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Research Topics 
q  Past Research Topics: 

²  Pairing Properties in Hot Rotating Nuclei 
J = 0 

n      n p      p 

J = 0 

Superfluid 

Normal 

J. Bardeen, L. Cooper, 
and J. Schrieffer, Phys. 
Rev. 108, 1175 (1957) 



T = 0 T ≠ 0 
Ø  Particle-number violation 

Ø  Collapse at G ≤ GC 

Ø  No thermal fluctuations 

Ø  Collapse at T ≥ TC 
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Shortcomings of the BCS 



Macroscopic Landau theory  
L. G. Moretto, Phys. Lett. B 40, 1 (1972) 

HFB at finite temperature  
A. Goodman, Phys. Rev. C 29, 

1887 (1984) In finite nuclei, 
thermal fluctuations 

smooth out the sharp 
superfluid-normal 

(SN) phase transition 

Past Research Topics 
Pairing in Hot Nuclei Shell-model Monte-Carlo 

Dean et. al, Phys. Rev. Lett. 74, 2909 (1995) 

From experimentally extracted gap 
K. Kaneko and M. Hasegawa, Phys. Rev. 

C 72, 024307 (2005) 

Thermal 
fluctuations ? 



Past Research Topics 
Modified BCS (MBCS):  
N. Dinh Dang and V. Zelevinsky, Phys. Rev. C 64, 
064319 (2001);  
N. Dinh Dang and A. Arima, Phys. Rev. C 67, 014304 
(2003).  
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Pairing in Hot Nuclei 

Quasiparticle-number 
fluctuations (QNF) 



Past Research Topics 

A. Goodman, Nucl. Phys. A 369, 365 (1981) 

Magnetic field H Angular momentum (velocity) 

Pairing in Hot Rotating Nuclei 



Past Research Topics 
Pairing Reentrance 

L. G. Moretto, Phys. Lett. B 35, 379 (1971);  
Nucl. Phys. A 185, 145 (1972); Nucl. Phys. A 216, 1 (1973) 

Thermally assisted 
pairing correlation 

Non-collective Rotation 
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L. G. Moretto, Nucl. Phys. A 185, 145 
(1972);   
R. Balian, H. Flocard, M. Vénéroni, Phys. 
Rep. 317, 251 (1999) 

superfluid

normal

Mc
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Thermally assisted 
pairing correlation
(pairing reentrance 
phenomenon)



Past Research Topics 
Pairing Reentrance 

S. Frauendoft et al., Phys. Rev. B 68, 024518 (2003) 

Exact solution of 
degenerate model, 
canonical 
ensemble for 
cluster and nuclei 

Temperature 
induced pair 
correlation 



Past Research Topics 
Pairing Reentrance 

D.J. Dean, K. Langanke, H. Nam, and W. Nazarewicz, Phys. 
Rev. Lett. 105, 212504 (2010) 

Shell model 
quantum 
Monte Carlo 
calculation 



v T	<	Tc	(290	mK)	and	H	~	2T:	
superconduc*vity	(R	=	0)	

v 2T	<	H	<	8T	
			no	superconduc*vity	
v T	~	400	mK	and	8T	<	H	<	13T:	
superconduc*vity	
reappeared	
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R: Resistivity 



Pairing Hamiltonian including z-projection of total 
 angular momentum: 

Bogoliubov transformation + variational 
procedure: 

€ 

H = εkakσ
+ akσ −G ak+

+ ak−
+ ak'−

kk'
∑

k,σ = ±1
∑ ak'+ ,  

€ 

N = (ak+
+ ak+ + ak−

+ ak−)  ,
k
∑

M = mk (ak+
+ ak+ − ak−

+ ak−)  .
k
∑
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H ' = H − λ ˆ N − γ ˆ M ,  
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Δ k = Δ + δΔ k  ,
Δ =G ukvk Dk

k
∑  ,    Dk =1− nk

+ − nk
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δΔ k =Gukvk
δNk

2
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2
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2)(nk
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2
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Quasiparticle-number fluctuation: 
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δNk
2 = nk

+ 1− nk
+( ) + nk

− 1− nk
−( )
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εk
, = εk +

G
Dk

uk'
2 − vk'

2( )
k'
∑ Ak

+Ak'
+ + Ak

+Ak'( )  ,    

Ak
+ =αk+

+ αk−  .

