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 Batch file mode

* First results
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v.11.0.27 02/15/19
v.11.0.37 02/28/19 update
v.11.0.38 03/01/19 correction*

* - correction at the IFN3 model.

Reaction mechanism settings
IFN area settings
Results

Settings (N, Statistics, Output)
Analysis result output

= [nitial (Parent) Fissile Nuclei [IFN]
= Final Fission Fragment [FFF]

IFN analysis for isotopes of
/=26,30,32*%,36,40,41,42,45*,50,56,62,67,71 (* - includes IFN plots)

Comparison of results by the 3EER, IFN1, and IFN3 models



G L E

o Els How to run the utility?

1. From the Abrasion-Fission dialog 3. From the Calculators menus

EXPENMENT 3EMUNGS  FNYSICS MIOOEIS  LAICUIATIONS  UNITES  IU-FIOL  ZU-FIOL  U3laDases

[ Calculations | Utilities 1D-Plot  2D-Plot  Databases  Help

Production Mechanism
Goodies
[ FReactions f Erergy Loss, Skaggling | Charge states f Databases: Masses, lsomers f
I 236U[140.0 MeW/ul + Be > 13250 Calibrations
@ [ Reygtin additionally calculate TransmiSSiDn End rate '
e vields for the next
i -
L eaetne Optimum Target
U " Projectile Fragmentation [~
PR = Optimum Target-Wedge and Wedge-Wedge configurations
| ;
© Fusion > Fssion . Brho scanning
¢ Coulomb fission Optimum charge state combination
: 5 = I 2360 (1400 Mev/l] + Be - LISE ++ Abrasion-bla
(seia: | ¢ aixasionision ) Z Monte Carlo calculation of transmission »
& Two Body F\ea}ﬂ ~ Energy region definition:
\\ Excitation energy region L0 MIDDLE HIGH & Calculate ” ]
At et 1500 mode Choose a primany eaction & - ~ B P [ Calculators ] * Physical calculator
I A3+ A< 238 rm tranf;:ufﬁ;:u; :;I;;lz;;: F ~ ~ = ) )
I~ Make default v 0K ruclows from vk Kinematics calculator
| e eia 3 ose FISSILE nucleus 2380 | 227F1 | 2140 e

ion energy [MeV) 40 280 600 Cross sedtion |
Crilys section [mb) 4915 B931 4235

Cross sections sum (mb) | 1608.2

Evaporation calculator

EERE

Fusion-Residue calculator

\ Fission barrier < LOW
= Load Fission, Evapordtjon. IEocﬂl Energy Region settings from file | |1T < MIDDL

— 2. From the Evaporation calculator | Initial Fissile Nuclei analyzer |

[~ based on the Projectils

- Fragmentation mads! (M) L. .
&3 Evaporstion settings o coet forzb = 0. Radiation residue calculator
48 Preragnent exct energy {py, sl fissie nucleus analysis casfforNb = 0.
—I o ca e rome determine lowZ (eh | ¢ e 2 LB Bg
' OK I xCancell ? Heb | [~ Make default - takes about

Ion Mass calculator

1~ Initial nucleu; Mad: 2Dl
Ecitation energiyindow

] Fragmentation of beam
LTS P _— @ i J\. Fnel Evep Residue 5 [ §y Decay channel analysis
[z Upper= [ ey N cectsngs " Excited nucleus evaporation [ Fesonchamelcs [f  Temperture

" Load iniial conditions from file: Break-up channel CS P s By
Iritial nucleus production cross-section = \ "l h
make calculations downtoZ = 43 .
g CALCULATE 8 Evaporsion setings Estimated error of mean

Matrix calculator

Mathematical calculator

 Final nucle {Average values |
A Elemert Z Final fragment production cross-section mb Minimum separation energy (SE] |— Ml N
< »=
1% | Sn | 50 Initial production CS of Final fragment 5 Minimum sum of [ SE + deduced l— M ) S
= {{or fragmentation or file options) elfective Coulomb barier] & <Tr=
- Cross seofion fiom EFA 215 | mh Fission bariier at L=0. | Mel  <Eufiss =
Nuclides Y
[ RARENT
aJz = ™,
S N = Decay mades 1n 1p alpha Fission |Breakup|  sum ma
Excitation
anerty plot [CAUGHTER
\
. Intisl  Residues Fission Breskeup
N of al s
coleulaied il | un \
.

Plot forfinal nucleus

I Output cross-section file [~ [23892_00504 los B3 Browse EE! G Il Prfragmerts 2

Show

Cuput il of perent -
P rep | PO T 2% 0030¢kd B, Browse

X out | Fission C5 ouput fle [~ [23832_00504 cs B, Browse

il Fissile nucleus
plot for firal fragmert

Show
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G L o . U . NCHICAN S
Onfa Initial Fissile Nuclei (IFN) dialog e

NSCL

Abrasion-Fissi

Settingz -1 [Select region]

l 2380 (1400 Meifu] + Be A E—
coef for b = n.a 0.1 < coef <= 1; recommendation; 0,75 Z_stop= 74
Chocss Final fission fragrment coef far b= [0B5 0.1 ¢ coef <=1; recommendation: 0,20 M_stop =124

1 st t p :
. determing low 2 [element number] where
S e Emtertate—t I Include Coulomb fission channel Abragion-ablation stops.  Zstop = coef * Zbeam
" 4 Fission channels
S ettl n g S sriane after Abrasion™ + CF attings - |1

g ALL Calculate -1 - Crozz-zection minimurn threshold of to use a nucleus in calculations [mb] | 1.0e-05

121 4 Fission of nuclei gated
on Final Fragment =

Murnber of pointz fram excitation enargy Statiztical walues to ghow in the rezult frames
distribution o uze in calculations

' Mean valus and Standard Deviations 2 nd Ste
1 : only mean values <E > p

" More Probable value and its variances <

{&"a Fission properties

7031 E-v. <Ev. E+v [w=HwHb) ' Median walue and its variances [default) 1
% Evaporation settings S ettl n g S

Detailed ouput v I23892_D|:|9|:|4_'| 3280_pTm @% Browse | Show |
{% Prefragment excit energy
General log fils v IIFN @é Browse Show

B a'th m Od e I Shaw 2D: Fissile Muclei C5 for each un Results - | [Fizsile channels after abrasion)
S ettl n g S IEE‘ nofile or bad file | Total fission cross section in the region [mb)] I

sl i ; Figsion Channels
MHumber af fiz=il | th | :
al |d ru N #  Runthe batch file! Takes time.. | HMREr 0 Tilsjll'nebzrzfeflisiileier:gI:r;s[ed] I cross sections
a [ I

to gate on the final fragment [ 11 ]

