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Credit: LIGO-Virgo-KAGRA, arXiv: 2507.08219.

Can we increase our confidence that these events are truly circular binaries 
using multiple detections?

P21: Spins of the Most Massive BBHs Observed by LIGO-Virgo-KAGRA
 

Soichiro Morisaki1, Kenta Hotokezaka2, Tomoya Kinugawa3. Kazuya Kobayashi1
 

1ICRR/UTokyo, 2RESCEU/UTokyo 3Shinshu University

• A few massive (𝑚1 >
80𝑀⊙) BBHs observed 
by LIGO-Virgo-KAGRA 
(e.g. GW231123).

• Both BHs for 
GW231123 exhibit 
high spins (0.90−0.19

+0.10 
and 0.80−0.52

+0.20).
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Figure: Results of hierarchical Bayesian inference 
testing whether binary orientations are 
isotropically distributed



Simulating Binary Neutron Star Mergers and 
their Multi-Messenger Signals
The Influence of Spin
arXiv: 2510.14850
(accepted in PRD)

A. Neuweiler, H. Gieg, H. Rose, H. Koehn, I. Markin, F. Schianchi,
L. Brodie, A. Haber, V. Nedora, M. Bulla, and T. Dietrich

100 ms seconds hours days years

Gravitational Waves Kilonova Afterglows

ms

r-process

seconds

z

mergerinspiral

Gamma-Ray Burst

Codes for Simulations 
& Post-Processing 

BAM – Numerical-Relativity Code
 magnetic fields 
 M1 neutrino transport

WinNet – Nuclear-Reaction Network

POSSIS – Radiative Transfer Code

PyBlastAfterglow – Semi-Analytic
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 𝑀1 = 𝑀2 = 1.35 𝑀⊙
 ABHT (QMC-RMF3)  
 R1 ∼ 190 m / R2 ∼ 95 m

 non-spinning 𝜒1 = 𝜒2 = 0.0
 aligned-spin 𝜒1 = 𝜒2 = 0.1

Binary Neutron Star Systems

Nuclear Abundances Multi-Messenger Picture
Gravitational Waves Kilonova Afterglows



The M-𝝈 Relation Has 

To Break
Omri Nitzan & Re’em Sari
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Different Stars, Different Kicks: 
Natal Kick Segregation in High-Mass X-ray Binaries

Credit : Walt  Feimer, NASA/Goddard Space Flight CenterCredit : NASA/CXC/M. W eiss

Be/X-ray binaries (BeXRBs) 

Credit: NASA/ESA/G. Bacon, STScI

• Over 100 systems in the Milky Way 

ESA/Hubble

Roche-lobe overflow HMXBs OB Supergiant X-ray binaries (SgXRBs)

HMXB Subclasses

• Consist of a compact object that is accreting 
material from a massive companion

KicksPornisara (Grace) Nuchvanichakul (U of Southampton, UK)
Collaborated with Poshak Gandhi, Christian Knigge, Yue (Cory) Zhao, and Cordelia Dashwood Brown • Impulse imparted to remnant at the instant of 

supernova explosion (Belczynski+16)

• symmetric mass-loss (e.g. Blaauw+61) 

• asymmetric ejecta in the supernova 
explosion (Janka+17)

• Peculiar velocity can be used to 
estimate kick

High-Mass X-ray Binaries

• Excellent tools for probing Galactic star formation 
and accretion onto compact objects

YOSHIDA Takashi
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Find me around during the poster session 
and pop over with your questions!

Board no: 25Different Stars, Different Kicks: 
Natal Kick Segregation in High-Mass X-ray Binaries

Astrometric parameters:

• position: 𝛼, 𝛿

• proper motion:  𝜇𝛼, 𝜇𝛿  

• parallax: 𝜋Credit  : ESA

+ Systemic velocity

Peculiar Velocity:  𝑉pec

Reid+09

Kinematics

Target selection Results
• Using a K–S test, we found 

the two datasets are 
unlikely to be drawn from 
the same distribution

• approximate division 
at 𝑉pec of 40 km s−1 

statistically 
significant difference!

