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Vα,β(R) =
∫

ρα,β(r) vNN (R − r)dr (1)
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version 1.1
0op2[�0+

gs → Jπ (J
[qr0st

)
0uv040��2T��\wxyz{|M
}~����c���0�O�Pz������0��[���0��2T��

3�����
�xy

(�xy)0{|M�zhn
I’,M’ (I,M)	��	�C�DEF[��'�
ρ

q
IMI′M ′(r) = 〈 φ

q
IM(ξ) |

∑

i

δ(r − ri) | φ
q
I′M ′(ξ) 〉

=
∑

λµ

(I ′M ′λµ|IM) ρ
q(λ)
II′ (r) Y ∗

λµ(r̂) (2)

	��̀I�(q[�p�6�[n
��)[1]�λzmultipolarity
2T���0ρq(λ)

II′ (r)z
minc
0

input
2T��

Normalization
[�diagonal�~λ = 0 (
D�EF

)
0���

∫

ρ
p(0)
II (r) r2dr =

Z√
4π

(3)

∫

ρ
n(0)
II (r) r2dr =

N√
4π

(4)

2T��5-�proton transition density
0��[�B(Eλ)
0�	��6
���

2I + 1

2I ′ + 1

∣

∣

∣

∣

∫

ρ
p(λ)
II′ (r) rλ+2dr

∣

∣

∣

∣

2

= B(Eλ) (e2fm2λ) (5)

	,�
/��neutron transition density
0��[�B(Eλ)
'� ���0
Bn(λ)	��	�¡¢'�

2I + 1

2I ′ + 1

∣

∣

∣

∣

∫

ρ
n(λ)
II′ (r) rλ+2dr

∣

∣

∣

∣

2

= Bn(λ) (fm2λ) (6)

2T��£,4'�c�¤¥'�¦I�nuclear matrix element Mp, Mn

[�
Mp =

√
2I + 1

∫

ρ
p(λ)
II′ (r) rλ+2dr (7)

Mn =
√

2I + 1
∫

ρ
n(λ)
II′ (r) rλ+2dr (8)
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	��̀I[2]�B(Eλ), Bn(λ)	0��[�
B(Eλ) =

|Mp|2
(2I ′ + 1)

(9)

Bn(λ) =
|Mn|2

(2I ′ + 1)
(10)

2T��D§̈©�.density
�.�-�����zª«6���'¬/
/�ρq(λ)
II′ (r)

	�­6,/	1/5�02�B(Eλ), Bn(λ)�6�[�Mp, Mn

0�
®/
�minc
0

M̄<YZ	6
°6/normalization
}~cd'±²'normalize
6
�³̀/�

density
0Ú̄P[�proton, neutronµ2���1'�58Ni(0gs → 2+

1 )
0��0Ú

P̄0¶
·65���2'��
·6
/5��0gs → Jπ
0���

no= 1 ka= 1 kb= 1 lam= 0

[\wxy0EF�
no= 2 ka= 2 kb= 1 lam= J

[
0gs → Jπ
0uvEF�

no= 3 ka= 2 kb= 2 lam= 0

[̧¹xy0EF	,�5��#&'[��0version
0

minc
0��2[�0̧¹xy

0EF0º»[¼.,/02�z�� ��0no=3
0	�½'[\wxy	¡¾EF


¿I
�/
�³̀/��IÀÁ0
no= 4 ka= 2 kb= 2 lam= 2

0hn,Â[�¿S6,�
�ÃÄÅ2��
minc
20��
Qd	�ÆÇRS0g'�

0------ density(diagonal)= 27.9992645 29.9992414 57.9985059

	/d0zR
È5���I[�ÉIÊI���t�g��t�ËÌt'� ��[«0
�02��(¦«�'«I
/�0[�t�ÍÎ)�Iz��t�g��t�ËÌt	ÏHJ�D�EF0��zÐÏ�
/�	/d�	',�5��Ñ'�É0̂'
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lam= 2 Mp= -26.33490 Mn= -28.21573

lam= 2 Bp(up)= 693.52682 Bn(up)= 796.12749

	/d0zR
Ò5��lam, Mp, Mn
[¦��	1/5��Bp(up)	/d0[�B(Eλ,up)

