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γ-ray detector array as a cornerstone

Transition energy

Full-energy peak level 
scheme

Coincidence relationship level spin
Angular distribution
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Requirements:

The basic information of nuclear excited states

➢Large is still unknown, especially the exotic nuclei near drip line

Time distribution
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Examples of the γ detector arrays in the world

Partially covered ONLY … 

Africa Asia

AmericaEurope

➢AGATA
➢JUROGAM
➢ROSPHERE
➢DEGAS
➢…

➢GRETINA
➢TIGRESS
➢GAMMASPHERE
➢GRIFFIN 
➢…

➢AFRODITE 
➢…

➢INGA
➢…

We would also like to contribute to the fundamental studies …
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IMP - DRAGON

Up to 16 coaxial HPGes (70%)

Up to 8 Clover HPGes (160%)

Dedicated sub systems

IMP-Detectors for Research by 
Analyzing Gamma-ray Observation 
in Nuclei NIM A 1080 (2025) 170804
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BGO Passive
BGO Active (1/3 @ 400-800keV)

BGO crystals

BGO Anti-Compton shields @ IMP - DRAGON
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Comparison between Exp. & Sim.

Simulation tools development for IMP - DRAGON

Add-back 
factors

Scattering 
probabilities 
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High speed/stable DAQ system @ IMP

VME based & Digitizer
based DAQ systems

Courtesy: Dr. Wang Jianguo(IMP)
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Main facilities depend on …

Beijing, HI-13 tandem Lanzhou, HIRFL

-spectroscopy studies
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Facility @ IMP

Lanzhou, HIRFL

-spectroscopy studies

Picture of gate

HIRFL
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Aperture: phi 3, 5, 8 mm

Slit: X, Y direction

Beam spot:    
< phi 3 mm

Concrete wall

HPGe array

Low background area

Low energy beam line @ IMP
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15 HPGe + 6Clover

36Ar

4.03 MeV/u
target

Lifetime measurement of nuclear excited state via DSAM method

Commissioning run @ IMP



中科院近代物理研究所Institute of Modern Physics, CAS

The lifetime of nuclear excited state

Determines the reduced electromagnetic transition

probability, can be used to test nuclear structure models

Experimentally

Counting Method

Start-Stop Method

Recoil-Distance 

Doppler Shift 

Method

Doppler Shift 

Attenuation 

Method
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Determines the reduced electromagnetic transition

probability, can be used to test nuclear structure models

Experimentally

Beam axis

DSAM -- details
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➢Improve the lifetime precision
➢Update the B(E2) values
➢Clarify the configuration mixing issue

Nucl. Phys. A 1006 (2021)122116

→
46Ti (46mb) 

→
45Ti (358mb)

→
45Sc (115mb)

36Ar + 12C 

Courtesy: Dr. A. Rohilla (IMP)

Commissioning run @ IMP

Lifetime measurement of nuclear excited state via DSAM method
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Courtesy: Dr. A. Rohilla (IMP)

Commissioning run @ IMP

Lifetime measurement of nuclear excited state via DSAM method

Applied Radiation and Isotopes 
199 (2023) 110863
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➢IMP - Institute of Modern Physics, CAS
➢PKU - Peking University
➢SDU - Shandong University
➢CIAE - China Institute of Atomic Energy
➢etc.  

More than 600 hours beam time

First collaborative run within Chinese collaboration
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First collaborative run within Chinese collaboration
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Output from 2021 campaign 

Level scheme of 67Ga Systematic analysis

Courtesy: Dr. D. W. Luo(PKU)

Phys.Rev. C 110, 024309 (2024)
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DSAM lineshapesLevel scheme

Gated spectrum

Courtesy: Dr. L. Mu(SDU)Phys.Rev. C 109, L051303 (2024)

Output from 2021 campaign 
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Courtesy:Dr. Zheng Yun（CIAE）原子核物理评论 41卷, 2期: 687 - 692 (2024)

Output from 2021 campaign 

https://www.sciengine.com/NPR/home
https://www.sciengine.com/NPR/issue/41/2
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Level scheme of 141Pr Gated specra

Courtesy: Dr. Wang Jianguo (IMP) && Dr. Ma Keyan(JLU)

Output from 2021 campaign 



中科院近代物理研究所Institute of Modern Physics, CAS

12C@62MeV+87RbCl

1400 keV 开窗谱

Courtesy: Dr. Ding Bing (IMP)

统计量：两重统计量~150 × 106/小时(单探头平均计数率
~12k/s)

Output from 2021 campaign 
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Gamma campaign @2023
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Gamma campaign @2023

16 Coaxial HPGe
5 Clover HPGe
10 LaBr3
Si telescope
CsI ball

➢IMP - Institute of Modern Physics, CAS （Dr. Fang Yongde, Dr. Guo Song）
➢CIAE - China Institute of Atomic Energy （Dr. Yan Shengquan, Dr. Wu Xiaoguang）
➢PKU - Peking University （Dr. Li Xiangqiang）
➢etc. 

