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	The	planned	“Shanghai	Laser	Gamma	Source	@	SSRF” 

Mo)va)on 

Zhangjiang	Campus,SSRF	(Shanghai	Synchrotron	radia)on	Facility,	
Shanghai	Inst.	Of	Applied	Physics,	CAS) 
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 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	in	2017	and	will	be	in	opera)on	in	2020)	 



1.3 A new proposal for LCS Gamma Source similar to ELI-NP @ SXFEL 

SSRF 

Schematic layout of the gamma source at SXFEL 

Main parameters of the gamma source at SXFEL and ELI-NP 

Electron Energy：0.85GeV，Update to 1.3GeV 
Laser ： 800 nm Ti: Sapphire  
Gamma Energy： 3.7MeV ~ 38.9MeV 

[1]Nuclear Science and Techniques, Vol.26(2015)050103 

⼆、线站整体布局�  	MeV LCS gamma beams at SINAP 



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	&	applicaNon			

Nuclear Astrophysics 



u Alpha-cluster	configura)on	in	light	nuclei			



ü  Cluster	is	predicted	to	appear	near	cluster	decay	threshold	in		
	   α	conjugate	nuclei		about	50	years	ago	
	     

K.	Ikeda,	N.	Takigawa,	H.	Horiuchi,		
Prog.	Theor.	Phys.	Suppl.	Extra	Number,	464	(1968)	 

The	α	cluster	is	the	most	prominent		
case	since	(1)	the	high	binding	
energy	of	α-conjugate	nuclei	and	(2)	
high	energy	of	it’s	first	excita)on	
state	



ü  The	α	cluster	configura)on	in	12C	
	     

D.	Marin-Lámbarri,	R.	Bijker,	M.	Freer	et	al.	Evidence	for	
Triangular	D3h	Symmetry	in	12C.	Phys.	Rev.	Le+.	113,	012502	(2014)	 

Ø However,	the	recent	data	supports	the		
	                triangle	α	configura)on	of	12C	Hoyle	state 

Ø AB	ini)o	calcula)on	based	on	effec)ve	field	theory	
obtains	that	Hoyle	state	is	more	like	a	linear	chain	of	
three	alpha	clusters		

	  E.	Epelbaum	et	al.,	Phys.	Rev.	Le+.	106,	192501	(2011)		

Ø Non-localized,	condensed-like	wave	func)on,	gas	of	α	cluster	
in	Hoyle	state	

	   THSR	(Tohsaki-Horiuchi-Schuck-Ropke)	wave	func)on:	
	   A.	Tohsaki	et	al.,	Phys.	Rev.	Le+.	87,	192501	(2001)	
	    T.		Suhara	et	al.,	Phys.	Rev.	Le+.112,062501	(2014)		



Algebraic		model:		Bijker,	Iachello, Evidence	for	Tetrahedral	Symmetry	in	16O.	
	Phys.	Rev.	Le+.	112,	152501	(2014)		
Effec)ve	field	theory: E.	Epelbaum,	H.	Krebs,	T.	A.	Lähde,	D.	Lee,	U.-G.	Meißner,		
and	G.	Rupak,	Phys.	Rev.	Le+.	112,	102501	(2014)	
Covariant	density	func)onal	theory:	L.	Liu	and	P.	W.	Zhao,	Chin.	Phys.	C	36,	818	(2012)	

ü  The	α	cluster	configura)on	in	16O	
	     

Ø Many	different	calcula)ons	support		the		
	  tetrahedral	structure	in	16O	ground	state，	
	  which	challenges	the	tradi)onal	shell	model	picture. 

Ø  The	excited		16O	may	evolve	into	square,	or	linear	chain,	or			
	  non-localized	gas	configura)on		

Effec)ve	field	theory: E.	Epelbaum,	H.	Krebs,	Timo	A.	Lähde,	Dean	Lee,	Ulf-G.	
Meißner,	and	G.	Rupak,	Phys.	Rev.	Le+.	112,	102501	(2014)	
Covariant	density	func)onal	theory:	L.	Liu	and	P.	W.	Zhao,	Chin.	Phys.	C	36,	818	(2012)	
THSR	wave	func)on:	T.	Suhara	et	al.,	Phys.	Rev.	Le+.	112,062501	(2014)		
	



p  Extended	Quntumn	Molecular	model	
	   --	microscopic	dynamical	model		

11Be 

1)				Dynamical	wave	packet	width	in	wave	func)on	(as	in	FMD).	
							Taking	into	account	the	kine)c	energy	term	of	the	momentum	variance		
	   of	wave	packets	to	the	Hamiltonian		
 

The	EQMD	model	
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T.	Maruyama,	et	al.,	Phys.	Rev.	C53,	297	(1996).	
R.	Wada	et	al.,	Phys.	Lem.	B	422,	6	471	(1998).		

