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Abstract: Binary neutron star mergers (NSMs) are widely considered r-process nucleosynthesis sites, as suggested by infrared observations of kilonovae and by 
the gravitational-wave event. Unstable heavy nuclei produced via the r-process later decay, emitting nuclear gamma rays along with internal conversion X-rays. 
The flux of a single merger is far below the sensitivity of existing observatories. Detectability, however, becomes plausible if we focus on emission from r-process 
nuclei with Myr-scale decay times synthesized in multiple NSMs (like in globular clusters or the nuclear stellar cluster) , tracing the integrated merger history 
over their decay time. In this presentation, we introduce an astronomical survey strategy using the recent high resolution X-ray observatory XRISM.

1. Where is r-process nucleosynthesis site?
Neutron rich environment in the universe

• Birth of neutron stars (NS):  core-collapse supernovae
• Death of neutron stars: binary NS mergers (NSMs)

    -- NSMs represents lower 𝒀𝒀𝒆𝒆environment than SNe
   (Lattimer & Schramm 1974, Metzger et al. 2010, Wanajo et al. 2011)

We focus on NSMs as r-process site / kilonova
• Observational hint of r-process nucleosynthesis in IR

GRB130603B (Tanvir et al. 2013) , GW170817 (Villar et al. 2017)

Our Science Goal: 
Search for direct emission from unstable r-process nuclei 
in X-ray to Gamma-ray bands.

2. Can we search for r-process gamma-rays?
Gamma-ray Sensitivities        Expected flux from NSMs

 
Under the sensitivity of current/future missions.  .

3. What information can we obtain using r-process gamma-rays from Galactic NSM Remnants?   
Idea)  Search for long-lifetime r-process nuclei of NSM remnants in our Galaxy. (Wu et al. 2019, Wang et al. 2020, Terada et al. 2022)

Estimation of gamma-rays from Galactic NSM Remnants (Terada et al. 2022)   Time evolution of gamma lines    Gamma-ray line diagnostics of 𝒀𝒀𝐞𝐞

4. How can we search for r-process signals using astrophysical missions?

5. High-resolution X-ray spectral search with XRISM
XRISM (2023-)

Instruments:
 Resolve & Xtend

6. Which object should we search? 
XRISM :  Pointing observatory  (not suitable for wide area survey)     
  we should define the target position.

• Pilot survey in Galactic plane with INTEGRAL in MeV

        no candidates found.
• Idea) Targeting old system hosting multiple NSMs

Globular clusters : ~160 objects  Nuclear stellar cluster (single object)     
(105−6 stars, 103 BHs, 103 NSs, 104 WDs)  (107 stars, 104 BHs, 103−4 NSs)

SN1987A NSM

Hotokezaka et al 2016Takahashi et al 2014
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Nuclear gamma lines provides the age and 𝒀𝒀𝐞𝐞,
if we can measure gamma-ray spectra.

Gamma-ray band  (0.5-5 MeV)
• Limited sensitivity in principle of detection
• Future missions may probe 100 -1000 

years old NSM remnants.
• We expect COSI (2027-) for detection.

Hard X-ray band (10-70 keV)
• Higher sensitivity with focusing optics.
• NuSTAR is active but below the sensitivity.
• HEX-P (US) and FORCE (Japan) could 

potentially detect signals.(Stephen et al 23, 

Mori et al. 23), but neither mission has been 
approved.

Soft X-ray band (2-10 keV)
• No gamma-ray lines 
 Targeting internal conversion X-rays

• AXIS (US) survey could potentially identify
signals (Koss et al 2025) but not approved.

• XRISM (Japan/US) is currently active
and the strongest option at present (Tashiro et al 2026).

outer-shell e-

vacancy

electron emission 
accompanying decay

nucleus

Internal conv. X-rays

Parameters Resolve Xtend

X-ray Mirrors Conically approximated Wolter I optics 
(203 nested shells)

Focal Length 5.6 m

Angular Resolution 1.3 arcmin (HPD) 1.4 arcmin (HPD)

Detector Technology X-ray micro calorimeter X-ray CCD

Effective Area 180 cm2 @ 6 keV 310 cm2 @ 6 keV

Field of View 3.1 × 3.1 arcmin2 𝟑𝟑𝟑𝟑. 𝟓𝟓 × 𝟑𝟑𝟑𝟑. 𝟓𝟓 arcmin2 

Energy Range 0.3 (1.7) – 12 keV 0.4 – 13 keV

Absolute Energy 
Scale

≤ 1 eV (1.7-12 keV)
≤ 0.3 eV (5.4-9 keV)

-

Energy Resolution
𝟒𝟒. 𝟓𝟓 eV FWHM 
@6 keV (H)

180 eV @ 6 keV, EOL

Non-X-ray 
Background 7 × 10−4 c/s/keV/array 

≤ 1 ×  10−6
c/s/keV/arcmin2/cm2 

in 5-12 keV 

Time resolution 5 μs (M/M), 80 μs (L)
4 s (full window) , 

0.5 s (1/8 window)

Timing Accuracy ≤ 1 ms (absolute) -

Micro-calorimeter
 Energy determination
 by phonon

High resolution spectroscopy in 2-10 keV  best instrument for IC X-ray search.

IC X-rays exp. from NSM Remnants
Koss et al 2025

If you have comments/questions, please contact us, terada@mail.saitama-u.ac.jp

20 – 200 keV continuum vs long-lifetime γ lines(243Am, 126Sn, 239Np, 214Pb, 214Bi)
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Feasibility / rough estimation
 Target Selection of Globular Clusters

• NS  millisecond pulsar(MSP), LMXB  NSMs
• Number of MSP(𝑁𝑁MSP): ∝ Gamma-ray flux

• Number of NSMs (𝑁𝑁NSM) :  no detail estimation
if we adopt evolutional simulation for Open cluster,

                ~10 − 100? 

 Optimistic XRISM spectral estimation

  3𝜎𝜎 detection with 250 ks exposure
  (limiting 𝑁𝑁NSM for NSM evolution)

 NSC could be more promising, as 
gravitationally confined obj. by SMBH.

We continue target selection & feasibility studies for XRISM observation. 
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