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Ultra-High-Energy Cosmic Rays (UHECRS) (ppcaois;

0 NI
A Y,
= A%

Knee

composition change
to galactic nuclei

(-
=
'

Grigorov 2nd Knee
JACEE

MGU

Tien-Shan

Tibet07 Ankle
Akeno

CASA-MIA

HEGRA

Fly’s Eye
Kascade

Kascade Grande 1L
IceTop-73 )

HiRes 1 E lacti
HiRes 2 xtra-galactic

Telescope Array | Protons and nuclei

-y
(=
™)

Energy dependence of
the galactic protons e

-y
=

E°°F(E) [GeV'® m2 s sr!]
=
[]
¥ o O <© 0O <o OO0 0 < 49>

|
@)

Auger

1 1 Illlllll 1 Illlllll 1 llllllll 1 llllllll 1 llllllll 1 lIlllIlI 1 lIIllIlI 1 1

10" 10 10" 10'¢ 10" 10" 10" 10*°
TeV PeV E [eV] EeV




Extragalactic Propagation of UHECR Nucle1

Other Galaxies Our Galaxy
% ¥,  Propagation of UHECRs 4 FR K
w = QEarE\p
*1}* Photo-disintegration by collision *ﬂ{*
Production with CMB photons Observation
by air shower

Energy/composition change A A=14

FLux

Defltection by extragalactic

and galactic magnetic fields

Photo-nuclear reactions determine the
Cosmic Microwave Background (cMB) | @llowed travel distance of UHECRS nuclei

WMAP @i and their composition/energy modification
7-2.75 K (G ey in extra-galactic propagation.
o > @ > @ ——
UHECR CMB = = .
nucleus photon GDR photo-disintegration
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Systematic Measurement on Photo-Absorption C.S.
and n,p,a.,y decays for light to A~56 stable nucle1

- photo-absorption (electric dipole) strength distribution
-n, p, o,y decay branching ratios
- for stable nuclei from light to A~56
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Systematic Measurement on Photo-Absorption C.S.
and n,p,a.,y decays for light to A~56 stable nucle1

- E1 excitation streng

13C(gamma,n)

TALYS BrinkI-Axel Lorentian 13C(:g aaaaaa ) ———
TALYS Goriely's hybrid 13C(gamma,n) ———
(QMPH,ARAD/BF3/EXTB,RINGR) L0048 13C —
(BRST/BF3,GEMUC) L0131 13C
(BRST/TOF/SCIN) M0324 13C
(BRST/BF3/EXTB) M0363 13C —A— —
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- Lack of data especially for charged particle decays
|- Inconsistency among experiments
o |- Unrealistic model predictions
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Systematic Measurement on Photo-Absorption C.S.

and n,p,a,y decays for light to A~56 stable nuc!

difficulties in theoretical modeling of light-medium mass nuclei
- stronger shell structure effects than heavy nuclei
- many-nucleon correlations
a-clustering, np-pairing, deformation, ...
- 1sospin selection rule, often unimplemented 1n statistical
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A - Lack of data especially for charged particle decays
|- Inconsistency among experiments
- Unrealistic model predictions

We need good systematic data and reliable models!




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 iThemba LABS

South Africa

RCNP-Grand Raiden (Osaka, Japan)
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Photo-disintegration Pass of >¢Fe
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Photo-disintegration Pass of 5¢Fe
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(v,xn), (y,o) reactions also take place.
Several unstable nuclei also contribute.
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Probing Photo-Nuclear Response of Nuclel

Virtual photo excitation by proton scattering

» Missing mass method P .y
with proton Coulomb excitation N A

* better for total strength
and strength distribution p p
higher cross sections > — @

also applicable for p,a,y decays (')) @ p,0,Y

1
o

Real photo excitation

* Gamma-beam by laser-Compton

scattering with an electron beam y
L (<'>)\’0n, Do,y
* individual decay channels

better for absolute normalization
applicable also for n and xn decays in addition to p,a,y 0



Experiment combining three complementary facilities

Virtual Photon Exp.

RCNP  2021-

Total strength distribution up 32 MeV

v-decay

multipole decomp. analysis (ang. dep. and polarization transfer)
iThemba LABS 2020-

Total strength distribution up 24 MeV
p,a,y-decays

multipole decomp. analysis (ang. dep.)

Real Photon Exp.

ELI-NP 2023-

absolute c.s.
model independent separation of E1 and M1

n,p,a,y-decays up to 20 MeV
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Experiment combining three complementary facilities

Virtual Photon Exp.

RCNP  2021-
Total strength distribution up 32 MeV
v-decay
multipole decomp. analysis (ang. dep. and polarization transfer)

iThemba LABS 2020- Beam time approved for the first cases: 12C, 27Al
Total strength distribution up 24 MeV Oabs and p,a.y decays
p,o,y-decays

multipole decomp. analysis (ang. dep.)

Real Photon Exp. Good systematic data

Consistency among three facilities
ELI-NP 2023-

Reference target: 27Al.
absolute c.s.

model independent separation of E1 and M1

n,p,a,y-decays up to 20 MeV o
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Nuclear Experiments

RCNP

ELI-NP

iThemba LABS

TU-Darmstadt
Nuclear Theory

AMD

NRFT

TALYS

UHECR Theory

Propagation

Production

Osaka Univ.

A. Tamii, N. Kobayashi, T.
ELI-NP =
P.-A. Séderstrom, D. Balab &, E 10t

iThemba LABS, Wztswaterslc
L. Pellegri, R. Neveling, Fl
Wiedeking, P. Adsley, L.M.
A. Netshiya

P. von Neumann-Cosel, N. 0

— AMD (-3.5MeV)
- - TALYS

O Exp.(Ahrens et al.) _

M. Kimura, Y. Taniguchi, H. Motoki Antisymmetrized Molecular Dynamics

E. Litovinova, P. Ring, H. Wibowo

S. Goriely, E. Khan

Nuclear Relativistic Field Theory

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

S. Nagataki, J. Oliver, H. Haoning

NC Neutrino Detection M. Sakuda, M.S. Reen, Y. Koshio,
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6»7Li(y,xn)§%ﬁ at New SUBARU-GACKO

6Li(gamma,n)

Excitation Energy (MeV)

NewSUBARU - Online Rough Analysis (y,1n)

6Li

Data analysis in progress
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L1 photo-nuclear cross sections (comparison)
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FIG. 4. The absolute cross section for 'Li + y — ®Li(g.s.) + n.
Error bars represent both statistical and systematic uncertainties
added in quadrature.

NaLi(y,abs)  Ahrens et al., NP251, 479(1975)
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Fig. 2. Total photonuclear cross section for natural Li. The error bars
indicatc one standard deviation of counting statistics from the main
spectrometer. The dashed lines along the abscissa indicate the uncertainty
due to counting statistics in the normalizing spectrometer. Oscillations of
the base line within this area arc possible, the period of these oscillations,
however, must not be smaller than 109 in photon energy. The dashed
and dotted lines through the cross section values have been drawn to guide
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