More than 500 hours beam time
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Gamma campaign @2023

Courtesy: Dr. Fang Yongde (IMP) Courtesy: Dr. Yan Shengquan(CIAE) 

Si dets: Dr. Shengquan Yan (CIAE) CsI dets: Dr. Yongde Fang (IMP)
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Gamma campaign @2023

Courtesy: Dr. Yan Shengquan(CIAE)
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Gamma campaign @2023

Time spectrum from LaBr3

Gamma spectra w and w/o 
particle coincidenceCourtesy: Dr. Fang Yongde (IMP)
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YSO array development @ IMP

YSO + SiPM

Alpha source

Position resolution

Dr. W.Q. Zhang (IMP) 2024 beam time
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近物所 LaBr3(Ce) 探测器

Time resolution:320 ps (FWHM) 

LaBr3 detector development

CFD：ORTEC 935
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LaBr3 detector development @ IMP

PRD curve

Courtesy: X. Ma (IMP)
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HPGe - LaBr3 hybrid array development @ IMP

➢Sun Yat-Sen University 

(Dr. Zhang Guangxin)

➢Shenzhen University

(Dr. Hu Shipeng)

LaBr3+HPGE Hybrid 
160 hours beam time

➢
36Ar beam
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HPGe - LaBr3 hybrid array development @ IMP

Courtesy: Dr. Zhang Guangxin (SYSU)
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Publications from HIRFL + IMP-DRAGON

N. T. Zhang, et al., Phys. Rev. C 90 (2014) 024621

Y. D. Fang, et al., Phys. Rev. C 91 (2015) 014608

Y. D. Fang, et al., Phys. Rev. C 93 (2016) 034615

G. S. Li, et al., Phys. Rev. C 99 (2019) 054617

G. S. Li, et al., Phys. Rev. C 100 (2019) 054601

G. S. Li, et al., Phys. Rev. C 101 (2020) 014606

G. S. Li, et al., Phys. Rev. C 102 (2020) 054607

A. Rohilla, et al., Nuclear Physics A 1006 (2021) 122116

A. Rohilla, et al., Applied Radiation and Isotopes 199 (2023) 110863

L. Mu, et al., Phys. Rev. C 109 (2024) L051303

Z. X. Zhou, et al., Phys. Rev. C 110 (2024) 024309

S. Guo, et al., Physics Letters B 828 (2022) 137010

S. Guo, et al., Phys. Rev. Lett. 128 (2022) 242502

J. J. Liu, et al., Phys. Rev. Lett. 128 (2022) 242502

… …
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Main facilities depend on …

Beijing, HI-13 tandem Lanzhou, HIRFL

-spectroscopy studies
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HI-13 tandem accelerator
HPGe array

Picture of gate

Anti-Compton 
shield (AC)

Facility @ CIAE

Courtesy: Dr. Zheng Yun (CIAE)
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Collaborations among universities and  institutes

Photos during experiment @ CIAE

Courtesy: Dr. Zheng Yun (CIAE)
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➢Available γ-ray detectors:

IMP (Lanzhou): HPGe > 16; Clover > 8; LaBr3 > 4

CIAE (Beijing): HPGe > 10; LaBr3 > 5

Beihang U. (Beijing): Clover + LaBr3 > 6

Shandong U. (Weihai): HPGe + LaBr3 > 10 

… …

➢New cooperative agreement (2019)

Cooperation of new era

To form a gamma pool in China…
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16 coaxial HPGes (70%)-IMP      8 Clover HPGes (160%)-IMP 

7 coaxial HPGes (35%)-CIAE      2 coaxial HPGes (70%)-CIAE

1 Clover HPGe （120%）-BUAA       2 coaxial HPGes (30%)-SDU

Courtesy: Dr. Zheng Yun (CIAE)

China conjoint gamma array



中科院近代物理研究所Institute of Modern Physics, CAS

Experimental campaign at 2022 & 2025

Courtesy: Dr. Zheng Yun (CIAE)
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254Es(Z=99) liftime: 276sdays
MOU协议

Nuclear structure study on 256,258No

10B+254Es     256,258No+xn

JAEA: Dr. Katsuhisa Nishio, et al. 

