrared Background 
(CIB)

• Line Intensity Mapping (LIM) -- 
Kana’s talk on Thursday

• SNae/GW/time delays

• CMB lensing κ (integrated 
matter)

SDSS, DESI, PFS, Euclid, Roman HSC, KiDS, DES, LSST, Euclid, Roman



Preston+ 2023



What do spectroscopic redshift surveys measure?

Precise redshifts → 3D galaxy positions → the full power spectrum P(k)



BAO – standard ruler

Elisa’s talk slide

DESI DR2, 2025
Expansion history → the dark-energy equation of state w(z)



Fig. Credit: D. Huterer

Redshift Space Distortion (RSD)

Growth of Structure
→ growth rate fσ₈(z) → tests gravity (GR vs modified)



Abazajian+2013

Neutrino mass:
Suppressed matter power spectrum at large k (small 
scales)

Neutrino Mass



Primordial Non-Gaussianity (PNG) – scale dependent bias

Planck Bispectrum

DESI DR1

Dalal+ 2008



CMB – LSS Tension?
Elisa’s talk on Monday



DESI DR1, full shape, 2024

LCDM + GR (consistent with Planck)



Dynamical Dark Energy? — DESI DR2 (2025)

w(a) = w₀ + wₐ(1−a)

Check Elisa’s talk also



Elisa’s talk on Monday



Jhaveri, Karwal, Hu 2025

Unphysical neutrino mass or higher tau? 
0.06eV 0.1eV



Systematics or Physics?



PFS Cosmology: a unique spec-z survey

1

[OII] ELGs, 0.6 < z < 2.4

Fills the missing high-z LSS-tracer 
gap (extends to z = 1.6–2.4)

2

High number density

8.2 m aperture → also a powerful 
neutrino-mass probe

3

Synergy with HSC / CMB

Shared deep fields → lensing & kSZ 
cross-correlations

Cross-checking the DESI–CMB tension
Independent geometry (BAO) + growth (RSD) probe over a wide redshift range





PFS (Prime Focus Spectrograph): Instrument

Mounted on the 8.2 m Subaru Telescope, Maunakea
~2400 fibers · 1.3 deg² field · 380–1260 nm

DESI
~ 625 deg⁻²

DESI
360–980 nm



DESI [OII] ELG spectrum
Lan+,2024

PFS Focal Plane, 
Moving 2400 fiber positioner - cobra,
Credit: PFS project office

Cobra motion accuracy ~ 0.5arcsec 
(50um)

From survey to cosmology

Target selection
from imaging surveys

Observation
(point fibers on targets)

Raw data reduction
→ 1D spectrum

Redshift fitting
(obtain z)

LSS catalog

Measurement &
cosmology analysis



PFS SSP Survey Science



PFS SSP Survey Footprint

5-year Subaru Strategic Program · 360 nights · survey started March 2025
PFS Cosmology survey –> HSC wide survey footprint



Dynamical Dark Energy: PFS as an independent cross check

PFS SSP Cosmology: ~4M [OII] emission-line galaxies, ~7 (Gpc/h)³

Sunayama+, in prep



• Break the degeneragy on the Omega_m – H0 plane; 
• independent check on the tension between SDSS galaxy and Lya+QSO; 

DESI BAO - CMB



Neutrino Mass

PFS forecast:  σ(Σmν) = 0.02 eV  (68% CL)
+30% from k_max = 0.2 → 0.5 h/Mpc



CMB:
Initial condition at z~1100
BAO distance in units of r_d (calibrated by CMB)
Predict sigma_8

LSS:
Same matter field that produces CMB secondaries
Directly measure expansion and structure growth Fig. Credit: ESO



Slide credit:
Blake Sherwin 



What we gain by combining CMB × LSS

Bias-clean growth
C_κg ∝ b·σ₈², C_gg ∝ b²·σ₈² 
→ the combination cancels 
galaxy bias, returning growth 
directly.

Break CMB degeneracy
Low-z distances break the 
Ωm–H₀–DE degeneracy → 
the long lever arm for w₀, wₐ.

Robust to systematics
Cross-correlations are 
immune to systematics that 
don't correlate between two 
experiments.



CMB × LSS: three overlaps that enable cross-correlation

Overlap in area + redshift + scale is what makes clean CMB × galaxy cross-correlations possible.

Preston+ 2023

Credit: Andreu Font-Ribera & Patrick McDonald



Case 1) A concrete CMB × LSS test of gravity: E_G



Madhavacheril+2024



Case 2) z dependent growth from CMB lensing 3x2pt

Quaia quasars X Planck/ACT lensing map

Embil-Villagra+2025 
See also Farren+ 2023, 2024; Sailer+2024; 



Case 3) kSZ: probe primordial non-Gaussianity

Slide credit:
A. Challinor



Case 3) kSZ: probe primordial non-Gaussianity

Edmond Chaussidon+2026, DESI DR2 X ACT DR6s

Muenchmeyer++ 2018

~DESI X SO ~LSST X CMB S4

P_gv  + P_gg provides an even tighter constraints, 
because of the sample variance cancellation.



Summary

1 LSS spectroscopic surveys provide a powerful probe of DE, growth rate, neutrino mass 
and PNG.

2

CMB × LSS —  especially lensing cross-correlation, and tomographic kSZ provides a 
bias-clean, systematics-robust way to constrain gravity, structure growth, and inflation.

3 PFS delivers the independent measurement of expansion and growth of the late time 
Universe over wide redshift range (0.6<z<2.4) and probes much smaller scales.  

4

DESI hints a dynamical dark energy, however, the BAO x CMB tension should not be 
ignored.



Thanks!





Slide credit:
Selim Hotinli 
Matthew Johnson 
Sophia Singh
KITP, CMBxLSS, 2026 
















