P21: Spins of the Most Massive BBHs Observed by LIGO-Virgo-KAGRA
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Credit: LIGO-Virgo-KAGRA, arXiv: 2507.08219.
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Can we increase our confidence that these events are truly circular binaries
using multiple detections?
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i, Simulating Binary Neutron Star Mergers and

. @ﬁ@ their Multi-Messenger Signals
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Binary Neutron Star Systems
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Different Stars, Different Kicks: B gLt A o R

outhampton =~ Society

Natal Kick Segregation in High-Mass X-ray Binaries

/

Pornisara (Grace) Nuchvanichakul (U of Southampton, UK) Kicks

Collaborated with Poshak Gandhi, Christian Knigge, Yue (Cory) Zhao, and Cordelia Dashwood Brown

— High-Mass X-ray Binaries e 3

« Consistofacompact object thatis accreting
material from a massive companion

 Over 100 systems in the Milky Way

* Excellenttools for probing Galactic star formation
and accretion onto compact objects Crat RSN, con 75

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

— HMXB Subclasses

&

Credit: NASA/CXC/M. Weiss

OB Supergiant X-ray binaries (SgXRBs) Be/X-ray binaries (BeXRBs)

Credit: Walt Feimer, NASA/Goddard Space FlightCenter

ESA/Hubble

Roche-lobe overflow HMXBs
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Different Stars, Different Kicks: Board no: 25 | feeietd

Natal Kick Segregation in High-Mass X-ray Binaries Find me around during the poster session K
and pop over withyour questions! [k : e
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— Target selection Results

* X-ray binary catalogues (Neumann+23)
* Selectreliable counterparts fr—” < 20% (Bailer-Jones05)

* Usinga K-S test, we found
the two datasets are
unlikely to be drawn from

* \Verify magnitude, finding charts, offsets of coordinate o e
the same distribution

-
=

_ Statistically « approximate division
significant difference! 1
at Vpec 0f 40km's

Cumulative

Kinematics

Astrometric parameters:

* position: a,§

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

* propermotion: U, s

* parallax:

 SgXRBs favor shorter
periods and higher

+ Systemic velocity

Fractional Mass Loss

Reid+09 '
fractional mass loss
. (different evolutionary
Peculiar Velocity: Ve e o Ol P Hou v pathways)

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



F1¢2\x6¢hromatic and Delayed Gamma-ray burst afterglows

from Relativistically moving thick-shell

Kaori Obayashi et al,, in prep.

Flux density: F, [u]y]
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an achromatic peak at late times (~ 103s from the trigger time).

2026/2/10

YKIS2026



YOSHIDA Takashi
P26


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

Forward shock dynamics: I'(R)
e.g.) Yi+2013, Kusafuka+(2025a, b),
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Implication: Central engine activity time Ay /c ~ 10 X Tgo /(1 + 2)

* Tgo is prompt gamma duration. z is redshift.
2026/2/10 YKIS2026



:IllY;TP %The Reconstruction of Equation of State From P27
Neutron Star Observables By N. K. Patra (CUHKSZ,China)

1'! u § YUKAWAINSTITUTE FOR
) d i1 THEORETICAL PHYSICS

-gadrvonlcI
-Quarkonic (.
-Dark Matter — Star \ e .
-or any other?? -Non-RMF
-Polytropic



YOSHIDA Takashi
P27


Some Important Results

Please visit : Phys.Lett.B 865 (2025) 139470 [arXiv: 2502.20226]
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GWs from Strongly Magnetized Eccentric Neutron Star Binaries P28

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

W hifting f f 6 . . Magnetic Effects:
Ve are shi .tmg rom an era of first discoveries to Magnetic Interaction + EM Emission
high-precision astronomy.

L] ET/CE: fstart = 5Hz to fopg = fisco

e DECIGO: fitarr = 10~ Hz to fupg = 10Hz % ? % 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
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Modeling the late spectra of energetic supernovae
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Modeling the late spectra of energetic supernovae

Q\\ Glacomo Ricigliano, Kenta Hotokezaka, Almudena Arcones TECHNISCHE
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e Target questions: — iyt Rt
How much can 1008 N "7 Compton it

Could the presence of heavy elements

from r-process be detected in the SN
nebular phase?
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GRB X-ray plateaus from stratified ultra-relativistic outflows
Gilad Sadeh — Kenta Hotokezaka — Masaru Shibata , Poster #30

MAX PLANCK INSTITUTE
FOR GRAVITATIONAL PHYSICS

(Albert Einstein Institute)

Hydrodynamics: ultra-relativistic (y 2 100) outflows associated with the prompt ~-ray emission are
expected to have a continuous distribution of Lorentz factors, M(> ) o< v~*, within the ejecta.
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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

