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  Introduction  

➢  Microscopic method : the HFB approximation with effective force

gives the binding energy of the nucleus at the mean field level.

➢  Effective D1S force

➢  Time reversal symmetry broken (2 and 4 QP intrinsic excitations)

➢   Actinides and transactinides Z= 92 to 108

➢  HFB solutions by expanding on 15 major shells 
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HFB under constraints

Variational principle :

  with  H = i  Ti  + 1/2   ij   Vij     

 where V
ij
 is the nucleon-nucleon effective interaction D1S of GOGNY

Constraint on 

•  Particle number: <∣ Z  or  N ∣> = Z or N

• Multipole moments: <∣ Qi  ∣> = q
i

<∣H   - z Z  - n N  -  i i
 Q

i 
 ∣>] = 0

Theory 1
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The two-quasiparticle excitations are sought for using
blocking calculations. 
A trial state is defined as
in which η

i

+ is a quasiparticle creation operator. 

Then the equation

is solved, and the two-quasiparticle excitation energy is

Breaking time-reversal symmetry, the signature partner 
pairs with angular momentum projections on the z axis, 

K
−
 = K

1
  K−

2
 and K

+
 = K

1
 + K

2
 , 

and parity  = π π
1
  · π

2 
are no longer degenerate in energy.

Theory 2
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B. Sulignano et al., PHYSICAL REVIEW C 86, 044318 (2012)
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B. Sulignano et al., PHYSICAL REVIEW C 86, 044318 (2012)

152No
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Constraints 
on
r2 

and 
β = 0

B. Sulignano et al., PHYSICAL REVIEW C 86, 044318 (2012)
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Charge multipole moments in  
the 2QP 8- rotating nucleus
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B. Sulignano et al., PHYSICAL REVIEW C 86, 044318 (2012)
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Theoretical 
rotational band

Quasiparticle excitations

Rotation along the x-axis 

does break S
z
 = ie i  Jz− π   , the 

z-signature symmetry

The z-signature is broken 

because J
x
  and Sz do not 

commute.
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Conclusions and perspectives

  2QP and 4QP calculated at the mean-field level;

  Fair agreement with data; N=148, 150, 152;

  2QP and 4QP rotation:  underway;

  Galagher rule not always fulfilled…

  HFB-D1S blocking 2QP               QRPA-D1S

  Breaking parity : underway;

  Including particle-vibration coupling will change single particle  “ ”

level schemes (see R.V.Afanasjev and E. Litvinova, PRC 92, 044317 

(2015);

  Are blocking calculations still pertinent?
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