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Outline
* [he nU region

» Clues fo a physical cause

» Remarks regarding lightcurve shape,

ifferature SNe and cosmology
« SNFactory resulfs (if fime permitting)

o Summary



Mulfi-wavelength’?

log(Wavelength) (A)

Focus on narrow part of U-band (nU): ~3200-3600
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Mulfi-wavelength?

log(Wavelength) (A)

Focus on narrow part of U-band (nU): ~3200-3600
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33003500 5000
Wavelength (A)

Compilation of pre-peak spectra + rms
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closer look at two SNe
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“hysical cause - SYNAPPS

5000

log(Wavelength) (A)
« SYNAPPS (SYNOW) explanation in ferms of Co (decayed Ni)
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“hysical cause - TARDIS

SNF20061021-003 w. z, =0.26 m, =18.21 @ —5.6 days

Tardis 10 Ni (8k-12k)

SNF20050728-006 w. z, =0.24 m, =18.24 @ —5.6 days
- Tardis 0.1 Ni (8k-12k)

log(Wavelength) (A)

« TARDIS: Changing Ni fraction in W/ produce similar change
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“hysical cause - SYNAPPO |

Q " — Synapps fit with Co/Ni v2
4 1 —— Synapps fit without Co/Ni v2
—  Spectrum @ -5

SNF20050728-006

4000 5000
log(Wavelength) (A

o Compatible SYNAPPS resulfs

Outline: nU Cause? X1 Litterature Cosmology SNFactory Summary



Quamn‘ ing nU as slope

— Synapps fit with Co/Ni v2
—— Synapps fit without Co/Ni v2
—  Spectrum @ -5

SNF20050728-006

4000 5000
log(Wavelength) (A

» Weighted average of pre-peak obs.
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nU parameterization

» Lightcurve widtfh
correlation

« Skinny SNe are
never nU faint

nU faint nU bright

-4
-0.02 -0.01

Outline: nU Cause? X1 Litterature Cosmology SNFactory Summary



nU in the litterature: SN2004dt

SN 2004dt

« Ground based spectra rarely
go <3700 A.

o Space UV obserations have
frrigger delays (phase>0)
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« Unfil resently, best case was
SN2004df

* low ACS grism resolution
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nUJ in the litterature: PST1-10afx

SN 1993] (11b)

blueshifted by 5000 km s

« PST1-10afx furns have all
characteristics of nU-bright

Sl\lela SN 19941

e One reason for the initial
classification as non-la
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SN 2011fe (I1a)

blueshifted by 3000 km s
SN 20111v (Ia)

blueshifted by 3000 km s

3000 3500
Rest Wavelength (A)
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Cosmology

== nUcore
- nUdrop
- nUflat

« U variafions independent
of e.g. X1 and C

« SALT bias when relying
on U-band

e Quantified in Saunders
et al (in prep)
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CCM extinction law works

Results on the Y) Chotard etal 2011

. --- CCM, R,=278 —— Nocorrection (1) |~ Perfect candles (a)

fqnx
A

oy, =

« After accounting for

EWSi correction

Si, Ca variafions ASVAS © («stretch-like)

Residual intrinsic

e [or mOderaTeW < ' L. variability!
reddened SNe

EWS and EW©

¢ N s ; : g corrections
e In B’\/’R i1 B ™ | Classic extinction law

: . Hy =28104
5000 6000 7000 8000

wavelength [A] But need to introduce a dispersion into the fit...

Chotard, et al ,A&A. (201 1)
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A local SFR magnitude bias

VARIATION IN THE SNE |A STANDARDIZED MAGNITUDE
e Ho af the SN site — [HE STAR FORMING BIAS —

RigaulT T AL, 2018

re | a re d TO corre C/- e d Locally passive Locally star—forming
magnitude

a8 Star-Forming env.

| © Passive env.

« Cosmology bias if
related to mass step

37.0 37.5 38.0 385 39.0 39540010 5 0 5 10
log(Ey, lergs 'kpe ?)) Number of SNe

Difference = 0.094 4 0.031 mag (SNf ; 3.10)

SN |A STANDARDIZED MAGNITUDE DEPENDS ON THE
STAR FORMATION OF ITS LOCAL ENVIRONMENT
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Summary

Variations in the ~3200 fo 3600 region of SNela are systematic and
caused by explosion differences (rather than e.g.exfinction).