• Used COSMIC (BSE pop. 
synth.; Breivik+20) to study 
these effects 

• SgXRBs favor shorter 
periods and higher 
fractional mass loss 
(different evolutionary 
pathways)

• X-ray binary catalogues (Neumann+23)
• Select reliable counterparts 𝜎𝜋

𝜋
  < 20% (Bailer-Jones05)

• Verify magnitude, finding charts, offsets of coordinate

Pornisara Nuchvanichakul et al., Further evidence for natal kick segregation by spectral type in high-mass X-ray binaries, MNRAS, 543, 2, 2025, p. 1705
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Achromatic and Delayed Gamma-ray burst afterglows 
from Relativistically moving thick-shell
Kaori Obayashi et al., in prep.

Some GRB afterglows in optical/IR show
an achromatic peak at late times (∼ 103s from the trigger time).
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2026/2/10 YKIS2026

Result: For GRB 080710 and XRF 080330,
               Bayesian inference disfavors off-axis models 
               and favors a dynamical origin of the achromatic peak.

Central 
Engine

Thick-shell
Forward shock dynamics: Γ(𝑅)

Γ0

𝑅0 𝑅−
3−𝑘
2

Coasting Deceleration 
follows BM sol.

𝑅tra 𝑅BM

𝑅−
2−𝑘
4

Transition

𝑅dec

e.g.) Yi+2013, Kusafuka+(2025a, b), 

Off-axis

R

𝜌 ∝ 𝑅−𝑘
External density profile:

* 𝑇90 is prompt gamma duration.   𝑧 is redshift.
Implication: Central engine activity time Δ0/𝑐 ∼ 𝟏𝟎 × 𝑇90/(1 + 𝑧)

Δ0



       The Reconstruction of Equation of State From 
    Neutron Star Observables By N. K. Patra (CUHKSZ,China)
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Some Important Results Please visit : Phys.Lett.B 865 (2025) 139470 [arXiv: 2502.20226]



GWs from Strongly Magnetized Eccentric Neutron Star Binaries

- Prasad R (ICTS), Anushka Doke (UMass), Prayush Kumar (ICTS) arXiv:2508.08234v2

We are shifting from an era of first discoveries to

high-precision astronomy.

• ET/CE: fstart = 5Hz to fend = fISCO

• DECIGO: fstart = 10→1 Hz to fend = 10Hz

Long inspirals, High SNRs

Magnetic E!ects:

Magnetic Interaction + EM Emission

N S S N

Repel

N S N S
Attract

1/2
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GWs from Strongly Magnetized Eccentric Neutron Star Binaries

- Prasad R (ICTS), Anushka Doke (UMass), Prayush Kumar (ICTS) arXiv:2508.08234v2

Horizon Distance Measurement Prospects

Magnetar-level fields or higher may be distinguishable in GWs.

2/2



Modeling the late spectra of energetic supernovae
Giacomo Ricigliano, Kenta Hotokezaka, Almudena Arcones

Poster # 29

Plasma solver

By now several observed 
energetic and peculiar 

events 
(e.g. GRB SNe, Type Ic BL, 

SLSNe I...)
when all the ouflow is scanned

Engine traces in the ejecta 
extend to the nebular phase

Kuncarayakti et al. 2023, A&A 678

Milisavljevic et al. 2018, ApJ 864

Models for 
mechanisms are 

still largely 
unconstrained



Modeling the late spectra of energetic supernovae
Giacomo Ricigliano, Kenta Hotokezaka, Almudena Arcones

Poster # 29

Ricigliano, Hotokezaka & Arcones 2025, MNRAS 543

Could the presence of heavy elements 
from r-process be detected in the SN 

nebular phase?

Target questions:
How much can 

optical+IR nebular 
spectra help in 

constraining 
powering 

mechanism?



GRB X-ray plateaus from stratified ultra-relativistic outflows
Gilad Sadeh — Kenta Hotokezaka — Masaru Shibata , Poster #30

Hydrodynamics: ultra-relativistic (γ ≳ 100) outflows associated with the prompt γ-ray emission are

expected to have a continuous distribution of Lorentz factors, M(> γ) ∝ γ−s , within the ejecta.
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.min .max

UR RS Mildly relativistic RS Newtonian RS

Late RS Early RS
M (> .) / . !s;

2 < s < 4

For moderate values of 2 ≲ s ≲ 4, the reverse shock is mildly relativistic, and its ejecta crossing time is
significantly (∼ factor of 5–10) larger than the typical crossing time obtained in the thin shell case.

