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outline 

•  Nuclear	  Physics	  around	  Shanghai	  

•  Int.	  Coll.	  of	  high	  energy	  nuclear	  physics 





Some	  related	  ins.tu.ons 
•  Shanghai	  Inst.	  of	  Applied	  Physics	  (rename	  from	  Shanghai	  

Ins.tute	  of	  Nuclear	  Research	  in	  2003)	  
•  Shanghai	  Jiatong	  Univ.	  
•  Fudan	  Univ.	  
•  East	  China	  Normal	  Univ.	  
•  Shanghai	  Univ.	  
•  Nanjing	  Univ.	  	  (Jiangsu	  Prov.)	  
•  Sotheast	  Univ.	  (Jiangsu	  Prov.)	  
•  Nanjing	  Normal	  Univ.	  (Jiangsu	  Prov.)	  
•  USTC	  	  (Anhui	  Prov.)	  
•  Central	  China	  Normal	  Univ	  (Hubei	  Prov.)	  	  
•  Huzhou	  Univ.	  (Zhejiang	  Prov.)	  

 



Big	  Research	  Funds	  &	  Chinese	  Talents	  in	  Nucl.	  Phys.	   

Large	  scale	  Research	  Funds	  (the	  Major	  State	  Basic	  Research	  Development	  
Program,	  also	  known	  as	  973	  project)	  (30M	  CNY/5y):	  
•  Unstable	  nuclear	  physics	  &	  nuclear	  astrophys	  (I)	  (2001.1-‐2005.9	  G2000077401),	  Prof.	  Wenqing	  Shen	  	  
•  Unstable	  nuclear	  physics	  &	  nuclear	  astrophys	  (II,	  III)	  (2008.1-‐2012.8;	  2013.1-‐2017.8),	  Prof.	  Yanlin	  Ye	  
•  Nuclear	  Maaer	  at	  extreme	  high	  temperature	  and	  density	  (2014.1-‐2018.8),	  Prof.	  Yu-‐Gang	  Ma	  
•  High	  compression	  maaer	  at	  FAIR-‐CBM	  (2015.1-‐2019.8),	  Prof.	  Nu	  Xu	  

NSFC	  Key	  Important	  Funds	  (20M/5years):	  
•  Underground	  nuclear	  astrophys	  (2015.1-‐2019.12,	  20M	  CNY/5y),	  Prof.	  Weiping	  Liu	  	  

NSFC	  Innova4on	  Team	  Funds	  (12	  M	  CNY/6years):	  
•  RIB	  Physics	  (Prof.	  Wenlong	  Zhan)	  
•  Nuclear	  astrophys	  (Prof.	  Weiping	  Liu,	  2011.1-‐2016.12)	  
•  Heavy	  ion	  Physics	  (Prof.	  Yu-‐Gang	  Ma,	  2015-‐2020.12)	  

CAS	  Academician	  Members	  (under	  80	  years	  old):	  
•  Wengqing	  Shen	  (SINAP)	  
•  Wenlong	  Zhan	   (IMP)	  
Fellows	  of	  the	  American	  Physical	  Society	  (APS	  Fellow)	  
•  Jie	  Meng	  (Int.	  Forum	  of	  Phys.,	  APS)	  
•  Yu-‐Gang	  Ma	  (Div.	  of	  Nucl.	  Phys.,	  APS)	  

	  
	  



Na4onal	  Dis4nguished	  Young	  Scholars	  
Recipients	  (in	  Nucl.	  Phys.	  filed)	  

 NSFC	  selects	  200	  dis.nguished	  scholars	  each	  year	  in	  all	  science	  fields	  
(under	  45	  years	  old).	  It	  is	  almost	  the	  highest	  reputa.on	  for	  Chinese	  
young	  scholar.	  Usually,	  	  one	  or	  two	  each	  year	  for	  nuclear	  physics.	  

