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1, Motivation 

• Full CI (SM) 

                        

Observables can be extracted from |Ψ〉 

 

Problem: Exact solutions for a many-
body system are  very  hard to be 
obtained. 

Ψ=Ψ EĤ



Mean field method (HFB) 
• Hartree-Fock-Bogoliubov (HFB)transformation 

 
 

• HFB vacuum 
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Comments on HFB 
Good points: 

• Simplest way of studying the many-body 
quantum system.  

• Plays central role in understanding  
the interacting many-body quantum 
system, and widely used in many fields 
of physics. 

Bad points: 

• Symmetries are broken. 

• No collective correlation  



Z.-C. Gao and M. Horoi Phys. Rev. C 79, 014311 

Spherical basis vs. 
deformed basis 
with USD interaction 

Configuration Interaction 



Projected Configuration 
Interaction(PCI) 

Shell Model dimension:93710 

Z.-C. Gao and M. Horoi Phys. Rev. C 79, 014311 
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Parity projection 
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Parity projection operator： 

Φ=Φ ππ πPPP̂



Particle number 
projection  
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Beyond mean-field 
methods 

• Trial wavefunction for a many-body 
quantum system: 
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• The Hill-Wheeler(HW) equation: 

In GCM, the index κ includes the deformation. 

Projected 
basis 



Basic matrix elements in 
the HW euqation 

Basic blocks: 
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More General form of 
Matrix Element 
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Our Motivation 
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I2 needs to be evaluated quickly! But unfortunately: 
1, e.g.  M =100, then there will be 108

 terms summing  
    up to obtain only one single I2 matrix element. 
2, Moreover, I2 is the kernel of the  multi-dimensional 
   integration when projection is performed. 



Overlaps 

b
n

a zzzI ΦΦ= 2210 ˆˆˆ 

The generalized Wick’s Theorem 
[1] R. Balian, E. Brezin, Nuovo Cimento B 64 (1969) 37. 
 
 
                         (2n-1)!! terms 
Pfaffian: 
[2]M. Oi, T. Mizusaki, Phys. Lett. B 707 (2012) 305. 
[3]T. Mizusaki, M. Oi, Phys. Lett. B 715 (2012) 219. 
[4]B. Avez, M. Bender, Phys. Rev. C 85 (2012) 034325. 
[5]G.F. Bertsch, L.M. Robledo, Phys. Rev. Lett. 108 (2012) 042505. 
[6]T. Mizusaki, M. Oi, Fang-Qi Chen, Yang Sun, Phys. Lett. B 725 (2013) 
175. 
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Pfaffian 
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Pfaffian ~(2n)3 

GWT ~(2n-1)!! 

Overlaps 
)(pfˆˆˆ 221 Szzz n =−− 
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[Taken from G.F. Bertsch, L.M. Robledo, Phys. Rev. Lett. 108 (2012) 042505] 
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The above formula can be generalizes as: 

0 ≠ΦΦ ba

Hu,  Gao , Chen.    Physics Letters B 734 (2014) 162 



Explicit forms of Sij(i<j) 
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The case of 
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[T. Mizusaki, M. Oi, Fang-Qi Chen, Yang Sun, Phys. Lett. B 725 (2013) 175.] 



Matrix elements 
of operators 
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Pfaffian version  
of  Laplace expansion 

 
 



Pfaffian version  
of  Laplace expansion 
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Pfaffian version  
of  Lewis Carroll formula 

 

T. Mizusaki, M. Oi, Phys. Lett. B 715 (2012) 219 



Basic quantities for 
operators 
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Our compact formula for  

one-body operator 
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Our compact formula for  

two-body operator 
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Computational time 
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Forthcoming Challenge 
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How to implement the 
five dimensional 

integration efficiently? 



Conclusion 

 We present new formulae for the matrix elements of one-
body and two-body physical operators, which are applicable 
to arbitrary Hartree–Fock–Bogoliubov wave functions, 
including those for multi-quasiparticle excitations.  
 
The testing calculations show that our formulae may 
substantially reduce the computational time by several 
orders of magnitude when applied to many-body quantum 
system in a large Fock space. 

For more details and the testing Fortran code see: 
Hu,  Gao , Chen, Physics Letters B 734 (2014) 162 
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