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PANDORA project

Another Galaxy Milky Way Galaxy

Research on photonuclear reaction of light nuclei to Earth

understand Ultra-high energy cosmic rays. e ER/agnic Rays (UHECRS)

CMB

—>  PANDORA project e

UHECR collision excites \
nucleus GDR photo-disintegrations

s’
7 4" Shock front

Iso-Vector Giant Dipole Resonance (IVGDR) makes Production Propagation Observation
an important role in photonuclear reaction of UHECRS.

—_— Nuclei which is IVGDR decays immediately emitting particles and gamma-rays.
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Gamma decay measurement

« Grand Raiden spectrometer (GR).  LaBr; detector
GR is a spectrometer that uses a magnetic field LaBr; detector is an inorganic scintillator.
to separate the protons scattered after irradiation We placed eight LaBr, detectors around the
of a target by energy. scattering chamber to detect the y — ray.
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Gamma decay measurement
Gamma ray measurement

* Neutron decay branching ratios can be calculated
« Compare the proton decay result with the Si detectors

« Comprehensive study of gamma decay of Giant
Resonance

There are many gamma rays

—>  Direct decay from GDR

Gamma decay after particle decays

GDR V' Y

Neutron decay\ \Proton decay

Daughter nucleus -




Preliminary result



GR analysis
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Absolute efficiency

Branching ratio & Efficiency
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C 0 degree Branching ratios
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Counts

Measurement of y rays from giant resonances excited by the >C(p, p’) reaction at 392 MeV and 0° 7
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Counts

13C 0 degree Branching ratios
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PHYSICAL REVIEW C 109, 014617 (2024)

13C O d e g ree Photoneutron emission cross sections for 1*C
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Summary



summary

» Expected gamma-ray peaks appear in the analysis using the LaBr,
detectors.

 Efficiency simulation on the Geant4 was done.

 Branching ratios and cross sections are roughly calculated.

— Analysis on finite angle data and MDA Is needed
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counts

13C 4.5 degrees
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Bce(p, p") counts efficiency

[%]

D : 13009
;Entries 1 6265;

500

400

300

200

100

| 128 : E,=0.95[MeV]

| 2B : E,=1.67[MeV]

counts

200 |
175 |
150 :
125 |
100 :
75 |
50 |-

25 L

GR analysis has not been done yet

) L IR 13909
Entries 16265
Mean 2,280

12C : E,=4.44[MeV]



counts
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E(level)
(keV)

0

4439.82 21

7654.07 19

9641 5

9870 60

9930 30 ?

10.3E+3 3 ?
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(=xpanded |-aBr; array for PANDORA Investigations with GR Spectrometer)
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GDR & decays GDR : 17 ~ 27 MeV

Targets : 1°C, 13C Scattering angles : 0° , 4.5°

12C
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P ,\decay
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4 AMeV
21Mev| [VVV'
11B Ground state
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—

12C Ground state

Neutron
decay n

\AllC Excitation
.

4.3MeV
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13C

Neutron
decay n
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P decay 12C Excitation
AN —
12 Excitation/ 16 1MeV/
1.67MeV
4.4Mev| [VVV
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12B Ground state
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|
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GDR & decays

Targets : ?’Al Scattering angles : 0° , 4.5°

27A|

Neutron
decay
Proton
P decay \AZGAI Excitation
L —
26Mg Excitatior/ -
1.13MeV
| 7]
1.8MeV \/\/\/\ —
26Al Ground
26Mg Ground state state
LaBr, detector

LaBr; detector

e —
12C Ground state

GDR : 15 ~ 25 MeV
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Proton decay (®°Mg@)  s@p)=83Mev GDR : 15 ~ 25 MeV/