1997:	  Yu-‐Gang	  Ma	  (SINAP)	  
1998:	  Wenlong	  Zhan	  (IMP)	  
1999:	  Pengfei	  Zhuang	  (Tsinghua	  U.)	  
2000:	  Jie	  Meng	  (PKU)	  
	  	  	  	  	  	  	  	   Weiping	  Liu	  (CIAE)	  
	  	  	  	  	  	  	  	  	  	  Yuhu	  Zhang	  (IMP)	  	  
2001:	  Zhongzhou	  Ren	  (Nanjing	  U.)	  	  
2002:	  Bingsong	  Zhou	  (IHEP)	  
2004:	  Yuxin	  Liu	  (PKU)	  
2005:	  Furong	  Xu	  (PKU)	  

2008:	  Xiaohong	  Zhou	  (IMP)	  	  	  
	       Enke	  Wang	  (CCNU)	  
2009:	  Hushan	  Xu	  (IMP)	  	  
2010:	  Fengshou	  Zhang	  (BNU)	  
2011:	  Qun	  Wang	  (USTC)	  
2012:	  Yumin	  Zhao	  (SJTU)	  
2014:	  Qiang	  Zhao	  (IHEP)	  
2015:	  Shangui	  Zhou	  (ITP)	  
2016:	  Liewen	  Chen	  (SJTU)	  	  

Only	  19	  for	  nuclear	  physics	  from	  1997 



SINAP	  ac.vi.es	  in	  Nuclear	  Physics 
•  Radioac.ve	  nuclear	  beam	  physics	  	  

•  SLEGS	  (Shanghai	  Laser-‐Elec.	  Gamma	  Source)	  	  

•  Nuclear	  Theory	  &	  phenomenology	  

•  Laser	  Nucl.	  Phys	  

•  Int.	  Collabora.ons:	  
RHIC-‐STAR	  &	  LHC-‐ALICE	  for	  Rela.vis.c	  	  HIC	  
CUORE	  (0vbb)	  
PandaX	  (dark	  mager) 



1. Radioactive nuclear beam physics ���

8

-‐for	  pp	  

singlet wave attractive
peak@ 20MeV/c



Eg. Collaboration with RIKEN
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22Mg & 23Al
!

1
0

Different	  2p	  emission	  
mechanism	  for	  23Al	  and	  
22Mg:	  	  
(1) 23Al	  —three	  body	  decay	  

or	  cascade	  emission;	  	  	  
(2) 22Mg	  -‐	  strong	  2p	  

emission	  component	  







a  Shanghai Inst. of Applied Physics 

•  Layout: 100MeV Injector+ 3.5GeV Booster + 3.5GeV SR +7 Beam 
Line &1.44B RMB 

•  Started from Dec. 2004, the 1st Light 2007, Finished 2009 
•  5 Beam Lines just finished, in operation 
•  SSRF-II Projects: New 16 beam lines including SLEGS will start 

soon (2016~2020) (1.6B RMB) 

Running Facility: Shanghai Synchrotron Radiation Facility 



A new γ source  @ SXFEL  

Shanghai Synchrotron Radiation Facility (SSRF)-II (2017-2021)
16 beamlines, SLEGS is 1 of them: 

E_gamma  0.4-20.MeV;  Delta_E: ~5%;  
D_theta：0.5mrad;  Flux：105 -107 phs/s 

2.	  Shanghai	  Laser-‐Electron	  Gamma	  Source	  @SINAP 



Light 
Source

End station

Frant-End

Beamline

35m

 Energy range： 0.4-20.MeV;         Energy resolution ：~5%;          Divergence angle：0.5mrad;         
 Flux：105 -107 phs/s 

Laser

Shanghai	  Laser	  Electron	  Gamma	  Source	  @	  SSRF	  
(Start	  	  to	  construct	  and	  will	  be	  in	  opera.on	  in	  2020)	   



l  Photo-nuclear physics:  
Ø  Nuclear Astrophysics：nuclear reactions which have a critical 

impact on  stellar evolution and nucleosynthesis of elements  
Ø  Nuclear structure GDR and NRF, etc.  

l  Research on the anti-γ radiation properties of aerospace device  and    
        calibration for the X/γ detector equiped on aerospace device 
l  Nuclear waste transmutation research and nuclear safety, 
l  Gamma-ray imaging techniques (in particular: isotope imaging 
technology), etc. 

