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Preliminary SN 3Year 
Cosmology ResultsSupernova systematics* in the era of LSST 

*astrophysical (I can’t cover them all!)



Supernova cosmology: the basics

Kim 

TA-DA!

Supernova => SNe Ia*

Brief Takeaway:

Bright + ‘standardly bright’

We don’t know what they are

Type Ia supernova lightcurves

- it kind of doesn’t matter
(as long as they are the same today as the past)
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750 - 1000 SNIa to z>1

Supernova cosmology: ‘today’

w to ~5%
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Supernova cosmology: ‘today’

w to ~5%
750 - 1000 SNIa to z>1

‘pencil beam’ 
+ space

‘all sky’ + 
targeted ‘hybrid’

Different strategies;  

filters; instruments; cadence; selection…



Precision cosmology

Acceleration
No Dark Energy w != -1

Supernova cosmology: the challenge

today: LCDM v CDM 2025: LSST: wCDM?



Precision cosmology

Acceleration
No Dark Energy w != -1

Supernova cosmology: the challenge

today: LCDM v CDM 2025: LSST: wCDM?

w to ~5%Different strategies;  

filters; instruments; cadence; selection…

One survey; one strategy  

LSST (or, first-up, DES…)

We need:



THE DARK ENERGY SURVEY: IN ONE SLIDE

DES-Wide 
• 5000 deg2 in grizY:  rAB ~ 24.3, iAB ~23.5 (10σ) 
• Large Scale Structure, Weak Lensing & Galaxy Clustering

DES-SN
• ~ 6-day cadenced griz survey over 27 deg2 

• Type Ia supernovae & other transients

• First WF cosmology results recently released …
• Most distant SN discovered …
• Multiple MW satellites discovered …
• New population of fast transients discovered …

• and so much more …

One survey, comprised of multiple probes, to determine the nature of cosmic 
acceleration

Overall
• Probes of both Distance v Redshift & Growth of Structure
• Multiple probes to break degeneracies & minimise systematics
• Lots of ancillary science (understatement alert)

“EVERYTHING WITH ONE SURVEY”
“LSST-light”



SN C Fields

C1

C2

C3

search template difference

THE DARK ENERGY SURVEY: SUPERNOVA PROGRAM

• 10 fields (8 shallow, 2 deep) in 4 filters (griz)
• Every 7 nights,  for 5+ months for 5 years }~3500 SNIA

r/i~24.5

r/i~23.5

Basically: LSST DDF / 10

This is the 
LSST depth



TO FIND, CHARACTERISE & FOLLOW 3000+ SN TO Z>1  
THE DARK ENERGY SURVEY: SUPERNOVA PROGRAM

• 10 fields (8 shallow, 2 deep) in 4 filters (griz)
• Every 7 nights,  for 5+ months for 5 years }~3500 SNIA



Host Galaxy Follow-up 
(Yuan et al 2015) 

-AAT field-of-view same as DECam field-of-view 

-6000 redshifts measured over AAT-OzDES follow-up  

-Improved efficiency with stacking

Reliable 
Very Reliable

AAT FOV on DECam FOV

 Exp=7200 s

 Exp=14400 s

 Exp=32400 s

 Exp=51600 s
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DES SPECTROSCOPY:

OzDES:  Targeting the hosts of all live transients to measure redshifts

+ 2 hours

Targeted followup + host spec_z

2 hours

+ 5 hours

+ 6 hours

4 hours

9 hours

15 hours on source: z=1.03

SN exploded in 2013;  
redshift obtained in 2016 
Most SNe not confirmed
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Host Galaxy Follow-up 
(Yuan et al 2015) 

-AAT field-of-view same as DECam field-of-view 

-6000 redshifts measured over AAT-OzDES follow-up  

-Improved efficiency with stacking

Reliable 
Very Reliable

AAT FOV on DECam FOV
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DES SPECTROSCOPY:

OzDES:  Targeting the hosts of all live transients to measure redshifts

+ 2 hours

Targeted followup + host spec_z

2 hours

+ 5 hours

+ 6 hours

4 hours

9 hours

15 hours on source: z=1.03

SN exploded in 2013;  
redshift obtained in 2016 
Most SNe not confirmed

LSST 1-0-1



S U R V E Y N _ S N I a w E r r  ( s t a t  +  s y s )

JLA (2014) 740 0.054

Pantheon (2018) 1049 0.04

DES 3YR (2018) 334 0.057

DES 5YR (2021) ~1800 ??