     FTBCS1: 
    

€ 

nk
± =

1
1+ exp[β(Ek ∓ γmk )]

 ,     Ak
+Ak'

+ = Ak
+Ak' = 0  .

FTBCS1 at T≠0 & M≠0 



FTBCS1+SCQRPA at T≠0 & M≠0 
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Gk
± E( ) =

1
2π

1
E − ˜ E k ∓ γmk − Mk

± E( )
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˜ E k  = ʹ b k + qkk  ,
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Past Research Topics 
Our methods: 
Ø  FTBCS1: FTBCS + Quasiparticle-number fluctuations (QNF) 
Ø  FTLN1: FTBCS1 + Lipkin-Nogami (approximate) particle-number 

projection 
Ø  FTBCS1 + SCQRPA: FTBCS1 self-consistently coupled to 

quasiparticle ramdom-phase approximation (QRPA) vibrations 
Ø  FTLN1 + SCQRPA: FTLN1 self-consistently coupled to QRPA 

vibrations 
Ø CE(MCE)-LNBCS: embed solutions of LNBCS equation at T=0 into 

the CE and MCE 
Ø CE(MCE)-LNSCQRPA: embed solutions of LNSCQRPA equation at 

T=0 into the CE and MCE 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 76, 054302 (2007). 
N. Dinh Dang and N. Quang Hung, Phys. Rev. C 77, 064315 (2008). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 78, 064315 (2008). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 79, 054328 (2009). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 044301 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 057302 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 82, 044316 (2010). 



Hot Nuclei 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 057302 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 82, 044316 (2010). 

Doubly-fold 
equidistant multilevel 
pairing model  



Doubly-fold 
equidistant multilevel 
pairing model  

Hot Nuclei 

N. Dinh Dang and N. Quang 
Hung, Phys. Rev. C 77, 
064315 (2008). 
N. Quang Hung and N. Dinh 
Dang, Phys. Rev. C 79, 
054328 (2009). 



Hot Nuclei 

N. Dinh Dang and N. 
Quang Hung, Phys. Rev. 
C 77, 064315 (2008). 
N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
79, 054328 (2009). 



CE-LNBCS(LNSCQRPA) 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 057302 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 82, 044316 (2010). 



Hot Nuclei 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 057302 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 82, 044316 (2010). 



Hot Nuclei 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 81, 057302 (2010). 
N. Quang Hung and N. Dinh Dang, Phys. Rev. C 82, 044316 (2010). 



Pairing 
reentrance 
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Hot Rotating Nuclei 
22O 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 78, 064315 (2008) 



Pairing 
reentrance 
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N. Quang Hung and N. Dinh Dang, Phys. Rev. C 78, 064315 (2008) 



Hot Rotating Nuclei 
60Ni 72Ge 

N. Quang Hung and N. Dinh Dang, Phys. Rev. C 84, 054324 (2011) 



q  Past Research Topics: 
²  Pairing Properties in Hot Rotating Nuclei 
²  Nuclear Giant/Pigmy Dipole Resonances  

Research Topics 

GMR GDR GQR 

PDR 
PDR 

GDR 



GDR 

GDR 

M. Ciemela, Colloque GANIL 13/10/2015 



GDR in Hot 
Nuclei 

Ø Saturation of GDR width at 
high T ? 

Ø Slight increase of GDR 
width at low T ? 



Phonon Damping Model (PDM) 

N. Dinh Dang, COMEX 5, Sep. 16, 2015, Krakow 

N. Dinh Dang and A. Arima,  
Phys. Rev. Lett. 80, 4145 (1998) 



FLDM: Fermi-liquid-drop model 
 
pTSFM: Phenomenological thermal shape 
fluctuation model 
D. Kusnezov, Y. Alhassid, and K. A. Snover, Phys. Rev. Lett. 81, 532 
(1998) 

V. M. Kolomietz and S. Shlomo, Phys. Rep. 390, 133 (2004) 



N. Dinh Dang and N. Quang Hung, Phys. Rev. C 86, 044333 (2012) 

GDR: PDM + Exact Pairing at T≠0 
201Tl 

New data at low T 
D. Pandit et al., Phys. Lett. B 713, 434 (2012) 



