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I. An overview

At the beginning of 50th in last century, 
Prof. Hu Ning、Yang Liming et al., 
Started Theoretical Nuclear and 
particle Physics in PKU. 
In 1955, the first higher education 
base on nuclear science in China was 
created in PKU. About 2000 students 
were graduated before the cultural 
revolution (1966).   
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2006.10.13.
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After the cultural revolution, there 
had been a new phase for 
developing facilities and research 
base in PKU.  Three low energy 
accelerators were built and 
installed in the Department of 
Technical Physics and the Institute 
of Heavy Ion Physics in 1980s
Gradually join the big science
research  cooperation in the world 
since 1990’s     
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Organizations

Department of Technical Physics
Institute of Theoretical Physics
Institute of Heavy Ion Physics
Forming a State Key Laboratory of 
Nuclear Physics and Technology
since 2007, with about 60 faculty 
members.



Accelerator building



2x1.7MV tandem

2x6MV tandem

4.5MV VDG

a new AMS



2K LHe
system

建成900平米射频超导加速器实验室

RF supercontacting accelerator Lab.



Particle 
detection 
Lab.
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Nucl. Phys. 
education base



Nishina School 



Establishment of 
the “Council for 
China-Japan 
Cooperation on 
Nuclear Physics” in 
2006.

Contribution to the community

Establishment of the 
ANPhA（Acian
Nuclear Physics 
Association” in 2009
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II. Main Research Fields

Accelerator Physics and  
Techniques 
RIB nuclear Physics
Hadron Physics
Applications 
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DC-SC光阴极注入器的核心部件：

皮尔斯枪、1＋1/2超导腔、2K恒温器

与主耦合器 解决了光阴极与超导腔

相容问题

结构紧凑

能工作在CW模式

具有提供高平均流强的

能力（mA量级）

采用激光驱动光阴极，

可以获得高品质电子束

电子束和超导腔之间的

相位可以精确控制，时

间抖动<1ps

II.1 Accelerator Phys. And Techniques 



1988 1994

2000

2006
2005
大晶粒铌
材超导腔20042003

2002

2009

2008
2007

北京大学射
频超导课题

组成立

973计划

立项

2×9cell其
中一只为大
晶粒铌材

2×3.5cell
一只为大晶粒铌材

Milestone of Superconducting 
Accelerator Lab 
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100 KV Pierce DC gun with Cs2Te cathode matched with SRF cavity

Operating at 2K  with tuner and screened  LN

Providing ~5 MeV ~70 pc superfast pulse beam with low emmittance

DC-SC injector



PKU 3+1/2-cell tested at J-Lab

DC‐SC 关键部件大晶粒3.5‐cell 腔（23.5 MV/m)



Lab. upgrading

2K LHe
system

建成900平米射频超导加速器实验室



SFRFQ 是新型 RFQ 结构, 加速效
率比常规 RFQ 高出 60%-80.

SFRFQ  载束试验结果

O+ 输出流强 0.53mA
输出能量 1.66  MeV

Separated sector RFQ
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High intensity RFQ for (d,n)

加速器腔筒

• 加工中的2MeV/40mA氘离子RFQ加速器

组装中的加速器电极结构
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High intensity ion source

ECRECR质子源在微波源功率仅质子源在微波源功率仅
为为320 W320 W，引出电压为，引出电压为50kV50kV
的情况下得到了总流强的情况下得到了总流强
100mA100mA的束流。的束流。

用于用于RFQRFQ加速器中子照相装置加速器中子照相装置
的的50 keV/50mA50 keV/50mA氘离子注入器氘离子注入器
研制成功，束流发射度小于研制成功，束流发射度小于
0.2pi.mm.mrad0.2pi.mm.mrad。。
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激光等离子体加速使加速梯度提高了1000 倍，可能提前
30年达到 PeV， 为人类探索物质更深层次的构成与运动
规律提供有效手段



采用稳相加速可以产生纳库级
自聚焦GeV质子束

X.Q.Yan, et al., PRL. 103, 135001 (2009)

• `



Theory
(Prof. Xu; Meng; Liu)
decay experiment
reaction experiment

II.2  RIB Nucl. Phys.



J. Meng et al., 

PRL,77(1996)3963
PRL,80(1998)460 

Halo and Giant Halo
PRL,101(2008)122502

Spin-isospin res.

Theory



Deformed Halo? Deformed core?

