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Weisskopf model

.

Relative probability of emission of two particles i and j:

Γi
Γj

=
γi
γj

(
Ei
Ej

)
aj
ai
exp{2[(aiEi)

1
2 − (ajEj)

1
2 ]}

.

ai and aj : level density parameters
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Weisskopf model

Γi

Γj
=
γi

γj
(
Ei

Ej
)
aj

ai
exp{2[(aiEi)

1
2 − (ajEj)

1
2 ]}

γi =
gm

π2~3

g : number of states for the spin of particle

g = 2 : for neutrons and protons

g = 1 : for α-particles

m : mass of particle i

mp ≈ mn

mα ≈ 4mn
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Weisskopf model

γi =
gm

π2~3

g = 2 : for neutrons and protons

g = 1 : for α-particles

mp ≈ mn

mα ≈ 4mn

γp
γn

=
gp
gn
× mp

mn
=

2

2
× 1

1
= 1

γα
γn

=
gα
gn
× mα

mn
=

1

2
× 4

1
= 2
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Weisskopf model

Γi

Γj
=
γi

γj
(
Ei

Ej
)
aj

ai
exp{2[(aiEi)

1
2 − (ajEj)

1
2 ]}

γp

γn
= 1 and

γα

γn
= 2

⇓

For proton emission:

Γp
Γn

= (
1Ep
En

)(
an
ap

)exp{2[(apEp)
1
2 − (anEn)

1
2 ]}

For α-particle emission:

Γα
Γn

= (
2Eα
En

)(
an
aα

)exp{2[(aαEα)
1
2 − (anEn)

1
2 ]}
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Dostrovsky model

Γp

Γn
= (

Ep

En
)(
an

ap
)exp{2[(apEp)

1
2 − (anEn)

1
2 ]}

Γα

Γn
= (

2Eα

En
)(
an

aα
)exp{2[(aαEα)

1
2 − (anEn)

1
2 ]}

an, ap, aα : level density parameters for neutrons, protons, alpha particles

an =
A

a1
(1− a2

A− 2Z

A2
)2

ap =
A

a3
(1 + a4

A− 2Z

A2
)2

aα =
A

a5
(1− a6

A
)2

a1 to a6 : fitted parameters
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Level density parameters in the old formula

Level density parameter for neutron emission:

an = (0.134A− 1.21)× 10−4A2MeV −1

Level density parameter for proton and α-particle emission:

aj = rjan

where:

rp = rα = 1 =⇒ ap = aα = an
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Level density parameters in the old formula

Γp

Γn
= (

Ep

En
)(
an

ap
)exp{2[(apEp)

1
2 − (anEn)

1
2 ]}

Γα

Γn
= (

2Eα

En
)(
an

aα
)exp{2[(aαEα)

1
2 − (anEn)

1
2 ]}

.

ap = aα = an

⇓

an
ap

=
an
aα

= 1
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Level density parameters in the old formula

Γp

Γn
= (

Ep

En
)(
an

ap
)exp{2[(apEp)

1
2 − (anEn)

1
2 ]}

Γα

Γn
= (

2Eα

En
)(
an

aα
)exp{2[(aαEα)

1
2 − (anEn)

1
2 ]}

an
ap

=
an
aα

= 1

⇓

Γp
Γn

= (
Ep
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Level density parameters in the new formula

an =
A

a1

(1− a2
A− 2Z

A2
)
2

ap =
A

a3

(1 + a4
A− 2Z

A2
)
2

aα =
A

a5

(1−
a6

A
)
2

an 6= ap 6= aα

⇓

an
ap

,
an
aα

should not be omitted!
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Level density parameters in the new formula

an 6= ap 6= aα

⇓

For proton emission:

Γp
Γn

= (
Ep
En

)(
an
ap

)exp{2[(apEp)
1
2 − (anEn)

1
2 ]}

For α-particle emission:

Γα
Γn

= (
2Eα
En

)(
an
aα

)exp{2[(aαEα)
1
2 − (anEn)

1
2 ]}
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Test done on CRISP

Comparison between:

Γp
Γn

= (
Ep
En

)exp{2[(apEp)
1
2 − (anEn)

1
2 ]}

Γα
Γn

= (
2Eα
En

)exp{2[(aαEα)
1
2 − (anEn)

1
2 ]}

and the corrected formulae:

Γp
Γn

= (
Ep
En

)(
an
ap

)exp{2[(apEp)
1
2 − (anEn)

1
2 ]}

Γα
Γn

= (
2Eα
En

)(
an
aα

)exp{2[(aαEα)
1
2 − (anEn)

1
2 ]}
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Test done on CRISP

Target Nucleus : Pb208

Projectile : proton

Initial Energy : 1000 MeV

11 / 19



Level density
parameter

Level density
parameter

MCEF

Weisskopf

Dostrovsky

Correction

old formula

new formula

Results

Test

Results

Code

Comparison

Γp/Γn
Γa/Γn
Γf /Γn

Results

Results of CRISP:

12 / 19



Level density
parameter

Level density
parameter

MCEF

Weisskopf

Dostrovsky

Correction

old formula

new formula

Results

Test

Results

Code

Comparison

Γp/Γn
Γa/Γn
Γf /Γn

Results
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Results

Comparison of CRISP results:

new formula: old formula:

Solution:

Averaging over the whole data for each mass number
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Averaging Code
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Comparison of Results before and after correction

39000 points:

old formula

new formula
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Comparison of Results before and after correction

71000 points:

old formula

new formula
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Thank you for your attention!

18 / 19



Level density
parameter

Level density
parameter

MCEF

Weisskopf

Dostrovsky

Correction

old formula

new formula

Results

Test

Results

Code

Comparison

Γp/Γn
Γa/Γn
Γf /Γn

Thank you for your attention!

19 / 19


	Level density parameter concept
	MCEF
	Weisskopf model
	Dostrovsky model

	Correction on CRISP
	Level density parameters in the old formula
	Level density parameters in the new formula

	Results
	Test done on CRISP
	Results of CRISP
	Averaging Code
	Comparison of the Results before and after correction
	p / n
	a / n
	f / n