光核物理（核天体物理） 

Space (radiation hardened) 
Nuclear technology and data 

Nuclear reactor Isotope Detection nuclear explosion 

U-235 

SLEGS	  for	  nuclear	  physics	  &	  applied	  physics	  	  	  

Nuclear Astrophysics 



夸克时代  

等离子体
时代 

原子时代 

正负电子
对时代 

电弱相互 
作用时代       

1PeV 

1TeV 

1MeV 

1eV 

 
Characterist
ic electron 

energy 

Max. photon intensity 2×1022W/cm2 

photon intensity of γ burst 1020W/cm2 *  
years 

OPN July(2011)  
Science 331, 41 (2011) 

*	  New	  Scien4st， April	  9,	  2008	  

1PW 
10PW 

Laser-matter interaction: super-short, super-intense pulse 



Shanghai	  Jiaotong	  Univ. 

•  Nuclear	  Theory	  Group	  
	    Nuclear	  Sym	  Energy;	  nuclear	  structure	  etc	  
	  
•  Dark	  Mager	  Detect：	  

PandaX	  (Liquid-‐Xe)@JPS	  Lab	  
	  
•  Int.	  Coll.	  On	  High	  Energy	  Physics:	  

ATLAS@LHC 



Nuclear	  theory 

•  Lie-‐wen	  Chen,	  Symmetry	  Energy	  

•  Yu-‐min	  Zhao,	  nuclear	  pair	  	  

•  Yang	  Sun,	  Shell	  models 



Recent	  results	  

20	  

Phys. Rev. Lett. 117, 121303 (2016)	   Phys.	  Rev.	  D.	  39,	  122009	  (2016) 

19天运行结果	  

2.5x10-‐46	  cm2	   

1-σ band 	  
2-σ band 	  



Fudan	  Univ. 
•  Theory	  	  (Xuguang	  Huang	  &	  Zhenghua	  Li):	  
	  	  	  	  Nuclear	  Theory	  for	  Chiral	  effects	  at	  RHIC	  	  
	    and	  three-‐body	  force	  	  (Xuguang	  Huang	  &	  Zhenghua	  Li)	  
	  
•  Experiments	  (Huanzhong	  Huang):	  
	  	  	      	  
	  	  	  	  Develop	  a	  QCD	  Physics	  Research	  Program	  	  à 	  	  	  
	  	  	  	  	  plan	  to	  join	  STAR	  Coll.	  &	  EIC	  	  
 
  Develop	  bolometer	  technology	  for	  a	  0vbb	  Exp	  

	     at	  China	  Jinping	  Underground	  Lab	  



Chiral	  effects	  in	  RHIC 



Experimental	  plans 



Nanjing	  Univ. 

•  Theory	  
	  	  	  	  Nuclear	  structure	  (Z.	  Ren, C.	  Xu)	  
	    	  hadron	  physics	  (F.	  Wang,	  H.	  Zong,	  …)	  	  
	  
•  Interna.onal	  Coll.	  
	    ATLAS	  （Shenjian	  Chen) 



Univ.	  of	  Sci.	  &	  Tech.	  of	  China 

•  Theory	  
	  	  	  RHIC	  physics	  (Qun	  Wang)	  

•  Experimental	  
	    RHIC-‐STAR,	  Dark	  Mager	  search,	  Symmetry	  
	  
•  Detectors	  &	  Nuclear	  Electronics	  
	    STAR-‐ToF, Muon	  Telescope	  Detector,	  …	  



Central	  China	  Normal	  Univ 
•  Experimental	  	  
	     Int.	  Coll.:	  	  
	     STAR@RHIC,	  ALICE@CERN,	  CBM@Fair	  
	     (more	  than	  10	  facul.es)	  

•  Theory	  
	    QCD	  & phenomenology	  
	     (more	  than	  10	  facul.es)	  
	  
•  Detectors	  
	  	  	  	  Pixel	  ,	  ALICE	  ITS	  upgrade,	  D-‐cal 



Huzhou	  Univ. 