Decoupling of the core and halo in deformed nuclei？

11,14Be
Ne isotopes
…

Nunes, NPA757(05)349

Misu, Nazarewicz, Aberg, NPA614(97)44

Bennaceur et al., PLB296(00)154

Hamamoto & Mottelson, PRC68(03)034312

Hamamoto & Mottelson, PRC69(04)064302
Poschl et al., PRL79(97)3841

Pei, Xu & Stevenson, NPA765(06)29



Hamiltonian Density

System Degrees of Freedom

In‐medium Effects
Density dependent meson‐nucleon couplings

DDRHFB theory



Pseudospin partner bands

108Tc实验能级纲图

清华&美国实验组 (2005年) 

形成机制？

近简并的双带能谱

108Tc



Pseudospin partner bands

双带虽然有近简并的能谱，但电磁跃迁性质差异很大：
带1和带2 B(M1)/B(E2) 幅度差异很大；staggering相位相反.

用赝自旋伙伴带的概念能很好理解能谱尤其是电磁跃迁的特征。

实验 理论

第一例A~100区的奇奇核中的赝自旋伙伴带！
Identification of pseudospin partner bands in 108Tc, 
Phys. Rev. C 78, 064301 (2008).



F.R. Xu, et al.: PRL,92(2004)252501
Isomer and super heavy Nuclei



α

12C

α

12C

Linear structure Triangular structure

10Be

Molecular structure

◆ F.R. Xu, J.C. Pei, PLB 642 (2006) 322

◆ J.C. Pei, F.R. Xu, PLB 650 (2007) 242 

◆ Pei, Xu, Lin, Zhao, PRC 76 (2007) 044326

C. Qi, F.R. Xu et al., PRL 103 (2009) 072501

C. Qi, F.R. Xu et al., PRC 80 (2009) 044326

Prof. Xu et al.,Cluster structure and decay



从R矩阵理论出发，研究了cluster衰变的微观机制，同时得到了一个有关

cluster衰变寿命的线性关系，能同时预言各种各样的cluster衰变性质。



14C的β衰变计算

Why 14C T1/2=5730 year?

而其他丰中子碳同位素只有
秒或毫秒量级！

β衰变强度计算

1. C. Qi, F.R. Xu, NPA 800 (2008) 47

2. C. Qi, F.R. Xu, NPA 814 (2008) 48

3. Qi, Xu, Jiang, PRL (submitted)

CD-Bonn SM



High-K Isomers at drip-line
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Exp. Nucl. Phys. Group
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AZN

AZ+1N-1

Qβ

Eγ

β-decay

Sn

S2n

Ex: 11Li :  Qβ=20.6 MeV  Sn=0.5 MeV                   Pn~92%

for N>>Z :     Qβ ,   Sn

Eγ

A-1Z+1N-2

β-n
decay

A-1Z+1N-3

Eneutrons

β-delayed particle emission for 
unstable nuclei

Decay experiment
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Neutron SphereNeutron Sphere：：8 8 
pieces of pieces of 
BC408 ,157cm x  BC408 ,157cm x  
40(20)cm x 2.5cm, 40(20)cm x 2.5cm, 
covering 30% of 4covering 30% of 4ππ。。

A set of implantation A set of implantation 
and and ββ detectordetector

3 sets of Clover 3 sets of Clover γγ detectors detectors (IMP(IMP--LanzhouLanzhou）。）。

Previous facility in 2004

Neutron WallNeutron Wall：：20 20 
pieces of BC408, pieces of BC408, 
40cm 40cm ×× 5cm 5cm ×× 2.5cm2.5cm。。
Covering 2.2% of 4Covering 2.2% of 4ππ。。

at Peking University
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Upgrade 2006

Neutron sphere: 
Change the 
refletion layer 
(TYVEK1056D), 
coupling layer and 
the PMTs (XP2020) 

Neutron wallNeutron wall：：
Change the 
refletion layer, 
coupling layer 
and the PMTs. 
Placed inside the 
sphere.



40presented at FLNR, DUBNA;    Sep.18,2008

Nucl. Instr. Meth.A 606，645(2009)



Array 材料 几何尺寸
片
数

R(m)

立
体
角

(%)

本征效
率(%)
@1Me

V

中子测
量阈
(keV)

NSCL(Ball) BC412
长：157cm 
宽：7.6 cm
厚： 2.54 cm

16 1 15 12 800

TONNERRE
(Ball)

BC400
长：160cm
宽：20
厚： 4 cm3

32 1.2 45 12 200

北京大学

中子球
BC408

长：157cm
中间宽：40cm
两头宽：20cm
厚：2.5cm

8 1 30 14.1 ∼350

北京大学

中子墙
BC408

长：40m, 
宽：5cm
厚：2.5cm

8 0.6 8.8 36.5 ∼200

世界上主要实验探测设备的比较

Nucl. Instr. Meth. A 505(2009)645



? ?