[e2 fm2λ]
2�Bn(up)	/d0[�g��Ó0B(Eλ,up)

'� ��Ì2��D§̈©�.®/-ÉIÊI0�	���2��̀I-�zÏ�
/IJ�uvEF0��zÐÏ�
/��	',�5��
�

1: density file
0¶�proton density of 58Ni(0gs → 2+

1 ).

Ni58 nkaku= 2 irmax = 51 dr= 0.200

1 0.0 + 1 0.00

2 2.0 + 1 1.45

no= 1 ka= 1 kb= 1 lam= 0

0.000 2.9450E-01

0.200 2.9443E-01

0.400 2.9433E-01

...

...
À̂ÔÕ

no= 2 ka= 2 kb= 1 lam= 2

0.000 -2.9118E-05

0.200 -4.2151E-05

0.400 -6.1006E-05

...

...
À̂ÔÕ

no= 3 ka= 2 kb= 2 lam= 0

0.000 2.9450E-01

0.200 2.9443E-01

0.400 2.9433E-01

...

...
À̂ÔÕ

no= 4 ka= 2 kb= 2 lam= 2

0.000 0.0000E+00

0.200 0.0000E+00

0.400 0.0000E+00

...

...
À̂ÔÕ
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�
2: density file
0¶�proton density of 58Ni(0gs → 2+

1 ).

line 01: Symbol, nkaku=number of states, irmax, dr

line 02-03: nn�J(spin), pi(parity), nth J pi, Excitation energy

nn=1,nkaku

line 04- : no=Ö6×Ø�ka,kb = nn
2Ù�̀I-xy

, lambda

ka=1,nkaku

kb=1,ka

À̂�r, density
zÚÛ

r
[

0.0�.�5��ÜÐÝ'6
�³̀/�

4 Input file

Input file
0¶
�3'·���I[�Ep=40 MeV

'�Þ�
58Ni
0�������2

ª¼,���−58Ni
ÐKLMNOP
����-ß0input

2T����[¿àá�'â�6
T��ãä�D#$0��[Æ+	,�z�å�,/26æd�±²'¿IçH
�³̀/��
3
0��[��4'·6
T��(�4[è�0éWê'ëa2/���)�

4
'�Þ�ìríî

1. line 05
0

’idens’
[�02TIJ�EF0̄M<YZ[ïð{ñò̀I-�00�óMêô?õWö�ñò�t2T��abs(idens)=1
2TIJ�EF0̄M<YZ[EFn÷É0�0',��EF
/£/£ïð{ñò��0[øù,02�Öú[EFÉ0�0
̄M<YZ'���(version 0
0û	�idens
¿S��üýzþ¦�56-

) idens=1
0û[�̄M<YZ[dens (
EF0�

)
04��0	È�(d12.4)0

formatÿÈ�idens=-1
0û�̄M<YZ[�r, dens (�Æ�EF0�)	,���0����'format
[Ù�6
/,/�

2. line 06
0è�[�¿àá�(���g��)0symbol

2T��format
[

(a5)
2�

ipn=1
0û

’h1’�ipn=0
0û�’n’
¬��	���
ÐÏH�	<=>?@[�5�5��øù2�z���Y�0-ß��
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�
3: Input file
0¶�58Ni(p,p’) at Ep=40 MeV.