YKIS2026a



GRB X-ray plateaus from stratified ultra-relativistic outflows
Gilad Sadeh — Kenta Hotokezaka — Masaru Shibata , Poster #30

Synchrotron emission: relativistic electrons in the shocked regions emit radiation Fν ∝ t−αν−β .

The forward shock
naturally produces a
shallow, long-lasting
X-ray decay consistent
with the observed
properties of X-ray
plateaus, Fν ∝ t−0.5

for ν > νfc . After
the crossing time,
typical Fν ∝ t−1.2 is
expected.

Representative broadband synchrotron spectra at t ≃ 1 hr for fiducial parameters.
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The reverse shock
generates a long-lived
millimeter emission
component that out-
shines the forward
shock emission at
these wavelengths,
ν = νra . After the
crossing time, the mm
emission will terminate
smoothly.

No need to invoke a long-lived central engine, an energetic low γ outflow, or a fine-tuned viewing angle.
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WHAT HAPPENS WHEN NEUTRON STAR SPINS DOWN?

RAPID ROTATION AT 
BIRTH, WITH ROTATION 
FREQUENCY CLOSE TO 

KEPLERIAN FREQUENCY

HIGH CENTRIFUGAL 
FORCE

NEUTRON STAR 
SPINS DOWN

CENTRIFUGAL FORCE 
REDUCES, STAR BECOMES 

MORE COMPACT

PRESSURE AND DENSITY 
IN THE CORE INCREASE

CENTRAL DENSITY  THRESHOLD DENSITY 

NO PHASE TRANSITION<
⇒

CENTRAL DENSITY  THRESHOLD DENSITY 

PHASE TRANSITION OCCURS

>⇒

THRESHOLD DENSITY =  -
NUCLEAR SATURATION 

DENSITY

2
5 ×

HYBRID STAR SPINS DOWN

THE SIZE OF QUARK CORE 
INCREASES AND NEUTRON 

STAR REMAINS STABLE 
ONLY IF  

 M(ω) < Mmax(ω)

HYBRID STAR (NEUTRON STAR WITH 

QUARK CORE) SPINS DOWN

IF  , 
THE NEUTRON STAR BECOMES 
UNSTABLE AND COLLAPSES 

INTO A BLACK HOLE 

M(ω) > Mmax(ω)

ω



CONSTRAINING SPIN DOWN DRIVEN PHASE TRANSITION IN THE CORE OF 
NEUTRON STARS USING MULTI MESSENGER OBSERVATIONS

NEHA SHARMA, PRASAD R, PARAMESWARAN AJITH 
INTERNATIONAL CENTRE FOR THEORETICAL SCIENCES

SPIN DOWN AND PHASE TRANSITION

NS AND HS SEQUENCES

ENERGY RELEASED AND CONSTRAINTS

FIRST-ORDER PHASE TRANSITION

NORMAL STATE                    
                                     (P < P0)

METASTABLE STATE                    
                                     (P0 < P < Pcrit)

SUPERDENSE STATE                    
                                     (P ≥ Pcrit)

A first-order phase transition is proposed to occur in the NS interior, converting hadronic matter into an exotic phase (quark matter). 
However, this transition does not happen instantaneously at the equilibrium pressure  . The hadronic phase survives at pressures 

higher than , creating a metastable core that is energetically trapped until a nucleation threshold is reached. 

Evolution of Neutron star’s core 
Stable State :  The neutron star is a pure hadronic star. 

  Metastable State : The star enters the metastable state. It remains structurally stable despite 
exceeding the transition pressure. At , droplets of the quark matter begin to form at the center. 

  Micro-Collapse : The hadronic phase becomes unstable and converts into quark phase without 
delay. 
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The possible presence of quark matter in the neutron star (NS) core remains an open question. As the NS spins down, its central density 
gradually increases, and upon reaching a critical density, a phase transition can occur, converting nuclear matter into quark matter. A first 
order phase transition can lead to a “micro-collapse” and structural rearrangement of the star, releasing energy that can go into multiple 
channels. Using a family of hybrid equations of state (EoS), we calculate the total energy released during the phase transition. A fraction 

of this energy can excite the f-mode oscillations of the NS, resulting in the emission of burst-type gravitational waves (GWs). Additionally, 
this phase transition can also cause a sudden spin-up of the star, which can be observed as a pulsar glitch. By combining the non-

observation of such bursts in LIGO-Virgo observations with the largest glitch observed in pulsars, we place joint constraints on the micro-
collapse model, the GW energy budget, and the size of quark core formed during the transition.

