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Massive He-shell Double Detonation
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SN2022joj: Asymmetric Double Detonation?

Liu et al., 2023b
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SN2022joj: Asymmetric Double Detonation?

>200 days after explosion Liu et al., 2023b
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But what about the normal 1a”?



ZTF Early-Late la Sample (2023-2024)

Combining early light curves and nebular spectroscopy
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(NOt qUite) Early - Late Consistent with double

detonations at certain viewing

Independent probes of the population angles (Boos et al., 2021)
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Early + Late

Independent probes of the population

Light curves at early time
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Redshift Fe core at late time:
sightline near the He detonation

He shell ashes?

Ni-56 asymmetry”?

IME asymmetry”?



A Systematic Study on the Rise
~103 SNe la from ZTF DR2 (Rigault et al. 2025)

fobsk(t5) = fo,i(t — texp)™" @ Ta~ P

 Previous model: fit each SN

iIndependently to infer oy ’ .
texp,k ~ P 897 fO,k: ~ P
 Hierarchical model: draw oy

from the same distribution

controlled by hyper-parameters - | ~
Fit ALL SNe simultaneously! N

" Nsn

10



a; ~ N(2,0.1) tg ~ N(—20,1)

100 Synthetic Light Curves with

= o
© o
. R
O O
o S
= o
= 19
Imo
_J N

Hierarchical Model
Parameters drawn from the

std_alpha
0=0.123%

same hyper distribution

0.17
0.18

1.09*"

std_t_fl

= —20.2019:2

mean_t_fl

D
q)%.

mean_alpha
0 = 1.9919:%

3 &
R
mmS
827
O O
O 5
O o

eydje pis

1407008

alpha

0=

2

Unpooled model

Independent fits

D). Gn. Op, o, o

Or O~ O~ O~ O
PRGN NGNCN

b0 G
I} 3 P3IS

o
N

std _t_fl

5 & D
SRS

P
_/tq’fl /\’

N
/ me%n

Q.
L

std_alpha

QO A0 O XV DO X
RGN RN
mean_alpha

o 0

2.9715 718

alpha

0

0

11



A Systematic Study on the Rise
~103 SNe la from ZTF DR2 (Rigault et al. 2025)

20 - Normal
Q- 03fg-like

24 - )
Flux excess? ° . _—~—" |

t() tﬂ [day] N(19 | -
__i B A vt . j L | ,,: é \- & ‘-&‘ 4 < ,.“ : 7
_ - y ) 4 Sy P, %) " vy \." J “"f,~
= ‘ y Q) O < o YOO BN & N Yoy -=0
= - y Vo W) . va &, 4D WS > ‘-’ \ A J
W S ERO a <N J () y vl ™~
181 B0 O TRTY BENIORE X)) O ™ f
O ’, - QO N~ M ¢ N -1
: Y ONP K D% r /‘r' ° —_— °
w3 'V ® <
03, = J . \, . ) {
1 % (A X = )
L - N\ ‘\
) % 'q

12

- 1.6)



ZTF Early-Late la Sample (2023-2024)

Significant host contamination in >50% of the targets
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00 README 3[8 MIT license

HostSub GP  Liu & Miller 2025 - on arXiv today!

Modeling the 2d spectrum of host galaxies with Gaussian process (GP) for better background subtraction in
supernova spectroscopy.

* Fully Python + available at GitHub
* |everaging archival imaging as priors

* Accelerated by JAX: Just-in-time compilation + automatic differentiation

Robust galaxy background removal in a few
minutes on your laptop!
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HosTSUB_GP Pipeline

Building the prior - normalized 2D profiles Liu & Miller 2025
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HosTSUB_GP Pipeline

Revisiting SN 2019eix — peculiar la or Ic?

Photospheric phase
Resembling both double-
detonation la and some

Ic/lc-BL /

Fe Group Sill Ol Call
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Nebular phase
Host galaxy subtraction is
extremely challenging
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HosTSUB_GP Pipeline

Revisiting SN 2019eix — double-detonation la!
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Early v.s. Late

Color evolution v.s. Fe core velocity CONSTRUGTION
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Key Takeaways

Still Far from Fully Understanding la Progenitors, but...

* DO NOT ignore rare weirdos!
DO NOT fit early rises individually!
* DO NOT exclude host contaminated SNe from your sample!

* Do analyze early and late-time observables jointly!