B. Dey, D. Mondal, D. Pandit, S. Mukhopadhyay, 
S. Pal, S. Bhattacharya, A. De, K. Banerjee, N. 
Dinh Dang, N. Quang Hung, and S. R. Banerjee, 
Phys. Lett. B 731, 92 (2014) 

GDR: PDM + Exact Pairing at T≠0 
97Tc 

Critical temperature included fluctuation model 
D. Pandit et al., Phys. Lett. B 713, 434 (2012) 



PDR: PDM + Exact Pairing at T=0 

N. Dinh Dang and N. Quang Hung, 
J. Phys. G 40, 105103 (2013) 



PDR: PDM + Exact Pairing at T=0 

N. Dinh Dang and N. Quang Hung, J. Phys. G 40 (2013) 105103 



q  Past Research Topics: 
²  Pairing Properties in Hot Rotating Nuclei 
²  Nuclear Giant/Pigmy Dipole Resonances  
²  Viscosity in Hot Rotating Nuclei 

Research Topics 

η
s
=


4πkB
, s = ρ

A
S

KSS conjecture: Universal lower 
bound for all fluids 



“Nuclear giant resonances can be described as vibrations of 
proton and neutron fluids. The isoscalar vibrations consist of 
proton and neutron fluids collectively vibrating in phase, while 
the isovector ones are described as vibrations of the proton 
liquid out of phase, with the neutron fluid”. 

N. Auerbach & S. Shlomo, PRL 103 (2009) 172501  

N. Auerbach 

S. Shlomo 

η/s = (4 - 19) KSS for heavy, (2.5 - 12.5) KSS 
for light nuclei 

Shortcomings: 
1)  The GDR width does not agree with experimental 

systematic at high T 
2)  The entropy S= 2aT with constant level density parameter a 
3)  Large uncertainties. 

Direct calculations using Hydrodynamical (Fermi 
Liquid-Drop) Model: 

η/s in Finite Nucleus 



η/s in Hot Nuclei 





1) The shear viscosity η increases with T up to T ~ 3 - 3.5 
MeV, and saturates at higher T; η (T = 5 MeV) ~ (1.3 – 
3.5) u (u = 10-23 MeV s fm-3).  

2)  η/s decreases with increasing T, to reach (1.3 ~ 4.0) KSS 
at T= 5 MeV. These values are lower and of less 
uncertainty than the prediction by the FLDM (4 ~ 19 
KSS).  

Nucleons inside a hot nucleus at T ~ 5 MeV has 
nearly the same viscosity as that of QGP (2 – 3 
KSS units) at T > 175 MeV.  

η/s in Hot Nuclei 



v  The GDR width increases with 
M at a given value of T for T 
≤3 MeV. At higher T, the GDR 
width approaches a saturation 
at M ≥ 60ħ for 88Mo and M ≥ 
80ħ for 106Sn 

v  The region of M ≥ 60 goes 
beyond the maximum value of 
M up to which the specific 
shear viscosity η/s has values 
not smaller than the KSS 
lower-bound conjecture for 
this quantity. This maximum 
value of M is found to be 
equal to 46ħ and 55ħ for 88Mo 
and 106Sn, respectively, if the 
value η(0) = 0.6u (u=10−23 
MeV s fm−3) for the shear 
viscosity at T = 0 is used 

N. Dinh Dang, Phys. Rev. C 85, 064323 (2012) 



η/s in Hot Rotating Nuclei 



Schematic model 
N = 10 

N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



Schematic model 
N = 20 

N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



Schematic model 
N = 100 

N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



20O 
N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



44Ca 
N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



120Sn 
N. Quang Hung and N. 
Dinh Dang, Phys. Rev. C 
86, 024302 (2012) 



q  In medium and heavy systems, η/s decreases with 
increasing T at T ≥ 2 MeV and this feature is not affected 
much by angular momentum, whereas it increases with T 
in light systems (with mass number A ≤ 20) 

q The values of η/s obtained within the schematic model as 
well as for systems with realistic single-particle energies are 
always larger than the universal lower-bound conjecture    
ħ/(4πkB) up to T = 5 MeV. 

