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Pairing:	  from	  independent	  par2cles	  to	  independent	  quasi-‐par2cles	  picture	  

Nuclear	  reac2on	  on	  a	  mesh	  
TDHF	  is	  a	  standard	  tool	   |�ii :	  Slater	  
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BCS	  limit	  of	  TDHFB	  (also	  called	  Canonical	  basis	  TDHFB)	  
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TDHFB	  is	  very	  demanding	  
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Large	  scale	  study	  of	  giant	  quadrupole	  resonances	  
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Transfer	  reac2on	  below	  the	  Coulomb	  barrier	  
48Ca	   40Ca	   48Ca	   40Ca	  
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P2n no	  pairing	  
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Prospec2ve	  in	  the	  2me-‐dependent	  descrip2on	  of	  fission	  with	  pairing	  

Fission	  with	  TD-‐EDF	  with	  pairing	  
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TD-‐EDF	  for	  fission	  of	  fission	  
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Fission	  of	  superfluid	  258Fm	  

Time-‐dependent	  picture	  of	  fission	  
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From	  Time	  Dependent-‐EDF	  to	  collec2ve	  dynamics	  

Tanimura,	  Lacroix,	  Scamps,	  PRC	  92	  (2015)	  
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Fission	  of	  superfluid	  258Fm	  
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Fission	  of	  superfluid	  258Fm	  
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mounted in a vacuum chamber between two 450-mm
surface-barrier detectors located in the center of a
neutron-detection tank, and fission counted for 98 d. To
avoid contaminating the detectors with Cf, the energy
response of these detectors was calibrated with fission
fragments from our Cf course after we finished the
Md counting. We calculated fragment energies by the

same procedure described earlier, and combined these
events with the previous ones.
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258'~
A. Mass and energy distributions

We present in Figs. 5 and 6 the mass and TKE distri-
butions obtained for the five nuclides after subtracting
background distributions contributed by small and
known amounts of Fm. This correction was made by
scaling downward the distributions we obtained from
250000 events collected from a mass-separated sample of
Fm to equal the total number of Fm events we found

in our sources. The Md distributions were also adjust-
ed for the 11 events coming from a Fm impurity. As
noted in the previous section, no background corrections
were necessary for Md. Unlike most previous studies
where Fm was a major fission component, we found
that subtracting the contribution from Fm had only a
slight impact on any distribution.
For the reason that we recalculated our fragment ener-

gies from the more recent calibration parameters for
Cf (Ref. 30), the histogram distributions shown in Figs.

5 and 6 do not quite correspond to those given in Ref. 1.
Another di8'erence is that we have nearly tripled the
number of observed fission events from Md since the
publication of Ref. 1.
The most significant and unique feature of the TKE

distributions is their pronounced deviation from a single
Gaussian shape. In four of the five nuclides, decided
asymmetry is imparted by conspicuous tailing in either
energy direction from the central peak. This is the first
observation of this phenomenon, the TKE distributions
from other actinides being uniformly Gaussian with only
minor divergences. Detection of this feature was made
possible by reducing the interference from the SF of
Fm and improving the fragment-energy resolution over

that of our earlier work. Closer inspection of these TKE
distributions reveals that the peak of each distribution is
not randomly located along the energy axis, but is posi-
tioned near either 200 or 233 MeV. The asymmetric tails
of the TKE curves result in distributing an appreciable
portion of the events into one or the other of these two
main energy regions.
Based on these observations, we considered that the

TKE curves for at least four of the nuclides were a com-
posite of two separate energy distributions, with each
most likely being Gaussian. The fifth, [104], may well
have a residue of the high-TKE component, but we can-
not be sure because of the statistically few events in the
high-energy region. By taking the FWHM from the
TKE distribution for [104] as a fixed parameter and
model for the lower-energy Gaussian, we resolved each of
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Beyond	  the	  independent	  quasi-‐par2cle	  picture:	  ongoing	  work	  	  	  

Need	  to	  describe	  configura2on	  mixing	  	  
and	  its	  propaga2on	  

Our	  objec2ve:	  use	  the	  stochas2c	  	  
mean-‐field	  approach	  to	  describe	  fission	  

Lacroix,	  Ayik,	  EPJA	  (Review)	  50	  (2014)	  

One	  possibility	  is	  to	  use	  Time-‐Dependent	  	  
Generator	  Coordinate	  method	  
(beyond	  adiaba2c,	  number	  of	  DOFs,	  …)	  

tΔ tΔ tΔ tΔ time 
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Adapted from  
J. Randrup et al, NPA538 (92).  