SYNAPPS/TARDIS studies of SN pairs imply that nU probes the
amount of unstable Fe elements

Fast declining SNe are never U fainf (~ never Co rich)

No appropriate models for high-z cosmology using U-band
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Stay tuned for |
fOMOrrow!
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nU parameterization

®@® 25<r, <08 @ ¢ 08<z <25  --- SNF20080514-002
Bl 08<z <0 A A 0<z, <0.8 — SN2010dt
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Restframe phase (days relative to LC peak)

« nU = evolution of flux(3300-3400) / flux(3400-3500)
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ENVIRONMENTAL PERSPECTIVES
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THE SF-BIAS AND GLOBAL ANALYSES

— ON THE ORIGIN ©@F THE MASS-STEP —

GALAXIES SUPERNOVAE

More massives

| 4F
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More Massive Galaxies should host Brighter Standardized Type |la Supernovae

SNI step (This Work)

Binned =z

1.0
Redshift (z)
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Extinction law construction

|5t step: Decompose the Hubble residuals into intrinsic variabilities and relative
absorptions OA)

Two intrinsic corrections

oA I:L (@) SNe la are perfect candles : purely extrinsic variability

.siiE\.“-f'Ei + f‘i_%ﬁi (b) Intrinsic variability described by a «stretch-like» parameter : EWSi

S cruns S L 8 - 4 Si+C: . I . i
LHT{ELW;” = -‘-SE 'EWCR + ) AU (e) Intrinsic variability described by two parameters: EWS and EW S

2"d step: Use the relation between the DA) to construct the law

—  EW, carracted

—=  EW, ard i, comected Slog ] Linear model

T A @40 () + ma
ly Extincgnn Iawl

Measured Extinction
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Results on the Y)

~-- CCM, R, =2.78

+ No cur}ection (1) |

fA] ( x20)

—e— s EW,, corrected (2)

Ca
e

(«stretch-like»)

Residual intrinsic
variability!

|mag/A| ( xa0)
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Call  Sill

t gl

Perfect candles (a)

EWSi correction (b)

+ st }:?I»Vm—:;af"“EI«’VE,u cm?rected (3) 1 EWSi and EWCa (C)

Sill | Sill

corrections

Classic extinction law
+

PN lgs=98+04

4000
Chotard, et al A&A. (201 1)

5000 6000
wavelength [A]

7000 8000

But need to introduce a dispersion into the fit...




Covariance matrix

Why?

+ Using the measured covariance matrix only: X2>>|

+ Extra dispersion matrix needed to set the X2to | (as in all cosmological fits with SNe la)
How?

+ Using the residual ra(i) to the y» fit to construct the additionnal covariance matrix

+ Introduction of a color dispersion, not usually used
Results

+ Anti-correlation mostly increases with the wavelength differences

+ Same pattern for broad filters and narrow band (spectral) correlations

For the case (c): 2 intrinsic corrections Reminder: dA)(i) = v 0AV (1) +nx (47)2)

farts 5
: '.':D'l;E el L1 Tﬂ?“l'ﬂ == 7.0
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1.0

Ay |

0.8 1.0 1.2

M. Chotard ' Berkeley Meeting 2014
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New analyses

L

¢ fdof=12 — SNF20071003-015
(B 20001 5NF20070717-003

] a00n
Wavelength

Concept — SN la Twins
enable an extremely accurate
distance measurement.

FAKHOURI IN PREP.

Concept — (Gaussian process
to reconstruct lightcurves at
any redshift. GP trained on
SNfactory's spectra.

IM ET AL, 20135



Twin SNe Are Even Better

SNF20080623-001 & SNF20070810-004*Warp
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e 2_?' , i BN 00812 mag
Wi Ad-510 sipdcmee D80

: 2.3d 2.2d%>

Py i " _ ¥R v

11 09 TT a0~

15.6d 16.0d 2

.,;WW\—M
e AAS SN BUB

1
5000 6000 7000 8000

R

BRS AM Y A2 (hwin analyzs)

Restframe (A} Ninimum RMS 0.08 Mmag

SNF20070725-001 & SNF20080522-011*Warp
T T T T T

[ 25 ] ™=
bain-qualiy rank { i)

Better 0 Twinness 0 Worse

M% Compare SNe that are spectroscopic

EE i) “twins”
AN TP Used blind analysis methods

e e Dispersion is 0.08 mag

4000 5000 6000 7000 8000

Restiramesdd 2X better than SALT!
As good as infrared!  Fakhouri (SNfactory)