•  Nuclear	  theory:	  	  
	     nuclear	  structure	  &	  reac.on	  
	     ~	  10	  facul.es	  
	  
•  Plan	  to	  do	  RHIC	  physics	  and	  Cold	  atom	  phys	  
	    Fuqiang	  Wang	  	  



others 

•  Other	  nuclear	  theore.cal	  peoples	  
	      ECNU	  (Theory:	  hypernuclei,	  par.cle	  phys)	  
	      Shanghai	  Univ.	  (Theory:	  RHIC	  theory)	  
	      Tongji	  Univ.	  (Theory:	  Nucl	  Structure)	  
	      Shanghai	  Eng.	  Univ.	  (Theory:	  Part.	  phys)	  
	  
	      ….	  
	    



International Coll. on High Energy Nucl Phys. 

-‐-‐with	  STAR	  @	  RHIC 
 
-‐-‐	  with	  ALICE	  @	  LHC 
	  
-‐-‐	  with	  J-‐LAB	  	  
 
	  
	  
Ins4tu4ons:	  
-‐-‐RHIC-‐STAR（SINAP,	  USTC,	  TsingHua	  U.,	  ECNU,	  	  
IMP,	  SDU)） 
	  
-‐-‐LHC-‐ALICE:	  ECNU,	  CIAE,	  SINAP,	  USTC	  	  
	  
-‐-‐J-‐lab:	  USTC,	  Lanzhou	  U	  etc. 



RHIC BRAHMSPHOBOS
PHENIX

STAR

AGS

TANDEMS

1 km 

v	  =	  0.99995c	  =	  186,000	  miles/sec	  
	  	  	  	  	  	  	  	  	  	  Au	  +	  Au	  at	  200	  GeV 

RHIC@  BNL 
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The STAR Collaboration 

Poland:  Warsaw University, 
 Warsaw University of
 Technology  

Russia:  MEPHI – Moscow, 
 LPP/LHE JINR–Dubna,  IHEP
-Protvino 

U.S. Labs:   Argonne,  
 Berkeley,  Brookhaven
 National Labs 

U.S. Universities:   Arkansas,  
 UC Berkeley, UC Davis,  
 UCLA,    Carnegie Mellon,
 Creighton,  Indiana,  Kent
 State,   MSU,    CCNY, Ohio
 State,   Penn State, 
 Purdue,Rice, Texas A&M,    

 UT Austin, Washington,
 Wayne State,  Yale 

Brazil:    Universidade de Sao
 Paolo 

China:  

CCNU, IMP, Shandong U. 

SINAP, Tsinghua, USTC 

England:  University of
 Birmingham 

France: SUBATECH – Nantes 

Institut de Recherches
 Subatomiques,Strasbourg  

Germany:  Max Planck Institute –
 Munich University of Frankfurt 

India: Bhubaneswar, Kolkata,
 Mumbai , Panjab, Rajasthan 

 



RHIC-STAR 

Full 2π coverage;  Pseudorapidity coverage ~ ±1 unit 

EEMC Magnet MTD BEMC TPC TOF BBC 

Detect	  R&D	  from	  China	  groups:	  TOF,	  MTD,	  iTPC,	  HLT	  



What Chinese contributes for STAR?   the TOF!

•  Present STAR Spokesperson: Zhangbu Xu !

•  STAR-China groups:  SINAP(CAS); USTC; 
CCNU; ThU; IMP (CAS); SDU; !

•  2006-2009, China group contributed for a 
Full Time of Flight Detectors which are 
based on MRPC techniques for STAR!

