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Summary

Part 1

* [wins

* Twins Embedding
Part 11

* Flux calibration of ZTF spectra

o Standardisation with SALT on ZTF spectra



Context Sample passing requirements:

SNFactory : ZTF :
0.0 173 Sne la 985 Sne la
o ~500 spectra 1075 spectra
:
Tf 00 Before standardisation :
3
~0.01 Opnae = U-40mag
—0.02
— i 5 ) ) 5 Photometry :
10 10 10 10 10 10
redshift Ormag = 0.15mag
H = Mg — {MMC j —> New standardisation of distance , snEacto

d, (2) 2 modulus, using spectral information Twins Embedding :
=+4+25-lo _
Hacpom(Z) 810( [ 10pc] ) Opnag = 0.07mag




Twins

Iwins supernovae have matching spectral time-series
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Twins have lower dispersion in luminosity than spectroscopically
1oL cays dissimilar Sne - Figure from Fakhouri 2015

W\/M;\/ —> magnitude dispersion is smaller for the lowest ‘twiness’
parameters
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Wavelength (\) in AA

—> Only one spectrum at maximum per SN la

Spectral time-series of two ‘Twins’ Sne ) . .. ) )
P IS sufficient to have the variation information

Figure from Fakhouri 2015



Spectrophotometric standardisation method

Using Machine Learning Pre-processing data :
Adjust relative brighness of the

Sne to a common redshift

Iwins Embedding - Boone et al. 2021
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3. Manifold Learnin g - parameters r eduction From K.Boone et al. 2021. SN Factory spectra fluxes STD, in

function of wavelengths, for different numbers of Manifold
Learning components (parameters reduction)



STEP 1 Differential time evolution model  ->spectra@max

Formula of quadratic evolution in phase :

m;(p; M) — mi (03 M) = p- (M) +p° - 62(>\k)|

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 6



STEP 1 Difterential time evolution model

Formula of quadratic evolution in phase :

CQ(Ak)l

ORI 00 =p- 0w+

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

=> Spectra @ max

Feas, (D3 Ak) ~ N (fs(0; Me); 0 s (95 k)

.fs(p; Ak:) — 10_0'4+mgray,s)

?ot s (pn /\k) 12neas.,s()‘k) + (e(p, /\k) . fS(p’ /\k))z |

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

Known:
Jneas. s(P> A1) the observed flux of spectrum s

O neas..s (M) the measured uncertainty of sp. s

Capture 84.6% of the spectral evolution variance
common to every Sne between -5 and 5 days 7



STEP 1 Differential time evolution model  ->spectra@max

Formula of quadratic evolution in phase :

mi(p; Ak) — mi(0; Ag) = p '+ P’ '

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

N N(fs(p )\k-) Utot s (p} )\k'))
fs(p;s M) = 10— 0-40m: (PiAk) Hrgray,2)

s P ) s AT @D (71 0))*

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

Known:
Jneas. s(P> A1) the observed flux of spectrum s

O neas..s (M) the measured uncertainty of sp. s

Capture 84.6% of the spectral evolution variance
common to every Sne between -5 and 5 days 8



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/\




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)
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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

Normalized flux Normalized flux
(erg/cm?/s/Hz) (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
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Wavelength (A)
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SNFactory spectra before/after dereddening, and
residual intrinsic dispersion (std) - from Boone 2021
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STEP 3 The Twins Embedding parameters space =>exiain

Spectral distance between two Sne | and | :

o fdered.,i(/\k) — fdered.,"()\k:) ’
T Zk: ( Frem ) )

-
()

O
©

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
- PCA

Measurement uncertainty

But it does not provide a model of a spectrum
given its coordinates in the embedding : for that — > r—r = = & &
they use Gaussian Process Number of Components

&
S
1

Fraction of the variance explained for different models -
86.6% of variance explained with 3 components from Boone 2021
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Normalized flux Normalized fNux

Normalized flux

(erg/cm?/s/Hz)

(erg/cm?[s/Hz)

(ergicm?[s/Hz)