η/s in Hot Rotating Nuclei 



Research Topics 
q  Present Research Topics: 

²  Pairing Reentrance Phenomenon 
12C + 93Nb at E(12C) = 40 – 45 MeV 

A. Mitra et al., J. Phys. G 36, 095103 (2009); A. Mitra et al., EPJ Web of Conf. 2, 04004 (2010) 

Pairing reentrance 
First Evidence ? 
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Research Topics 
q  Present Research Topics: 

²  Pairing Reentrance Phenomenon 
²  Nuclear Level Density and Radiative Strength Function 

v  NLD = number of excited levels 
per unit of excitation energy 

H. A. Bethe, Phys. Rev. C 50, 332 (1936) 

v  RSF = average transition 
probability per γ-ray energy 

J. M. Blatt and V. F. Weisskopf, Theoretical Nuclear 
Physics (Wiley, New York, 1952). 



http://www.mn.uio.no/fysikk/english/research/about/
infrastructure/OCL/nuclear-physics-research/compilation/  

  

€ 

P(Ei,Eγ )∝ρ(E f ) ⋅T (Eγ )

Bink-Axel hypothesis 



S. Siem, Univ. Oslo 



   dσ (E) ∼ T (E)ρ(E*)dE

Hauser-Feshbach Theory 



Phenomenological Models for NLD  

Back-Shifted Fermi-gas 
model 

Non-interacting Fermi particles  
moving in a potential 

ρ(U) = 1
12 2σ

exp(2 aU
a1/4U 5/4

σ 2 =
Irigid
!2

U
a
, Irigid =

2
5
muAR

2, U = E −δ

a(U,Z,N ) = !a(A) 1+C(Z,N ) f (U)
U

⎡

⎣⎢
⎤

⎦⎥

!a =αA+βA2/3, f (U) =1− e−γU

Constant temperature 
model 

Classical ideal gas (used for low 
excitation-energy region)  

ρ(U) = 1
T
exp U −E0

T
⎛

⎝
⎜

⎞

⎠
⎟

Present Research Topics 

A. Gilbert and A. G. W. Cameron, 
Can. J. Phys. 43, 1446 (1965) 

H. A. Bethe, Phys. Rev. 50, 332 (1936) 



Present Research Topics 
Microscopic Models for NLD  
u Hartree-Fock-Bogoliubov plus 

Combinatorial Method (HFBC) 

u   Shell Model Monte Carlo  (SMMC) 



q Single-particle levels: Hartree Fock Bogoliubov 
with Skyrme NN effective interactions (BSk14) 

q Combinatorial Method:  
Ø Construct incoherent particle-hole (ph) state densities 

as function of E*, M, and π. 
Ø Incoherent ph states plus vibrational enhancement 

treated by using the boson partition function including 
quadrupole, octupole, and hexadecapole vibrational 
modes are then used to compute the total state 
densities and NLD. 
S. Hilaire and S. Goriely, Nucl. Phys. A 779, 63 (2006) 
S. Goriely et al., Phys. Rev. C 75, 064312 (2007) 
S. Goriely et al., Phys. Rev. C 78, 064307 (2008) 

HFBC 



S. Hilaire and S. Goriely, Nucl. Phys. A 779, 
63 (2006) 

https://www-nds.iaea.org/RIPL-3/  

The most 
microscopic 

approach to NLD 
up to date ! 



δ: adjusted to fit the experimental 
cumulative levels at low U  
α: adjusted to fit the experimental NLD at 
neutron separating energy Bn 

S. Goriely, S. Hilaire, and A. J. Koning, Phys. Rev. C 78, 064307 (2008) 

HFBC 



https://www-nds.iaea.org/RIPL-3/  



Hubbard-
Stratonovich 
transformation 

SMMC 



H. Nakada and Y. Alhassid, Phys. Rev. Lett. 79, 2939 (1997). 
Y. Alhassid, S. Liu, and H. Nakada, Phys. Rev. Lett. 83, 4265 (1999). 
S. Liu and Y. Alhassid, Phys. Rev. Lett. 87, 022501 (2001).  
Y. Alhassid, S. Liu, and H. Nakada, Phys. Rev. Lett. 99, 162504 (2007). 
Y. Alhassid, L. Fang, and H. Nakada, Phys. Rev. Lett. 101, 082501 (2008). 
C. Ozen, Y. Alhassid, and H. Nakada, Phys. Rev. Lett. 110, 042502 (2013). 

