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Summary

o Spectrophotometric standardisation context

* Presentation of Twins Embedding

* Presentation of ZTF spectra sample (and flux calibration)
* Twins Embedding method applied on ZTF spectra

e /TF standardisation result

Constance GANQOT - Spectrophotometric standardisation of type la Supernovae



Spectro-photometric standardisation
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bandpass

Before standardisation :

Opnag = U-40mag

Photometry :
Opmae = U-15mag

With SNFacto
Twins Embedding :

Opmae = 0-07mag

SNFactory : ~250 Sne

ZTF : ~700 Sne
(for now)



Twins - Fakhounri et al. 2015
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Figure from Fakhouri 2015



Twins Embedding - Boone et al. 2021

3 steps
1. Generate at maximum luminosity 2.RBTL - fit one offset and a color outside the lines
mi(p; M) — mi(0; A) = p-ci(M) +p° - ca(Ak)] Am. a magnitude offset compared to reference spectrum
AAy ; acolor coefficient compared to reference spectrum
0.4 A Original spectra
4 0.8 4 Individual spectra
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Quadratic evolution in phase of SN Ila spectra "2
' ' 4(;00 5(;00 wavel::';)& " 7(;00 80'00
Capture 84.6% of the spectral evolution variance S ——
common to every Sne between -5 and 5 days SNFactory spectra before/after dereddening,
and residuals intrinsic dispersion (std) 5
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Twins Embedding

1. Generate at maximum luminosity 3 steps
2. RBTL - fit one offset and a color outside the lines
3. Manifold Learning - parameters reduction
86.6% of variance explained with 3 components
~— RBTL + 0 Components -~ RBTL + 3 Components
0.4 ~—— RBTL + 1 Component ——— RBTL + 4 Components
o) —— RBTL + 2 Components
g 0.3
§ 0.2
g 0.1 ’ A
00 40'00 50'00 60'00 70100 80'00
Wavelength (A)

From K.Boone et al. 2021. SN Factory spectra fluxes STD, in
function of wavelengths, for different numbers of Manifold
Learning components (parameters reduction)
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Zwicky Transient Facility - spectra sample

Purpose : typing and redshift
3628 Supernovae Ia - 4114 spectra (until 2020)
2594 spectra from the SEDm

Low resolution: R = — ~ 100
A/

Optical window: 3,650 - 10,000 A
spectral extraction by pysedm
Correction of host galaxy by Hypergal

r

SEDm reconstructed image | A € [5000,3000] A

; :
SEDm (P60)- Integral field Spectrograph

field of view of ZTF18abqlpgq
Source : pysedm - Rigault, Neill

Cut Interval Quantity removed
fromm SEDm 40 %
Quality 20 %
Z <0.1 around 7/8%
phase [-5,+5] days around 50%
COSMO around 15%

—> 752 spectra from 695 Sne la




ZTF flux-calibrated spectra

Spectra before/after calibration
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Example of flux calibration atz=0.05
with ZTF20aayvubx_20200524_SEDm_0 For phases in [-5,5], and cosmo cuts



RBTL applicated to ZTF

Original spectra
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RBTL linear standardisation

For SNFactory sample

AM = H;=0.05 — (mbana’ o Moffset)
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RBTL linear standardisation

For ZTF sample
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Conclusion

* RBTL step is working well

* Standardisation with Manifold still in prep

* A paper to come on a whole study TE+ZTF

Constance GANQOT - Spectrophotometric standardisation of type la Supernovae

Be prepared for
new surveys

SN Factory
2004 —> 2013

2018

*‘* ZTKF
2018 —> 2025

:;‘.'./v; /‘ 3

Euclid ***=
july 2023 -

2027




BACK-UP SLIDE

STEP 1 Differential time evolution model  ->spectra@max

Formula of quadratic evolution in phase :
mi(p; Ae) — mi(0; ) = p-er(Ae) + p* - c2(Ak)

with p the phase,
c1.2(4) the coefficients common to all Sne

m.(p, A,) the magnitude of the SN i
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Quadratic evolution in phase of SN la spectra

