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Required Nuclear Data for Nucleosynthesis (r-Process)
◎ Masses：
- Determine the r-process path, global 
structure

◎ Beta-decays: 
 Half-lives：
- Speed of producing heavy elements

 Beta-delayed neutron emissions：
- Determine the fine structure of 
r-elements
- Recapture of neutrons

◎ Nuclear reactions → Masses
- Determine the r-process path

◎Fission recycling：
- Production of heavy elements

◎Equation of State：
- Explosive conditions of NS-NS, SN

Extreme Environments Achieved 

Several Thousands of RI to be measured..

T. Kawano et al. PRC 78, 054601
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RIBF Experiments (Decay, Mass, Reaction)

RIBF Layout
238U beam
345 MeV/u, 90 pnA

CNS-OEDO/SHARAQ, R3
   (d,p) reactions
   Mass

ZeroDegree Program
Decay
Mass 
In-beam
Interaction cross-section

KEK-KISS Spectrometer
Decay
Mass

GARIS-II
  Decay
  Mass



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS

A. Morales’s talk

R. Yokoyama’s talk

G.S. Li’s talk

Z.H. Li’s talk



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS( 2009 )



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS( 2012-2016 )



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS
BRIKEN ( 2017 - 2021 )

AIDA



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS

DTAS

AIDA
→ WAS3ABi



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS

DEGAS
ASGARD
IMP Clovers



[60x40] x 8 + Plastic scintillator

Nitrogen air cooling ~ 10 degree.
Air cooling ~ 15 degree

[60x40] x 3 + SSD x 10

WAS3ABi Configuration for EURICA, BRIKEN, DTAS

[128x128]  （York Univ.)

[60x40] x 4 + Plastic scintillator x 2

BRIKEN 2017 ... [16x16] x 4 BRIKEN 2021 ... [32x32] x 4 DTAS 2024 ... [64x64] x 2 (IFIC)



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS
( 2009/2010 )

CAITEN



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS

LaBr3(Ce) detectors

GARi 2x2



Status and Future (RIBF ZeroDegree Spectrometer) 

2010                                     2015                                          2020                                  2025                                       2030 

Startup
EURICA

BRIKEN

DTAS

IDATEN

C2URIE

ZD-MRTOF ZD-ADS
TOFU ( 2024 -  )

GARi 2x3



Comparison of RIBF and HIAF

 - RI Production Yield

 - Particle Identification beyond A>200



Power of RI Production

FRIB
GSI FAIR

HIAF:   ~ 800 MeV/u

RIBF: ~ 345 MeV/u

RIBF - HIAF: Equivalent production yield with thicker target (Wang He’s talk) 



- 140 3He tubes (BELEN + 3HEN  + RIKEN)
- beta counters (AIDA, WAS3ABi, YSO)
- Two Clover Ge detectors

T.T. Yeung

BRIKEN (A = 86 - 126 Region)



Decay Properties Surveyed

1EURICA + BRIKEN                             

81 (+11)

23 (+13)

166 (+6)

107 (+26)

Decay Data (T1/2, Pxn) ...   More than 200 Isotopes expected from BRIKEN



Decay Spectroscopy toward Heavy RI
208Pb

Hamamatsu Si detectors
  600um x 4 layers

Particle Identification
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202Os ... 2.4 k events / week
201Re ... 380 events / week
200W ... 3 events / week

FRIB PRL 132, 072501 (2024)

〜 100 New -Decay Half-Lives
〜 40 New Isotopes 
New Isomer Search

LISE++ Calc. Optimized

Lower Prod. Yield  (N. Fukuda)
 1/10 - 1/100 of LISE++

To Be Proposed with C2URIE



RIKEN GSI

R. Caballero-Folch et al.
 (2016)

RIKEN GSI

FWHM in A/Q 0.11 - 0.21 % 0.25 %

FWHM in Z 0.57 - 0.71 % /

(Pb-Bi) 0.57 - 0.61 % ≲ 0.6 % 

Particle Identification: A>200 

Z

A/Q

BRIKEN 2021

Can we measure Total E in Beta Counting System!?
  (Additional Information for PID) Higher energy: More contaminants in the 

reaction of RI in degrader 



Particle Identification
Detector Developments

Timing resolution: 6.8 ps (2003)

Current BigRIPS is not using fast PMTs (~ 50ps?)