σc: obtained by fitting the 
theoretical NLD with exp 

SMMC 



SMMC 



q  Phenomenological  
Ø Kadmenski-Markushev-Furman (KMF) 
Ø Standard Lorentzian (SLO)  
Ø Generalized Lorentzian (GLO) 
Ø Enhanced Generalized Lorentzian (EGLO) 
Ø Generalized Fermi Liquid (GFL) 

q  Microscopic  
Ø Hartree-Fock-BCS + Quasiparticle Random-Phase 

Approximation (HFBCS + QRPA) 

Models for RSF 



http://www.talys.eu/  

  
f (Eγ ) =κ [ fE1(Eγ )+ fM1(Eγ )]+ Eγ

2 fE 2(Eγ )+ f pygmy (Eγ )

KMF Model 

S. G. Kadmenskij, V. P. Markushev, and V. I. Furman, Yad. Fiz. 37, 277 (1983) 

J. Kopecky and R. E. Chrien, Nucl. Phys. A 468, 285 (1987). 



https://www-nds.iaea.org/RIPL-3/  
S. Goriely and E. Khan, Nucl. Phys. A 706, 217 (2002) 

For E1 only 

HFBCS + QRPA 



N. Quang Hung, N. Dinh Dang, and L. T. Quynh Huong., Phys. Rev. Lett. 118, 022502 (2017) 

Exact  
Pairing 
(EP) 

Independent 
Particle 
Model (IPM) 

Independent 
Particle 
Model (IPM) 

q  For NLD 
Ø Exact pairing (EP): solve the pairing 

problem exactly by diagonalizing 
directly H = H0 + Hpair within the 
truncated space à exactly conserve 
the particle number  

Ø Independent Particle Model (IPM) 
(particles move independently when 
nucleus is excited): used to treat 
particles outside the truncated 
spaces.  

lnZtol = lnZEP  + lnZIPM 

Y. Allassid et al., Phys. Rec. C 68, 044322 (2003) 

A. Volya et al., Phys. Lett. B 509, 37 (2001) 

Microscopic Approach to NDL and RSF 

ω(E) = 1
2πi
⎛

⎝
⎜

⎞

⎠
⎟
2

eβE+lnZ
−i∞

+i∞
∫ dβ ρ(E*) = krotkvib

ω(E*)
σ 2π

Total state 
density: Total NLD: 



N. Quang Hung, N. Dinh Dang, and L. T. Quynh Huong., Phys. Rev. Lett. 118, 022502 (2017) 

q  For RSF 
Ø Phonon Damping Model (PDM): 

X: E (electric), M (magnetic); λ: multipolarity 

fXL (Eγ ) =
1

(2λ +1)π!2c2
Γ(Eγ )σ (Xλ)SXλ (Eγ )

Eγ

SXλ (Eγ ) =
1
π

γ (Eγ )
(Eγ −EXλ )

2 +γ (Eγ )
2

ΓXλ (T ) = 2γ[EXλ (T )]

γ (E) = π F1
2 uph

2 (1− np − nh )δ(E −Ep −Eh )
ph
∑

⎧
⎨
⎪

⎩⎪

+F2
2 vss '

2 (ns ' − ns )δ(E −Es −Es ' )
ss '
∑

⎫
⎬
⎭

N. Dinh Dang, A. Arima, Phys. Rev. Lett. 80, 4145 (1998) 
N. Dinh Dang, A. Arima, Phys. Rev. C 68, 044303 (2003) 

201Tl 

N. Dinh Dang, N. Quang Hung, Phys. 
Rev. C. 86, 044333 (2012) 

Microscopic Approach to NDL and RSF 



The HFBC NLDs are 
always lower than 
our NLDs at E* > Bn 

The HFBC NLDs are 
not reliable at high E* 
due to their fitting to 
NLD data at Bn 

NLD: EP+IPM 

N. Quang Hung, N. Dinh Dang, 
and L. T. Quynh Huong., Phys. 
Rev. Lett. 118, 022502 (2017) 



RSF  

EP+IPM+PDM 

Temperature dependent 
RSF à invalidate the 
Brink Axel hypothesis 

Enhancement of RSFs at 
low E is well reproduced 
without introducing PDR 
à effect of EP 

N. Quang Hung, N. Dinh Dang, 
and L. T. Quynh Huong., Phys. 
Rev. Lett. 118, 022502 (2017) 



Research Topics 
q  Present Research Topics (Extended) 

²  Pairing Reentrance Phenomenon 
²  Nuclear Level Density and Radiative Strength Function 
²  Nuclear Level Scheme from (nth, γ) reactions 

Da Lat nuclear reactor began operating on 
3.3.1963 with a capacity of 250KW, using US 
technology, and stopped working in 1968. 

