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DESI results
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Measuring the background expansion

Accelerated
/N expansion

Constant expansion
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© expansion

redshift z

Our goal:
Map this expansion as a function of distance



Measuring the background expansion

Image Credit: NASA

standard candle: standard ruler:

know luminosity know Size
infer distance infer distance
Our goal:

Map this expansion as a function of distance



Measuring the background expansion
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See DESI BAO
results
by
Arnaud de
Mattia

standard ruler:
know size
infer distance

Our goal:
Map this expansion as a function of distance



Measuring the background expansion

1 Luminosity
Flux =

47 Distance?

standard candle:
know luminosity
infer distance

Our goal:
Map this expansion as a function of distance



Outline

1. Type 1a Supernovae as Standardizable
candles

2. Most recent dark energy measurements

3. Vera C. Rubin Observatory Legacy Survey of
Space and Time (LSST) and ZTF enter a new

era irea 'T F

4. We can probe gravity using SN1a peculiar
velocities.



Type 1a Supernovae

flux
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Image Credit: NASA T. Strohmayer, D. Berry Image Credit: ESA J.R. Maund
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Type 1a Supernovae
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Type 1a Supernovae

SALT2 to fit for

mg : B band peak magnitude
c : B-V color at peak
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Type 1la Supernovae

SALT2 to fit for
mg : B band peak magnitude
c : B-V color at peak |
X1 : stretch
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Type 1a Supernovae

SALT2 to fit for
N mg : B band peak magnitude
Q c : B-V color at peak
X1 . stretch
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Type 1a Supernovae

SALT2 to fit for
N mg : B band peak magnitude
Q c : B-V color at peak
X1 . stretch
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Type 1a Supernovae

SALT2 to fit for
N mg : B band peak magnitude
Q c : B-V color at peak
X1 . stretch

X
3
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SN SN SN SN SN
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Residuals

Type 1a Supernovae

SALT2 to fit for

mg : B band peak magnitude
c : B-V color at peak

X1 . stretch
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Residuals

Type 1a Supernovae

SALT2 to fit for
N mg : B band peak magnitude
Q c : B-V color at peak
X1 . stretch

residuals
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Type 1a Supernovae

] SALT2 to fit for

mg : B band peak magnitude
c : B-V color at peak

X1 : stretch
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Type 1a Supernovae

SALT2 to fit for
N mg : B band peak magnitude
Q c : B-V color at peak
X1 : stretch
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Type 1la Supernovae

SALT2 to fit for
N mg : B band peak magnitude
0 c : B-V color at peal
X1 : stretch :
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We need:

- A precisely photometrically calibrated telescope
- Observing the sky at high cadence

- In multiple filters

- A spectrograph to get the redshifts

- Aspectrograph to classify the:SN1a
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Pantheon+: 1701 SN (1550 distinct) 20 surveys intercalibrated DES 5yr : 1829 SN from 5 surveys intercalibrated
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All the modern compilations of Supernovae use a low-z sample of O(100) SN
coming from many different telescopes
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ZTF DR2: ~ 2,000 SN at low redshift (~5000 at the end of ZTF)
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ZTF DR2: ~ 2,000 SN at low redshift (~5000 at the end of ZTF) .TF
LSST wide-fast-deep: ~ 1,000,000 SN at mtermedlate redshlft
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ZTF DR2: ~ 2,000 SN at low redshift (~5000 at the end of ZTF) .TF
LSST wide-fast-deep: ~ 1,000,000 SN at mtermedlate redshlft
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Current constraints

B DESI BAO + CMB + PantheonPlus
B DESI BAO + CMB + Union3
B DESI BAO + CMB + DESY5
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LSST will reduce area by ~20

VERA C.RUBIN
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ZTF DR2
LSST wide-fast-deep
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Full sky coverage:
We will be able to measure the isotropy of the expansion, it’s acceleration, etc
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Previous measurements
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N-Body simulation
(Outerrim, 1904.11970)
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Forecast for ZTF and LSST
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Conclusion

Supernovae Cosmology will enter a new era with F
and LSST = %

VERA C.RUBIN

Supernovae alone will constrain dark energy better than
all current data

The full sky coverage will allow test of the isotropy

We will be able to study gravity via the peculiar velocities
of Supernovae

This will require a of the
surveys