Dynamic Range： 〜 5 GeV

Size： 50 x 50mm2, 1mm thickness
Demonstration of energy reconstruction for 
all the strips and layers (BRIKEN 2017)

Heavy Ion

Micron W1 
Energy resolution：σ = 0.21 % 

Energy Loss in Beta Counter for Particle Identification

High gain  ~6 MeV
Low gain   ~4GeV

Dual-gain readout works well !
   → Useful to remove RI contaminants 
        with different charge states.

https://ribf.riken.jp/~nishimu/images/WAS3ABi_large.png


Dual preamplifier system for low/high gain.
 →   High gain only (EURICA)

Trigger by leading edge discriminators
 after shaping amplifiers (N568B)

Dead time ... 0.2 msec for beta
   ... 0.5 – 0.7 msec for ion 

Readout system (2009 – 2015)

Only beta branch (high gain)
for EURICA



Timing information is used for reconstruction 
of RI position. (Time walk eff.) 

Energy loss of RI in 1mm Si: ~ 1GeV ~ 20 GeV

Reconstruction of RI (Position)

Faster timing 
for large energy

Leading edge discriminator 
 for beta trigger



Upgrade of readout system with Flash ADCs (2017 – Present)

V.H. Phong



Demonstration: Reconstruction of Implantation Energy 
using waveform of high-gain beta branch

BRIKEN 2021 FA
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Slope analysis using two points of waveform

BRIKEN 2021

Energy Loss in Beta Counter for Particle Identification

120pF



Energy threshold, resolution, and calibration for beta
EURICA

E threshold

             < 20 keV 

59.5keV

X-ray

13.9keV

Bench test 



Recovery Time after Implantation

Decay Experiment (2012 – Present)
Recovery time ~ 0.5 msec with 
small feedback resistance 1 MΩ.

Decay Experiment (2009)
 Recovery time = 〜 7 msec

Overflow of shaping amplifier (N568B)

Several options of faster recovery 
  below 0.1 msec  (to be tested)
 → pole-zero adjustment 
 → Reduction of gain
 → Thinner DSSD (0.6 mm)
 → Mesytec logarithmic amp

Critical for short-lived isotopes (exotic)



Energy Resolution & Recovery Time
 ⇒   Identification of Conversion Electrons

H.Watanabe et al. 
Phys. Rev. Lett. 113 (2014)

T.T. Yeung, A.I. Morales et al., 
PRL 133, 072501 (2024)  (BRIKEN 2021)

J.Taprogge, A.Jungclaus et al. 
Phys. Lett. B 738 (2014) 223. H.Watanabe et al. 

Phys. Rev. Lett. 113
042502 (2014)



Energy Threshold

Silicon detector WAS3ABi ... 20 keV 〜 40 keV depend on adjustment
 ✓ Silicon detector: Micron (BRIKEN, DTAS), Camberra (EURICA)
 ✓ Trigger after shaping amplifier ( shaping time : 0.2 – 3 μsec)
  - Not sensitive to high frequency noise

 - Slow time response 
  → Position of RI using timing information

Scintillation detector CAITEN, GARi, MACi ... 〜 20 keV
 ✓ Scintillator (EJ228, EJ200) & Flat-panel PMT (H8500, H12700A)
 ✓ Trigger after fast amplifier of dynode signal



● For short life-times a LaBr3 array

for fast timing has been installed to

complement the HPGe detectors
    

104ZrDecay spectrum
 of 140keV γ-ray

18 detectors
φ1.5” x 2”

Beta-decay of 104Y → 104Zr 

2+

104Y beta-decay is used as start.

F.B
row

n
e

EURICA with LaBr3(Ce) detectors: WAS3ABi + Plastic Scintillators 

Fast timing detector (LaBr3 )
(Surrey and Brighton)



Eur. Phys. J. A (2015) 51

Symbiotic decay experiment with in-beam gamma (2010)

Beta Counting System CAITEN 
High Rate RI

➔ Simplified for Fast Timing Decay Spectroscopy



Neutron Time-Of-Fligt Detectors: TOFU
PMT： H11934-200
Plastic scintillator：EJ200 

PMT： H12700A x 6 
Plastic scintillator：EJ228 
       100 x 150 mm2

 Pixel size： 1.5x1.5mm2

Position Sensitive Beta Counter：GARi 2x3

Simplified Version of CAITEN : No Rotation / Compact 

Q. Zeng@IMP



Decay & Mass Measurements (2024 -  )

Submitted to PRL



PMTs & Charge-divider used for CAITEN (H8500B)

KHALA Ball (Korea) 
+ LBC/LaBr3 (RIKEN)

Passive stopper

2mm width

2mmt

PMT or MPPC

Beam

Absorption of 
gamma-rays in the PMTs..

