
-4
-2

0
2

4
x 

[fm
]

-4-2024

y [fm]

0.
01

0.0
1

0.01

0.
1

0.
1

0.5

1.0

-4
-2

0
2

4
x 

[fm
]

-4-2024

y [fm]

8 H
e

0
1

2
3

4
5

r 
[fm

]

10
-4

10
-3

10
-2

10
-11

ρ(r) [ρ0]

0
1

2
3

4
5

r 
[fm

]

10
-4

10
-3

10
-2

10
-11

ρ(r) [ρ0]

8 H
e

to
ta

l
ne

ut
ro

n
pr

ot
on

M
ul

ti
co

nfi
gu

ra
ti

on
C

al
cu

la
ti

on
s

in F
er

m
io

ni
c

M
ol

ec
ul

ar
D

yn
am

ic
s

R
au

is
ch

ho
lz

ha
us

en
X

II
@

B
ur

g
R

ie
ne

ck
,J

un
e

19
-2

1,
20

00

T
ho

m
as

N
ef

f,
R

ob
er

t
R

ot
h,

H
an

s
F

el
dm

ei
er

1



FM
D

at
tr

ib
ut

es

Fe
rm

io
ni

c

∣ ∣

Q̂
〉

=
C ∼

A ∼

(
∣ ∣

q 1

〉

⊗
··
·⊗

∣ ∣

q A

〉
)

•
U

ni
ta

ry
C

or
re

la
to

rC
∼

•
an

tis
ym

m
et

ri
ze

d
A

-p
ar

tic
le

st
at

e

M
ol

ec
ul

ar

〈

~x
∣ ∣

q
〉

=
∑ i

c i
ex

p{

−
(~x
−

~ b i)
2

2a
i

}∣ ∣

χ i〉

⊗
∣ ∣

ξ i〉

D
yn

am
ic

s

V
ar

ia
tio

na
lP

ri
nc

ip
le

δ
∫

dt

〈

Q̂
∣ ∣

id dt
−

H ∼
∣ ∣

Q̂
〉

〈

Q̂
∣ ∣

Q̂
〉

=
0

E
qu

at
io

ns
of

m
ot

io
n

i ∑ ν
C

µν
q̇ ν

=
∂H ∂q

? µ

C
µν

=
∂ ∂q

? µ

∂ ∂q
ν

ln
〈

Q̂
∣ ∣

Q̂
〉

H
=

〈

Q̂
∣ ∣

H ∼
∣ ∣

Q̂
〉

〈

Q̂
∣ ∣

Q̂
〉

2



E
va

lu
at

io
n

of
M

at
ri

x-
E

le
m

en
ts

O
ne

-B
od

y
M

at
ri

x-
E

le
m

en
ts

O
=

(
〈

q i∣ ∣

q
j〉

)

−
1

〈

Q̂
∣ ∣

O ∼
[1

]∣ ∣

Q̂
〉

〈

Q̂
∣ ∣

Q̂
〉

=
∑ k,

l

〈

q k

∣ ∣

O ∼
[1

]∣ ∣

q l〉

O
lk

Tw
o-

B
od

y
M

at
ri

x-
E

le
m

en
ts

〈

Q̂
∣ ∣

O ∼
[2

]∣ ∣

Q̂
〉

〈

Q̂
∣ ∣

Q̂
〉

=
1 2

∑
k,

l,
m

,n
a
〈

q k,
q l∣ ∣

O ∼
[2

]∣ ∣

q m
,q

n
〉

a
O

m
kO

nl

G
au

ss
ia

n
In

te
gr

al
s

G
(|
~x

1
−

~x
2
|)

=
ex

p{

−
(~x

1
−

~x
2
)2

2κ

}

〈

a k~ b
k,

a l~ b
l∣ ∣

G ∼
∣ ∣

a m
~ b

m
,a

n~ b
n
〉

=
R

km
R

ln

(

κ
α kl

m
n
+

κ

)

3/
2

ex
p{

−
~ ρ

2 kl
m

n

2(
α kl

m
n
+

κ)

}

α kl
m

n
=

a? k
a m

a? k
+

a m
+

a? l
a n

a? l
+

a n
,

~ ρ kl
m

n
=

a m
~ b

? k
+

a? k~ b
m

a? k
+

a m
−

a n
~ b

? l
+

a? l~ b
n

a? l
+

a n
,

R
km

=
〈

a k~ b
k

∣ ∣

a m
~ b

m
〉

3



searching the 16O ground state
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 0: H-Tcm =  300.6 MeV
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 2: H-Tcm =  177.9 MeV
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 4: H-Tcm =   21.4 MeV
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 6: H-Tcm =  -59.4 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

  8: H-Tcm =  -82.5 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 10: H-Tcm =  -92.4 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 12: H-Tcm =  -99.8 MeV
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 14: H-Tcm = -101.2 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 16: H-Tcm = -103.8 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 18: H-Tcm = -104.3 MeV

       

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 20: H-Tcm = -104.7 MeV
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 22: H-Tcm = -105.3 MeV

• Minimization of ground state energy with quasi-Newton-method
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