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PANDORA Project
A<60 核の光核反応の理解が目的

主目的の1つは超高エネルギー宇宙線のエネルギー質量減衰機構の定量的記述
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Ultra-High-Energy Cosmic Rays (UHECRs) [PDG2018]
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Extragalactic Propagation of UHECR Nuclei
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Photo-nuclear reactions determine the 
allowed travel distance of UHECRs nuclei 
and their composition/energy modification 
in extra-galactic propagation.



Systematic Measurement on Photo-Absorption C.S.  
and n,p,α,γ decays for light to A~56 stable nuclei

- photo-absorption (electric dipole) strength distribution
- n, p, α, γ  decay branching ratios
- for stable nuclei from light to A~56
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- E1 excitation strength distribution
- n, p, α, γ  decay branching ratios
- from light to A~56 for stable nuclei

- Lack of data especially for charged particle decays 
- Inconsistency among experiments 
- Unrealistic model predictions

Systematic Measurement on Photo-Absorption C.S.  
and n,p,α,γ decays for light to A~56 stable nuclei
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- from light to A~56 for stable nuclei

- E1 excitation strength distribution
- n, p, α, γ  decay branching ratios

- Lack of data especially for charged particle decays 
- Inconsistency among experiments 
- Unrealistic model predictions
We need good systematic data and reliable models!

difficulties in theoretical modeling of light-medium mass nuclei 
- stronger shell structure effects than heavy nuclei 
- many-nucleon correlations  
α-clustering, np-pairing, deformation, … 

- isospin selection rule, often unimplemented in statistical 
calculations.

Systematic Measurement on Photo-Absorption C.S.  
and n,p,α,γ decays for light to A~56 stable nuclei



RCNP-Grand Raiden (Osaka, Japan)

ELI-NP (Romania)

iThemba LABS  
South Africa

CAKE
decay 
charge 
particle 
detector 
array 

complementary 
experimental 
techniques

ALBA

PANDORA Project 
Photo-Absorption of Nuclei and Decay Observation for Reactions in Astrophysics

Joint project among three experimental facilities with 
nuclear theories and astrophysical simulations
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Photo-disintegration Pass of 56Fe

(γ,n)

β+

!10



!11

Photo-disintegration Pass of 56Fe

(γ,n)

β+

(γ,p)

β-

(γ,xn), (γ,α) reactions also take place.
Several unstable nuclei also contribute.



Probing Photo-Nuclear Response of Nuclei

Real photo excitation

• Missing mass method  
with proton Coulomb excitation 

• better for total strength  
and strength distribution  
higher cross sections  
also applicable for p,α,γ decays

γ
n, p,α,γ

Virtual photo excitation by proton scattering

p p

p p

p,α,γ

• Gamma-beam by laser-Compton  
scattering with an electron beam 

• individual decay channels  
better for absolute normalization  
applicable also for n and xn decays in addition to p,α,γ !12
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Experiment combining three complementary facilities

RCNP

multipole decomp. analysis (ang. dep. and polarization transfer)
iThemba LABS

p,α,γ-decays

ELI-NP

n,p,α,γ-decays up to 20 MeV

absolute c.s.

Real Photon Exp.

Virtual Photon Exp.

model independent separation of E1 and M1

Total strength distribution up 32 MeV
γ-decay

Total strength distribution up 24 MeV

2023-

2021-

2020-

multipole decomp. analysis (ang. dep.)
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Experiment combining three complementary facilities

RCNP

iThemba LABS

ELI-NP

n,p,α,γ-decays up to 20 MeV

absolute c.s.

Real Photon Exp.

Virtual Photon Exp.

model independent separation of E1 and M1

Total strength distribution up 32 MeV
γ-decay

2023-

2021-

2020- Beam time approved for the first cases: 12C, 27Al
σabs and p,α,γ decays

multipole decomp. analysis (ang. dep. and polarization transfer)

Good systematic data  
Consistency among three facilities 
Reference target: 27Al.

p,α,γ-decays
Total strength distribution up 24 MeV

multipole decomp. analysis (ang. dep.)
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PANDORA Project: Organization
Nuclear Experiments

iThemba LABS

ELI-NP

Osaka Univ.  
A. Tamii, N. Kobayashi, T. Sudo, Z. Yang, T. Furuno, M. Murata, A. Inoue, H. MoriRCNP
ELI-NP 
P.-A. Söderström, D. Balabanski, L. Capponi, T. Petruse, D. Nichita, Y. Xu
iThemba LABS, Witswatersland Univ., Stellenbosh Univ. 
L. Pellegri, R. Neveling, F.D. Smit, J.A.C. Bekker, S. Binda, H, Jivan, T. Khumal, M. 
Wiedeking, P. Adsley, L.M. Donaldson, E. Sideras-Haddado, K.L. Malatji, S. Jongile, 
A. Netshiya

TU-Darmstadt P. von Neumann-Cosel, N. Pietralla, J. Isaak

NC Neutrino Detection M. Sakuda, M.S. Reen, Y. Koshio, 

Nuclear Theory

AMD M. Kimura, Y. Taniguchi, H. Motoki

NRFT E. Litovinova, P. Ring, H. Wibowo

S. Goriely, E. Khan

UHECR Theory

Propagation

Production

D. Allard, B. Baret, I. Deloncle, J. Kiener, E. Parizot, V. Tatischeff

S. Nagataki, J. Oliver, H. Haoning

Antisymmetrized Molecular Dynamics

TALYS

Nuclear Relativistic Field Theory

TALYS
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進捗状況
• ELI-NP LoI 提出 2020年1月 

• PANDORA Collaboration Workshop 開催: 2020.6.30-7.1 

• 日本物理学会シンポジウム「軽中重核の電弱励起・崩壊と宇宙物理」2020.9.17 

• 光核反応のデータが、超高エネルギー宇宙線伝搬過程の計算に与える影響につ
いてのStudy: 理研木戸氏、およびフランスグループ 

• 核理論計算: AMD(木村G)、RPA(稲倉)、RNFT(Litovinova-G) 

• New SUBARU: 6,7Li(γ,xn)実験: 2021年7月 

• iThemba 実験: 2021年6-7月頃になるか? 

• RCNPへのプロポーザル提出 2021年1-2月? 

• ELI-NPの実験は2023年に開始できるのか(???)
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日本物理学会シンポジウム2020.9.17
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6,7Li(γ,xn)実験 at New SUBARU-GACKO
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NewSUBARU - Online Rough Analysis (γ,1n)
6Li

NatLi

Data analysis in progress

7Liの断面積が全く違う(ずっと大きい)? 7Li 92.5%
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7Li photo-nuclear cross sections (comparison)
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NewSUBARU - Online Rough Analysis (γ,1n) NatLi

Data analysis in progress

7Li 92.5%W.A. Wurts et al., PRC 84, 044601 (2011)

g.s. n-decay c.s.

Ahrens et al., NP251, 479(1975)NatLi(γ,abs)


