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e Full CI (SM).
H|W) = E|¥)

Observables can be extracted from |W¥)
Exact solutions for a many—

body system are very hard to be
obtained.
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Mean field method (HFB)

« Hartree-Fock-Bogoliubov (HFB)transformation
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e HFB vacuum
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Comments on HFB

e Simplest way of studying the many—body
quantum systemn.

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

e Symmetries are broken.

T D = I | I e e e e =R
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Interaction(PCl)

B/gj (USD H.mulmman)

288|

Conclusions:

~The projected Energies E_;(l) of a single
SD can not reproduce the full Cl energies.
~PCIl Energies (including np-nh
configuration) are very close to the full

Cl energies.
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Pro 1 ecto1n
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prOJected states differed by

K=-1-1+1,...1

A intrinsic state



§3 1R+ 4kibEAE

MRXEEE CHINA INSTITUTE OF ATOMIC ENERGY

\@):%C,K\lm
CD> = ZCIKPI\;I?(O

=2Cu ‘| +1deDMKO (QR(Q)IK)

I0
PMKO

1K)

Y O
— ZCIK Z5|0|5MK'5KOK‘ IK'>
IK K'

= CIoKo‘ |0M>



MRXEEE CHINA INSTITUTE OF ATOMIC ENERGY

B 18e: 245 Parity projection

Parity projection operator:
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projection
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methods

e Trial wavefunction for a many—body
quantum system:

Projected

W)=Y e P PIRYPE i) bass
Kk

K
 The Hill-Wheeler (HW) equation:

> fl{x|(H = E)PL P PYP?|x") =0
K'x'
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the HW eugation

D fee(x|(H —E)Py PP P?|x") =0
K'x' _

Basic blocks: O=1orH
(xOR|x) | R=R@Qe ""e™
or ﬁﬁ(@)e“¢NNe“¢zZ
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Matrix Element

)

N\ Vo
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A ~ \Y
For 0=V =) V&€ EE,,
T

")

A A A ALALA A A A
L2y L G CjC|Ck2L+1‘”Zzn

M
I, = Zvijkl<q)a

ijkl=1

1, e.g. M =100, then there will be 10%terms summing

up to obtain only one single I, matrix element.
2, Moreover, [, is the kernel of the multi-dimensional

integration when projection is performed.
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ZlZZ ...... ZZH

lp = (@°

The generalized Wick’s Theorem
[1] R. Balian, E. Brezin, Nuovo Cimento B 64 (1969) 37.

(2,2,3,2,) =(2,2,)(2,2,) ~(2,2,)(2,2,) + (2,2, (2,3, )
(2n-1)!! terms
Pfaffian:
2]M. Oi, T. Mizusaki, Phys. Lett. B 707 (2012) 305.
]T. Mizusaki, M. Oi, Phys. Lett. B 715 (2012) 219.
]B. Avez, M. Bender, Phys. Rev. C 85 (2012) 034325.
]G.F. Bertsch, L.M. Robledo, Phys. Rev. Lett. 108 (2012) 042505.

]T. Mizusaki, M. Oi, Fang-Qi Chen, Yang Sun, Phys. Lett. B 725 (2013)
175.
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Perm
- 0 .-
pf Z = I, det[rll] = I
-r, O
0 I, I3 4 _ _
_r 0 r r I, I
of 12 23 24 det
—lhs 0 I3 o Tz
=, -0, Iy 0 =3l — o0y,

= Mol — M5l T 1400
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<— 2,2, AZn‘—> pf(S) S _ <(<_ 22]-) i<]
! =S | > |

\

[Taken from G.F. Bertsch, L.M. Robledo, Phys. Rev. Lett. 108 (2012) 042505]

The above formula can be generalizes as:

lp = (@°[2,2, -+ 2, | ") = (D% D" )pf (S)
Hu, Gao, Chen. Physics Letters B 734 (2014) 162
r<q)a AiAj > 1< | .
S;j=1 (0" Pfaffian |~(2n)3
L -S; | > |
<c1>a c1>b> £ 0
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7= LA+ BIAT) (@2[5,2,|@°)
= Z(AJ,B,- +BAY) = Z'AﬁB?h@)a '5)'?15)? CDb>
j L i
Y (XYY A = ZA.lxulzBfl@a B A <I>b>
FORERS S
_”ZJ:AHXL 1115'21< >
Iéb =X,éa+Y,éa+ _[Aa —1BbT]ij<cDa (Db>

,éa :X—lléb _X_lY,éa+

. ":AaBaT +AaX‘1YAaT]i.
(A* B?)=(A° Bb{\i(* XY*] Sij:<q) Eizj‘q’b>:<:AaxleT]ij ’

<CD ‘(Db> \:AbBbT n BbY*X—leT]ij




S 181 44TE The case of (o) o) - 5jo)
r<d),é,é§%‘ >:[X_1Y]--EB-- B\b " ﬂ'\a "
o212
Sij:<<CD,BiR,B‘ > [X_l]ijECij IB IB ~
Gy (XYY B
L< F{\ﬂm\ﬂ @ VXT3 = A Ly X g

(©|B. 5.+ B.RB, B, - B,

[T. Mizusaki, M. Oi, Fang-Qi Chen, Yang Sun, Phys. Lett. B 725 (2013) 175.]
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of operators
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X{?:,j},X{?:,j,l,k},X{?:l,?;Q’ "t 77;271}

Qi1 — QO QGO Ok
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of Laplace expansion

Journal of Combinatorial Theory, Series A 88, 136—-157 (1999)

Pfaffian expansion with respect to the ig-th row

pi(X) = Z (1) Loy 1 Xigipf(X {io, i })

i=1,i%ig

Pfaffian expansion with respect to the io-th and jy-th rows

pf(}() — ‘X'itfijtf}pf(X{'i(]? jﬂ'})
T Z ( —1 ) i Qg X'I'-D"i-‘xrjﬂj pf(X{?O ’ jO ’ Z’ J}
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Pfaffian expansion with respect to igp-th, jo-th, ky-th and [p-th rows
Jo=1t0+ 1. ko =jo+ 1 lo="Fk +1

Yiojokoto PE(X {40, Jos ko, lo})
Z(—l)iﬂ%g ZZOJOkOlOpf(X{ZO, Jo,ko,l0,%,7})

0]

> AT oy Wi

toJokolo
i?j?k;?l

pr(X{ZO, jO, kOa lOa ia.ja ka l})}
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ij v v v - [
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of Lewis Carroll formula

M. Ishikawa, M. Wakayama, Adv. Stud. Pure Math. 28 (2000) 133

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

pf(X{i, gk 1}) = (=1 e upf(X)
(Xlek—ll . X;].Xjal + X@;].Xj—kl)

L]
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two—body operator
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Fig. 1. (Color online.) (a) CPU time, t1, for the conventional method, as a function of
M and 2n; (b) CPU time, ty, for Eq. (31), as a function of M and 2n; (c) Ratio of t;
to ty; (d) Total CPU time, ty, for Vo, V(U and V@, N is the dimension of V(1 and
V@ with 1<i,j.k,I<N.
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> fe(k|(H-E)Py PP "P?|x") =0
K'x'

(k|OPL PN P? k")

21 +1 e |
) 32;4 Jdoy [ do, | dOD(@Q)e™" ™ (x|OR(Q oy 0,)| )

How to implement the
five dimensional
integration efficiently?
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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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