MAX PLANCK INSTITUTE
FOR GRAVITATIONAL PHYSICS
(Albert Einstein Institute) (

Synchrotron emission: relativistic electrons in the shocked regions emit radiation F, o< t—%p =8 | ’

Representative broadband synchrotron spectra at t ~ 1 hr for fiducial parameters.
!

v, ‘
The forward shock The reverse shock
naturally produces a 102 1 generates a long-lived
shallow, long-lasting millimeter emission
X-ray decay consistent | component that out-
with the observed 2 o —Forward shock ] shines the forward
. = 10 —Reverse shock 9--q
properties of X-ray = shock emission at
plateaus, F, o t—0° these wavelengths,
f — r
for v > ve. After 102 5 v = v After the
the crossing time, g & o crossing time, the mm
typical F, o t~ 12 is = % z emission will terminate
expected. L= ST x smoothly.
1010 1018
v [Hz]

No need to invoke a long-lived central engine, an energetic low « outflow, or a fine-tuned viewing angle.

YKIS2026a
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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

CHECK OUT MY POSTER!!

POSTER NO. 31

CENTRIFUGAL FORCE
REDUCES, STAR BECOMES
MORE COMPACT

RAPID ROTATION AT
BIRTH, WITH ROTATION
FREQUENCY CLOSE TO

KEPLERIAN FREQUENCY

e\
NEUTRON STAR
SPINS DOWN

CEM/M[ s
§p0435%;5 ;l//gis
HIGH CENTRIFUGAL

FORCE PRESSURE AND DENSITY
IN THE CORE INCREASE

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.

FIRST-ORDER PHASE TRANSITION

Afirst-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 P . The hadronic phase survives at pressures
higher than P, creating a metastable core that is energetically trapped until a nucleation threshold is reached.

Evolution of Neutron star’s core
p Stable State (P < P;): The neutron star is a pure hadronic star.

p Metastable State (P) < P < P,,;): The star enters the metastable state. It remains structurally stable despite
exceeding the transition pressure. At P = P, > P, droplets of the quark matter begin to form at the center.

P Micro-Collapse (P =P, > P,m,): The hadronic phase becomes unstable and converts into quark phase without
delay.

NORMAL STATE METASTABLE STATE SUPERDENSE STATE
(P<PO) (P0<P<Pcrit) (Pzpcrit)

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.

e35

»

A HADRONIC EOS
= HYBRID EOS

X

=== Hadronic EOS (Hadronic core)
=== Hybrid EOS (Quark core)
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NS AND HS SEQUENCES

Magnetic Field B = 10*2G

=== Static (Hadronic)
m— Static (Hybrid)
Kepler (Hadronic)
= Kepler (Hybrid)

Gravitational Mass Mg [My]
Central density p. [g/cm?]

0.25 050 0.75 1.00 125 150 175 2.00 102 10! 100 10! 102
Central Density p. [g/cm?] Lot Time (years)
The NS and Hybrid star (HS) sequences for DD2 EoS and DD2 The evolution of central density of NSs with varying baryonic
hybrid EoS is shown for keplerian and static frequency. mass is shown for a surface magnetic field of 10" G.

This work is supported by the Pushkala & Ramani Travel Fellowship for Women Researchers at the
International Centre for Theoretical Sciences (ICTS-TIFR).
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THE SIZE OF QUARK CORE
INCREASES AND NEUTRON STAR
REMAINS STABLE ONLY IF
M(w) < M,,, (o)

F M(@) > My, (@),
THE NEUTRON STAR BECOMES
> UNSTABLE AND COLLAPSES INTO
A BLACK HOLE

HYBRID STAR SPINS DOWN

ENERGY RELEASED AND CONSTRAINTS

P> Overpressure: As the core goes into the Metastable State, the central pressure (P) rises above the threshold

pressure (Pg). We define this excess squeezing as “Overpressure”,
P—P,
= ik

AP

4 Energy released: The hadronic matter present in the excess pressure zone P — P, 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

AE = (MYS — M%) ¢?

Where M(A;/S is the gravitational mass of hadronic NS and Mgs 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.

Baryonic Mass = 1.52 M, (AP =0.2)
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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 1.5158 M. 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.
p Glitch Data: We use observational upper bounds on pulsar glitches to limit the maximum overpressure (AP, .
accumulate in the core before phase transition occurs.
P> 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.