. 1ststep
results

ezylkz - [la: Parent Fizzile Muckei — | Resulz - [Ib: Final Fizzion Fragment
. - radr [-wrns; +vrnz), where
[~ Make default Gated on the Final Figzion Fragment Final fragrment “mdn™ s median: Meinc - vanance
h crozs zection mb
2D: Fissile Muclei C5 P d
0K Iritial fizz. fragment 1D: Excitation Eneray 2n t
¢— | excitation energy I i hl' - S e
E®, et
x Cancel Welocity in CH S | el hl’ 1D: Velocity in CMS I
< I Murnber of nucleons re S u tS
? Heb M I emitted ta reach FFF hl, dA. dN. dZ

OT@MSU 03/04/2019 3



G L E

OHf < p» Reaction mechanism settings : default values

{g} Fission properties | % Evaporation settings | {&} Prefragment excit.energy |
I — — a3 b 4 e s
Fission properties - I | u E\rﬂfﬂn calculilgs Excitation Energy of preﬁagmin-t_ ‘ p
s —
X L i 7 i — & ma WO Wilzon, Lw Towsend, F.F Badawi, NIk B18 (1986) 2
— Crosg gection: — Fragment excitation [TE] depends on D|mensmr;igtf[iebmgﬁrsa[tlgozr] E hd Deayinod Prehagment
. . L 1n 2n 2 alpha d 3 3He A Element 2 Excitation Energy = I B.a0 et
[w Uze OddEven comections for fragments (o Dissipated energy _[NP. B28(1338)458] Wersion of Cross-Section evaparation fle Im F ¢ Iﬁ IT
T - THXE = E® - Bf + Edis v = = = r r r =] I z = I Standard deviation = I 1358 MeV
¥ Include post-scission [n.p.a) evaporation Carrection dR for the deduced [ Bew decr a v > &
IS Feaction 0-value [EPhyslal4(2002)4539] effective Coulomb barrier fior the I fmn protected mode % debugging mode —I
— Parameters for shell structures = ———————— TeE = [al +a2) (FQ)"2 + E* TUNMELLING mode Reaction 238U + Be
W _ default - ..
| ShTr'LDSiS:;an [dSLIti[]eFI\‘?nt:cf] [2[E1:L3JLv5t[L[J\.f3V] f _I 0.0045 0.0035 — Fizsion B arrier B M?_‘?ei — For "daughter'’ nucleus exctitation energy distribution apply: ——— E (}’ f AS)SW?R i Eﬁimbﬂ
- - = “FisRot” - RLDM(Cah e Excitation Eneray in the code = [ 5400
: 1 I g3 I 285 I 0.7 Fragment E xcitation Energy ] I e (Cohen) = alio * energy distibution of the emitted light particle [qualitatively) REIELE SN (U Eehl 5400 Med —f- Carrection factor of Surface distortion excitation
2 I 30 I 38 I .15 StDev If Mely Beiree= I 1 &y settings | eatings " average energy of the emitted light particle (fast) f=1+coefl *d_abr / Ap + coef2 * [d_abr / 4p]"2
o =5 [ | i~ Model
i =] 15 c2-[ 25 = [0
h Potential energy plot | ¥ Turreling for charge particle evaporation “Statedensity— | | Dissipative effects in flssmnm A wdilsan et &l MIM B8 [1987) 225-231 L
ﬂ"E] Put original values “1° | Angular dishibution cut by the momentum slits ¥ Take inta account unbound nuclel for cascade - [:] Eqidlstan.t.model ; I use Kramers Factor CDEF[E;CSE;EI ]}jseta B, J-JGaimard and K.- H.Schrmidt, NPAS31 [1931) 709 “B. J.-J Gaimard and K.- H Schmidt, NPAS31 (1331) 709 - cor
" Do not use [T Create cross-sections file 8] 2] el e I~ uze Gamma__f[t] a3 * C. Parametized Gaussian distibution Hole depth N
ﬂ.,a Put "2005" values *2* . e . % [C] - az [B] + shell comections a step function beta = I 1 [Me¥) <E*» =| 1336 *d_abr [MeV]
values " Use just for "M atriskinematics" class [ Create Parent-D aughter references file D Exponential excitatiorrensrgy distribution l_40 sigma = IT “d_abr “[0.5) [
I “1% J.Benlliure et.al, NPAE28[1938)458 & Use for all Angular Distributions (default) Use Ablation in Abrasion-blation - Odd-Even Deltap t -~ Break-up p ‘ ~ — —
“2 zee LISE ++ v 7.5 documentation I : default The limiting ternperature calculated from the cure Apply the limting temperature threshold: T=min(T_Tlim)
calculations (far plats] E vaporation = I 12 12 based on thiee points for masses 50,150,250 Lsogpsln-ltqhg:jmomeltehn;ﬂj;\m céourézsqlosn?ds toFig9 ~C. Parametized Gaussian distribution -- simplfied combination
A, B B . ket al,
- - —Angular distribution shape————————— ¥ &wvoid residual CS for nuclei with T1/2 < 1ns Fadm =| T 14 T [4=050] = 3 o chridt et &l [2002]
| Crozs section suppression values | & o _ e default from [™ Use LISE++ gecmetrical corrections for A-4 model | <E» | sigma
Isolopic < Arisoliopic T (A=150) = i 53 ZI"E.IH&E'\QQLIU' Apply thermalization for E xcitat. energy according to [0 sdab2 + | [ 0 *dabr +
[ Make default h State density & T plots | T[h=260)=| 47 47 034615 [20'04] [ J-JGaimard & K.- H.Schmidt, NPAS31 1991) 703; = =
] Fas - see Equation 3.4 27 rdabr o+ 18 “daw (112}
J 0K x[:ancel | ? Help | [~ Make default oK I X Cancel ? Help | h Probability & Width plots | Diffusenesz = | 005 005 . \_ - T - e

Mass table model

I Reactions f' Erergy Loss, Stragglmg,{ Charge states ‘ D atabases: Masses, |somers
238U[140.0 Met /] + Be -» 1328n

The default file* can be loaded from here

© Dl E)R [ emisso =D http://lise.nscl.msu.edu/10_1/fission.lpp
i| | ¢ onl Caloulations Fllla |2 LDM#1 + shell comections (0.7 ] -l

User's MassExcess File l ‘W54 _REF Ime ) i Browse i

* as well used in the current calculations

— lor ma:

¥ Take into account electran binding energies for ion mass calculations [Recommended)
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http://lise.nscl.msu.edu/10_1/fission.lpp