16C 17C 18C 19C

17N 18N 19N 20N 22N

23O

17B

14Be
11Li9Li

8He

15B

Studied at NSCL
Studied at GANIL
Studied at RIKEN
Studied at many Labs
Studied at PU



Systematical work



44presented at FLNR, DUBNA;    Sep.18,2008

Neutron & γ spectra for 21N β-n- γ
Phys.Rev.C 80, 054315(2009) 



reacrion experiments

17Ne, 16C experiments in 
Lanzhou

6He, 8He experiemnts in 
RIKEN 

45
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RIBF

6He,8He experiments at RIKEN

RARF
Heavy-ion accelerator system

PHASE I
350 MeV/u: All Ions

135 MeV/u: Light Ions

RIBF RI beam generator
featuring superconducting ring cyclotron (SRC)
and superconducting projectile fragment separator
(BigRIPS) will be commissioned in 2006.

PHASE II
Proposed

(white-colored)
1 pμΑ shield
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Experiment at RIPS in 2002: 
R347n(2A)

25 MeV/u 6He + 9Be
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6He + 9Be,  25 MeV/u

Y.Ye et al.,
PRC71（2005）014604

Quasi-Elastic scattering 



2008-02-19 50

1n and 2n transfer
Y.Ye et al.,
J.Phys.G31（2005）S1647



Recoiled Proton Tagged Knockout 
Reaction for 8He

Y.Ye1, Z.Cao1 , J.Xiao1, D.Jiang1, T.Zheng1, H.Hua1, 
Y.Ge1,  X. Li1, J.Lou1,, Q.Li1, L.Lv1, R.Qiao1, H.You1, 
R.Chen1, H.Sakurai2, H.Otsu2, Z.Li2, M.Nishimura2, 
S.Sakaguchi2, H.Baba2, Y. Togano2,  K.Yoneda2, 
C.Li2, S.Wang2,1, H.Wang2,1, K.Li2,1, T. Nakamura3, 
Y.Nakayama3, Y.Kondo3, S.Deguchi3, Y.Sato4, 
K.Tshoo4

1   School of Physics and State Key Laboratory of Nuclear Physics and 
Technology, Peking University, Beijing 100871, China

2   RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198, Japan
3   Department of Physics, Tokyo Institute of Technology, Japan.
4   School of Physics, Seoul National University, Korea



2009.08.06.



2009.08.05.



with core knockout
establish the core knockout mechanism
(new method)

measuring the momentum correlation 
among the valence neutrons

(new information for 2n and 4n correlation)

The experiment

4He 
core

6He 
core

Motivation



with valence neutron knockout
check the low lying p1/2 resonance in 7He 

with more exclusive way;
(clarification)

better interpretation of the SF for 6He(2+)+2n
(new interpretation)



(p, 2p)

(p, p+Core)



Setup @RIPS‐RIKEN
•Primary Beam: 13C, 115MeV/A, 470enA
•Primary Target: Be(12mm),  F1 Wedge: Al(962mg/cm2)
•Second Beam 8He, 82MeV/A ~3*105pps
•Second Target: CH2(0.0830mg/cm2), C(0.1339mg/cm2), Empty



Telescope 
Setup

SetupI

D1: 30 84 Degree

D2: 8   19 Degree

SetupII

D1: 15 69 Degree

D2: 6   17 Degree



D12

D2

D11

BB7-1000-
new design

MSX040-1500
New design



Beam profile



Ability to identify the two knockout 
mechanism: knockout Nucleon or Core

• 8He selected as incident particle 

Telescope D11 at 
smaller angles

SS
D

 Δ
E 

(c
ha

nn
el

)

CsI(A) ΔE (channel)

Protons

Deuterons

Tritons

CsI ΔE (channel)

Telescope D12 at 
larger angles



ΔE‐E plot for 
Telescope D2 

4He    6He    8He

He isotope 
identify with 
proton tagging

4He in coincidence 
with proton in D1/ 
CsI#1

4He    6He

6He in coincidence 
with proton in 
D1/ CsI#1



θ(6He )/deg

θ(6He )/deg

θ(
p
)/
de

g

θ(
p
)/
de

g

左图为CH靶，右图为C靶。

6He‐core knockout and N‐knockout

6He-KO from H target！



6He+C

6He+H

Very good 6He-KO 
kinematics! preliminary



ψ(6He )/deg

ψ(6He )/deg ψ(6He )/deg

ψ
(p

)/
de

g
ψ
(p

)/
de

g

ψ
(p

)/
de

g

θ(6He )/deg

6He-KO Good 
kinematics!

preliminary



preliminary
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II.3 Hadron Physics

Strong theoretical research let by 
Academician Guangda Zhao, 
covering wide area of basic subjects.
Joining the international 
experimental HEP projects, such as 
LHC-CMS ;BEPC-BES; KEK-belle; 
DESY-Hermes; RHIC-Phenix etc. 



