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  Thermal	
  pairing	
  
In finite systems such as nuclei large thermal fluctuations smooth out the sharp superfluid-
normal (SN) phase transition. As the result, pairing does not collapse at Tc ≈ 0.57Δ(T=0),  
but remains finite even at T >> Tc. 

This has been shown within the following approaches: 
 
1)  Fluctuations of pairing field (Moretto, 1972) 
2)  SPA (Dang, Ring, Rossignoli, 1992) 
3)  SM (Zelevinsky, Alex Brown, Frazier, Horoi, 1996) 
4)  MBCS (Dang, Zelevinsky, 2001) 
5)  FTBCS1 (Dang, Hung, 2008) 
6)  Exact solutions of pairing problem  
     (Volya, Alex Brown, Zelevinsky, 2001) embedded  
     in the GCE, CE, and MCE (Dang, Hung, 2009) 
      



Decaying	
  scheme	
  of	
  a	
  highly-­‐excited	
  compound	
  nucleus	
  
 

1) GDR photons are emitted in the early stage in competition with neutrons.  
2) When E* becomes lower than Bn slower γ transitions take place.  
3) Most of the angular momentum is carried off at the final stage of the decay by quadrupole radiation. 
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Others: Data for tin region 
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 Total free energy at a fixed deformation = Liquid-drop energy + Nillson-Strutinsky shell correction: 

δF = F − !F, 

Cm =
(−1)m/2

2m m / 2( )!
 if  m is even ,  0 if  m is odd ,     

x = 
e− ei

ω

γ s
 ,   γ s  is defined from d !F / dγ s = 0 .

!ni = ni
−∞

∞

∫ !f x( )dx ,  ni = 1+ exp βEi( )$
%

&
'
−1

,  !si = si
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(Indian Institute of Technology Roorkee) 



	
  
Averaged	
  cross-­‐secPon	
  

	
  
	
  

GDR Hamiltonian: 

Γi ≈ 0.026Ei
(1.8~1.9)

Expectation value of an observable including thermal shape and pairing fluctuations:  
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88Mo	
  

See alo NDD, Ciemala, 
Kmiecik, Maj, PRC 87 (2013) 
054313 



GDR in nuclei produced  
during evaporation from 88Mo 
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Conclusions 

1.  Thermal pairing plays an important role in quenching the GDR width at 
low T, leading to a nealy constant GDR width at T ≤ 1 MeV. This has 
been showed within the PDM and the TSFM that includes pairing 
fluctuations, whose predictions agree well with the most recent 
experimental systematics. This means the TSFM can describe correctly 
the GDR width at low T even in open shell nuclei if thermal pairing is 
properly included. 

2.  The fact that both models show the same effect of thermal paiting 
means that it is robust and model independent. 

3.  Shell effects is crucial to describe the GDR width at low T only in closed 
shell nuclei. In open shell nuclei shell effects are negligible. 

4.  The PDM also successfully describes the GDR in hot nuclei at high 
angular momentum when pairing effect vanishes or negligible. 