) that can

Baryonic mass = 1.5185 M, Baryonic mass = 1.5185 M,
107° 101
Fraction of energy available for GW
BPmax: Upper bound on AP (Glitch)
Allowed 4P values
b Overall allowed sample space
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)
\\
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S B gl 10 2> ’82(
X K X Olg ~
T X 3 i
Y 10-8 XN X X HIH / ~
s X X 2[e S X
= X 5> 2 7 X N X
> - 3|13 10 s X
) ’X £|e X x \xx >?§<
g 10°° - E|o X X
: PP % 55 % S
-7 X 2 X P
r gl 1073 X
10»10 L)
10-11 X Binding energy 1074 @
DPpyax - Upper bound on AP using glitch ~ 3 x 1073
Allowed AP values
@ Energy at APy = 19.13x10710 (Mo c?)
=12 —
10770 102 101 1070 02 0
Overpressure AP Overpressure AP
P The allowed value of AP is O(10~3) which indicates that phase transition may be a silent
event.
b The size of quark core appearing after phase transition is very small (~ 10 m).
1 Spin-down induced quark-hadronic phase transition in cold isolated neutron stars - R.Prasad, Ritam Mallick (arXiv:2207.03234)
B> Energy release associated with a first-order phase transition in a rotating neutron star core - Zdunik et al. (ArXiv:astro-ph/0610188v1)
B> Strong first-order phase transition in a rotating neutron star core and the associated energy release - Zdunik et al. (ArXiv:0707.3691)
B All-sky search for short gravitational wave bursts in the third Advanced LIGO and Advanced Virgo run - ArXiv:2107.03701
B The ATNF Pulsar Catalogue (R. N. Manchester et al 2005 AJ 129 1993)

Baokground inage credi - Stock,



Dust Formation in Failed Supernova

Kengo Shinoda, Ryo Tazaki, Takato Tokuno, Yudai Suwa (Univ. of Tokyo)
. Candidate: M31-2014-DS]1
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. Opt. ¥, IRT = 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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Dust Formation in Failed Supernova

Kengo Shinoda, Ryo Tazaki, Takato Tokuno, Yudai Suwa (Univ. of Tokyo)
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. Method: the thermal evolution of ejecta -> dust nucleation & growth model
. Result: C -> Al203 -> MgSi0O3 & Mg2Si104 -> Fe3z04 -> SIO2 - appeared

. More details in Poster 32!
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Early warning from Eccentric compact Binaries

Multi-messenger astronomy! | IS Binary formation channel .

Y Lighteurve from Fermi/GBM (10 — 50 keV)

“\'_.’,'I/ ] "/," | Q-.\\\\
iy ; Isolated 5 Dynamlcal O

q O
/," Q O

50 - Lightcurve from Fermi/GBM (50 — 300 keV)

Credit: Isobel Romero-Sha

Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)
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late Initialization and Sub-dominant mode effects

Instantaneous

—_— ~1aatr $00000000000000 P
| Periastron *oe,, Orbit-avg
) i
1041 . 0. Periastron
8;0 * =

— Orbit-averaged
S

2102

10!

—120 —100 —80 —60
Time [s]

o
'S

Sky area Q [sq. deg.]
[y
o
w

t 2mpo

-125 -100  ~ve o0 Please visit Poster No. 33 for details...




P34 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

MAX PLANCK INSTITUTE ﬁ
FOR GRAVITATIONAL PHYSICS
(ALBERT EINSTEIN INSTITUTE)
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Preliminary results
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What Cosmic Explorer can do?

MIMo)

2. 1.631.5 1.37 1.25
o | 7

lllllllllllllllll

As

A, = (A + A2
A, = (A — A2

b d
EoS independent EoS dependent
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What Cosmic Explorer can do?
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ting a Stochastic Acceleration

of Pulsar Wind Nebulae: High
FEIE -nergy Neutrino Emission

Crab (Chandra)

Magneto-
sphere :Pulsar Wind
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§ e.g., Tanaka&Takaharal3PTEP
Q i‘r“;l?,i Shuta J. Tanaka
\."1‘;:@ (Aoyama Gakuin University)
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Optical Transient Counterpart Search for IceCube High-energy Neutrino Events

GOAL: Testing explosive transients as sources of high-energy particles
lceCube 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!

This work: the first optical search for an IceCube multiple-neutrino event
IceCube T r—————,;e,

N 1 11111111

T — Triple neutrinos within 16 days!

W

(VR

1m telescope

- Tidal disruption events "

ZTF serendipitously observed the same region

Were there any neutrino source candidates in that direction ?