The Twins Embedding parameters space =» exain

TWINS EMBEDDING |
Twins Embedding Component 1 (£,)
0.5 1
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0.0
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0.5 4 Q !
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\ ‘\" 7] WA \ \‘
0.3 - / : A | ..
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0.5 4 '
{ /\
0.4 1 ‘o | w\ N
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0.1 4 /
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00 L L3 L v Y
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Twins Embedding three components variation effects

Figure from Boone 2021
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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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0.97 0.96 0.89

0.9

Added noise, S/N = 10

0.94 0.88 0.79

0.68 0.12 0.22

1.00 1.00 1.00

Added noise, S/IN =5

0.8

Added noise, S/N = 2
Binning 2000 km/s
Binning 5000 km/s EMUGORCIERNRVE | | ..

Binning 10000 km/s -ROBSERNVRS ISR R0

- 0.5

Dependancy of the variance exp/ained with S/N

and binning

Fraction of Variance Explained




With ZTF Spectra

Steps :

M Flux calibration of the spectra

M Correct from the Milky Way

M Put each spectrum at same z

O Convert the flux in magnitude and

put to phase=0

m;(p; Ak) — mi(0; M) = p - c1(Ax)

p”- c2(Ak)]

O Correction of RBTL variability by
fitting the Am; and AA

fdered. z()\k) — fmax. z()‘k) X 10+0'4(Ami+AAV,iC(>‘k))

O Projection on the 3 components
space to get ¢

O Standardisation of the magnitude
residuals ...
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ZTF Data - Plan

* Flux calibration of ZTF spectra
* Correction of the MW and the redshift
» Standardisation of the spectra with SALT

15



Synthetic Photometry

A point on the lightcurve corresponds to the
spectrum Iintegrated on the band

flux []

15 May 15 jun 15 Jul 15 Aug 15
Phase 2020-Aug

Lightcurves of ZTF20abxzrqw
In ztf-qg, ztf-r, ztf-i filters

le—16
7 — Initial spectrum
— salt model
6 - ztfg Ztr @ Integrated sp
~ @ . photometry
- ' 7tfi
N o
& 4-
O V
~
o
-
L2 3-
X
=
(. 2 - j
] - @
0- | | | | | |
4000 5000 6000 7000 8000 9000

Wavelengths [A]

Synthetic photometry with ZTF filters
For ZTF18abjijwk at phase 0.45

- 0.8

O
o

O
-
bandpass

- 0.2

- 0.0

16



Spectrophotometric Calibration

le—16 Spectra before/after calibration
i o 7 - ——r
2nd order polynomial : /- = na s
6 - ztfi calibrated
) ® initial photo
pOly ~ () /Inorm TCp lnorm T Co < 5- @ \callb photo || . .
Legendre Polynomials : S 5. 0.4 2
et (O
x L0
_ T 2 I
We normalise wavelengths between -1 and 1 e
1
A — - /Imin | 0 00
norm y) — )
max min
Ratios before/after calibration
0.04 -------- @-—---mmmmmmmeee e @ -
Minimisation function : s
(@)
(C
2 ‘g 1.0 -
; i
2=Y( | - pob-ar- g S s
N 3filters 5
£ 2.0
Té gl polynomial
Polynomial converted in magnitude : > .o e initial ratios
f ' ® calibration ratios
model ' ' | ' | '
m —m..=—25-.]o 4000 5000 6000 7000 8000 9000
model init 210 f ; Wavelengths [A]
ini

17 Example of calibration with ZTF18abjijwk



Spectrophotometric Flux Calibration

For 2367 spectra e
Zero points [mag]
= -0.23%5%7 Calibration coefs - 2367 spectra — 174
- fractional quantiles [0.16,0.5,0.84] g
8
g
19
-
Slopes [mmag/nm] 8’
| rr _L _ = -0.121222 = -
D L -
o - S, 0.
()
© 7 0% 0.
<
» Deg2 [mmag/um~2] 9( UV
. = 0381533 =
- 00 T T T T T
ny ; 4000 5000 6000 7000 8000
& ] ' 1.5 | _|~ Wavelengths [A]
0)0 i T . ’ -
s R4 Calibrated, corrected of MWW and redshift at 0.05,
A1 ‘ . _J ] for 1075 spectra of 985 Sne la (cosmology cuts +
S S e S H S O S P S O s phase bewteen +/-5 days)
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Standardisation with SALT - applied to ZTF spectra