NSCL . se

Reaction mechanism settings: Coulomb fission channel

MICHIGAN STATE
UNIVYERSITY

925

90.5

Protons (Z)

89.5

¥ Include Coulomb fizsion channel

Fission channel cross-sections
ABRASION-ABLATION - 2%l + Be

Excit Energy Method < 2 >, <E*>:27 0"dA MeV Sigma:18.00; Mo Intrin Thermalzin; Lim\

2380 [140.0 Metfiu] + Be

[ Include Coularb fission channel

Fission channel cross-sectins
ABRASION-ABLATION - 238U + Be

Excit.Energy Method:< 2 >, <E™>:27 0"dA MeV Sigma:18.00; No Intrin. Noermalztn; LimifTemp: No
NP=32; SE:"DB0+Cal2" Density:"auto” GeomCor:"Off" Tunlg:"auto” FisBar=#1 Ba2¢=1.00 Modes=10101000 110

ORI T

8401 16et00 3.0e+00 5.5e+00

2Ry

+00 3.3e+00 4.8e+00 9.1e+00
Ao Hhe A
+00 9.6e+00 6.4e+00

o ! !
+00 7.9e+00 9.8e+00

+00 5.6e+00 9.1e+00
Tl

5.9e+00

Protons (Z)

' 6.8e+00

Mo Ml

57e+00 1.2e+00

MRy Mg

2.8e+00 5.7e-01

144

Neutrons (N)

146

Important for heavy targets !

e 2l

9.7e+00 1.2e+00

6.8e+00

44 146

Neutrons (N)

145 147

(though already sufficient for Z >13, so for 233U(140 MeV/u) + Al — CoulFis=46mb

OT@MSU 03/04/2019



i . : AICHIGAN STA
on o IFN area settings L ICAN STATE

NSCL

Fission channel cross-sections
ABRASION-ABLATION - 238U + A]
Excit. Energy Method:< 2 >, <E*=:27 0*dA MeV Sigma:18.00; No Intrin. Thermalztn; LimifTemp: No
NP=32; SE-"DB0+Cal" Density "auto" GeomCor:"Off" Tunlg:"auto” FisBar=#1 Barfac=1.00 Modes=10101000110

TFFRRTITY T T 0T
o | B RSTI0 0 SRR L (LR
ORI TIIT Innn L

of I oo WHIDEETANR RN
SRR TTRR S (T T 1T
s7h IIII|||\°e° g\eQ IIIIIIIIIIIII IIIIIIIIII
IR QOSSR LTEETTTETT T T
o IR RRRRREPR N g T (T (T T,
y Mg\ew/ T nnnnnnNmnm

83} \S. /

93}

Protons (Z)

1\ 125 135 145
utrons (N}

sxe\’

Setiingz - | [Select region]
coef farzh= | 091 071 < coef <=1 recommendation: 0,75 Z_stap e‘\
coefforMb=| 93 0.1 < coef <=1; recommendation: 0120 M_stop = 136 0 ‘o( b/

OT@MSU 03/04/2019 6



@ i o NCHIC .
O Be 15t step calculation results UNTVERSITY

NSCL

Fission channel cross-sections

Not enable ABRASION-ABLATION - 2380 + Be
Excit.En Method:< 2 »; <E*>:27.0"dA MeV Sigma:18.00; No Intrin. Thermalzin; LimifTemp: No
(gray color) oo ‘ f

NP=32; SE:"DB0+Cal" Density-"auto” GeomCor:"Off" Tunlg:"auto” FisBar=#1 Bar 3¢=1.00 Modes=10101000110

SRRERLEREREEEREEEEEESLLLL] [ 1] 1]
3

rAbmsion—Fissicn'._lngz;l fission nuclei L' H m
= . F — o SRR EER R R R EEEREEEEE
- Seftings - | [Select region) T Tl 2t U 0R0D 130 DR Vel TR el JRE VRN HEN RO
|
|

93

l 238U [140.0 Meviu] + Be  mEm oo o 078 - B
coef for = A 1 < coef <=1; recommendation: 0. _#op =
Choose Final fission fragment 1325n || coef farMb=| 93 0.1 < coef <= 1: recommendation: 0.80 M_stop =136 mrh mrh m B% m I I’h m“ mrh mﬂ m“ m’l I ll l l lllllllll IIII
. el T U0 DD e el (D U0 (R [BE Gh YRR TR TeR TR IRR TR M e
ot L RL A iy
of wvenamanannRRRRNRARRERANARRRNARA
e A0 TR Ul Zet Zi) D) e (R (B TR PR ISR TER A B : Tt 4
wavvrnnnnannn A RNENENNNNANANARRRARARANE
Vell Lo 20H 3R0 TR el 1R 1RO el (el C30 OBE MER IR WRH ol e e v
(RARMALRRRERBRERIRELET [ 1111111/ [1[}
Ul Teli 46 Beld el (Rl 10 16l 130 U6l (8F Thl (! TR VR IR0 RN Tell el M :
GARSRELERRREREREREL L] |1 111111 [ ITTITE
Tl R el T D000 B0 1) D30 Tl Tel bR Tt tRI DR RN 160 TRl TR0 RRR R .
- , o xaxnnnsnnannnn AN NS NNNNNNRRARNRRNAE
v Shaw 2D: Fissile Muclei C5 far each un s ] (Fl dmh e / I Blell Uplf (ld DBfd A0 Vet TR R0 U 0B 18R (B URG VRl Telt TRH TRI VRO YR Nel ¥ ]
e - | — ] ALELSRRERRERLERLELELLL LU UL L
# _Run the baichfil! Takes time.. | Murnber of figsile nucls used cross sectons |

v Include Coulomb fizsidn channel

Calculate - | :

4 Fission channels \
Calculate after Abrasion™ + CF - Settings - | \

g ALL Caloulate -1 - Crozz-gection minimunm ¢

1&1 é? Fission of nuclei gated
on Final Fragment =~

zhold of to uze a nucleus in calculations [mb) I 1. 0e-05

Mumber of points from excitation energy Statistical values to show in the fesult frames
distribution bo use in calculafions

Protons (Z)

" Mean value and Standard/Deviations

*- takes ™ aminute; ™ 10 minutes - a hour

. . 1 oy mean value <Ex " Mare Probable value apfl its variances
{%} Fission properties
31 Ew, <E>, E+v [v=HwHM

* tedian value and its Aariances [default]

{g} Evaporation settings |

Detaied ouputp|23892_00904_13§5€_p1m Elyénwse | B8 snow

Gemeral Iog file W ITFN % Browse | Show

{&} Prefragment excit.enengy |

ta gate on the final fragment [11 ] 33 a3 .
- Resultz - lla; Parent Fizsile Muclei —— |- RBesultsz - |lb: Final Fizgion Fragment s, s
I Make default Gated on the Final Fizzion Fragment Final fragmgnt I— b "mdn' : redian; 'y ieesariance 106 110 114 118 122 126 130 134 138 142 146
Crogs sechion Neutrons [N}

o E",Me\"’l i : Velocity in 1 i -
= — e By v | 99 isotopes will be used for the 2" step calculations
e N e [ e NI

2D: Figsile Nuclei C5 | Lo . ‘
o OK | h ln;:ilitlstiso.gae%n:;;#”‘ev h.’ 1D: Excitation Energy |

gated by the selected region (Z_stop, N_stop) and the
cross-section threshold value (2" step settings) from 349
isotopes calculated at Step #1.