IMP: Dr. Fang. Y. D, et al.

Successful collaboration with JAEA

4 Clover detectors were employed  in the project
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Collaboration: USA, Japan, China

16 Clover detectors + Acs, 2 from IMP
Performed experiment (2017): 

High-Spin States in 91Y, 93,94Nb and 94Zr, by Dr. Liu. M. L et al. 

Approved beam time: 

Linear Polarization Measurement in Wobbling Bands, by Dr. Guo. S et al. 

Successful collaboration with RCNP
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The KISS project

4 IMP Clover detectors were employed for the project at 2020

WNSC: Dr. Yutaka Watanabe, et al. 

They were employed again for the project at 2023

Successful collaboration with KEK
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C2urie project at RIKEN

Organizers March 27 – 29, 2025 Valencia
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Plan of DESPEC at Super-FRS @ FAIR 

Courtesy : Jürgen Gerl



中科院近代物理研究所Institute of Modern Physics, CAS

DESPEC Phase-0 programe 2022 – 2024 @ GSI

wide AIDA

DEGAS

AIDA
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Isomeric and beta decays in 202Os and 203Ir @ GSI

• 10+, 7-, 5- isomers are predicted in 202Os, while 
a longlived 11/2- is predicted in 203Ir. 

• β decay half-lives will be determined and 
information on excited states in their 
daughter nuclei 202Ir and 203Pt will be 
obtained.

• The gained information is important both for 
our understanding of the shell evolution at 
N=126 and to provide more robust theoretical 
predictions on the properties of the r-process 
path N~126 nuclei.

Courtesy : Zs. Podolyak

204Pt 203Ir

203Ir: 36k (8k in 2006)

 spectrum in coincidence with β particles (in bplast) 203Ir isomer spectrum

841

895
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Production 

Target

Separation 

of RI

Identification

of RI

EURICA

Primary Beam 

(238U / 124Xe / 78Kr)

RI Beam

Beta-counting system WAS3ABi 
inside EURICA

gamma-ray

238U  … 345 MeV/u; int. 5 – 12 pnA

Courtesy : Shunji Nishimura

EURICA Spectrometer @ RIBF
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LaBr3(Ce)

RI

β

DSSD

Plastic

γ

◼ 84 HPGe detectors from the EURICA collaboration
◼ 18 UK LaBr3(Ce) scintillators (Φ1.5”×2”) for γ rays
◼ BC-418 plastic counters (2-mm thick) + DSSDs for β rays

EURICA Spectrometer @ RIBF

Courtesy : Shunji Nishimura
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Research results from RIBF

J. Taprogge et al, PRL 112, 132501 (2014)
J. Taprogge et al, PRC 91, 054324 (2015)
R. Lozeva et al., PRC 92, 024304(2015) 
F. Browne et al., PLB 750, 448 (2015)
P.-A. Soderstrom, PRC 92, 051305 (2015)
Z.Patel et al.PRL 113, 0262502 (2014)

R. Lozeva et al. PRC 93, 014316 (2016)
A.I. Morales et al. PRC 93, 034328 (2016)
A. Jungclaus et al., PRC 93, 041301(R) (2016)
I. Celikovic et al. PRL 116,  162501 (2016)
B. Blank et al. PRC 93, 061301 (2016)

Publications： 64 papers
… PRLx14+1, PLBx13+1, PRC(R)x6, PRC x 18+7, EPJAx1+1, PTEPx1, JSPSx1

Courtesy : Shunji Nishimura
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Experimental setup @ FRIB

Courtesy : James M. Allmond (ORNL)
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Courtesy : James M. Allmond (ORNL)

Experimental setup @ FRIB
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HIRIBL装置带来新研究契机

➢ 准确鉴别奇特核

➢ 精确测量衰变信息

RIB from HIRIBL
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HRIBL + IMP-DRAGON

研究原子核结构、检验理论模型、寻找新物理，如新幻数、形状共存、集体性质等

IMP-DRAGON: IMP-Detectors for 
Research by Analyzing Gamma-ray 
Observation in Nuclei

精细衰变谱学：

➢衰变寿命

➢衰变能量

➢衰变纲图

➢衰变分支比

➢激发态能级寿命（LaBr3）
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β-γ

符合探测
系统40Ar

（70 AMeV

130 enA）

9Be
987 μm

37P
39 AMeV

RIBLL1 + IMP-DRAGON
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β-γ

符合探测
系统40Ar

（70 AMeV

130 enA）

9Be
987 μm

37P
39 AMeV

delayed and prompt time spectra

Phys. Rev. C 94, 044316 (2016)