DES-SN: where we are:

IMPRO

Consistent calibration but 
fewer systematics considered 

“the same”



S U R V E Y N _ S N I a w E r r  ( s t a t  +  s y s )

JLA (2014) 740 0.054

Pantheon (2018) 1049 0.04

DES 3YR (2018) 334 0.057

DES 5YR (2021) ~1800 ??

DES-SN: where we are:

(206 DES)



Hubble Diagram:

200 SN == 750 SN 

w = �1.002± 0.057

DES-3YR: Cosmology

the power of calibration:

spec-conf only

‘best constraints today’



200 SN 

DES-SN: What’s coming



DES-SN: What’s coming

1800 SN Cosmology coming in 2021



DES-3YR: Systematics

DES-SN+ 2019



DES-5YR: Systematics

DES-SN+ 2019

What do we have to solve?

Systematics dominate 
today!

DES is systematics limited 

LSST == DES+++

+ photometric classification



DES-5YR: Systematics

DES-SN+ 2019

What do we have to solve?

Astrophysical 
uncertainties 
dominant…

limiting systematic



DES-SN: Astrophysical systematics

insights into astrophysical scatter 

~

Host galaxy studies

correlations between SN and host:
improve standardisation

‘what is a SNIa?’

 



DES-SN: Astrophysical systematics

Host galaxy studies:

‘what is a SNIa?’

~

      

DES v SNLS      

DES v SDSS      

DES v JLA
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206 SNe

202 Hosts

(Mass, SFR)

SEDfit

very deep 
stacks

SNe Ia found in:
70%: low mass + SF’ing

30%: high mass + passive

Key: mass estimates are stable
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206 SNe

202 Hosts

(Mass, SFR)

SEDfit

very deep 
stacks

SNe Ia found in:
70%: low mass + SF’ing

30%: high mass + passive

Key: mass estimates are stable

7 8 9 10 11
Log host galaxy stellar mass (MO • )
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DES: M* v ∆ µDES: M* v ∆ µ

Literature binned
Mass Split

DES-SN binned
DES-SN

Literature binned
Mass Split

DES-SN binned
DES-SN

Redshift-only µbiasRedshift-only µbias

SNIa brighter in high mass hosts

Key parameter in cosmology



SN cosmology in 2020:

µbias = f(z)Previously:

For DES3YR: µbias = f(z, x1, c)

selection terms: the “BBC” formalism

µ = mB �M + ↵⇥ x1 � � ⇥ c+ � + µbias
<latexit sha1_base64="84x3kFG3gsLeJtAk5iC8CpN5vFU="></latexit>

Mass term

µ = (mB ��mB)�M + ↵⇥ (x1 ��x1)� � ⇥ (c��c) + �
<latexit sha1_base64="ZiTfhb/Gb092b4YuTAIO+MO87GQ="></latexit>

+ α, β

‘1D’

‘5D’

effectively:

SN observable

M⇤ = 10
<latexit sha1_base64="JBXuHMCYx1rIDtqTwKBv46qMwB8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsJuFPQiBL14ESKYByRLmJ10kiGzs8vMrBCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1cQC66N6347uZXVtfWN/GZha3tnd6+4f9DQUaIY1lkkItUKqEbBJdYNNwJbsUIaBgKbweh26jefUGkeyUczjtEP6UDyPmfUWKl53z279lzSLZbcsjsDWSZeRkqQodYtfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nZ07ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/kpl3FiULL5on4iiInI9HfS4wqZEWNLKFPc3krYkCrKjE2oYEPwFl9eJo1K2TsvVx4uStWbLI48HMExnIIHl1CFO6hBHRiM4Ble4c2JnRfn3fmYt+acbOYQ/sD5/AF5NI5Y</latexit>

step function 
split at:

nuisance parameter

Selection term:

distance



Results:

