Light Particle Production in LISE* S ARERSERR

+ Goal:
understand why radiation benchmarks need “Light-Z yield factor = 10” vs EPAX3 + Oleg factors. Projactil B2 gq o4t

« Test: simple projectile-fragmentation case in LISE** (screenshot at right; comparison below). g ¥1Ca

« Light-particle production through the breakup-channel of highly excited fragments above the [ wcomm 1]
limiting temperature—assumed to undergo multifragmentation—is not included in LISE*". [Sralsumer | N

« Multistep reactions in target are not included; they need dedicated study.

» The laboratory-frame kinematics of evaporated light particles must also be analyzed and
compared with the current projectile-fragmentation treatment.

Cross sectionsinmb

EPAXS + EPAX3 Evapci-rated Hatioﬂ AA light
Oleg's factors original particles particles vs
(AA) EPAX3+factors
n 2.60E+03

p 160 0.4 2.3E-02 1.12E+03 7.0
d 310 0.7 2.48E+02 0.8
t 130 0.32 1.1E-0& 1.35E+02 0.9
JHe 28 0.43 6.5E-08  3.70E+01 1.3
4He 22 0.8 1.2E-04  3.79E+02 7.3

Evaporation alone gives =7x higher p and “He yields than EPAX3 + Oleg factors.

Factor 10 is plausible for radiation benchmarks, but remains empirical until breakup and multi-step reactions are modeled.



LISE™ update: v.18.5.13

Based on the analysis presented here, which indicates that additional
enhancement is required only for proton and alpha-particle yields,
while the calculated yields of other light charged particles appear to be
consistent with the model, an additional multiplicative factor of 7 was
applied to the proton and alpha-particle production cross sections in
LISE** version 18.5.13.

This provides consistency between standard LISE*" production-rate
calculations, including power-deposition estimates, and the Prompt
Radiation Calculator using a Light-Z yield factor of 1.
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Cross sections (Projectile Fragmentation)
82 Se (227 MeV/u) + C — N=0-10
Method: 4 - EPAX 3.1a: K.Summerer,Phys.Rev.C86(2012)014601
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Cross sections (Projectile Fragmentation)
82 Se (227 MeV/u) + C — N=0-10
Method: 4 - EPAX 3.1a: K.Summerer,Phys.Rev.C86(2012)014601

E i 130 140
51e-imb 1.1etOmb 88e-Tmb 3.0e-11

5| | | i @ B B

5.0e-1mb 1.1et0mb 72e-1mb 22e-1mb

.l {Be 5Be Be 108e

49-1mb 9.7e-Tmb 59%-1mb 1.6e-1mb

.| 5] 6| L B |

46e-Tmb 88-1mb 49%-1mb 12e-1mb

o} e e
43e-1mb  8.0e-1mb
H 2H 3H

39%-1mb  7.2e-1mb  3.5e-1mb | | | | | |
0 1 2 3 4 5 6 7 8

Protons (Z)

Neutrons (N)
L1SE ++ [S\experiments'__ FRIB'e25065_61Ca_Grzywacz\c_PSk3a0_CB2al0f_61Ca_8mm_RadiationTest.Ipp*] | 02:17 07/29/2026
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Final Evaporation Residue cross-sections (LisFus)
ABRASION-ABLATION - #Se+C
E* method: <3>; <T=: 16.69(0.00,0.00) MeV; No Intrin.Therm.; f.. No; DB.=WS4_RBF, de-excitation: 2t;, 8,.,=7.2; B:,,=14
NP=64; SE:"DB1+Cal3" Den:"C", GeomCor: "On"; Tunlg:"On"; dR=6.0fm F®Bar=#1; Barta=1.00; Modes=10101000010
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LISE™ Evaporation Calculator

m- Evaporation Calculator

7
Initial excited nucleus Modes ] 2D-plots
. ) Excitation energy window Fragmentation of beam li. Final Evap Residue CS i Decay channel analysis
Initial nucleus Lower = | MeV (®) gaussian {Abrasion-Ablation)
2 Se Upper = | MeV () rectangle () Excited nucleus evaporation . Fission channel CS i Temperature
» . . _— () Load initial conditions from file EL Break-up channel CS {& Fission Excitation Energy
Initial nucleus production cross-section = mb
make calculations down to Z = : é; CALCULATE l {9} Evaporation setfings ‘

Final nucleus

A Element z Cross sections

Final fragment production cross-section 1.71e-13 mb
Initial production CS of Final fragment ’7
(for fragmentation or file options) 1.38e-01 mb

Cross section from EPAX 2.15 4 85e-12 mb

Separation energies, barrier

Minimum separation energy (SE) 2.61 MeV
Minimum sum of { SE + deduced li
effective Coulomb barrier) 2.61 MeV

Fission barrier at L=0 4528 MeV

Average values—————

<E*> = | 301.26

=T== | 6.01

Efesion>= | 307.39

60 Ca 20

B~ decay

#  Table of

/ Muclides
L | Z=20 =h
a N=40 =

Channels

PARENT 1.60e-01 2.13e-02 295e-03 867e-03 6.85e-03 575e-04 2.00e-01 61Ca

| Decay modes ‘ n

p | a | d | t ‘ *He | Fission ‘Break—up sum max
DAUGHTER | 3.19e-01 4 84e-03 131e-03 503e-03 802e-03 132e04 135e-06 1.10e-09 3.38e-01 59Ca
ﬁ_ Excitation energy
Number of all Initial  Residues Fission Break-up )
calculated nuclei
1363 Sum 5.59+03 1.08e+03 379e+02 2.43e+02 1.34e+02 3.70e+01 | [-68e+02 8.95e+02 1.43e-01 8.18e+01
i B WS 5 Show —
Output cross-section file | 08234 01206 Ics 3, Browse EE Show {}’ Initial Prefragment 2
Plot for final nucleus -
Ouput file of parent By Brow E8  Show
‘? Help daughier references | 08234_01206.lpd 3 Browse EE Show
Initial Fissile nucleus 2
¥ Quit Fission CS output file | _ | 08234_01206 lfcs By Browse B8 Show plot for final fragment -
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