
Towards ZTF-III 
Nao Suzuki (Lawrence Berkeley National Lab / LPNHE)

• Multi SN Spieces (SNIb, SNIc, SNII) 

• Probing Dark Galaxies 

• RR Lyrae, Cepheid Variables (DESI-II Spectra) 

• Mapping the local Universe



Probing “Dark” galaxies (1/3) 
ZTF × LSST (Subaru/HSC)

SDSS HSC



Probing “Dark” galaxies (2/3) 
ZTF × LSST (Subaru/HSC)

Galaxy is Brighter than 
SNIa max

Galaxy is Brighter than 
SNIa max

Galaxy is Brighter than 
SNIa max

SNIa is Brighter than 

Galaxies are 
Brighter 

SNeIa are 
Brighter 



Probing “Dark” galaxies (3/3) 
ZTF × LSST (Subaru/HSC)

Galaxy is Brighter than 
SNIa max

Galaxy is Brighter than 
SNIa max

Galaxy is Brighter than 
SNIa max

SNIa is Brighter than 

SNIa is BrighterHost Galaxy 
is Brighter

SDSS SN + HSC host galaxy
HSC Zoomed

z=0.10264  from SNIa spec 
 (SDSS SN), imag=27.1(HSC)  

M=-13.3 galaxy



Probing IR with Euclid 
ZTF x Euclid (Image + Spec)

• Euclid : J, H, K 

• Euclid : IR Spec 

• Schedule is fixed 

• for next 6 years 

• ZTF-III start 
observing Euclid 
field 2 weeks in 
advance



Pre-ZTF Meeting in Japan 2019



Distribution of Local Matter on BAO Scale 
Nao Suzuki & Friends

Q Where are we?





General Relativity Metric

Schwartzschild Metric

Robertson-Walker Metric



Density Field at z=0



Density Field at z=0

500Mpc



How to quantify density fluctuation?

500Mpc



 Harmonics has to be counted 
Window Function W(kR)

500Mpc



8 Mpc/h  : RMS is Unity (0.8-ish)

500Mpc

8 Mpc/h

RMS order of Unity



150Mpc represents the Universe

500Mpc

150Mpc
RMS few % 



Q What is the area to study for 150Mpc?

Q1 : z=2

Q2 : z=0 



CMB Dipole is seen by SNIa

Feindt et al. 2011



ACosmic Ladder Today 
Riess et al 2016

Maser Measurement

Fragile z < 0.01



M101

Δµ=15mag!
NGC4258

SNIa: SN2011fe 
Δm=0.15mag!

Riess et al 2022



HSC FoV

M101

Disk+Halo :  5’ < θ < 10’  
(10 < r < 20 kpc)

Halo : θ > 10’  (r>20 kpc)



Inhomogeneous Expansion of the Universe

• a
Macpherson et al 2018



Density Field at z=0

500Mpc

Macpherson et al 2018



Expansion Rate at z=0 (normalized by global) 
Inhomogeneous Expansion of the Universe

Macpherson et al 2018



Hubble Flow vs SNIa Cosmology

Foley et al 2018

Macpherson et al 2018



A

• a

Macpherson et al 2018



A

• a

Macpherson et al 2018



 Today (500 SNeIa z <0.1)



 ZTFII (3000 SNeIa z <0.1)



 ZTFIII (30,000 SNeIa )



Beginning to see the sign

Brout et al. 2022



Summary : Fact Sheet

• 150Mpc (BAO scale) represents the local universe 

• All Sky Survey is needed 

• σ8 is the measure of fluctuation amplitude, σ100 is about 2% 

• Redshift is a sum of peculiar velocity + Hubble Flow 

• By using SNIa, we can extract peculiar velocity to prove local density 
fluctuations 

• With 100 SNeIa, CMB Dipole is seen 

• z<0.05 SNeIa were threw away in the past for SNIa cosmology business



Discussion (z<0.05 Science)

• Peculiar Velocity = Local Density Field 

• Local Density Field can be modeled  

• Supergalactic Plane can be mapped 

• Are we in a void?  

• Local Density Map can be drawn from 10,000 SNeIa 

• How do we get SNIa Spectra? 

• Southern Hemisphere Facilities are needed 

• Inhomogeneous Expansion of the Universe should be detectable



• Backup Slides





A
V_ITF V_density Residual

z< 0.006

z< 0.013

z< 0.02

z< 0.03

Davis et al. 2011



SNIa Supernova (z<0.05) 
Feindt et al 2013 : SN Factory