RAPID ROTATION AT 
BIRTH, WITH ROTATION 
FREQUENCY CLOSE TO 

KEPLERIAN FREQUENCY

HIGH CENTRIFUGAL 
FORCE
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SPINS DOWN

CENTRIFUGAL FORCE 
REDUCES, STAR BECOMES 
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2 5 ×

HYBRID STAR SPINS DOWN

THE SIZE OF QUARK CORE 
INCREASES AND NEUTRON STAR 

REMAINS STABLE ONLY IF  
 M(ω) < Mmax(ω)

HYBRID STAR (NEUTRON STAR WITH QUARK 

CORE) SPINS DOWN

IF  , 
THE NEUTRON STAR BECOMES 

UNSTABLE AND COLLAPSES INTO 
A BLACK HOLE 

M(ω) > Mmax(ω)

ω

For pure hadronic stars, we employ the DD2 EoS to describe nuclear matter. For hybrid stars, we model the deconfined quark core 
using the MIT Bag Model. The resulting hybrid EoS is assembled via a Maxwell construction, characterized by a sharp first-order 
phase transition between the low-density hadronic phase and the high-density quark phase. The left figure illustrates a hadronic 

EoS and a hybrid branch. 

Overpressure: As the core goes into the Metastable State, the central pressure ( ) rises above the threshold 
pressure ( ). We define this excess squeezing as “Overpressure”, 

 .                                                                                                                                                                                     

   Energy released: The hadronic matter present in the excess pressure zone  would act as an energy 
reservoir, which, during conversions, will power spin changes, electromagnetic and gravitational wave emission, and 

heating of the star. During the phase transition process, the baryonic mass of the star remains conserved. The 
energy budget emitted in the phase transition process is  

 

         Where  is the gravitational mass of hadronic NS and  is the gravitational mass of HS right after the transition. 
The masses and various other quantities are computed using conservation of angular momentum before and after the 

phase transition. 

P
P0

ΔP = P − P0
P0

P − P0

ΔE = (MNS
G − MHS

G ) c2

MNS
G MHS

G

Acknowledgments : This work is supported by the Pushkala & Ramani Travel Fellowship for Women Researchers at the 
International Centre for Theoretical Sciences (ICTS-TIFR).

The NS and Hybrid star (HS) sequences for DD2 EoS and DD2 
hybrid EoS is shown for keplerian and static frequency.

The evolution of central density of NSs with varying baryonic 
mass is shown for a surface magnetic field of .1012 G

Now, we show the energy released due to mini collapse of NSs as a function of overpressure in the core. For reference, we use a NS 
of baryonic mass . Phase transition is proposed to power the gravitational wave bursts as well as the sudden spin-up 

events, observed as glitches in pulsars. We combine the observations (or non-observations) from these phenomena to constrain the 
physics of phase transition.  

Glitch Data: We use observational upper bounds on pulsar glitches to limit the maximum overpressure ( ) that can 
accumulate in the core before phase transition occurs.  

Gravitational wave bursts: Using sensitivity limits from LIGO/Virgo burst searches, we place an upper bound on the maximum 
fraction of total released energy that can be converted into observable gravitational waves. 

1.5158 M⊙

ΔPmax

CONCLUSION AND FUTURE PROSPECTS
           The allowed value of  is  which indicates that phase transition may be a silent 

event.  
The size of quark core appearing after phase transition is very small (~ 10 m). 

ΔP O(10−3)

REFERENCES
Spin-down induced quark-hadronic phase transition in cold isolated neutron stars - R.Prasad, Ritam Mallick (arXiv:2207.03234)  

Energy release associated with a first-order phase transition in a rotating neutron star core - Zdunik et al. (ArXiv:astro-ph/0610188v1)  
Strong first-order phase transition in a rotating neutron star core and the associated energy release - Zdunik et al. (ArXiv:0707.3691) 

All-sky search for short gravitational wave bursts in the third Advanced LIGO and Advanced Virgo run - ArXiv:2107.03701 
The ATNF Pulsar Catalogue (R. N. Manchester et al 2005 AJ 129 1993)For more discussions and questions, email me at 
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• Opt. ⬇,  IR⬆ ⇨ the thermal emission from the dust? 