µ = mB �M + ↵⇥ x1 � � ⇥ c+ � + µbias
<latexit sha1_base64="84x3kFG3gsLeJtAk5iC8CpN5vFU="></latexit>

Mass term

r/i~24.5

� ⇠ 0.045
<latexit sha1_base64="zDYZKPzB1nLFz3lvHs7hDUQZQe4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlqRZcFF7qsYB/QhDKZTtqhM0mYmSgl9lPcuFDErV/izr9x2mahrQcu93DOvcydEyScKe0431ZhbX1jc6u4XdrZ3ds/sMuHbRWnktAWiXksuwFWlLOItjTTnHYTSbEIOO0E4+uZ33mgUrE4uteThPoCDyMWMoK1kfp22RtiITDyFBPIqTr1i75dMX0OtErcnFQgR7Nvf3mDmKSCRppwrFTPdRLtZ1hqRjidlrxU0QSTMR7SnqERFlT52fz0KTo1ygCFsTQVaTRXf29kWCg1EYGZFFiP1LI3E//zeqkOr/yMRUmqaUQWD4UpRzpGsxzQgElKNJ8Ygolk5lZERlhiok1aJROCu/zlVdKuVd3zau2uXmnc5HEU4RhO4AxcuIQG3EITWkDgEZ7hFd6sJ+vFerc+FqMFK985gj+wPn8AGEKSmQ==</latexit>

� ⇠ 0.065
<latexit sha1_base64="RTqJGP2b9UNUSSrCHw/K+xdH5CI=">AAAB+nicbVDLTsMwENyUVymvFI5cLCokTlVSnsdKHOBYJPqQmqhyXKe1aieR7YCq0E/hwgGEuPIl3Pgb3DYHaBlptaOZXXk9QcKZ0o7zbRVWVtfWN4qbpa3tnd09u7zfUnEqCW2SmMeyE2BFOYtoUzPNaSeRFIuA03Ywup767QcqFYujez1OqC/wIGIhI1gbqWeXvQEWAiNPMYGcqnNx3rMrps+AlombkwrkaPTsL68fk1TQSBOOleq6TqL9DEvNCKeTkpcqmmAywgPaNTTCgio/m50+QcdG6aMwlqYijWbq740MC6XGIjCTAuuhWvSm4n9eN9XhlZ+xKEk1jcj8oTDlSMdomgPqM0mJ5mNDMJHM3IrIEEtMtEmrZEJwF7+8TFq1qntard2dVeo3eRxFOIQjOAEXLqEOt9CAJhB4hGd4hTfryXqx3q2P+WjByncO4A+szx8bTJKb</latexit>

???
‘2020’:

‘2015’:

what happened?

M⇤ = 10
<latexit sha1_base64="JBXuHMCYx1rIDtqTwKBv46qMwB8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsJuFPQiBL14ESKYByRLmJ10kiGzs8vMrBCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1cQC66N6347uZXVtfWN/GZha3tnd6+4f9DQUaIY1lkkItUKqEbBJdYNNwJbsUIaBgKbweh26jefUGkeyUczjtEP6UDyPmfUWKl53z279lzSLZbcsjsDWSZeRkqQodYtfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nZ07ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/kpl3FiULL5on4iiInI9HfS4wqZEWNLKFPc3krYkCrKjE2oYEPwFl9eJo1K2TsvVx4uStWbLI48HMExnIIHl1CFO6hBHRiM4Ble4c2JnRfn3fmYt+acbOYQ/sD5/AF5NI5Y</latexit>

step function 
split at:

what’s right?
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SN parameters

µ = mB �M + ↵⇥ x1 � � ⇥ c+ � + µbias
<latexit sha1_base64="84x3kFG3gsLeJtAk5iC8CpN5vFU="></latexit>

µbias = f(z, x1, c)SN assumed independent of host:

but
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bias??