OT@MSU 03/04/2019 7



MICHIGAN STATE

.59 2"d step calculation settings: N _p MICHIGAN STATE

= Mumber of points from excitation energy
distribution to use in calculations Sigma2 = 0.75627* Sigmal

—— IFN1

@ 1:only mean value <Ex ——

Areal 15.64%
(" 31 Ewv, <E>, E+v [w=HwHM/2) » |FN3 Using 3 excitation energy points AreaC 68.72%
(and evidently it takes 3 times more than IFN1 method) AreaR L

Approximation of the normal distribution by 3 gaussians Approximation ofthe normal distribution by 3 gaussians

045 1E+33
—ariginal 5 :

—_—yl

e YT

¥C
o yhyoHT

-5 -4 -3 -2 -1 ] 1 2 3 4 5

OT@MSU 03/04/2019 8



MICHIGAN STATE

@@ i - - - -
On o 2" step calculation settings: Statistics UNTYVERSTTY

NSCL

— Statiztical values to shaw in the result frames

" Mean value and Standard Deviations _ . .
with “more probable value” choice might be troubles

" More Probable value and its variances ) ..
in the case of two similar peaks

* Median value and its variances [default]
\

recommended
3.0E-02
2 5E-02 - 1.0E-02 o Data
) = )

T 20802 —e— median z —e— median
c = i [TIEE
o o= mean S 10603
T 15602 B
Bt i
b th
5 10602 o
= Y 1.0E-04

5 DE-03

0.0E+00 —————=» 1.0E-05

g2 24 26 BB 00 92 04 82 g4 Bb 88 90 a2 94

OT@MSU 03/04/2019



6 L . . T -
O B 20d step calculation settings: Outputs UNTYERSITY

NSCL

Region (0,1,2)

Detailed output file for the selected final fission fragment (FFF) v

I~ El il M Pri c5 E* Wem dm dZ

1 237U 92 145 0 1.33E-02 26.99 1.014 2.749 0

LISE** proposes automatica”y file name, 2 237Pa 91 146 0 5.56E-03  31.14 1.002 3.464 0

The user can browse manua”y 3 236U 92 144 0 6.41E-04 31.36 1.004 3.121 1]

4 2350 92 143 0 1.06E-05 38.04 0.954 3.556 0

. . 5 2340 92 142 0 5.86E-08 51.79 0.956 4.814 1]

Beam Target Fragment N_p Statistics 6 233U 92 141 0  3.02E09 6828 0953  5.468 0

\ l / / 12 236Pa 91 145 0  L57E-03 3677 0983  3.686 0

13 235Pa 91 144 0 2.75E-05 48.72 0.959 4.934 0

Detailed ouput v [23892_00304_13250_pla 4~ B3 Browse | Show 14 234Pa 91 143 0 4.70E-06  55.06  0.956 5.3 0

15 233Pa 91 142 0 4. 46E-07 09.38 0.929 5777 1]

16 232Pa 91 141 0 1.42E-07 75.83 0.922 5.539 0

22 236Th 90 146 0 4.26E-04 44.01 0.957 4,925 0

Calculation result information for each calculation run.
Gereral log file v IlFN E‘é Browse | Shaow | Important in the BatCh mOde'

o —
@ chusericilise_pp_ 5! - - - . - - B e v
| Date Stop Time Elapsed El Zff HE Zztop Hztop Thrshld TotalCS H_FisH Hu=sed N_P Zpfn -zZpfn +=Zpfn Hpfn —-zNpfn +zHpfn E*pfn -skE*pfn  +sE*pfn  CS5f Exiff -zl
19-02-19 14:52:45 35 .4 1325n i 82 86 1400 1.00e-05 1.336e+03 267 49 1 91 61 1.1 0.39 145,17 0.37 0.43 37,95 20,19 3576 2.073e-02 29 &0 £
19-02-19 14:54:44 110.0 1325n 50 82 86 140 1.00e-05 1.336e+03 267 49 3 91 65 1.00 0.35 144,84 1.09 045 17.122 15 44 20.81 2 652e-01 19 .15 £ .0
19-02-19 19:35:49 96.7 1325n i 82 86 140 1.00e-05 1.336e+03 267 44 1 91 .61 1.1 0.39 145,17 0.37 0.43 37.95 20.19 3576 2.073e-02 29 60 £
20-02-19 17:00:44 5.4 110Fh 45 65 89 143 1.00e-05 9.770=+02 147 15 1 9130 1.08 0.70 147,64 0.64 0.94 64.91 29 25 41 43 8.207e+00 41 84 10
20-02-19 17:00:50 5.4 111Fh 45 66 89 143 1.00e-05 9.770e+02 147 15 1 9143 1.13 0.52 144,07 0.73 1.04 55 .5l 2624 41.1% 1.626e+01 38 .18 gt
20-02-19 17:00:55 5.4 112Fh 45 67 89 143 1.00e-05 9.770=+02 147 15 1 91 .53 1.12 047 144 41 0.93 074 5004 24 17 38 .47 1.553e+01 3502 74
20-02-19 17:01:01 5.4 113Fh 45 68 89 143 1.00e-05 9.770e+02 147 15 1 91,57 1.10 043 144,63 1.0% 0.59 46.10 22.77 36.19 1.961e+01 3411 7.
20-02-19 17:02:43 4.8 110Fh 45 65 ap 142 1.00e-05 8. 428e+02 108 14 1 91.34 0.96 0.66 143,43 0.89 1.12 68,94 3089 38.59 9.318e+00 44.13 11
20-02-19 17:02:458 4.8 111Fh 45 66 9p 142 1.00e-05 8. 428=+02 108 14 1 91 .50 0.97 0.50 143,93 1.2% 0.83 T H 2690 39 06 1.700=+01 38 88 g
20-02-19 17:02:52 4.7 112Fh 45 67 ap 142 1.00e-05 8. 428e+02 108 14 1 91.5g 0.9% 045 144,37 1.08 0.77 &0, 27 2426 3636 1.567e+01 3513 7
20-02-19 17:02:57 4.8 113Fh 45 68 9p 142 1.00e-05 8. 428=+02 108 14 1 91 .59 0.94 041 144,62 1.16 0.59 45 96 22 69 33.29 1.948e+01 34 04 7
20-02-19 17:03:32 5.2 110Fh 45 65 ap 142 1.00e-05 8. 428e+02 108 14 1 91,34 0.96 066 143,43 0.89 1.12 68,94 3089 38.59 9. 918e+00 4413 11
20-02-19 17:03:39 6.4 111Fh 45 66 9p 142 1.00e-05 8. 428=+02 108 14 1 91 .50 0.97 0.50 143,93 1.2% 0.83 T H 2690 39 06 1.700=+01 38 88 g
20-02-19  17:03:43 4.7 112Fh 45 67 ap 142 1.00e-05 8. 428e+02 108 14 1 91.5g 0.9% 045 144,37 1.08 0.77 &0, 27 2426 3636 1.567e+01 3513 7
MN-_nN7_19 17-N7-40 40 1120k ALC [} an 147 1 NN==NC A A70=2n7 107 14 1 g1 CQq n a4 n A1 144 E£7 1 18 n ca AC OFE 27 L9 27 70 1 0A0=2n1 24 N4 7o
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MICHIGAN S

