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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 T,= 0.57A(T=0),
but remains finite evenat T >> T._.

AT | This has been shown within the following approaches:

Fluctuations of pairing field (Moretto, 1972)

SPA (Dang, Ring, Rossignoli, 1992)

SM (Zelevinsky, Alex Brown, Frazier, Horoi, 1996)
MBCS (Dang, Zelevinsky, 2001)

FTBCS1 (Dang, Hung, 2008)

Exact solutions of pairing problem

(Volya, Alex Brown, Zelevinsky, 2001) embedded
in the GCE, CE, and MCE (Dang, Hung, 2009)
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where the particle-number operator N; and pairing operator
P; are given as
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Decaying scheme of a highly-excited compound nucleus
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1) GDR photons are emitted in the early stage in competition with neutrons.
2) When E* becomes lower than B, slower y 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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GDR strenght function:
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GDR Width (MeV)

New measurements at VECC (Kolkata):
a induced fusion reactions “He + 11°In > 119Sp*

at beam energies of 30, 35, and 42 MeV
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New data at low T:
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Pairing effect in the TSFM on the GDR width

Rhine Kumar, Arumugam, NDD, PRC 90 (2014) 044308, PRC 91 (2015) 044305

(Indlan Instltute of Technology Roorkee)
Total free energy at a fixed deformation = Liquid-drop energy + Nillson-Strutinsky shell correction:
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Averaged cross-section

GDR Hamiltonian:
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Expectation value of an observable including thermal shape and pairing fluctuations:
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PDM at T#0 & J=M=0

NDD, PRC 85 (2012) 064323
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Conclusions

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.

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

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.

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