XREFs JT T, /2/Decay E(y) I(y) M(y) Final Levels
E(level) XREF J" (level) Ty /2 (level) E(y) I(y) M(y) Final Levels
(keV) (keV)
0.0 ABCDEFGHI KLM OPQRSTU 0+ STABLE
1808.74 4 AB DE GHI KLM OPQR TU 2+ 476 fs 21 1808.68 4 100 E2 0.0 0+
2938.33 4 ABE E GHI KLM OPQR TU 2+ 141 £fs 8 1129.61 4 100.0 6 M1+E2 1808.74 2+
2938.15 5 10.7 6 E2 0.0 0+
3082.9 20 E 1274.1 20 100 1808.74 2+
3420.2 17 E 1611.4 17 100 D+Q 1808.74 2+
3564.9 19 E 1756.1 19 100 1808.74 2+
3588.56 9 E GHI KLM OPQR TU 0+ 6.45 ps 48 1779.74 8 100 E2 1808.74 2+
3941.57 4 A E GHI KLL. OP R TU 3+ 0.83 ps 12 1003.25 4 100.0 16 M1+E2 2938.33 2+
2132.71 4 6l1.3 16 M1 1808.74 2+
4318.89 5 A E GHI L OPQR TU 4+ 272 fs 16 1380.88 18 1.85 11 2938.33 2+
2510.01 5 100 2 [E2] 1808.74 2+
4332.52 5 A E GHI 1M OPQR U 2+ 20 £fs 3 1394.28 7 19.3 10 2938.33 2+
2523.69 6 100.0 13 1808.74 2+
4332.2 3 7.6 8 [E2] 0.0 0+
4350.09 4 A EGI L OPQR 3+ 105 f£s 28 409.4 5 0.041 25 3941.57 3+
1411.72 4 93 4 M1+E2 2938.33 2+
2541.18 &6 100 4 M1+E2 1808.74 2+

4644.9 13 E 2836.0 13 100 D+Q 1808.74 2+



Proton decay (°Al) S(n) = 13.1 MeV GDR : 15 ~ 25 MeV

E(level) XREF J"(level) Ty 2 (level) E(y) I(y) M(y) Final Levels
(keV) (keV)
0.0 ABCDEFGHIJEKLMNOP 5+ 7. 17x10%> y 24
% g = 100
228.305 13 AB DEFGHIJKLMNO 0+ 6.3460 s 8
% g = 100
416.852 3 A D FGHIJELMNOP 34 1.20 ns 1 416.848 100 [E2] 0.0 5+
1057.739 12 A CD FGHIJKLMNOP 1+ 25 £s 5 B829.3 4 100 M1 228.305 0O+
1759.034 &8 A CD FGHIJ LMN P 24 3.8 ps 6 701.285 2.0 1 1057.739 1+
1342.145 100.0 1 416.852 3+
1850.62 3 A D FGH JELMNOP 1+ 32 £s 3 1433.73 0.7 1 [E2] 416.852 3+
1622.0 7 100.0 1 M1 228.305 0O+
2068.86 5 CD FG J LMNOP (d+) 310 £s 50 1651.95 100.0 15 4l6.852 3+
2088.77 44.9 15 (M1+)E2 0.0 5+
2069.47 3 D FGH J LMNCOP (2+) 14 £s 2 218.85 0.053 13 [M1] 1850.62 1+
310.43 0.23 3 [M1] 1759.034 2+
1011.71 100.0 12 [M1] 1057.739 1+
1652.56 28.4 11 [M1] 4l6.852 3+
1841.09 4.0 5 E2 228.305 0O+
2071.64 4 A CD FG JELMNOP 1+ 367 £s 69 221.02 0.045 11 1850.62 1+
1654.73 11.9 10 [E2] 416.852 3+
1842.8 7 100 1 M1 228.305 0O+
2365.150 18 CD FGH J LM OP 3+ 0.8 ps 2 295.678 100 2 [M1] 2069.47 (2+4)
606.108 2.90 10 1759.034 2+
1307.375 26.9 8 [E2] 1057.739 1+
1948.219 64.7 20 4l16.852 3+

2365.034 1.75 8 [E2] 0.0 5+



Calibration
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LaBr, setup on next experiment



] 11
2"d PANDORA experiment ELPIS

(=xpanded |-aBr; array for PANDORA Investigations with GR Spectrometer)
The number of LaBr, detectors will be 16.
Angles : 45°,90°, 112.5°, 135°

4 detectors for each angle.

’ ' beam
I % \
ee 5 beam
gk E2, M2 gamma ray

W El, M1 gamma ray

=1, m=0
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13C 4.5 degrees
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Branching ratios & Efficiency

Efficiency was roughly calculated using the results of
another thesis.

Branching ratio

100
efficiency

“X(p,p'y) counts

[%]

AX(p, p') counts

detector efficiency @ 15.1 MeV

Number of 15.1 MeV y —ray
Number of 15.1 MeV excited state X 0.873

Renormalized multiplying by ratio
=0.014
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