2" step calculation results: Initial Fissile Nuclei (IFN) UNTVERSITY

gated to the selected Final Fission Fragment (FFF) -a
e ee—— 0 | FFF=132Sn, N_p=1; Small IFN region (99)

- Settingz -1 [Select region]

l 238U [140.0 Me\fiu) + Be o
coefforZb=| O 01
Chooze Final fizzion fragment R e T coef far Mb = 083 01
- Initial Fissile Nuclei for 132Sn final fragment
) v Include Coulomb fission ek ABRASION-ABLATION - 238U + Be; Czbound=0.91; Crpound=0.93; CSrenig=1.06-06 mb; SE esion=7.0 MeV, Neports=1
Calculate - 1 : Excil. Energy Melhod:< 2 >, <E*>:27.0FdA MeV Sigma:18.00, No Intrin. Thermalztn, LimitTemp: No
Ealculate F Eﬂ?ﬁ;ﬁ?ﬂ”ﬂ'ﬁi cF BT _ NP=32, SE "DBO+Cab" Density "aulo” GeomCor "Off” Tunlg "aulc” FsBar—#1_Barfec=100 Modes=10101000110
93 ]
5 ALL Cacata Il Crosg-gechion mirmum th
Figsion of lei gated : .. 233 234 235
el ¢ n:nssll“?nnal F;Lgljcmzlr% = Number of paints from excitati 3,0e_lgg 5,93!.38 1,1e_Lc!5
distribution to uze in calc 2 13 234
*- takes T aminute;  *F 7 10 minutes - a hour Bl Pa Pa :
& 1 : only mean walus <E: 1.4e-07 45e-07 47e06 27e05

{9} Fission properties 9. Eon<E>, Evv [veH 29Th  230Th  28Th 22Th  23Th 247h

3.1e-09 45e-09 16e-08 7.5e-07 20e-05 51e-05

@} Evaporation settings

. 2 2 20p, 2 Bipe 2328, 233
Detaied auput v [P0 FAc 2287c  229Ac e B1Ac  B2Ac  2Ac

13e-10 1.0e-09 1.1e-07 1.2e-07 326e-07 22e-06 2.0e-05
General log file v IIFN

{3} Prefragment excit. energy
25Rq 226Ra 22fRa 228Rq 2293 230R3 231Rg 232Ra

1.9e-09 1.1e-09 73e-09 20e-08 21e-06 58e-068 52e-06 13e-05

Protons {Z)

— Batch file mode

¥ Show 2D: Fissile Nuclei CS for each = T Fes 8 24y 22Fp  226F 221y 28Ry 229Fp  Z30Fp  231Fy 1

e Fetle TSt e T Eash T Results -1 (Fissile channels a 46e-10 92e09 43608 1.1e-07 7.6e-07 15606 25605 2.8¢-05

e | . .

Lt nofile or badfie Total fizsion cross section in the 222Rn zzﬂn 224Rn 225Rn 226Rn 227Rn 223Rn 229Rn 23|]Rn

5 R | Murmber of fizzile nucls i t 2.0e-09 54e-09 1.9e-08 34e-08 6.6e-07 1.8e-06 54e-06 7.8e-06 3.1e-05
LN BatEn e [EEs Tme. Mumber of fizzile 85 D"At mAt _t _‘t 225At ZZSAt 227At 228At mAt 1

to gate on the final | 1.4e-08 4.6e-08 12e-07 29e-07 4.7e-07 3.5e-06 8.9e-06 40e-05 58e-05

ﬂ—He&uIt& - lla: Parent Fizzile Muclei —— Fesults - lIb: Final Fizzi 220P° 2‘ 222P° 223P° 224P° 225P° ZZBPO 227P° 223P°

15e-08 18e-07 56e-07 11e-06 23e-06 31e-06 1.1e-05 20e05 28e-05

[~ Make defaul Gated an the Final Fizzion Fragment rratTragment
crozs sechion

v OK . 20: Fissile NucleiCS ’I/ it s ragmere [~ 135 7 139 T 43 145 147

excitation energy Neutrons (N)
E*, MeV 293 [-21.4; +43.8)
X Cancel z: 57 (82 a0 Velacity in MG | 1.0
51,82 +0.

