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building a “mean uberspectrum”

e 0old uberspectrum
e based on 1 spectrum per epoch per wavelength
e not necessarily representative
e for example, 92A (s=0.8) and 94D (s=0.8) were heavily used
e larger epoch intervals

e should use the average of many spectra
per epoch per wavelength

e averaging fluxes
e washes out features
e sensitive to noise

e Wweighted average of narrow band colours
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recipe

1. collect sample of spectra
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recipe

1. collect sample of spectra
2. define epoch intervals
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epoch intervals

[ lower upper weighted stretch no. of spec
i -15 -8 -10.9 1.014 <o)
60| -7 -5 -6.3 0.969 24
- -4 -2 2.5 1.006 29
o -1 0 -0.5 0.985 30
3T 1 2 1.7 0.988 29
aor 3 5 3.5 0.984 33
5 | 6 8 7.2 0.989 33
£ 9 11 10.1  1.008 32
oL 12 15 13.3 1.023 28
I 16 19 17.3 1.014 32
I 20 23 21.9 1.001 25
i 24 28 26.1 0.989 28
0 : : 29 32 30.9 1.020 24

0 50 100

epoch 33 38 35.3 1.011 27
tradeoffs 39 44 41.0 1.033 24
: N 45 57 51.6 0.953 24
Iarge intervals: 58 85 71.7 0.957 24

large spectral variations

small intervals:
small number of spectra
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epoch intervals
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epoch intervals

[ EELEEEEEIE FEE L T ‘ ‘ i lower upper weighted stretch no. of spec
i N TIARREE I 3 -15 -8 -10.9  1.014 30
60~ - -7 -5 -6.3 0.969 24
1 -4 -2 -2.5 1.006 29
T -1 0 -0.5  0.985 30
g or 1 2 1.7 0.988 29
aor H 3 5 3.5 0.984 33
s | 6 8 7.2 0.989 ck
£ 9 11 10.1 1.008 32
ol 12 15 13.3 1.023 28
I 16 19 17.3 1.014 32
I 20 23 21.9 1.001 25
i ( T ; : 24 28 26.1 0.989 28
ol HEEEE i — ] 29 32 30.9 1.020 o4

0 50 100

epoch 33 38 35.3 1.011 27
. . 39 44 41.0 1.033 24
epochs with the most rapid change 45 57 51.6  0.953 24
in spectral features 58 85 77 0.957 24

few spectra before t = -8
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recipe

1. collect sample of spectra
2. define epoch intervals
3. define narrow filters
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narrow band filters

1.0

sl HHHHHHHHHH Y E U U HE A

Al -:
/\\f _;

0.2 — AN L

,__,//

O . O 1 | 1 1 1 | 1 | 1 1 1 1 1 [ i

2000 4000 6000 8000 10000
wavelength

[ University | British Columbia _ .
&/ ofVictoria | Canada uberspectrum — k-correction errors — intrinsic scatter




recipe

collect (hopefully representative) sample of spectra
define epoch intervals
define narrow filters

calculated narrow colours and weights
for each spectrum at each wavelength interval

=l A\
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weighting scheme

simple weighting by:
epoch
stretch
type: normal vs 91bg-like/91T-like
wavelength coverage: edges vs middle
number of spectra from the same SN

@ University | British Columbia _ R
of Victoria | Canada uberspectrum — k-correction errors — intrinsic scatter




recipe

collect sample of spectra
define epoch intervals
define narrow filters

calculated narrow colours and weights
for each spectrum at each wavelength interval

5. calculated weighted narrow colour
per epoch per wavelength interval

=l A\
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narrow band colours
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recipe

collect sample of spectra
define epoch intervals
define narrow filters

calculated narrow colours and weights
for each spectrum at each wavelength interval

5. calculated weighted narrow colour
per epoch per wavelength interval

6. adjust template spectral features with weighted colours
adjust template broadband colours to s=1 colours

=l A\
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epoch =-6.3 (-7~-5)

adjusted uberspectrum
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adjusted uberspectrum

1.0 T

epoch =1.7 (1~2)

0.8

relative flux
o
o

©
N

0.2

|
&

0.0 L L L 1 L L h L 1 L L L L 1

4000 4500 5000
rest wavelength

33 university | British Columbia
ey Of Victoria | Canada

5500

relative flux

1.0 T T T T

L \ i
0.8 —
0.6 —
0.4 — —
02 . \
0.0 Lo A |

5000 5500 6000 6500

rest wavelength

new uberspectrum
old uberspectrum

7000

uberspectrum — k-correction errors — intrinsic scatter




adjusted uberspectrum
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epoch intervals

[ SRR T ‘ T lower upper weighted |stretch|] no. of spec
i N TR E R I 3 3 -15 -8 -10.9 | 1.014 30
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recipe

collect sample of spectra
define epoch intervals
define narrow filters

calculated narrow colours and weights
for each spectrum at each wavelength interval

5. calculated weighted narrow colour
per epoch per wavelength interval

6. adjust template spectral features with weighted colours
adjust template broadband colours to s=1 colours

7. interpolate between weighted epochs
adjust template broadband colours to s=1 colours

=l A\
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k-correction errors

e errors defined by difference between k-correction
calculated with uberspectrum and actual spectra

e compare different methods of k-correction

e Include 81B, 89B, 90N, 90T, 91T, 91bg, 92A
from epoch = -14 ~ 37
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hsiao05 vs nugent05
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colour correcting uberspectrum

e by E(B-V) and CCM_UNRED
e constraints B-V but guess the other colours
e by MANGLE_ SPECTRUMZ2 (written by Mark Sullivan)

e |east square minimiser
e constraints multiple colours
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mangled vs unmangled

mangled with gri
no mangling
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mangled with rest vs observed colours

mangled with gri
- mangled with UBV
mangled with CCM
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mangled with rest vs observed colours
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mangled with 2 colours vs 1 colour
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colour correcting uberspectrum

e by E(B-V) and CCM_UNRED
e constraints B-V but guesses the other colours
e by MANGLE_ SPECTRUMZ2 (written by Mark Sullivan)

e |east square minimiser
e constraints multiple colours
e |eaves the rest unchanged

e option SPLINE

e option LINEAR
e option GRADIENT
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2-colour-mangling with various techniques
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1-colour-mangling with various techniques
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1-colour-mangling with various techniques
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variation in spectral features

‘Nugent et al. (2002)

| @ k-correction largely
driven by broadband
colours

'@ use the scatter of
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K—correction KBi

K—correction KBi

e plot KBi vs B-V at each redshift for each spectrucm
e independent of uberspectrum
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variation in spectral features
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spectroscopic sequence Iin stretch

e mean template: 2 dimensional
(epoch, wavelength)

e Ideal spectroscopic sequence: 3 dimensional
(epoch, wavelength, stretch)

e difficult to find features which vary with stretch

e try with the most well known:
Sill 5972/6355 ratio
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narrow colours
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PCA of narrow colours

mode eigenvalue percent
0.138 70.4 K<}Uemh?

1

2 0.043 22.0
3 0.008 4.2
4 0.003 1.6
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spectroscopic sequence Iin stretch
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spectroscopic sequence Iin stretch
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spectroscopic sequence Iin stretch
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SpPectrosco
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conclusions

e to eliminate systematic errors in k-correction
build “mean uberspectrum” from a representative sample

e Mmangling using observed colours
better than using rest colours

e uberspectrum unconstrained by colour(s)
can cause large errors

e Vvariations in spectral features causes
sizeable k-correction scatter at misaligned redshifts
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