• Dark FSN: IR afterglow = the only tracer to observe BH formation in FSN 

• We need the time evolution of dust properties for the LC!
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Figure 1: The discovery location, IR brightening and disappearance of M31-2014-DS1. (a)
Optical color composite image of the discovery field taken from the PS1 survey (55). The image
triplet in the inset shows a zoom-in (marked by the yellow dashed square) observed by the NEOWISE
(18) survey in 2017 (left), 2010 (middle) and the resulting difference image (right). (b) Zoomed-in
images showing the progenitor location before and ⇡ 6 � 7 years after the the MIR brightening
peak. The top row shows optical data from HST, the middle row shows red optical light data from
HST, and the bottom row shows near-infrared data from HST and the Keck-I telescope, highlighting
the disappearance of the optical source and a very faint IR remnant. (c) The temporal evolution of
flux observed with the PTF (56), NEOWISE (18), PS1 (55), Gaia (26) and ZTF (57) surveys and
follow-up photometry from MMT. Error bars are shown at 1f confidence, and 5f upper limits are
shown as hollow symbols with downward arrows. For the Gaia photometry, we show the raw flux
in light symbols, while the dark symbols show the averaged flux around the NEOWISE observation
epochs. The left axis indicates the brightness in units of observed flux, while the right axis shows
the monochromatic luminosity (_ �_) scaled to a mean observation wavelength of 2 `m.
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Dust Formation in Failed Supernova 
Kengo Shinoda, Ryo Tazaki, Takato Tokuno, Yudai Suwa (Univ. of Tokyo)

• Candidate: M31-2014-DS1H
He Core

Fe NeutroNS

Black 
Hole

FSN
explosion↘ 
accretion↗
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• Method: the thermal evolution of ejecta -> dust nucleation & growth model  
• Result: C -> Al2O3 -> MgSiO3 & Mg2SiO4 -> Fe3O4 -> SiO2 … appeared 
• More details in Poster 32! 

Dust Formation in Failed Supernova 
Kengo Shinoda, Ryo Tazaki, Takato Tokuno, Yudai Suwa (Univ. of Tokyo)
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Early warning from Eccentric compact Binaries

GW170817 LIGO-P1700308

Isolated Dynamical

Binary formation channelMulti-messenger astronomy!!

Credit: Isobel Romero-Shaw
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Template Initialization and Sub-dominant mode effects

22 mode22+HM

Please visit Poster No. 33 for details...



PINNs methods for the study of the 
magnetosphere of compact objects : 

Preliminary results
Matteo Stockinger, Alexis Reboul-Salze, Masaru Shibata 

Short Poster Talk, 
YKIS, February 13, 2025

● Magnetospheres important for 
emissions of compact objects 

● We present a new method for the 
study of their global properties

YOSHIDA Takashi
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Preliminary results

01/10/2025 Matteo Stockinger 2

“onion code” 
F. Carroso et al. 2018

1e6 training pts, not stationary state



M1/M2 M1/R1

EoS independent EoS dependent

Λa

Λs
= 1 − q5

1 + q5 − 10C1 ( dR1
dM1 ) q4(q − 1)

(q5 + 1)2 + 𝒪(C2
1) •  

•
Λs = (Λ1 + Λ2)/2
Λa = (Λ1 − Λ2)/2

Λs = (Λ1 + Λ2)/2

What Cosmic Explorer can do?

YOSHIDA Takashi
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What Cosmic Explorer can do?



9-13, Feb. 2026, Black Holes and Neutron Stars with Multi-Messengers @ YITP, Kyoto, Japan 1

Testing a Stochastic Acceleration 
Model of Pulsar Wind Nebulae: High-

Energy Neutrino Emission

Shuta J. Tanaka
(Aoyama Gakuin University)

Hi!

Magneto-
sphere Pulsar Wind

Pulsar

Radio Pulse
Observer

e+
e+ e+

e+

e+

e+

e+

e-

e-

e-

e-

e-
e-

e-

e.g., Tanaka&Takahara13PTEP

Crab (Chandra)Crab (JWST)
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Crab (JWST)

Particles from the filaments + stochastic acceleration
↓

radio and > PeV emission + neutrinos



Optical Transient Counterpart Search for IceCube High-energy Neutrino Events
P37 Seiji Toshikage (Tohoku)

GOAL: Testing explosive transients as sources of high-energy particles
IceCube is sensitive to neutrino sources in the distant Universe (z ≦ 2)
-> requires large telescopes + heavily contaminated by unrelated SNe

Multiple neutrino detections -> nearby (z ≦ 0.2) transient source!