Mumber of nucleons
? Hep | \ N TEBEEOS ) emitedtoreschtrr | 2

83 :
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MICHIGAN

2"d step calculation results: Final Fission Fragment (FFF) - a UN TV ERS |

Excitation energy of initial fission fragments coming to 132Sn final fragment
ABRASION-ABLATION - 238 + Be; Czpound=0.91; Cbound=0.93; CSihrshic=1.0€-05 mb; SE*fission=7.0 MeV; Nepoints=1

TY

-
NSCL Se

FFF=132Sn, N_p=1; Small IFN region (99)

{3} Prefragment excit.enengy |

— Batch file mode

LIEtalled QUpLIE v =it Doaus aeau i TG DIUWsE | Jnuw |

General log file W IIFN @é‘ Browse | Show |

v Show 200 Fissile Nuclei C5 for each min
B
% nofile or badfie |

- Resultz - | [Fizzile channels after abrazion]

Total fizzion crozs zection in the region [mb] I 1.51e+03

Fission Channels

5
. .. . (]
§_normemnm e R D B o
to gate on the final fragrent (1] 3 E
= — o
-~ Results - 1la: Parent Fissile Muclei Results - [lb: Final Fizsion Fragment tndn [-vins: +vins), where o
Gated on the Final Fizzion Fragment Final fragrnemt "mdn' : mediah; "vrné:":variance «©
[ Make defauil cross sechion 34802 b E:
“ oK | u 2D: Fissile Nuclei C5 In|t|a|_f|s:s.flagment| 254 [OF; +224]  Mev h 1D: Excitation Energy + o
excitation energy
E= Mev 23.3 [-21.4; +43.8) : ;
x Cancel | I Welacity in TS | 1.013 [0.039; +0.019] emdne l:l. 10: Velocity in CMS | I
Z| 9175 [1.82;+0.25] Mubor of o -
umber of nucleons
? Hep | N | 14548 (066 +052) emitted to reach FFF | <72 1077 +1.56] I daanaz

OT@MSU 03/04/2019

Emitted nucleons from initial fission fragment coming to 132Sn

ExcitEnergy Method:< 2 >, <E*>:27.0*dA MeV Sigma:18.00; No Intrin.Thermalztn; LimitTemp: No
NP=32; SE:"DBQ+Cal2" Density:"auto" GeomCor:"Off" Tunlg:"auto" FisBar=#1 Barfac=1.00 Modes=10101

Number of emitted nucleons [X]

Excit.Energy Method:< 2 >; <E*>:27.0"dA MeV Sigma:18.00; No Intrin.Thermalztn; LimitTemp: No
NP=32; SE:"DB0+Cal2" Density:"auto" GeomCor:"Off" Tunlg:"auto" FisBar=#1 BarFac=1.00 Modes=10101000 110

40 80 120 160

Excitation Energy [MeV]

132Sn final fragment velocity in CMS
ABRASION-ABLATION - 238U + Be; ¢zpound=0.91; nbound=0.93; CSinrshic=1.08-05 mb; sE*fission=7.0 MeV; Nepoins=1
ExcitEnergy Method:< 2 >; <E*>27.0"dA MeV Sigma:18.00; No Intrin.Thermalztn; LimitTemp: No
NP=32; SE:"DB0+Cal2" Density:"auto" GeomCor:"Off" Tunlg:"auto" FisBar=#1 Barfac=1.00 Modes=10101000 110

200

Te-1 "
—d Te+1 |
5
27 l
E 1e-2 E E: 1e+0 |
3 i
3 E 5f
: |
) 2 o
(7] £
T 1e3d} E o le1p
- 2] -
5F o 5 :
2} 2T
e il ﬁ i I “ | b |’| 1
) 2 6 8 in 0.72 0.76 0.8 0.88 0.92 0.96 1 1.04 1.08 1.1?

Velocity in CMS [cm/ns]

12



Oy - ) N JE : NCHIC
o g 2"d step calculation results: Initial Fissile Nuclei (IFN) UNTYERSITY

gated to the selected Final Fission Fragment (FFF) - b

FFF=136Sn, N_p=3; Large IFN region (489)

I 2380 [140.0 Mevru] + Be — Sethings -1 [Select region] —
coefforZb=| 076 01
Chaose Final fission fragment~ 1365n || coef farMb= [ pgg5 01 Initial Fissile Nuclei for 136Sn final fragment
- ABRASION-ABLATION - 238U + Be; Cz50una=0.76; Cruooung=0.85; CSturshig=1.06-07 mb; SE™ssi0n=7.0 MeV; Ne-poits=3
v Include Coulamb fission ok Excit Energy Method:< 2 > <E*>:27.0°dA MeV Sigma:18.00: No Intrin. Thermalztn; LimitTemp: No
g Ea'?'-"a‘feh' I: | NP=32; SE-"DB0+Cal2" Density-"auto” GeomCor:"Off" Tunlg:"auto" FisBar=#1 Bar~a=1.00 Modes=10101000110
iggion channels - - - : - - - - -
Calculate after Abrasion™ + CF - Settings -1 235 228 - ]
g 92 Z.De-lﬂjﬁ D.ﬂl.‘-lgﬁ - 1
ALL Caculate I - Crozz-zection minimn tk 235Pa - -
Fission of nuclei gated : N -
L&l g D::S,;Ionnm F,;Z;zrﬁ pog Humber of pointz from excitati 'ZEE :3::3
digtribution to uze in calo 2%¢e
*- takes T aminute; T 10 minutes - a hour 299, T
1 : anly mean value <E; 88 R :Ezag fﬂ: 1
Fission properties ZMFr  3Er  2Fr
@ r: 3: E-w, <E». E4w ['\l'=H £.5=-09 1.32-08 31209
22%Rn 2Rn  2Rn 'Rn  Rn
¢t Evaporstion settings G e o a2
Detailed Duput F |23892—DEII 2.92-00 0.52-00 24208 3.5m-08 1.08-08
(B Prefragment exct eneray “b g B po- Mo ERo. TR TR TR
General log file v I'FN e 2198) BRI 2B 213Bj 223gj 4B 2B 2B i 28Bi 2B
L Batch [llE dee c 2.0=-00 20800 E.0=-09 4.72-08 9.5m-10 &.52-00 9.1=-00 1.7a-08 1.d2-085 2.2=-08 5.7=-00
[~ Show 20: Fizzile Muclei C5 for each wn ] = TR W IR e e iR R .- ﬁ
' r— E zay|  zERy 2wy ey 2 Bl o =0 o= wT| B psT BTG
"E 226 [nﬂ.‘] TDtal fISSIDn C[DSS Sechnn In thl 2.0=-00 7.2e-00 4.2=-05 O.0=-08 T.o=or 1.8e-00 E.0=-00 &.7=-00 1.3&-08 2.85=-05 2.22-05 2.0=-085 9.7=-00 2.9=-00
= 80 2114y 21349 - - - 28Hg MMy 214y MMy My 224Hg  25Hg  226Hg ||
| Mumber of fizzile nuclei iz t meny  Z0Ay  ZEAW Z12AW - - - - nepy Ay 22U 7 zé;;u gy 2oy
H-Lln the batd.l ﬁlel Takes tlme . . g F.i1=-10 1. 0200 D.6e-00 o.0=-08 2.5=-05 2.42-08 2.7=-05 1.2e-05 8.5e-09 3.0=-00 8.9e-10 ZH?
- iconne i | e e e o O O O v m o o
to gate on the final " Pha . A - . R e e rakm
ﬁ. o7 08 209 20y 2 22)p - 28] [27]p  28)p 20r  2r
| — Results - [la: Inibial Fizzile Mucle — Reszults - [Ib: Final Fi 7 i 0708 Nepe  WsQe  Z0ps  2DE i 25ps  PEDs gl 4 Je0s.  2n0e
[ Make defaul Gated on the Final Fizzion Fragment | al fragment I— Mpe e A Meee E e M EERE X . 26Re  iRe MRe
CrDSS SECtIDn D.8&-10 1.72-08 1.d2-085 2.8e-05 2.02-05 2 1e-08 2.12-05 T.0=-00 1.32-08 1.d=-08 o S&-00 3.7=-00 S.1&-10
. ; ; o 06y Wy 8y 208y iy 2y gy gy ey
¢ oK h 2D: Figsile Muclei CS/I/ Initial fiz=.fragment Iﬁ s1e0s  ereos  erecs  masos Ha s1ecs  meeos Ha sezos  tesos  t2eos
I excitation energy 26Ta 20773 20873 09T 20Ty 2iiya 21273 213Ta
Exr Me.‘.’ll 532F [_2?51J +299] 1.12-00 1.52-09 1.22-00 1.8e-09 D.2e-10 1.d=-00 D.8e-10 2.6=-00 1E|_|:|g
X Cancel Velocity in CMS | 0B 72 | 6e10
— ZI 7902 [-1.53;+6.21) 129 131 133 135 137 139 141 143 145 ‘!:!'
Humber of nucleons N
: ; eutrons (N
| ? Help \ i I 136.94 [2.26; +4.07] ‘ enitted to reach FFF | 2 ™
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O 2nd step calculation results: Final Fission Fragment (FFF) - b RN Y
FFF= 1368” N _P= 3 Large IFN reglon (489) Excitation energy of initial fission fragments coming to 136Sn final fragment