Freas, (D3 M) ~ N (fs (95 Ak); Ot (3 Ak))

fo (i Ax) = 107040m @A) ey

?ot s (pa /\k) 12neas.,s()‘k) + (e(p, /\k) . f.s (p’ /\k))z }

Fitted parameters :
f«(p, 4;) the model flux of spectrum s

e(p, A,) the model uncertainties common to all Sne,

M,,.y.s the gray offset of the spectrum s

C1.2(4) the coefficients common to all Sne

Known:
I.p(P> A;) the observed flux of spectrum s

Capture 84.6% of the spectral evolution variance

common to every Sne between -5 and 5 days 13



BACK-UP SLIDE

STEP 1 Differential time evolution model  ->spectra@max

Formula of quadratic evolution in phase :
q p fmeas s(p) )‘k') ~ N(fs(p )‘k') Utot S (p, )‘k'))

(0 ) mi(03A) = p e (A . ca(A
mi(0; M) = p-er(Ae) + 0% - c2(Ak) £ (i Ag) = 10-0AEEE] +may.o)

with p the phase,

¢ »(A) the coefficients common to all Sne 0%, o (D A) = Opeas..s (M) + (6(D3 M) - (3 Ak))? |
m.(p, 4,) the magnitude of the SN i Fitted parameters :
- e(p, /1,.{) the model uncertainties common to all Sne,
03- M,,.y.s the gray offset of the spectrum s

C1.2(4) the coefficients common to all Sne

0.2 A

0.1 -

Known:
Jneas. s(P> A1) the observed flux of spectrum s
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Wavelengths [A] Capture 84.6% of the spectral evolution variance
Quaderatic evolution in phase of SN la spectra common to every Sne between -5 and 5 days
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BACK-UP SLIDE

STEP 1 Differential time evolution model  ->spectra@max

Formula of quadratic evolution in phase :
q p N N(fs(p /\/C) Utot S (p, )‘k))
mi(p; Ak) = mi(0; M) = p-@ M)+ P - @ (W)
LD &0 Fol(pi M) = 107040 Ed0) +gray )

with p the phase,

¢, 2(4,) the coefficients common to all Sne o2, . (93 k) €(ps M) (D5 M) |

m.(p, A,) the magnitude of the SN i

Fitted parameters :
e(p, A,) the model uncertainties common to all Sne,

M,,.y.s the gray offset of the spectrum s

C1.2(4) the coefficients common to all Sne
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Wavelengths [A] Capture 84.6% of the spectral evolution variance
Quaderatic evolution in phase of SN la spectra common to every Sne between -5 and 5 days
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BACK-UP SLIDE

STEP 2 Read between the lines (RBTL) 5. oxein Scaner

Between the lines
Capture Grey scatter + Extinction

Remove variability: Fit all together with bayesian inference :

- Magnitude offset (e.g peculiar velocity of host)
' ' ' Jmodel z()\k) X 10_0'40\"'))
- Extinction (e.g Dust in the host) ’
U?otal,i(/\k) "‘model,i()‘k'))Q
Fitted parameters :

Am; the offset with mean for SN | N(f Ao ()
AAy, ; the extinction coefficient for SN i model, itk > Ttotali Lk
the Intrinsic dispersion (common to all)

Known. Areas with large intrinsic dispersion (#(4,) ) are
fmax,i(ﬂk)/aiax,i(/lk) the spectrum flux/uncertainty at max for SN i deweight during the fit :
I oan(Ar) the mean spectrum at max tssioss s gopencr

C(4,) the extinction law (Fitzpatrick 99) \/\WWV U\f U/\
o , 16




BACK-UP SLIDE
STEP 2

Read between the lines (RBTL)

Capture Grey scatter + Extinction

Remove variability:

- Magnitude offset (e.g peculiar velocity of host)

- Extinction (e.g Dust in the host)

fdered.,i()\k) — fmax.,i()\k) X 1O+0'4(Ami+AAv,iC()\k))

Areas with large intrinsic dispersion (7(4,) ) are
deweight during the fit

Normalized flux
(erg/cm?/s/iHz)

Normalized flux
(erg/cm?/s/Hz)

Intrinsic dispersion {mag)
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Original spectra

=> Explain Scatter
Between the lines

Individual spectra

Individual spectra
= = Mean spectrum

Recovered intrinsic dispersion

v

6000 7000 8000

Wavelength (A)