RIBLL1 + IMP-DRAGON



中科院近代物理研究所Institute of Modern Physics, CAS

聚焦N=126附近奇特原子核

精细衰变谱学：
➢衰变寿命
➢衰变能量
➢衰变纲图
➢衰变分支比

研究核天体物理r过程具体天体
环境和演化路径
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Uniqueness at HIRIBL

Courtesy : Dr. ZHANG Xueheng

➢ Beam energy at HIAF larger than that at RIBF/FRIB 
small charge distribution, better transmission, better statistics 

➢ Operation may early than FAIR, earlier sciences…

Simulation: 5-day beam time

Nuclear Science and Techniques (2024) 35:97
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Experimental status @ N = 126 region 

-fragmentation/spallation of 238U, 208Pb (or 209Bi)
fragmentation: 

GSI/FAIR: FRS, ESR
RIKEN: BigRIPS, SLOW-RI, Rare RI ring

FRIB
spallation: ISOLDE, TRIUMF

-multi-nucleon transfer on 208Pb (and 198Pt)
with particle identification (thin target)

RIKEN/KEK: KISS
ANL
Jyväskylä
GSI
GANIL
Legnaro

Courtesy : Zsolt Podolyak

Data till 2024
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Data till 2024

Experimental status @ N = 126 region 
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5 days beam time at HIRIBL with extraction of 13s : 3s
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r-process with first-forbidden transitions

Reiner Kruecken Contemporary Physics 52(2), 2011, 101

GT transition VS FF transition

FF contribution to the rate
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A = 195 peak VS beta-half life uncertainties

74

72

70
Phys. Lett. B 756, 273 (2016)

Courtesy : Fang Dongliang
Courtesy : G.G. Kiss et al.PRL 113, 022702 (2014)
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Calculations (b): modified to reproduce 204Pt and 206Hg
They improve predictions on 205Au and 203Ir!

Level scheme VS shell model predictive power
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A “rare” transition from prolate to oblate to spherical 
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72

70

A “rare” transition from prolate to oblate to spherical 

PRC 88, 044301 (2013)PRC 90, 021301(R) (2014)
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光纤阵列设计图

Fragment 
Separator

d
eg

ra
d

er

ac
ti

ve
st

o
p

p
er

 detectors

 detectors

NUSTAR/DESPEC – FIMP (GSI Darmstadt , JSI Ljubljana, IMP Lanzhou)

The active stopper development

Aim of an active stopper

▪ stop wanted isotopes in the active volume
▪ provide 3D coordinates of implantation position
▪ provide decent time of implantation
▪ provide rough energy information
▪ measure subsequent β or α decay of an isotope
▪ provide 3D coordinates of decay position
▪ provide precise time of decay
▪ provide decent energy information
▪ correlate implantation and decay event
▪ correlate particle decay with coincident  decay
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The active stopper test @ GSI

FRS
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implantation process

β- decay processData in analysis …

Courtesy : Jürgen Gerl

NUSTAR/DESPEC – FIMP (GSI Darmstadt , JSI Ljubljana, IMP Lanzhou)
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Domestic interested collaboration

@2020 @2021

@2023 @2024

➢ Proceed with both primary and secondary beams
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International scientific advisors and collaborators 

个人信息
姓名：Giacomo de Angelis

国籍：意大利

工作单位：意大利Legnaro国家实验室

职称/职务：原核物理部门主任

个人信息
姓名：Jürgen Gerl

方向：实验核物理

国籍：德国

工作单位：德国GSI重离子中心

职称/职务：原核谱学部门主任

PIFI visiting Professor at IMP PIFI visiting Professor at IMP

➢ Pieter Doornenbal, RIKEN, Japan
➢ Shunji Nishimura, RIKEN, Japan
➢ Magda Górska, GSI, Germany 
➢ Helena Albers, GSI, Germnay
➢ Dimiter Balabanski, ELI-NP, Romania
➢ Radomira Lozeva, IJCLAB, France
➢ Yung Hee KIM, IBS, Korea
➢ Jelena Vesić , JSI, Slovenia
➢ … …

Collaborators:

方向：实验核物理
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➢Strengthen the collaboration, share the instrumentations

➢We will have more bright future

Outlook

Thank you for your attention!




