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@ Nuclear Shell model - Great success in describing quantum systems

o Traditional Hamiltonian with one particle variables cannot represent
the wave function of system in a proper way because of center of
mass motion (not translationally invariant)

@ Problems with HO basis expansion and convergence (Partially solved
by supercomputing)

@ Solution: Direct construction of many fermion wave function
independent of c.m. coordinate (Intrinsic Jacobi coordinates).
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Few-body problem

Few-body problem

@ Nuclear Shell model - Great success in describing quantum systems

@ Traditional Hamiltonian with one particle variables cannot represent
the wave function of system in a proper way because of center of
mass motion (not translationally invariant)

@ Problems with HO basis expansion and convergence (Partially solved
by supercomputing)

@ Solution: Direct construction of many fermion wave function
independent of c.m. coordinate (Intrinsic Jacobi coordinates).

@ Topic of Talk: BHOB - tool for calculation of permutation element
Pn,n for specific binary cluster models
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Antisymmetrization of orbital variables

@ When trying to ensure Pauli principle, one has to antisymmetrize the
given system.
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Antisymmetrization of orbital variables

@ When trying to ensure Pauli principle, one has to antisymmetrize the
given system.

@ Antisymetrizator calculation based on S, permutation operators

@ Coupled cluster formalism, ensures that having antisymmetrized
sub-clusters only two particle permutation operator Py, is required to
calculate.

@ Pp,, calculation for binary clusters N = Ny + No:

e System composed of Ny and N, = 2;First cluster has two intrinsic K
and N — K — 2 particle subclusters

e System composed of Ny and N, = 1 particle clusters;First cluster has
its own clusterization of K and N — K — 1
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General Jacobi tree

General Jacobi tree for N particle system, composed of N; and 2 particles,
where the first cluster has two intrinsic K and N — K — 2 particle
subclusters

T Tk Tk+1 TN-2 N-3 TN-1 TN

P05 PN-1
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Example: Five body system

Jacobi tree for N = 5 particle system, composed of Ny = 3 and Np =2
particles.

™ T2 3 T4 Ts

P0, P4
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General Jacobi tree

General Jacobi tree for N particle system, composed of N; and 1 particles,
where the Nj cluster has two intrinsic K and N — K — 2 particle
subclusters.

1 Tk Tkt 7 Ti+1 I'N-2 TN-1 N

P05 PN-1
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Example: Eight body system

Jacobi tree for N = 8 particle system, composed of Ny =7 and N, =1
particles.

1 T2 T3 T4 Ts5 T6 r7 s

Po, P7
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Coordinate transformation matrix

The coordinate transformation matrix of four Jacobi coordinates can be
written as a product of five matrices in the following way:

) d 1 0 0 1 0 0 0
o, T+d; T+d; & T
P — 1 -~ dy 0 0 0 1+d; Vigaz O
A - T+d; T+d; 0 1 & 0
A 0 0 1 0 i+, ~ \/ T+ax
0 0 0 1 0 0 0 1
1 0 0 0 1 0 0 0
0 1 0 0 d 1
0 1+2(12 1+d, 0
x| 0 O B ==
1+d; 1+d3 1 do 0
1 ds 0 +d» ~ \/ T+do
0 0 1+ds ~ \/ 1+d3 0 0 0 1
d 1
1+1dl 1+d; 00 P1
1 d P2
X T A\ Ta 0 0 P
0 0 1 0 Pa
0 0 0 1

@ Use of two-body Talmi-Moshinsky transformation
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Factorization of transformation T34(d3)
Middle matrix can be factorized like this:

0
0

0

0
1+d3 \/ T d

/ d

o
[y

ﬁ%

0 0
10 0 0 100 o 10 o0 0
(o1 o 0 51 0 o 01 0 0
0 0 ix T 0 01 0 0 0 Tx Trx
1 1
00 Vix —Vix 0 00 00 Vix —Vix
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Factorization of transformation T34(d3)

Middle matrix can be factorized like this:

o
[y

o
o
e
Q
i
-
+‘H
Y

10 o0 0 100 o 10 o0 0
01 o0 o1 01 0 o 01 o0 o1
= X X
0 0 Tix Tx 001 0 0 0 = VT
1 — 1
0 0 Vix Vi 0 00 - 0 0 Vix —Vix

S = Ti2(d1) T23(d2) Tza(x)
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Factorization of transformation T34(d3)

Middle matrix can be factorized like this:

o
[y

o
o
=
14
&
-
+
S

10 o0 0 100 o 10 o0 0
01 o0 o1 01 0 o 01 o0 o1
= X X
0 0 = Vi 001 0 0 0 Tix Trx
1 — 1
0 0 Vi Vi 0 00 - 0 0 Vix Vi

S = Ti2(d1) T23(d2) T3a(x)

Coordinate transformation can be written in a following way:

o, 1 00 O s
/

P _ 0 1 .0 O | P2

o =95 0 01 0 s P3

oL 00 0 -1 P4
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Construction of brackets