58Ni(p,p’) at 40 MeV using Negele’s formula & vibration model

ni58nglvibp2 :denst p

ni58nglvibn2 :denst n

jlm_ni58nglvibe40_2 :output file

-1 1 :idens, ipn ipn=1-p,0-n

h1 1.0 1.0 1

1 0.0 + 1 0.0

Ni58 58.0 28.0 2

1 0.0 + 1 0.00

2 2.0 + 1 1.45

40.0 0.2 0.2 180.0 30 :E/A thmin,dth,thmax,Lmax

1.00 1.0 :v0 tv

0.80 1.0 :w0 tw

1.25 :rc0

NCCMAX= 2 RMAX= 10.0 DR= 0.100 --(7X,I2 ,8X,F10.0 ,3X,F10.0)

NCC= 1 (NP,NT)=( 1, 1 ) J=0.0

NCC= 2 (NP,NT)=( 1, 2 ) J=2.0

//

3. line 07
2[�D�0{|M
0.0	6
¿I
�³̀/�(LS

S
¿I
/,/02
)

4. line 08
0è�'[Æ+D0

symbol
¬���0symbol
0

format
[�	¡¾�

(a5)
2T��EF0̄M<YZÚ̄P0è�'¬/-symbol	���­��cd'���	�(Ã	
��	
)2,/	��5�5���I���Y�0-ß��

5. line 11
0

incident proton energy
[�proton
¿à0��'ýÈçH-��P
W
¿I��	�(E/A

É0552�z�)
6. line 12, 13
0�normalization factor
[�ÉIÊI�λv, λw

0r�2T��Öú[�λv=1, λw=0.8
z��	�c��/.I��5-�¡¾�line 11, 12

0
range

parameter
[�tv, tw
0r�2T��Öú�(tv, tw)=(1.0, 1.0)

��(tv, tw)=(1.2, 1.75),Âz�/.I��
7.
�

4
0��'�UVWXYZ.6È�0
¬/
/5�z�#&'[UVWXYZ
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[�line 14
c��0Q2[Ù�6
T�5�a�st��#t�³Þ�
~Þ
�³̀/�

5
�����
\]+'��pzECIS
c���6
/,/�	�.����2T�z��
1.
����O�P0KLMNOP[����O�P	¡¾�0
�dcd'6
/�����O�P�����O�P2KLMNOP
þH�'[�

2. reorientation term
��¿I�'[�
3.��O�P52��¿I.I���(CDCC

��0���
)

6�
�"

��å�zT�-.��p52���³̀/��0��<=>?@
��
¥	
¬/-��[��p� !'¿I
/-³Þ�	T�z-/2�
(	"d��¿I
�³̀/)�#KWZ[$645�a�
%&'(
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�
4:
�

3
'·6-

input file
0���*1: The running number for the states included in

this calculation *2: for example, this number is 2 when 3−2 .

line 01: comment

line 02: file name of proton density (a40)

line 03: file name of neutron density (a40)

line 04: output file name (a40)

line 05: idens,ipn (integer)

idens=0 --> Gaussian input

idens=1 --> numerical input (only dens, d12.4)

idens=-1 --> numerical input (r, dens, no format)

ipn=1 --> proton scattering

ipn=0 --> neutron scattering

line 06-07 information for the projectile

line 06: symbol, mass #, proton #, # of state (a5,2f5.1,i5)

symbol: ipn=1 -> ’h1’

ipn=0 -> ’n’

line 07: information for the 1st state

*1, spin, parity, *2, excitation energy (i5,f5.0,a5,i5,f10.0)

(In this calculation, p/n spin is 0.0,

because LS force is not included.)

line 08-10 information for the target

line 08: symbol, mass #, proton #, # of state (a5,2f5.1,i5)

line 09: information for the 1st state

*1, spin, parity, *2, excitation energy (i5,f5.0,a5,i5,f10.0)

line 10: information for the 2nd state

*1, spin, parity, *2, excitation energy (i5,f5.0,a5,i5,f10.0)

line 11: incident proton energy

min. value of theta, mesh of theta

max. value of theta, max. value of L (4f10.0,i5)

line 12: normalization factor for V(r),

range parameter

line 13: normalization factor for W(r),

range parameter

line 14: radius parameter for Coulomb potential

line 15-17:)-Ö�2��
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