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Pair-annihilation line from giant flares
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Introduction




Magnetar diverse bursting activities
Giant flares ~Fast radio bursts
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Giant flar
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- Luminous X-ray bursts: L c. ~ 10**-10*" ergs™*
- Hard spike + Pulsating tail
~ . -3 Galactic events so far _
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Glant Flare: Spike & Tail

Initial spike due to Doppler shift
Eobs =1 x E'

% ~ 100 keV - Hard X-ray emission

- Pulsating tail from
trapped fireball

Pulsating tall

Thompson & Duncan 1995, 1996
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Plasma outflow from initial spike

Radiative acceleration

~ 100 keV
Spike of the plasma outtlow

B Afterglow!!
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Giant flares: Baryon loading
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Radio afterglow of giant tlares
Nakar12005  Kijnetic_energy of outflow > 3x10%3 erg



Giant flares: Baryon-ejection
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Hydrodynamic simulation also suggest
baryon loading in the giant flare.
(possible r-process elements)

Cehula+2023,
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Connection to FRBs
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Baryon loading in magnetar bursts

—FRB .
~/ Fast Radio Bursts?

Giant Flares
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MeV line emission

Wada & Kimura 2026
arXiv:2601.00666

Measuring baryonic component
using MeV gamma-ray from giant flares



MeV line: Pair annihilation
V
+ \ Qo

c.f. for GRB case

Pe’er & Waxman 2004,
Pe’er+2006, Ioka+2007
Murase & Ioka 2007,
Salafia’s talk
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MeV line: Pair annihilation
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c.f. for GRB case
Pe’er & Waxman 2004,
Pe’er+2006, Ioka+2007
Murase & Ioka 2007,
Salafia’s talk




MeV line: Pair annihilation
'~ 10 \
+ + +

MeV photon

E . =T X m.c
~ 10 MeV

c.f. for GRB case
Pe’er & Waxman 2004,

In Galactic magnetar giant flare,  peer+2006, foka+2007

oy o . . . Murase & Ioka 2007,
annihilation line is expected. Salafin's talk
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1D radiation transfer simulation

- Background plasma protfile
T =TyF, T=Ty !, pP=pef

2 T 3 /2
n, = — £+ |-F 5 4( e ) g—2mec®/T
2m,,  4m, 27 h? _
- Radiation is solved by Radiation transfer
Monte Carlo method. Photon
distribution
- Pair annihilation is Optical depth

incorporated iteratively.
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Wada & Kimura (2025)
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Note: Timescales
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High-latitude emissions are observed simultaneously
= No evolution in giant flares.



Wada & Kimura (2025)

Timescales and spectrum
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—— comoving (only shape)
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=
High-latitude emissions are observed simultaneously

= No evolution in giant flares.
= Power-low spectrum F,_ « &2
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Result: MeV line spectrum
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Dependence on the barvon loadlng
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MeV X-ray from magnetar giant flares
= Measurement on baryons



MeV line: Adiabatic cooling

- ~ 20 keV
+ +

Scattering
2> el

Due to the adiabatic cooling,
MeV photons are cooled in baryon-rich fireball.




Future observatlons

10!
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e-ASTROGAM, GRAMS, AMEGO-X, fermi/LAT

© " NASA/ESA/JAXA



Summary

MeV line from giant flare is observable in
future observations (e-ASTROGAM, GRAMS,
AMEGO-X).

O(100) photons are expected at ~10 MeV.

MeV line is an independent method to
measure the baryons loading.

Thanks for taking the time



On a related note---

Polarization

Wada 2025

Measuring baryonic component
using X-ray polarization



pte” plasma + Vacuum polarization

Normal modes: Left/Right
Ellipticity depends on plasma density

B
high density / / / low density

k |
X-mode O-mode
e.g., Gnedin+1978, Elhpthlty Ky =08++B?*+R

Pavlov&Shibanov1979, ) )
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Polarization of trapped fireball -
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X-ray polarization i is determined by the baryon
=2 Baryon measurement,
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Polarization-baryon map
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X-ray polarization -> Baryon loadlng on flreball
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Future observation =5 |
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Future observation
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Summary

New insight on magnetar bursts will be
introduced by MeV emission (e-ASTROGAM,
GRAMS, AMEGO-X) and X-ray polarization
(IXPE, POLAR, POLAR-2, eXTP).

Polarization of short bursts
-> Fireball model/ FRB emission

MeV component of giant flares
-> Consistency with radio afterglow