Compared	with	other	QMD	models,	EQMD	model	has	the	following	features:	



2)	Introducing	a	phenomenological	repulsive	Pauli	
potenNal	into	effec)ve	interac)on	to	approximate	the	
nature	of	fermion	many-body	system, which	inhibits	
nucleons	of	the	same	spin	S		and	isospin	T		to	
come	close	to	each	other	in	the	phase	space		
	 
HPauli =

cP
2

fi − f0( )
i
∑

µ
θ fi − f0( )

fi ≡ δ Si ,S j( )
j
∑ δ Ti ,Tj( ) φi φ j

2

full	Pauli	poten)al	cooling	to	alpha	
cluster	state 

reduced	Pauli	poten)al	cooling	to	
non-cluster	state 

the	overlap	of	a	nucleon		i	with	
the	same	kind	of	Nucleons	,
(including	itself) 



3)	The	iniNalizaNon	of	ground	nuclei:	fricNon	cooling	 

Introducing damping 
eoff.�

Evolution equ.� Friction cooling method�

16O free evolution� 16O alpha-clustering�
19C halo structure�



p  EQMD	Results	on	alpha-clustering	light	nuclei	
	   --	Density	distribu)on	of	clustering	nuclei	and	wave	packets	

Binding energy of nuclei with cluster configuration    
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AME2012:Chin.	Phys.	C	36,	1603	(2014)	 
8Be:	7.062	MeV,	12C:	7.680	MeV,	16O:	7.976	MeV	 



u Alpha-cluster effect on GDR 

  W. B. He, Y. G. Ma, X. G. Cao, X. Z. Cai and G. Q. Zhang,  

Phys. Rev. Lett. 113, 032506 (2014) 

 W. B. He, Y. G. Ma, X. G. Cao, X. Z. Cai and G. Q. Zhang, 

PHYSICAL REVIEW C 94, 014301 (2016) 
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Density difference between neutrons and protons 



  GDR	of	8Be,	12C	&	16O	with	different	α	configura)ons		

Dipole	evolu)on	of		16O  
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16O	ground	state	with	
tetrahedron	structure 

16O	ground	state	without	alpha	
cluster 

  EQMD	calcula)on	supports	16O	ground	state	with	tetrahedron		

The	data	is	from	J.	Ahrens,	H.	Borchert,	K.	H.	Czock	et	al.,	Nucl.	Phys.	A251,	479	(1975).	
The	first	principle	calcula)on	is	from	S.	Bacca	et	al.,	Phys.	Rev.	Lem.	111,	122502	(2013).	



12C GDR without (left panel) and with (right panel) cluster configuration with data.

u  EQMD	calcula)on	indicates	the	ground	of	12C	is	a		
	   mul)configura)on	mixing	of	shell-model-like	and	cluster-like	
					configura)ons,	which	is	consistent	with	the	predic)on	of	
				AMD	[Y.	Kanada-En’yo,	Phys.	Rev.	Lem	81,	5291	(1998)]		
					and		
	  FMD	[M.	Chernykh	et	al.,	Phys.	Rev.	Lem.	98,	032501	(2007)]			

The	data	is	from	J.	Ahrens,	H.	Borchert,	K.	H.	Czock	et	al.,	Nucl.	Phys.	A251,	479	(1975). 