On 20/3/1984 it resumed operations, doubling its 
capacity. 



Experimental setup for measuring 
the gamma-gamma coincidences. Submitted to Nucl. Phys. A 

(Feb. 2017) 



Research Topics 
q  Present Research Topics (Extended) 

²  Pairing Reentrance Phenomenon 
²  Nuclear Level Density and Radiative Strength Function 
²  Nuclear Level Scheme from (nth, γ) reactions 
²  Positron Annihilation Lifetime (PALS) and X-ray 

Diffraction Spectroscopies (XRD) Studies of Synthetic 
Nanosized Zeolite Materials 

ZSM-5 



SEM images of the Z-10 (a) 
and Z-18 (b) zeolite samples. 



Research Topics 
q  Future perspectives 

²  Pairing Reentrance Phenomenon 
More experimental data are needed 

²  PDR and GDR within the RRPA at T=0 and T≠0 
Ø  Exact pairing (EP) should be included into the HF calculations 
Ø  RRPA (+ EP) with fully selfconsistent treatment of pp and hh excitations 

34Si 
Bubble 

Less Bubble Less Bubble 

No Bubble No Bubble No Bubble 



Research Topics 
q  Future perspectives 

²  NLD and RSF 
Ø  Theory: EP+IPM with collective and 

rotational enhancement factors 
calculated from RPA (QRPA) 
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∆      + J=0ex
∆      + J=0-1ex
∆      + J=0-2ex
∆      + J=0-3ex
∆      + J=0-4ex
∆      + J=0-5ex
∆      + J=0-10exExp

 0  5  10  15  20
E* (MeV)

ρ 
(M

eV
   

)
-1

 10 0

 10 2

 10 4

 10 6

Ni60

 0  5  10  15  20

ρ (
Me

V 
  )-1

E* (MeV)

∆       +RPA

HFBCS
∆=0 + RPA

∆      only

Exp
 10 0

 10 2

 10 4

 10 6

ex

(b)

 0.4

 0.8

 1.2

 1.6

 2.0

 0  1  2  3  4
T (MeV)

Ni60

(a)∆ 
  (

Me
V)

N
ex



Research Topics 
q  Future perspectives 

²  NLD and RSF 
Ø  Theory: extend EP+IPM with 

collective and rotational 
enhancement factors calculated from 
RPA (QRPA) 

Ø  Experiment: extract NLD and RSF 
from gamma spectra of (nth, γ) 
reactions  



Research Topics 
q  Future perspectives 

²  NLD and RSF 
Ø  Experiment: extract NLD and RSF 

from gamma spectra of compound 
reactions or evaporation spectra  

Tandem Pelletron 5SDH-2 

30MeV Cyclotron 

Reactions to be used 
Ø  Cyclotron: (3He, α); (3He, 3He’); beam 

energy 10 – 30 MeV 
Ø  Pelletron:  (d, n); (p, α); (p, n); (12C, p); 

beam energy 5 – 40 MeV 



Conclusion 
Nuclear Theory Group at DTU 
v  Group members: 3  
v  Collaborators: from Japan, Indian, USA,… 
v  Research Topics  

Ø  Past: pairing in hot rotating nuclei; nuclear giant (GDR) and 
pygmy (PDR) dipole resonances; viscoscity in hot rotating 
nuclei. 

Ø  Present: pairing reentrance; NLD and RSF; nuclear level 
scheme from (nth, γ) reactions; ZSM-5 materials using PALS 
and XRD. 

Ø  Future: pairing reentrance; fully microscopic approach to NLD 
and RSF; NLD and RSF from (nth, γ) reactions; zeolite 
materials synthesized from Kaolin source in Vietnam and 
studied using the PALS and XRD. 



Thank you ! 