— |nitials
- Standardisation with SALT

____________________________ 0.176

/\.,t
e

4000 5000 6000 7000 8000 9000
Wavelengths [A]

nMAD of sample initially and after
SALT correction+standardisation

0.6 -
Method : - 0.5
Correct the fluxes from SALT parameters and redshift g
Convert the fluxes in ABmag, and apply Tripp standardisation § o
=
0.3 -
Finid @) - (1 +2) - d(2)?
fcorrected(/l) — - 1()—().4.CL(/1,,6SI).C x0 - x1 - M1(¢’ /lrest)
X MO(;trest’O) . 1
MO(/Iresta ¢) (1 + Zref) ) dL(Zref)2
Ap(d) = mcarrected(/l) - (MB — QX pe) 2]

4000 5000 6000

7000 8000

Wavelength (A)

19 Intrinsic variabilty after RBTL - from Boone 2021



Conclusion

MFlux calibration of the spectra

M Preparation of the sample : correction of the MW and redshift
MSALT standardisation, SNEMO

O Test the Twins Embedding method with ZTF spectra

O More methods can be tested, like PAE by G.Stein
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BACK-UP SLIDE

The standardisation using Twins Embedding

To map the magnitude residuals through the TE George GP regression python package is used for
space : linear standardisation not sufficient, the fit

instead Gaussian Process regression :

Fitted parameters :

MRBTL ~ GP (mref + wAAy .

m,..r & common reference magnitude

@ a linear correction term

o, the unexplained residual dispersion

Ios A, [ the GP kernel parameters

Known :

M pp7y the magnitudes residuals of the RBTL ,

Magnitude residual

A A , the reddening coefficients ,

—

¢ the coordinates in the TE space,

1 3 2

o .. the host galaxy peculiar velocity variance

Before/after correction of magnitude residuals with GP 1
from Boone 2021b



BACK-UP SLIDE

Standardisation with SALT - applied to ZTF spectra

Flux modelled with SALT, in observed wavelengths : N H
—0.4-¢-CL
FOL ) = 30+ [MoGresp ) + 31 + My )] - 10-04¢CLI/(1 4 2) /‘W
E 0.4 -
Method : Correct the fluxes from SALT parameters, convert the %
fluxes in ABmag, and apply Tripp standardisation 03
(1+2) - d(2)? I e}
11 /1 — /1 ’ Wavelengths
flmtzals( ) fmeas( ) (1 4+ Zref) ) dL(Zref)2 lengths [A]
nMAD of sample initially and after
Atpitiars(4) = F,,M (flnitiazs(ﬂ)) SALT correction+standardisation
ooy = 4 U+ D @Y oy g 3 b Mol :
correcied 10_0'4°CL(/1rest)°C : et MO(/IYBSI? ¢) (1 + Zref) ) dL(Zl’ef)z

A/’tstand(/l) — FtoM (fcarrected(/l)) o (MB — QX :BC)

Hubble diagram

analogy: 1) = +2.5 - log

22

u=mg— Myz—a-x;— pfc)
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Spectrophotometric Flux Calibration
Corner plot des 3 histogrammes ( dire le nbr de sp,

For 2367 spectra mettre tableau en backup)
Zero points distribution Slopes distribution 16
400
350 -
200 - = 17
300 - g
250 - 150 - g 18
200 - g :
100 - D19 Ui
150 - =
100 - g
201 = 2
50 -
° ) 4 ° 20 -10 0 10 _2"0_ o 0.6
Zero points [mag] Slopes [mmag/nm] ©
g 0.4 -
<
Deg?2 distribution <Q( 0.2
350 - % 00
4000 5000 6000 7000 8000
07 Wavelengths [A]
250 -
- Calibrated, corrected of MW and redshift at 0.05,
o for 1075 spectra of 985 Sne la (cosmology cuts +
0 phase bewteen +/-5 days)
50 -
0

40 -20 0 20 40 60 80
Deg2 [mmag/um~ 2]
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