4000 5000

SNFactory spectra before/after dereddening, and
residual intrinsic dispersion (std) - from Boone 2021
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STEP 2

Read between the lines (RBTL)

Capture Grey scatter + Extinction

Remove variability:
- Magnitude offset (e.g peculiar velocity of host)

- Extinction (e.g Dust in the host)

fdered.,i()\k) — fmax.,i()\k) X 1O+0'4(Ami+A1‘iv,iC(Ak))

Areas with large intrinsic dispersion (7(4,) ) are
deweight during the fit
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SNFactory spectra before/after dereddening, and
residual intrinsic dispersion (std) - from Boone 2021
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BACK-UP SLIDE

STEP 3 The Twins Embedding parameters space =>exiain

Spectral distance between two Sne | and | :

-
()

O
©

LS (fdered.,i(/\k) - fdered,,j(x,c)>2
Y \ L fmean()\k>

O
o

Isomap algorithm embed high-dimensional space
to low-dimentional while preserving distances

O
(@)
1

Fraction of variance explained
o
~J

O
U

—@— Isomap + GP

: : i~ PCA
Eut /t. does no.t prowg/e a model of a spectrum 0a Measurement uncertainty
given its coordinates in the embedding : for that S-S S S S
they use Gaussian Process Number of Components

Fraction of the variance explained for different models -
86.6% of variance explained with 3 components from Boone 2021
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Normalized Nux
(erg/cm?/s/Hz)

Normalized flux
(erg/cm? [s/Hz)

BACK-UP SLIDE

Normalized flux

(erg/cm?s/Hz)

[ o
STEP 3 The Twins Embedding parameters space =>exptain
TWINS EMBEDDING |
. : ~— RBTL + 0 Components -~ RBTL + 3 Components
| Twins Embedding Component 1 (£;) 0.4 + ~—— RBTL + 1 Component ——— RBTL + 4 Components
0.5 1 o — RBTL + 2 Components
. £ 03
- g 0.2
0.2 1 ° 01
L7
0.1+ 0.0 ' '
6000 8000
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Twins Embedding Component 2 (£;)
05+ -
- ! From K.Boone et al. 2021. SN Factory spectra fluxes STD, in
y A / e~ 3 Z @ [ L 0
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A B A > . .
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0.2 1 v a R VA T
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Twins Embedding three components variation effects

Figure from Boone 2021

Dependancy of the variance exp/ained with S/N

- 0.5

and binning

20



BACK-UP SLIDE

The standardisation using Twins Embedding

To map the magnitude residuals through the TE
space : linear standardisation not sufficient,
instead Gaussian Process regression :

MRBTL ~ GP (mref + wAAy .

Before/after correction of magnitude residuals with GP
from Boone 2021b

Magnitude residuals

Fitted parameters :

m,..r & common reference magnitude

@ a linear correction term
o, the unexplained residual dispersion

A, [ the GP kernel parameters

Known :

M pp7y the magnitudes residuals of the RBTL ,

A A , the reddening coefficients ,

¢ the coordinates in the TE space,

—)

o - . the host galaxy peculiar velocity variance

p.V.
2



BACK-UP SLIDE

Standardisation context

P 2009m
| | SN Factory
Mickael Rigault 2004 —> 2013
0.02
0.01
% 2018
< 0.00 = ZTF
| . 2018 —> 2025
~0.01 . g -
LS
~0.02 Euclid =
july 2023 -
redshift 2027

Constance GANQOT - Spectrophotometric standardisation of type la Supernovae 22



BACK-UP SLIDE

Coupures sur les parametres:

¢ (in general, whatever other cut)

Parameter Interval Remains Quantity removed
/ / 5136
fromm SEDm 3069 40 %
goodcoverage 13 %
Oftsets 2sigmas 19 %
deg2 coefs abs<0.028 1%
Z <0.1 around 7/8%
phase [-5,+5] days around 50%
sn_type COSMO around 15%
C, Cerr [-0.2,0.3], <0.08 13.6% , 7%
X1, X1,err [-3,3], <1 4.5% , 5.5%
t0 err <1 day /52 8.3%

—> 752 spectres de 695 Sne la