ν

This work: the first optical search for an IceCube multiple-neutrino event

Were there any neutrino source candidates in that direction ?

1m telescope

IceCube

ZTF serendipitously observed the same region

Triple neutrinos within 16 days!
ν

ν
IceCube 2025 

Toshikage et al. 2025

Yoshida+2022

Supernovae

Tidal disruption events

?

?



Optical Transient Counterpart Search for IceCube High-energy Neutrino Events
P37 Seiji Toshikage (Tohoku)

Follow-up for multiplets can place strong constraints on source properties

Dedicated analysis of the optical data using a blind analysis
✔ confirm that SNe or TDEs are readily detectable if they are the main source of neutrinos

No optical counterparts were identified



Gagik Tovmassian,  Ivan Mora, Juan Echevarría  – Instituto de Astronomía, UNAM, Mexico 
Diogo Belloni –  ICESUN, Yunnan Key Laboratory of Supernova Research, Yunnan Observatories, China

Evolutionary pathways of long-period cataclysmic variables: 
a bridge to AM CVn systems, Type Ia supernovae, and gravitational waves

More recent studies have shown 
that the hydrogen-rich CV channel 
can be significantly more efficient if 
angular-momentum losses are 
enhanced during thermal-timescale 
mass transfer. In particular, the 
consequential angular momentum 
loss (CARB) model proposed by 
van & Ivanova (2019) predicts 
substantially accelerated evolution, 
allowing evolved long-period CVs 
to rapidly shed their hydrogen 
envelopes and evolve into AM CVn 
systems, as illustrated in Fig. 4 of 
Belloni & Schriber (2023).

Post-common-envelope binary
White dwarf + evolved donor (A–F–G)

Long-period cataclysmic variable
Thermal-timescale mass transfer (TTMT)
Evolved K/G donor

Belloni & Schreiber (2023)
El-Badry et al. (2021)
Ge et al. (2020)

Stripped donor / transitional phase
Helium-enriched core
Detached or weakly accreting

AM CVn system
Ultra-compact binary
Helium-dominated accretion

WD–WD merger
Type Ia SN progenitor
Gravitational-wave source
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Conclusions 

Long-period cataclysmic variables provide compelling evidence that standard CV evolutionary pathways are incomplete. Systems listed here consistently require undermassive but inflated 
donor stars, whose positions on mass‒radius and HR-like diagrams can only be explained if significant nuclear evolution preceded the onset of mass transfer. The agreement between 
observed system parameters and evolutionary tracks demonstrates that these binaries evolve through non-canonical channels, often characterized by thermal-timescale or otherwise 
unstable mass transfer and, at long periods, diverging orbital evolution. 

Crucially, these systems occupy a natural evolutionary bridge between hydrogen-rich CVs and hydrogen-deficient compact binaries. As mass transfer proceeds, donors are progressively 
stripped of their hydrogen envelopes, leaving low-mass helium cores that are expected to evolve into helium white dwarfs, producing double-degenerate binaries. In this framework, some 
long-period CVs with evolved donors represent progenitors of AM CVn-like systems, linking observable present-day binaries to populations relevant for compact binary evolution.



Samantha Wu, Carnegie Observatories (with Annastasia Haynie, Tony Piro, Jim Fuller)
Multiphase shock cooling in ultra-stripped supernovae

from De et al. 2018

previous 
evolutionary 

steps….

Final supernova 
(SN):  
 
ultra-stripped SN or 
SN Ibn surrounded 
by circumstellar 
material (CSM)

CSM  to∼ 0.001 M⊙
∼ 0.1 M⊙

MESA binary models 
 final He star mass, mass loss rates for CSM 

models of SN progenitors
→

→

extended He envelope
∼ 0.4 − 1 M⊙

What do light curves of SNe from binary stripped star + CSM progenitors look like? 
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+

YOSHIDA Takashi
P39



/

50f

)
/

Good fit to observed ultra-stripped SN

Shock cooling from CSM and from 
extended helium envelope both 
contribute to early time light curve

Please come by poster 39 to learn more!

Multiphase shock cooling in ultra-stripped supernovae

2

Samantha Wu, Carnegie Observatories
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