µ = mB �M + ↵⇥ x1 � � ⇥ c+ � + µbias
<latexit sha1_base64="84x3kFG3gsLeJtAk5iC8CpN5vFU="></latexit>

µbias = f(z, x1, c)

should be uncorrelated

so



from ‘realistic’ simulations:

0.030 0.035 0.040 0.045 0.050 0.055 0.060
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Recovered γ: SN/Gal corr ← No SN/Gal corr
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Simulated ValueSimulated Value

��5D ⇠ 0.012
<latexit sha1_base64="7euNk0upvcszHMzbmP8ToQCBhsw="></latexit>

consistently wrong
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from ‘realistic’ simulations:

��5D ⇠ 0.012
<latexit sha1_base64="7euNk0upvcszHMzbmP8ToQCBhsw="></latexit>

consistently wrong

Biased distances => Biased Cosmology!!

“hmmm”

�w = 0.03
<latexit sha1_base64="7ILTsjp7Ypj7zxkaAUhKjQ6Tw7c=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9hNBL0IQT14jGAekCxhdjKbDJl9MNOrxJAv8eJBEa9+ijf/xkmyB00saLqo6mZ6yk+k0Og439bK6tr6xmZuK7+9s7tXsPcPGjpOFeN1FstYtXyquRQRr6NAyVuJ4jT0JW/6w+up33zgSos4usdRwr2Q9iMRCEbRSF270LnhEil5JJfEKTmVrl00bQayTNyMFCFDrWt/dXoxS0MeIZNU67brJOiNqULBJJ/kO6nmCWVD2udtQyMacu2NZ4dPyIlReiSIlakIyUz9vTGmodaj0DeTIcWBXvSm4n9eO8XgwhuLKEmRR2z+UJBKgjGZpkB6QnGGcmQIZUqYWwkbUEUZmqzyJgR38cvLpFEuuZVS+e6sWL3K4sjBERzDKbhwDlW4hRrUgUEKz/AKb9aT9WK9Wx/z0RUr2zmEP7A+fwAJmJFg</latexit>



“The solution”:

µ = (mB ��mB)�M + ↵⇥ (x1 ��x1)� � ⇥ (c��c) + �
<latexit sha1_base64="ZiTfhb/Gb092b4YuTAIO+MO87GQ="></latexit>

Also M* isn’t the truth, and it’s degenerate with 
SFR, dust, sSFR, Z, local, … 

7D correction

in all cases still need to get SN/host correlation right 
…

but

now allow for correlations



also:

µ = (mB ��mB)�M + ↵⇥ (x1 ��x1)� � ⇥ (c��c) + �
<latexit sha1_base64="ZiTfhb/Gb092b4YuTAIO+MO87GQ="></latexit>

…

is mass the right parameter?

‘local colour’ is better?

Kelsey+ 2020



need to understand SELECTION, 
CONTAMINATION and UNDERLYING 

CORRELATIONS 
==> lots of SIMULATIONS 

(ongoing)

DES-SN: Astrophysical systematics

DES-5YR is ideal for this

intriguing early results: ask me in a couple of months ;)



That’s it for now.

DES-SN is great
2000 SNIa with 0.1 < z < 1.2; all with hosts 

Not modelling SN v host correctly can lead to biased  γ
must know how: SN  galaxy∝

DES5YR (in 2020) will trace  to probe fundamental causeγ v z
and optimal standardisation

precursor to LSST deep
200 SN == state-of-the-art

highlights the power of ‘one survey’ approach

Ideal test-bed for LSST
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Thank you!