Optical Transient Counterpart Search for IceCube High-energy Neutrino Events

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

No optical counterparts were identified

Tidal disruption events (TDEs) case

1045_
N ‘ O
18 s o TDEs
D 1044, 2
519 e
= . -
£ -, e 2
2 ol S ZTF obs. | O
S e i g ¥ ¥~500 nm | = 1043
21 l v~650 nm | E
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e -
27 \\\'
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l 1 e 1042 Sk . S et a0
L B P R e CUB . Y . 1 2
e ST B YR N MR T B L) 10 10
Days from the 1st neutrino detection Timescale of luminosity evolution (days)

Follow-up for multiplets can place strong constraints on source properties
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Evolutionary pathways of long-period cataclysmic variables:
a bridge to AM CVn systems, Type Ia supernovae, and gravitational waves

Gagik Tovmassian, Ivan Mora, Juan Echevarria — Instituto de Astronomia, UNAM, Mexico
Diogo Belloni — ICESUN, Yunnan Key Laboratory of Supernova Research, Yunnan Observatories, China

Period Distribution of AM CVn Stars

[ Entire Set
i} [ <0.4 My donors
@ >0.7 My donors
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BC"OI'Ii, D. and SChlBibCI’, M.R.:: A&KA 678, A34 (2023) Post-common-envelope binary

White dwarf + evolved donor (A-F-G)

More recent studies have shown
that the hyd rogen'”Ch CV Cha n nel B \initial post-CE _ " & CVs with evolved donors

WD 0.8 M. = i - "/
o e[ o o o . 3 — ransitional CVs
can be significantly more efficient if 50| nitialpost-CE _ 1 1 £ 23&'{;“‘

donor
wee AM CVn binaries

I I [ T I

|
v
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)

angular-momentum losses are
enhanced during thermal-timescale
mass transfer. In particular, the

M.

donor radius ( Re

donor mass (

consequential angular momentum
loss (CARB) model proposed by i
van & Ivanova (2019) predicts L | | 1

10 2030 50 100 200 400 S00 0.01 002 005 0.10 020 050 1.00
substa nt|a||y accelerated evolution, orbital period ( minutes ) donor mass ( Mg )

. . Fig. 4. Convergent CV evolution when the CARB model for magnetic braking is adopted for different initial post-CE binaries. The colour represents AM CVn system
a | | owin g evo |Ved | on g = pe rl Od CVS the log-scaled surface hydrogen abundance of the donor. Systems can be considered as AM CVn binaries if they reach shades of blue. Related g:ﬁmﬁﬁ;gdagcuenon
. . objects, that is, CVs, transitional CVs, and He CVs are indicated by shades of other colours. While the assumed initial post-CE orbital periods
to ra p | d |y S h ed th elr hyd rog en cover values from 1.98 to 3.00d, we fixed the initial post-CE white dwarf mass to 0.8 M, and the initial post-CE companion mass to 1.1 M.
The evolution of the surface hydrogen abundance is strongly dependent on the mass of the helium core at the onset of mass transfer: the more
g massive the helium core, the lower the surface hydrogen abundance at a given orbital period during post-orbital-period-minimum evolution. CVs
enve | O p €S an d evo | Ve In to A M CV n with donors having initially less massive helium t):,ores bounce at longer orbital pen'ods,‘;:ading to mo?e massive anpg larger donors during AM CVn
o o 5 binary evolution. Along with the evolutionary tracks we included the following observed systems: CVs harbouring nuclear evolved donors (red
SySte m S, as | | | ust I’ated N FI g ) 4 Of diamonds), transitional CV's (cyan circles), He CVs (magenta squares), and AM CVn binaries (yellow stars), as described in Sect. 2.4. Except for
AM CVn itself, the one with largest donor mass among AM CVn binaries, the characteristics of all AM CVn binaries can be explained by the CV WD-WD merger

Type la SN progenitor

1 1 channel, which means that the lack of hydrogen lines in the optical spectra of AM CVn binaries cannot be easily used as an argument against the Gravitational-
B € | | onl & S Ch Il be r (2 02 3 ) CV formation channel. See Sect. 4.1 for more details. ravialionarwave source

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

= surface hydrogen abundance: log,,(H)
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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.
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Multiphase shock cooling in ultra-stripped supernovae

Samantha Wu, Carnegie Observatories (with Annastasia Haynie, Tony Piro, Jim Fuller)

O | — previous
evolutionary

. steps.... MESA binary models
He star - NS binary :
— final He star mass, mass loss rates for CSM
l Final supernova —models of SN progenitors
(SN):
. \/ = O © — Y _ extended He envelope
/ T\ ultra-stripped SN or 04 —1M
SN Ibn surrounded : < 0001 M
' CSM ~ 0. to
He star (stable/unstable) Stripped He star + NS by Clrgumstellar ©
RLO. Most He is ejected Intense mass loss leads material (CSM) ~ 0.1 M,
from the system to expanding envelope.

from De et al. 2018

What do light curves of SNe from binary stripped star + CSM progenitors look like?
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Luminosity (erg/s)

Multiphase shock cooling in ultra-stripped supernovae

Samantha Wu, Carnegie Observatories
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