例1：K.T.Zhao—重夸克偶素的系列研究



♠♠ 新生奇异夸克星和中子星的区分新生奇异夸克星和中子星的区分

W.J. Fu, H.Q. Wei, and Y.X. Liu, arXiv: 0810.1084, 
Phys. Rev. Lett. 101， 181102  (2008)  

中子星: 相对论平均场,          夸克星：袋模型

引力波引力波 gg--模模振荡频率振荡频率
-------------------------------------------------
Referee C’s Report:
-------------------------------------------------
I have formed the view that this paper is acceptable for publication 
in PRL. My reasons in favor are that the result is of general interest 
in gravitational-wave physics, supernova physics and nuclear/quark 
physics. The suggestion that the g-mode signature will be rather 
different in a neutron star and a strange star following a core collapse 
supernova is, I think, new. As there is considerable interest in the 
observational distinction between the two classes of compact stars, 
the paper is relevant. One would hope that publication in PRL would 
stimulate the authors and others to more detailed studies.
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CMS muon trigger RPC

PU Task
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In 2002, the full size 
RE1/2 prototype made by 
PU was tested at CERN 
and exhibited at the CMS 
hall.



2009年11月26日的CMS 
times双周刊报道

20062006年年1212月月CMSCMS季刊在封面报道北大季刊在封面报道北大

负责研制的负责研制的RPCRPC探测器完成在总体结探测器完成在总体结

构上的安装。构上的安装。
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CMS-NRQCD
CMS J/Ψ重建及触发效率研究

大横动量区J/ψ、ϒ极化的测量

该项研究工作已被总结成CMS Analysis Note（AN-094）
去年改进后升级成 CMS Note 2007/017，杨宗长

以上工作总结成CMS Analysis Note (AN-023)
后升级成CMS PAS BPH-07-002

利用χCJ检测NRQCD的研究 在CMS组内报告

3fb-1,误差包含

统计与系统误差
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PKUAMS:

1988开始，1993年建成，测量14C、

10Be、 26Al，14C测量精度0.5%，

II.4 Nuclear technique  applications

Dynasties 过去 新结果
夏 ? BC – ? BC ca. 2070 BC – 1600 BC
商 ? BC – ? BC ca. 1600 BC – 1046 BC
西周 ? BC – 771 BC ca. 1046 BC – 771   BC
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生命科学
考古学

地球科学
其
它

Oracle bones 
from Yinxu 
site of Shang 
Dynasty



Inversion of the earth magnetic Inversion of the earth magnetic fiedfied

地磁反转期间地磁场变弱，宇宙射线增强，大气中10Be
产率增加。

通过测量陕西洛川黄土剖面近200个样品中的10Be含
量，发现了与Matuyama-Brunhes 地磁反转事件（约
78万年前）相对应的10Be含量峰位。

对确定黄土剖面准确
时标具有重要意义。



Upgrade of the 2 x 1.7 MV tandem system
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The multi-SAMs mutation rates after irradiation with 30 
keV N+, 1.1 MeV protons, 2.6 MeV protons and 6.5 MeV

protons, respectively

Ion
damage zone

Signal 
transduction?

WUS  gene
regulation？

Multi-SAMs mutants were found 
at all irradiation conditions

－“secondary biological target”

Mutants induced by Ion Irradiation



《Nature》highlight



III. Some 
consideration 
for the future



□ Domestic superconducting cavity 

□ FEL with high average power。

□ 2MeV high intensity d RFQ accelerator for 

neutron applications。

□ triple beam system for nuclear material study

□ for long range, a mid-scale multi-purpose 

facility for basic research as well as for 

applications (under investigation)  

Planned Program
For facilities



Super conducting 
e_accelerator



30m x 24m

2 x 6 MV Tandem
4.5 MV
Van de Graaf

200 keV
Implanter

2 x 1.7 MV 
Tandem

Chamber

RBS

TOF‐RBS
TOF‐E

RDA

Ion Source

Ion Source

AMS

RF
Q

Proposed triple beam system for 
nuclear material study 

Control Room

PIXE

Cell
Chamber

Implantation
Chamber

Single event
Chamber

Central Chamber with 
Temperature Control

Direct Beam Analysis

Irradiation
Chamber

Shield Wall
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