Fermi	  energy	  
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Success	  of	  the	  stochas2c	  mean-‐field	  theory	  

Two-‐Level	  Lipkin	  Model	  
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TD-‐EDF	  for	  fission	  
Basic	  aspects	  of	  stochas2c	  mean-‐field	  

SMF	  in	  density	  matrix	  space	  
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Comparison	  with	  experiments:	  preliminary	  results	  
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mounted in a vacuum chamber between two 450-mm
surface-barrier detectors located in the center of a
neutron-detection tank, and fission counted for 98 d. To
avoid contaminating the detectors with Cf, the energy
response of these detectors was calibrated with fission
fragments from our Cf course after we finished the
Md counting. We calculated fragment energies by the

same procedure described earlier, and combined these
events with the previous ones.
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258'~
A. Mass and energy distributions

We present in Figs. 5 and 6 the mass and TKE distri-
butions obtained for the five nuclides after subtracting
background distributions contributed by small and
known amounts of Fm. This correction was made by
scaling downward the distributions we obtained from
250000 events collected from a mass-separated sample of
Fm to equal the total number of Fm events we found

in our sources. The Md distributions were also adjust-
ed for the 11 events coming from a Fm impurity. As
noted in the previous section, no background corrections
were necessary for Md. Unlike most previous studies
where Fm was a major fission component, we found
that subtracting the contribution from Fm had only a
slight impact on any distribution.
For the reason that we recalculated our fragment ener-

gies from the more recent calibration parameters for
Cf (Ref. 30), the histogram distributions shown in Figs.

5 and 6 do not quite correspond to those given in Ref. 1.
Another di8'erence is that we have nearly tripled the
number of observed fission events from Md since the
publication of Ref. 1.
The most significant and unique feature of the TKE

distributions is their pronounced deviation from a single
Gaussian shape. In four of the five nuclides, decided
asymmetry is imparted by conspicuous tailing in either
energy direction from the central peak. This is the first
observation of this phenomenon, the TKE distributions
from other actinides being uniformly Gaussian with only
minor divergences. Detection of this feature was made
possible by reducing the interference from the SF of
Fm and improving the fragment-energy resolution over

that of our earlier work. Closer inspection of these TKE
distributions reveals that the peak of each distribution is
not randomly located along the energy axis, but is posi-
tioned near either 200 or 233 MeV. The asymmetric tails
of the TKE curves result in distributing an appreciable
portion of the events into one or the other of these two
main energy regions.
Based on these observations, we considered that the

TKE curves for at least four of the nuclides were a com-
posite of two separate energy distributions, with each
most likely being Gaussian. The fifth, [104], may well
have a residue of the high-TKE component, but we can-
not be sure because of the statistically few events in the
high-energy region. By taking the FWHM from the
TKE distribution for [104] as a fixed parameter and
model for the lower-energy Gaussian, we resolved each of
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Summary	  

New	  versa2le	  TD-‐EDF	  codes	  including	  pairing	  are	  now	  developed	  	  	  

This	  open	  new	  applica2ons	  perspec2ves	  

Recent	  applica2ons	  

Systema2c	  of	  giant	  resonances	  in	  nuclei	  with	  various	  shapes	  	  

Par2cle	  transfer	  below	  the	  Coulomb	  barrier	  	  

Fission	  of	  superfluid	  nuclei	  
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First	  applica2on	  with	  sampling	  of	  ini2al	  	  
phase-‐space	  in	  TD-‐EDF	  
Preliminary	  results	  are	  encouraging	  	   re
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