Correspondence	between	GDR	and	
	 α		cluster	configura)ons		

ü  GDR	spectrum	is	highly		
	fragmented	into	several		
apparent	peaks	due	to	the	
	α	structure		
ü  The	different	α	cluster	
	configura)ons	in	12C	and	16O	
	have	corresponding	
	characteris)c	spectra	of	GDR		
ü  The	number	and	centroid		
energies	of	peaks	in	the	GDR	
	spectra	can	be	reasonably	
	explained	by	the	geometrical	
	and	dynamical	symmetries	of	
	α	clustering	configura)ons		
	
	



u Alpha-cluster effect in quasi-deuteron region 

B. S. Huang, Y. G. Ma,  W. B. He,  

PHYSICAL REVIEW C 95, 034606 (2017)  

 

 B. S. Huang, Y. G. Ma, W.B. He,  

Eur. Phys. J A 53，119 (2017) 

 

 



(a) chain 
  

(b)triangle (c)spherical 
 

If	photons	hit	alpha	cluster	inside	nucleus,	what	happens?	 
@	Quasi-deuteron:	~70-140MeV We	consider: 



Three-body decay 

where 

We	consider	the	emimed	proton,	neutron	
and	the	residual	nucleus	as	the	three-body， 
its	i-th	set	of	Jacobi	coordinate:	 

With	p_j	and	p_k	represent	the	
momentum	of	emimed	proton	and	
neutron,	m_i,	m_j	and	m_k	represent	for	
the	mass	number	of	the	residue	nucleus,	
proton	and	neutron,	respec)vely,	and	m	
is	the	total	mass	number	of	the	mother	
nucleus,	i.e.	12C. 

10B 

n 
p 



 pair momentum of emitted proton and neutron 



opening angle between neutron and proton 



Hyperangle of residue 
Usually	the	hyperangle	is	confined	by	(0,pi/2).	If	it	is	near	0,	it	indicates	that	the	
residual	nucleus		is	far	from	p		and	n;	If	it	is	near	to	pi/2,	it	indicates	that	the	
residue	nucleus		is	near		the	center-of-mass	of	the	emimed	p	and	n.	



Hyperradius of residue 



u Alpha-cluster effect on flows for 
16O+16O & 12C+12C 

Chen-Chen Guo, Wan-Bing He, Yu-Gang Ma,  
CHIN. PHYS. LETT. 34, 092101 (2017) 

 



	The	directed	and	ellipNc	flows	

tetrahedron 

chain 

weaker 

 interaction more violent 
 collision 

The sitatution 
in 12C+12C is 
similar to 
that in 16O+16O 

More	compact	
configura)on	
has	more	violent	
collision 



Results	:	
Density increase 

contour decrease 

The initial distance 
between the centers of the 
projectile and target 
nuclei is set to 50 fm. 



Results	:	 Beam	energy	dependence	



u Alpha-cluster effect on flows for 
12C+197Au 

S. Zhang, Y. G. Ma, J. H. Chen, W. B. He, and C. Zhong，  

PHYSICAL REVIEW C 95, 064904 (2017) 
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Initial geometry and fluctuation 

36

W.	Broniowski	et	al.,	PRC-76-054905	

Nucleon	from	nuclei	A	
and	B	

Par)cipant	ini)al	
coordinates	

Par)cipant	in	center	of	
mass	frame	axer	binary	
collision	

BRONIOWSKI, BOŻEK, AND RYBCZYŃSKI PHYSICAL REVIEW C 76, 054905 (2007)
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FIG. 1. (Color online) Snapshot of a typical gold-gold collision in the x-y plane, for b = 6 fm. Red and black circles indicate nucleons
from nuclei A and B, respectively, plotted with the size (3.2). The left picture shows all nucleons, the middle shows the wounded nucleons only,
and the right shows the centers of mass of pairs of nucleons undergoing binary collisions. The straight lines indicate the (twisted) principal axis
of the quadrupole moment, the blue dots show the center of mass of the system, and the outer circles denote the Woods-Saxon radius of gold,
R = 6.37 fm. The units on the x and y axes are femtometers.

The first part of the paper discusses the fixed-axes and
variable-axes harmonic moments and radial profiles obtained
numerically from the Glauber Monte Carlo studies in sev-
eral models: the conventional wounded-nucleon model [11],
a model admixing binary collisions to wounded nucleons
[12,13], a model with hot spots, and the hot-spot model
where the deposition of energy occurs with a given probability
distribution (Sec. III). The results are presented in Secs. IV
and V. The main result here is that the fixed-axes quadrupole
moments, ε, and their scaled standard deviation, "ε/ε, vary
significantly from model to model. The same holds to a
lesser extent for the variable-axes moments, ε∗. However,
the dependence of the scaled standard deviation "ε∗/ε∗

on the chosen Glauber-like model is weak, at most at the
level of 10%–15% for intermediate impact parameters. For
all considered models the values range from about 0.5 for
central collisions to about 0.3–0.4 for peripheral collisions. We
examine the dependence on the mass number, providing results
for gold-gold and copper-copper collisions. We also investigate
the effects of the assumed weighting power of the transverse
radius in the definition of the harmonic moments, finding that
the choice is not important for studies of fluctuations.