KHALA Ball (Korea) 
+ FATIMA (UK)

Simplified Version of CAITEN : No Rotation / Compact 

MACi Detector
(to be developed)



Decay & Mass

Maximizing Beam Time



Required Nuclear Data for Nucleosynthesis (r-Process)
◎ Masses：
- Determine the r-process path, global 
structure

◎ Beta-decays: 
 Half-lives：
- Speed of producing heavy elements

 Beta-delayed neutron emissions：
- Determine the fine structure of 
r-elements
- Recapture of neutrons

◎ Nuclear reactions → Masses
- Determine the r-process path

◎Fission recycling：
- Production of heavy elements

◎Equation of State：
- Explosive conditions of NS-NS, SN

Extreme Environments Achieved 

Several Thousands of RI to be measured..

T. Kawano et al. PRC 78, 054601



Project III: Mass & Decay Spectroscopy

Beam

LaBr3(Ce) detectors 
for fast timing γ-ray

Gas-Cell & MRTOF
for mass measurement 

Beta-counter, Clover Ge detectors, 
neutron TOF detector (TOFU)
for beta-decay spectroscopy 

neutron detectors (TOFU)

Beam

MRTOF

Beta-counter 
for mass (isomer) gated 
decay spectroscopy

n

γ

γ

Decay #3 
Exotic RI

Decay #2 : 
Mass & Decay 

Decay #1 
High-rate RI

RI production (example)



Project III: Mass & Decay Spectroscopy: Decay #1

Beam

LaBr3(Ce) detectors 
for fast timing γ-ray

Beam
γ

Decay #1 
High-rate RI

Testing KHALA 
DAQ (2024 Dec.) 

LaBr3(Ce) detectors 
Peking Group 
(2025 May, June)

Additional Degrader 
for MRTOF



Beta-counter, Clover Ge detectors, 
neutron TOF detector (TOFU)
for beta-decay spectroscopy 

neutron detectors (TOFU)

n

γ

Decay #3 
Exotic RI

Project III: Mass & Decay Spectroscopy: Decay #3

Beam
Beta hit pattern (90Sr source)

γ-ray detectors
- KHALA 
- Clover Ge  

Clover Gdetectors 
Peking Group 



Mass & Decay Measurements (Approved)

Parasitic Mode with 

       - new isotope search
       - in-beam gamma
       - interaction cross-section

Maximizing the Physics Outputs

Project III: Mass & Decay Spectroscopy



Tagged Isomer: Decay Spectroscopy

Camberra 
PIPS



Role of Isomers in Nucleosynthesis

Mass Gated Decay Spectroscopy using 
MRTOF



Possible Experiments at HIAF

- Beam Production with different primary beam

- Detectors for low energy reactions, fission

- High Density Nuclear Matter



Beam Production with Different Primary Beam

170Er 
GSI

Rare-Earth Region

Rare-Earth Region



Required Nuclear Data for Nucleosynthesis (r-Process)
◎ Masses：
- Determine the r-process path, global 
structure

◎ Beta-decays: 
 Half-lives：
- Speed of producing heavy elements

 Beta-delayed neutron emissions：
- Determine the fine structure of 
r-elements
- Recapture of neutrons

◎ Nuclear reactions → Masses
- Determine the r-process path

◎Fission recycling：
- Production of heavy elements

◎Equation of State：
- Explosive conditions of NS-NS, SNz



Signatures of Quark-Hadron Phase Transition in Neutron-Star Mergers

Credit: Univ. Warwick/Mark Galick (ESO Image)

Image of Binary Neutron Star Merger

Nobuya Nishimurar-process nucleosynthesis

○ EOS, Compressibility 
    → Supernovae, Neutron-star merger
  
○ r-process nucleosynthesis 



T. Kojo, G. Baym, and T. Hatsuda, Astrophys. Jour 934, 46  (2022)

Soft 
Esym

Stiff Esym

Neutron Star :  M vs R 



Equation of State (EOS) 
High Density Nuclear Matter vs  Beam Energies

T. Galatyuk, Nucl. Phy. A 982 (2019) 163

１） High Density Nuclear Matter
 ➔  Neutron Star

２） Search for Rare Collisions
 Super Central Collisions (b=0)

