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01 Introduction

Introduction
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National Research Council

1. What is dark matter?
2. What is dark energy?
3.How were the heavy elements from iron to 
uranium made?

In 2002, "Discover" reported 11 

unsolved mysteries of physics

p-nuclei：Mass between
74Se-196Hg, can not be
synthesized through the
s-process and r-process.

l p-production factors relative to 16O,
Below A < 124 and between 150 < A
< 165 the p-isotopes are severely
underproduced.

Reviews of modern physics, 83,157(2011). Rep. Prog. Phys. 76 (2013) 066201.

102Pd
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n The latest research shows that the reverse reaction of 102Pd(p,γ) is one of the important
constructive reaction of 102Pd, and it is also one of the destruction reactions of 102Pd

Physics Reports, 384,1-84(2003).Physical Review C, 2020, 102，055806. Rep. Prog. Phys.76 ,066201(2013).
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Nuclear Physics A, 2002, 710(3-4): 469-485 Physical Review C, 2011, 84(1): 015802.

Nuclear Data Sheets, 2014,120: 180-183.

2002,Ozkan

2011，Dillmann

Physical Review C, 2020, 102，055806.

Difference 

u Experimental data for the
lower energy region of
greatest concern in nuclear
astrophysics are lack

Sonnabend K ., Ph. D. thesis

u Several times differences
between the different
experimental values
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Experimental method：
𝒅𝑵
𝒅𝒕𝒃

= 𝝈 𝑬 𝑷∅ − 𝝀𝑵

𝑵 =
𝝈 𝑬 𝑷∅

𝝀
𝟏 − 𝒆"𝝀𝒕𝒃

𝒏𝜸 = 𝑵𝒆"𝝀𝒕𝒘 𝟏 − 𝒆"𝝀𝒕𝒎 𝜺𝜸𝜼𝜸

𝝈 𝑬 =
𝝀𝒏𝜸

𝑷∅ 𝟏 − 𝒆"𝝀𝒕𝒃 𝒆"𝝀𝒕𝒘 𝟏 − 𝒆"𝝀𝒕𝒎 𝜺𝜸𝜼𝜸

𝑁: Number of 103Ag
𝑡! : Beam time
𝜎 𝐸 : Cross section
𝑃: Density of target 𝑃 = "$%&#'$()

%$%&
∅:         Beam intensity

Online section

𝜆:     Decay constant
𝒏𝜸 :   Number of 𝛄 rays
𝜺𝜸: Detector efficiency
𝜂': Branching ratio

02 Experiment setup

Offline Section

Gamma ray

Gamma ray

On Line Activation
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l 2×1.7 MV Tandem accelerator
l 1.9-3.2 MeV   6 μA

02 Experiment setup

Proton

Target

l The low background anti-muon 
and anti-Compton spectrometer.

Target

Target
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Background 0.1/s

1 is the HPGe detector, 2 the source, 3 the
acrylonitrile butadiene styrene (ABS) plastic holder,
4 the copper liner, 5 the inner lead ring, 6 the
cadmium absorber, 7 the plastic scintillator, and 8
the outer chamber.

Schematic of the low-background setup
02 Experiment setup

He L C, et al.NIM-A, 2018, 880: 22-27.
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03 Experimental results  
Typical energy spectrum at a 
proton energy of 2.7 MeV
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S-factor as a Function of Energy

Fit Formula for Detection Efficiency Curve:
𝐥𝐧𝜺𝜸 = 𝒂𝟎 + 𝒂𝟏× 𝒍𝒏𝑬 + 𝒂𝟐× 𝒍𝒏𝑬 𝟐 +⋯

𝜺𝜸 = 𝒆𝒙𝒑 𝒂 + 𝒃𝒙 + 𝒄𝒙𝟐 +𝒈 + 𝒅 + 𝒆𝒚 + 𝒇𝒚𝟐 +𝒈 +𝟏𝒈

03 Experimental results  

Dashe line: without the efficiency correction.
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Thanks for your attention！

Summary
1. 102Pd(p,γ) is one of the important reaction associated with the abundance 102Pd.
2. New cross section data of 102Pd(p, γ) reaction at 1.9 MeV-3.2 MeV region had been

obtained by using the activation method and the anti-Compton anti-Muon low
background detector, and extended it to the lowest energy region at present.
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