L ABRASION-ABLATION - 228U + B Czuoung=0 76" Chpound=0.85; CSirsnig=106-07 Mb: SE ssion=7.0 MeV: Ng points=3
| ST RS CER EHV VSR | | ' Median value and itz variances [default] Excit Energy Method < 2 >; <E*>:27 0"dA MeV Sigma:18.00; No Intrin Thermalztn; LimitTemp: No
{&} E\.‘apom‘tion settings | NP=32; SE:"DB0+Cal2" Density:"auto” GeomCor:"Off" Tunlg:"autc” FisBar=#1 Barf2c=1.00 Modes=10101000110
s[
Detaled ouput ' [23892_00904_13850_pam B3 Browse | B9 Show |
{g} Prefragment excit energy | 5
General log file W I”:N Eé Browse | Show | Al
— Batch file mode
I™" Show 2D: Fissile Muclei CS for each un - Resultz - | [Fizsile channels after abragion) o7 | E
Igla z26 [n=34] | Total fizzion crozs section in the region [mb)] 1.60e+03 <
. .. . T armm | Fission Channels 2
Mumber of fissile nuclei is the region [ | 1029 : =
£ FRunthe batch file! Takes time.. | . er () cross sections 8
Mumber of fissile nuclei used T E
to gate on the final fragment [11] L
©
- Results - la: Initial Fizzile Huclei — 7| Resultz - llb: Final Fizzion Fragment © E
mdn [z +vinz], where E,
Gated on the Final Figsion Fragment Final fragrient "mdn" : median; "vinc'variance @
b ake default : I - - 4
I Make defau cross section 1.47e05 mb °
2D: Fissile Nuclei C5 L
W OK | h Iniial iss.frsgment 3355 (7762 4201) Moy [ 10" Exctation Eneray 'I’
excitation energy
E",MeVI B32.7 [-278.1;+29.9] o
x Cancel Veeloity in TS I 0623 [-0043; +0.133] emdme h 10: Velocity in CMS i
Z| 7903 (153 +6.21)
Mumber of nucleons -
? Hep | N[ 1388 (2264011 | | emited o each FFF [ 880 (2494199 f,  oaanaz |
f
100 200 300 400 500
Excitation Energy [MeV]
Emitted nucleons from initial fission fragment coming to 136Sn 1368 final fragment velocity in CMS
ABRASION-ABLATION - 238U + BE; Czuound=0.78; Chpound=0.85; CSrsnig=1.06-07 mb; SE*sion=7.0 MeV; Ne-poinis=3 ABRASION-ABLATION - 238U + B, Czhouna=0T6. Crpound=0.85. CSirenig=1 06-07 mb; SE*fegion=7.0 MeV: Ne_points=3
Excit. Energy Method:< 2 >, <E*>:27.0°dA MeV Sigma:18.00; No Intrin. Thermalzin; LimifTemp: No Excit.Energy Method:< 2 >, <E*>:27.0°dA MeV Sigma:18.00; Mo Intrin. Thermalztn; LimifTemp: No
NP=32; SE:"DB0+Cal2" Density:"auto” GeomCor:"Off” Tunig:"auto” FisBar=#1 BarFa=1.00 Modes=1010 1000 110 NP=32; SE "DB0+Cal" Density "auto” GeomCor "Off" Tunlg "auto” FisBar=#1 BarFac=1.00 Modes=10101000 110
z — F
fﬂz sE
1e-5 | 1 :
i ] 2}
5} ]
| 1e-4 |- .
2| 1 g sf
3 E |
< 0T ] 5 |
-] [ ] E 21
= 5[ ] 3
E, i i = 1e-5 3 ]
: 5 .}
2f ] A
2 [
1o E 2}
°r ] 166 | i
| ] A
2l ] |
I |
7l B 3 10 12 12 6 18 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05 14

OT@MSU 0%/04/2019 2 Velocity in CMS [cmins]

Number of emitted nucleons [X]



@ Li s

NSCL Se BatCh mOde

rAbmsion—F\'ssion'. Initial fission nuclei s L l — u “Z N 7 exte n S i O n

| —— N

| 2380 (140.0 Mev/u) + Be SeiiEs -l (e e TWO'COI umns (Z, N) fl Ie

coef for Zb = I 0.94 01 < coef =1, recommendation: 0.75 Z_stop = 86

Chaose Final fission fragment 1325n || coef for b = I 095 0.1 < coef <=1; recommendation: 0.80 M_stop =140