 ✓ Spherical Shape Nuclei
 ✓ Deformed Shape Nuclei

３） Collective Flow
 ✓ Radial Flow
 ✓v1 (directed flow)
 ✓ v2 (elliptic flow)

✓ Deformed Nucleus + Deformed Nucles
 Super-Central Collisions
✓ Asymuthal Asymmetric Flow



Pilot Flow Experiment at HIMAC H447 
 132Xe + CsI Collisions at 400 AMeV

NiGIRI

FC

Rapidity

P
t

NiGIRI detector@Ytarget

PMTs from 
CERN-NA44 H1 Hod.



Variation of Deformation Parameter among Theory 
20Ne, 23Na, 24Mg, and 27Al

Theory
β2

NNDC FRDM CEA(p) CEA(n) AMD KTUY 
α2

16O 0.353 -0.010 0 0

20Ne 0.72 0.364 0.68 0.662 0.164

23Na 0.386 0.738 0.738 0.174

24Mg 0.613 0.393 0.747 0.729 0.42 0.147

27Al -0.392 -0.464 -0.469 0.022

Nuclear Structure & Deformation of Nuclei 
 (1) Excited States (In-beam gamma, decay)
 (2) Interaction cross-section
 (3)  : : 

S. Watanabe et al., 
PRC 89, 044610 (2014)

Experimental results suggest large deformation 
 for 20Ne and 24Mg

σI .... Integrated values

12C
20Ne, 
 24Mg



X-H. Fan, Z-X. Yang, P-H. Chen, SN, Z-P. Li, 
PRC 108, 034607 (2023)

Super-Central Collisions 
 → No Fragment Spectator

24Mg + 24Mg Collision (0.5 GeV/n)

HIAF



Deformed Nucleus-Nucleus Collisions II  :  238U + 238U 

Z.X. Yang, X.H. Fan, Z.P. Li, S.Nishimura, PLB 848 (2024) L38359

Zuxing Yang

Xiao-Hua Fan

HIAF Energy



A. Rosenhauer, J.A. Maruhn, H. Stocker, and W. Greiner
Phys. Lett. 159B, (1985)

Deformed Nucleus-Nucleus Collisions III  :  166Er + 166Er 

Proof of Nuclear Shape via 166Er+166Er Collisions!?

T. Otsuka, Y. Tsunoda et al., Eur. Phys. J. A (2025) 61:126
“Prevailing triaxial shapes in atomic nuclei and a quantum theory of 
rotation of composite objects"



Study on Heavy-Ion Collisions at HIAF （Simulation ＆ AI）

24Mg + 24Mg Collisions 238U + 238U Collisions

https://ribf.riken.jp/~nishimu/RiNA-Net.html


ｂ

ｂ

☆Maximum -V2 flow @ 400 AMeV ~ 1 AGeV     

H.Petersen, et al. PRC74 (2006) 064908

Energy Dependence of Elliptic Flow V2    (Au+Au, Pb+Pb Collisions)

○ Polarity of V2 might be flipped below 10 GeV using the deformed nucleus-nucleus collisions !?
○ V2(proton) vs V2(neutron)  as function of energy will provide new physics approach for EOS

Deformed nucleus central collision 
almond shape collisions 
Sunny Weather

 

Spectator



Summary
◎ Masses：
- Determine the r-process path, global 
structure

◎ Beta-decays: 
 Half-lives：
- Speed of producing heavy elements

 Beta-delayed neutron emissions：
- Determine the fine structure of 
r-elements
- Recapture of neutrons

◎ Nuclear reactions → Masses
- Determine the r-process path

◎Fission recycling：
- Production of heavy elements

◎Equation of State：
- Explosive conditions of NS-NS, SN

Extreme Environments Achieved 

Several Thousands of RI to be measured..

○ RI Production & Particle Identification
 - Development of Primary Beams
 - Development of Detectors/Device

◯ Decay, Mass, Reactions, Fissions
 - Development of Detectors/Devices

◯ High Density Nuclear Matter
 - Best Energies : HIAF 
 - Deformed Nucleus + Nucleus Collisions
   → Nuclear Shape → Nuclear Structure


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

