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� Surrogate technique for (n,f) reactions that can't be measured� use surrogate reactions, e.g., (t,p), to populate same compound nucleus� Use model to compensate between (t,p) and (n) reactions

� Younes et al., 67 024610 (2003), ...� Phenomenological treatment of fission� Extend to E
n
 = 20 MeV

� Microscopic treatment of fission� Self-consistent barrier properties
   e.g., Bonneau et al., EPJA 21, 391 (2004)

Fission
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= (t,p) reaction population

= (n) reaction cross section

= Fission model> P
f
(E

x
,Jπ)

Basic ingredients:
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Very good agreement, but limited
to range of surrogate data
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Only one free parameter for 2nd-chance fission:
→ Maxwell-distribution temperature 
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235U(n,f) cross section = Excellent agreement with measured σ

(n,f)@ Slope of 1st-chance fission depends onA Fission barriersA Level densities

(very roughly)

Need consistent calculations of 
barriers, level densities
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@ Code:A HFODD v2.09i (Dobaczewski et al., CPC 1997-2005)A Modified to print out single-particle wave functions in cylindrical basis

@ Force:A SKM* (standard)A Pure pairing BCS, G
p
 and G

n
 adjusted to match experimental gaps

@ Basis:A Up to 31 oscillator quanta in cartesian directionsA Up to 1140 basis states
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@ Calculated ground-state <Q
20

>:

A Within HFODD (internal)A From s.p. Wave functions (external)

Very good agreement

Calculation of Q
20

 for 236U
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@ Barriers along symmetric pathA E
A
 ≈ 7.8 MeV

(accepted ≈ 5.75 MeV)A E
B
 ≈ 11.8 MeV

(accepted ≈ 5.75 MeV)

Next: Explore Q
22

, Q
30

236U energy, Q
22

 = 0, Q
30

 = 0
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º Barriers» E
A
 ≈ 6.92 MeV

(accepted ≈ 5.75 MeV)» E
B
 ≈ 6.37 MeV

(accepted ≈ 5.75 MeV)

Next: zero-point corrections

236U  total energy
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Ù Libert et al., PRC 60, 054301 (1999)

Ù ParameterizeÙ Nuclear shape

Ù Nuclear orientation

 

Ù Study response to slowly-varying field

Not used presently
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Ù Define:

Ù Zero-point vibrational energy:

Ù Zero-point rotational energy:
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Ù Define:

Ù Zero-point vibrational energy:

Ù Zero-point rotational energy:

Calculated ZPEs are too large!

236U, along symmetric path
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9.75 10.32 8.78

11.85 15.88 17.84

21.60 26.20 26.62

1st min 1st barrier 2nd barrier�

V
vib

 (MeV)

�

V
rot

 (MeV)

�

V
tot

 (MeV)

� Assume 1D motion in Q
20

 only at

� 1st barrier (<Q
22

> ≠ 0)

� 2nd barrier (<Q
30

> ≠ 0)

� Yields ZPE corrections� At 1st barrier: 4.60 MeV� At 2nd barrier: 5.02 MeV

Barriers are lowered too much!
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< For Q
20

 only:

< At 1st barrier (<Q
22

> ≠ 0):

= B
22

 = 280.24 MeV b2

< At 2nd barrier (<Q
30

> ≠ 0):

= B
22

 = 408.95 MeV b2

236U, along symmetric path
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236U, along symmetric path236U, along symmetric path
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u Barrier heights:v E
A
 ≈ 6.92 – 4.60 = 2.32 MeV (compared to 5.75 MeV)

v E
B
 ≈ 6.37 – 5.02 = 1.35 MeV (compared to 5.75 MeV)

u Barrier curvatures:

v w

ω
A
 ≈ 2.89 MeV (compared to 0.90 MeV)

v w

ω
B
 ≈ 1.22 MeV (compared to 0.50 MeV)

Too low!

Too large!
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< Mistake (phases?)< Wrong prescription for pairing interaction= Test: vary energy cutoff (∆E) in calculation of moments

= Note slow convergence< G
n
, G

p
, not constant with deformation

ZPE at 1st min ZPE at 1st barrier ZPE at 2nd barrier
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Thanks to A. Staszczak, H. Goutte, D. Gogny, J. Dobaczewski

< Calculated= Microscopic energy surface

< Need to fix= Zero-point corrections= Collective mass

< Next:= Level densities= Fission probabilities ⇒ (n,f) cross sections
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Triaxiality Mass asymmetry