•  Project Leader & Convenor : Yu-Gang Ma!

3
3
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USTC	  &Thsinghua	  U. 
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	  -‐	  largest	  ever:	  88	  m3	  	  	  	  	  	  	  	  	  	  
	  -‐	  570k	  readout	  channels	  @	  2000	  

Time	  Projec.on	  Chamber	  

for	  tracking	  and	  PID	  via	  dE/dx	  
(-‐0.9,0.9)	  

drift gas 
90%	  Ne	  -‐	  10%CO2	  

Field Cage    Inner Vessel 

~ 3 m diameter 

Central Electrode Prototype 
25 µm  aluminized Mylar on Al frame 



3
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Muon Telescope Detector (MTD)  
•  Installed on the outside of STAR magnet 

•  Based on Multi-gap Resistive Plate 
Chamber (MRPC) 

•  30 backlegs 

•  3 or 5 modules in a backleg 

•  12 double end readout strips 
 in a module  

•  z: along strips and backlegs 

•  y: perpendicular to strips and backlegs 

•  30 backlegs, 122 modules, 1464 readout 
strips, 2928 readout channels 

•  Be fully operational from 2014  

z	  

y	  
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STAR-High Level Trigger (HLT) upgrade	

HFT 

TPC 

TOF 

MTD 

HLT 

Anti-hypertriton（Science， 2010）  
Anti-He4（Nature， 2011）	

Strangelet 
  

(XYZ)C  
 

di-Ω, H-particle，p-Ω 
 
 

Heavy-flavor partlcle 
…  

After STAR-HFT、MTD, more physics opportunites at STR 。 
HLT upgrade will improve the online reconstruction speed and 

 then perform emergent physics project asap. 

SINAP,	  CCNU 



UPS Unpacking 

Installation 

Integration Completed 



4
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A minireview:
Y. G. Ma, J. Chen, L. Xue, Front. Phys., 2012, 7(6): 637–646
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Jinhui	  Chen	  (SINAP),	  APS	  G.	  E.	  Valley	  Prize,	  2012 

 hypertriton 

An.-‐hypertriton 

Principal	  authors:	  SINAP	  etc. 
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L

4
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Liang Xue (SINAP), Quark Matter 2011 talk；PhD Thesis@2013
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How	  to	  understand	  the	  produc.on	  of	  an.-‐nuclei	  @	  RHIC：coalescence 



Antimatter asymmetry at different energies

4
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In hydrodynamic blast-wave model 
+coalescence model: 
L. Xue, YGM et al., PRC 85,064912 (2013);  
N. Saha, YGM et  al., PLB 754, 6 (2016)  

reduction factors: 
1	  more	  nucleon:	  1.2	  ×103	  
1 more	  an.nucleon:	  1.5	  ×103	  @	  200GeV	  
1	  more	  nucleon:	  0.33	  ×103	  	  
1 more	  an.nucleon:	  1.95	  ×104	  @	  11.5GeV	  
	  
The	  difference	  in	  reduc.on	  factor	  	  between	  
mager	  and	  an.mager	  shows	  a	  significant	  
energy	  (temperature)	  dependence. 
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Nucleon	  number	  scaling	  of	  Ellip4c	  flow	  @	  STAR	  data	  also	  support	  	  
Coalescence	  mechanism	  for	  light	  nuclei	  produc4on!	  

(Nucleon-number	  scaling	  of	  Ellip4c	  flow	  was	  1st	  proposed	  by	  YGM	  et	  al.	  )	  



For	  Pb+Pb@2.76TeV,	  more	  rich	  an4nuclei	  has	  been	  produced	  
all	  ra4os	  of	  pbar/p, d-‐bar/d,	  He3-‐bar/He3 ~1

But	  200GeV	  Au+Au@RHIC	  
1600；	  
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    Femtoscopy Analysis 

Correlation Function(CF): 

A(k*) - real pair,  
B(k*) - pair from mixed events 
k* - half of relative momentum between two particles 





Correlations and the ratio

For pbar-pbar CF,
R=2.80±0.02fm , f0=7.41±0.19fm, 
d0=2.14±0.27fm; 

•  f0 and d0 for the antiproton-antiproton 
interaction are consistent with the ones for 
the proton-proton interaction （within 
errors）

•  It provides input for descriptions of the 
interaction among antiprotons, one of the 
simplest systems of anti-nucleons(nuclei). 