In Sec. VI we examine the role of the center-of-mass and
quadrupole-axes fluctuations on jet quenching. Except for very
central collisions, the effect of the increased eccentricity of
the opaque medium is canceled by the shift of its position and
axes rotation, leading to almost no change in the azimuthal
asymmetry of the jets leaving the interaction region.

In Sec. VII we argue that the variable-axes quantities are
dominated by sheer statistics and certain properties of variable-
axes distributions can be explained in an elementary way
through the use of the central limit theorem. In particular, in the
absence of correlations between the location of sources and for
central collisions we get the result of an appealing simplicity,
namely "ε∗/ε∗(b = 0) =

√
4/π − 1 ≃ 0.52, independent of

the number of sources in the assumed model, the mass number
of the colliding nuclei, or the collision energy. This result is
fulfilled to a very good accuracy in actual numerical studies,
where some correlations are present. For noncentral collisions

appropriate expansions are provided. We also analyze the
variable-axes profiles in this way. The effects of correlations
between the location of sources are discussed in Appendix D.

In Sec. VIII we propose another method of encoding
the information on the initial state, where each harmonic
(including the odd ones) is evaluated in its own eigenaxes.
The method can be used as a base for a smoothing procedure
in preparation of the initial conditions for event-by-event
hydrodynamic studies.

In Sec. IX we make several comments referring to the
collective flow. We note that the statistical analysis of the
variable-axes parameters ε∗ carries over to the analysis of
the variable-axes elliptic-flow coefficient, v∗

2 . For central
collisions (in the absence of correlations) we find "v∗

2/v
∗
2 (b =

0) =
√

4/π − 1 ≃ 0.52, independently of multiplicity, mass
number, or the collision energy. This value is in the ballpark
of the recent experimental data [9,10]. Moreover, under
the assumption of smoothness that most likely holds in
hydrodynamics, which allows for perturbation theory around
the azimuthally symmetric solution, one obtains the relation
v∗

4 ∼ v∗2
2 for the octupole flow coefficient. Consequently,

for the event-by-event fluctuations we find the prediction
"v∗

4/v
∗
4 = 2"v∗

2/v
∗
2 .

The appendices contain some more technical material,
including the derivations of the statistical formulas. A simple
one-dimensional toy model illustrating the essence of the
statistical intricacies is given in Appendix C.

II. NOTATION

In our study we use the standard Woods-Saxon nuclear
density profile for the nucleus of mass number A,

n(r) = c

1 + exp
(

r−R
a

) , (2.1)

where the constant c, given in Appendix B, is such that
the normalization

∫
4πr2dr n(r) = A is fulfilled. For the

054905-2
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Initial nucleon dist. 
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Configuration of Chain and Triangle structure from EQMD, W. B. He, Y. G. Ma et al. PRL-113-032506
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Elliptic flow evolution in central collision @AMPT 

3
9

✓ Zero flow in initial stageà hadron v2 formed in partonic interaction stage
✓ Chain structure of 12C contribute to elliptic flow
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Triangular flow evolution in central collision @AMPT 

4
0

✓ Zero flow at initial stageà hadron v3 formed in partonic interaction stage
✓ Triangle structure of 12C contribute to triangular flow
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✓ The ratio keep flat trend with increasing of Ntrack for Woods-Saxon distribution and 
chain structure of 12C

✓  The ratio increases with increasing of Ntrack for triangle structure.
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Summary 
n  Alpha-clustering structure is a very interesting topic in 

nuclear structure, it can be explored in low energy and high 
energy HIC or photon-induced reactions. 

n  EQMD model can give initial state of alpha-clustering 
structure and  it shows that GDR is a good probe for the 
alpha-clustering structure. 

n  Photonuclear reaction in quasi-deuteron regime is also a 
good tool to investigate alpha-clustering structure through 
different observables in three-body decay.  

n  At Fermi energy, collective flow is sensitive to initial 
clustering structure. 

n  At relativistic HIC, collective flows and HBT correlation 
display the sensitivity to initial alpha-clustering structure 
(eg., 12C: Chain structure contribute to elliptic flow and 
Triangle structure affect triangular flow).	
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