@ Basis construction using angular momentum algebra
|((erh, e2h)L12, e3/3)L123, €als)L)
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Construction of brackets

@ Basis construction using angular momentum algebra
|((erh, e2h)L12, e3/3)L123, €als)L)

@ Bracket construction as sum through intermediate variables:

(a| Tia(d1) Taz(d2)|e’)
= %Xa! T12(d1)|B)(B| Ta3(d2)|a),

where 8 denotes intermediate states.
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Construction of brackets

Using this technique we can write the five particle wavefunction
transformation M induced by the coordinate transformation S:

((((erh, e2h)L12, e3h)L123, eala) LIM|(((e1hy; €315 L12s €353) L1ns, €4lg)L') =

> (eth,e2h : Ly |e{l{,sz>\2 : L12>

d
g2 !
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Construction of brackets

Using this technique we can write the five particle wavefunction
transformation M induced by the coordinate transformation S:

((((erh, e2h)L12, e3hs)L123, eals) LIM|(((e1 /1, €315)L1a, €353) L1ns, €4lg)L') =
> (eth,e2h : Lo |e{/{,€2>\2 : L12>

€22

><2< (1, A2) L12,/3)L123\((/17(>\2,/3)/\23)L123> (€222, €353 1 Nos ‘62/2763>\3 : /\23>
Moz

d
dp

’ ’ ’ ’ ’ ’ ’ ! ’
X <((’17 (/21 /\3)/\23)L123|((111 I2)L12, /\3)L123> 6L123e4I4L Liyzeplsl’

’7123
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Construction of brackets

Using this technique we can write the five particle wavefunction
transformation M induced by the coordinate transformation S:

((((erh, e2h)L12, e3h3)L123, eala) LIM|(((e1fy, €31)L10, €353) L1ns, €4lg) L") =

Z <81/1,62/2 . L12 |e{/{,52)\2 . L12>

€22

x (1 22) a2, B)Lazs| (s (M2, B)As)Lazs ) (2has eshs < Acs [epl, 55 Aas)

d

’ ’ ! ! ! 7 !’ ! ’
X <((/17 (hs A3)N23) Lyag| ((h s b)Lyo, )\3)L1z3> OLipsealsL,L! el /L7

123744

’ ’ ’ ’ ’ ’
Xy <((L127>‘3)L1237 I)LI((Ly2s (A3, /4)/\34)L> (€575, eals : Naglesls, efly = Nyy)x

x <((L127(/37/4)/\34)L I((L12s ) Lios; lg)L >5L,L/
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Construction of brackets

Using this technique we can write the five particle wavefunction
transformation M induced by the coordinate transformation S:

((((erh, e2h)L12, e3h)L123, eala) LIM|(((e1 /1, €315)L1a, €353) Lins, €4lg)L') =

> (eth,e2h : Lo |e{l{,€2>\2 : L12>
g2

! !’
X <((/1,>\2)L12, I3)L123| (11, (A2, /3)/\23)L123> (€22, &3l : A3 |e§/£7€/3>\/3 : /\23>d2

dy

/ ’ ! ’ ’ / ’ 7 /
5 (((h (hs A3)A23) Lo | (s ) L1as A3)Los ) Ot ppeqtat ! el it

123744

XZ <((L127)\3)L1237 la)LI((L12s (A3, /4)/\34)L> (€575, eala : Nygleshs, €l Nyg)x

’ roor ot ’ ’ rot ot
X <((L127(I3’ I4)A34)L ‘((L127I3)L1237I4)L >6L,L’

5HOB = MTFM
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Calculation results:

E Dim T (Eo) 0(Ey) Orel(Ey)
0 1 0.0005 0 0
1 4 0.0003 1l.le—12 29e-—13
2 26 0.0009 1.1le—11 4.2e-13
3 84 0.013 49e —11 5.9e—-13
4 295 0.038 24e—-10 8.2e—-13
5 776 6 9.1e—-10 1.2e—-12
6 2044 111 37e—-9 1.8e—-12
7 4616 1270 13e—8 28e—12
8 10234 13646 4.6e—8 4.5e—-12
9 20640 111897 15e—7 7.5e—12

Figure: Calculation of 5SHOB. Here E means HO energy quanta; Dimension is size
of calculated transformation matrix; Calculation time is presented in seconds.The
error 6(Ep) and relative error d,(Eg) for the HO energy Eq for the normalisation
condition of the 5SHOB transformation matrix. Calculations were performed with

supercomputer "HPC Sauletekis", using 1 node (12 cores). We used standard

double precision for calculation and library "MPI" for parallelism.
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Conclusions

Conclusions:

@ Solve center of mass motion problem
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Conclusions

Conclusions:

Solve center of mass motion problem

Intrinsic angular momenta coupling

Achieve lower matrix dimensions

Need to compute Talmi - Moshinsky brackets - computationally
expensive
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Conclusions

Questions?
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