•  A quantitative verification of CPT symmetry 
still works!

STAR principal authors:	
 Z.Q. Zhang，Y. G. Ma，A. Tang et al.	
	
 Z.Q. Zhang （SINAP）, PhD Thesis (2017)	
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ALICE-‐China	  	  Team	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  
China Team( 6 Institutes, 27 staffs, 17 PhD students ) 
Central China Normal University (CCNU), Wuhan 
 （Full member, 13 staffs, 10 PhD students） 

China Institute of Atomic Energy (CIAE) 
（full member, 2 staffs, 2 students) 

University of Science & Technology of China（USTC）, 
Hefei 

（Full member, 4 staffs, 2 PhD students） 

Shanghai Institute of Applied Physic (SINAP), Shanghai 
  （Full member, 5 staffs, 3 PhD students） 

Huazhong University of Science & Technology（HUST） 
（Associate member，3 staffs） 

Hubei University of Insductries  
（Full member, 1 staffs） 



l  R&D and massive production for full PHOton Spectrometer (PHOS:  
four super-modules) 
l  Observe photon and jets 

FEE array R&D of front end of electronics (FEE) 
ALICE PHOS front-end electronics 



ALICE Di-jet Electro-magnetic Calorimeter (DCAL) and Scalable 
Readout Unit (SRU) 

R&D and one super  module production of DCAL 
To observe parton energy loss and jet structure 

SRU R&D and 
commissioning 



Physics	  topics 

1.  Nuclear modification study to study the parton energy 
loss mechanism  

   1) Heavy-flavor hadron decays; 
    2) Neutral meson production and correlation 
    3) jet production and its structure  

2. Flow measurements to probe the partonic collectivity      
   1) (Multi-)strange particles 

    2) Muons from heavy-flavor hadron decay	    

3. High multiplicity measurements to study multiple partonic 
interaction in pp collisions 
    1) Charged production of High Multiplicity at13 TeV; 
    2) Strangeness production of high multiplicity at 13 TeV. 
 
Details seeing backup 



ALICE ITS Upgrade at CCNU 
China	  team-‐Efforts	  and	  Plan:	  
‣ ALICE	  ITS	  chip	  design:	  	  
‣ (1)	  Chip	  matrix	  readout	  architectures;	  
(2)	   pixel	   analog	   Front-‐end	   revision	  
and	  op.miza.on.	  

‣ Chip-‐Flexible	   PCB	   interconnec.on	  
R&D	  

‣ Chip	  performance	  tes.ng	  
‣ Construct	   406	   ITS	  modules	   at	  Wuhan	  
lab	   (2032	   modules	   in	   total	   for	   ITS	  
outer	  4	  layers)	  

60

Clean room at ISO6 level (temperature/
humidity controllable, ~ 100 m2) 

ALICE ITS assembly and chip inspection 
machine installed at CCNU clean room

To study heavy quarks and quarkoniums with 
high statistic and high precision 



International Prizes
(SINAP) 





IWND which was supported by ANPhA ���
(reported in Nuclear Physics News)



summary
• Nuclear physics & particle physics activities 

are growing in Shanghai and nearby cities. So 
do in China-wide.

•  SINAP is also expanding its nuclear physics 
activities: 

 Now: RNB Phys, RHIC phys, Theor. Nucl. Phys, 0vbb, dark-matter

New: ALICE, laser-ele. Gamma source, laser-nucl phys

• Hope to have more cooperation with you

Thanks for your attentions!