- determing low Z [element number| where i
v Include Coulomb fission channel 3 _ " N =
- Calculate -1 - Abragior-Ablation stops. Zstop = coef * Zheam Excitation energy file
Fission channels _
Edati=s after Abrasion” + CF - Settings - I

g ALL Ealaiate - Crozg-zection minimum threshold of to use a nucleus in calculations [mb] | 1.0e-05 |

I 1&11 g DF:fslI:%na;ijngcrErﬁa}‘ed Mumber of points from excitation energy Statistical values to show in the result frames i % “EW ﬁlE-'
digtribution to uze in caloulations L i
*. takes ™ aminute: ™ ~ 10 minutes - a hour " Mean value and Standard Deviatiors
{?} e - | % 1 only mean value <Ex> " More Probable value and its variances I 245 7M
| ission properties
30 B, <E3, Evw [v=HwHM) " Median value and its variances [default]

{2} Evaporation settings | [

||
| | |
Detailed ouput [ |2 002 HUEIATTEEA0 B Browse Show _
| {?’:‘a Prefragment excit energy | I = —_— ‘ Rows = 4 ¢ oK x Cancel

i General log file v IIFN E Bravese| EE Show
— Batch file mode — I

I Iv Shaw 20: Fissile Nuclei C5 for each run W abrasion] |
| £ 3y [ - . . . . .
_ 245 [n=4] —{—T[ Totalfission crass section in the region (mt The excitation function file i i/ ASCH farmat.

. . . — Fission Channels | : : q
g Run the batch fie! Takes fime.. Mumber of fiszile nuclel.ls the region [ ] cross sections I Enmment Stflng begln Wlth ||!| ar ||‘:||
Humber of fizzie nuclel used I— |

l A\ ta gate on the final fragment [ 1]
N\,

i
- Rezults - 1la; Parent Fizzile Mucle] - Resultz - 1Ib: Final Fiszion Fragment I | |
mdn [-vmng; +ving], where

I Make defaul Giated on the Final Fission Fragment Final fragrment l— Umdn - median; Mvinevariance I
cross section mb )
& OK tl’ 2D: Fissile Nuclei CS | fal fiss fragrment l— My u e | 1zt column: ] atamic number
4| o fion energy 2nd colurnpt: [M] neutron number
x' @ I - P
X Cancel | Zl— Welocity ICHS l*cm!ns h 10: Velocity in CM3 |
Humber of nucleor |
? Help emitted to reach FFF l‘l e dla

—Maote /

RUN
It takes time!
1st and 2"d steps settings

will be used for all runs!
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G L E , N . ] ! NCHICAN ST
oo IFN-analysis for final Ge-isotopes (Z=32) : a UNTVERSITY

NSCL

2ff=32 [ff=32 n_p=3 7ff=32

0 31+
LE+02 .
——IFN-1 1] T 15
LE+01 ’ A .
LTI o N
1.E+00 ——I|FN-3 ] /1 /] 2
4 T 7/ ~
LE01 ——3EER A - g 13
ANE W “
LE-02 6 LT W g
Q9 1£03 =z ' o
£ 1E-04 X R / s M
5 .. | 11/
5 LEOS E 10 - T £
Q 1606 3 _ o 09
.L- T - ] :
n X / \ &
2 LE07 - v T / N S
0 3EER settings
O LE08 Ry F 0
1E-09 H / g —-Vem (np=1)
) -9 -Zifn o _
> —\Vcm (np=3
LE10 y | (np=3)
1E-11 / L ——146 - Nifn 05
1E12 18
e 21| 67 7 77 ) 87 ) 7
' 20 L 0.3
62 67 72 77 82 87 92 97 A 6 6 - - % % 0 -
Aff — Energy region definition: ff

Excitation energy region | Lo | MIDDLE | HIGH
Choose a primary reaction ' e e

Perfarm transmizsion calculations vl I ¥
far this energy regicon

Choose FISSILE rucleus 237U | 232Th| 222Hn|
Excitation energy [Mei) I 34 I 108.2 I 394

Crosssection[mb] | 4253 [ 6373 | 5383

OT@MSU 03/04/2019 Restore previous settings | Cross sections sum [mb) | 1600.9 .




& IFN-analysis for final Ge-isotopes (Z=32) : b ARy

NSCL

Zff=32 n_p=1 Zff=32 n_p=3

92 TReam 92
90 90
88 88
26 86
84 84
c =
— 82
= g N
N
80
80
78
78
76
76
74
74 —s—median
. 72
—e—median "
77 - 125 127 129 131 133 135 137 139 141 143 145 147
127 129 131 133 135 137 139 141 143 145 147 N .
N Errors correspond to median variances Ifn
Errors correspond to median variances |fn

OT@MSU 03/04/2019 18



B

NSCL

1.E+02

IFN-analysis for final Fe-isotopes (Z2=26)

1.E+01
1LE+00
1.E-01

——I|FN-1

1.E-02
1E03
1E-04
LE-05
1.E-06
1.E-07

Cross Section, mb

1E-08
LE-09
1E-10
1E11
1E12

LE13
50 55 60 65 70 75

OT@MSU 03/04/2019

80

UNIVERSITY

[ff=26 n p=3

Zff=26

17

15

13

Xbeam - XIFN

11

0.9

—-Vem (np=1)

Velocity of fragmentin CMS, cm/ns

T /
/r*‘ —-92-Zifn —-Vem (np=3)
16
A ——146 - Nifn 0.7
18
50 - 55 60 65 70 75
20 0.5
A 50 55 60 65 70 75 80
ff

19



i _ . £ . , . , AICHIGAN STA
On o IFN-analysis for final Zn-isotopes (Z=30) UNLIYE RSAITEY

NSCL

2ff=30 Zff=30 n_p=3 7ff=30

0 18
LE+02 b bAT :
——IFN-1 11 :
1LE+01 : _ (7.{\ T :
LE+00 ——IFN-3 ) _ _)7',.@4 \ 1 o 16
LEOL —3EER ) ; / N / £
1LE0 6 g HEREER: \/"‘ ) pu
- a I - > 14
9 1E03 z - |l - | O
S X 8 - £
o LE0 . gl o
C
9 T ]
5 LB E 1 / \ £ 12
0 v ! / | : 7y
Q 106 = B
n x / | [
2 1E0 2T 1 G
0 _ - | 0
O LE08 // zZ 1
1E09 Y /) g ~-Vem (np=1)
| L —-9)-Zifn | T N _
LE10 B / | > Vem (np=3)
1E-11 / | ——146 - Nifn 038
LE12 8
B3 59 61 69 7 79 81 29
| 59 64 69 74 79 84 89 ? oo
A 59 64 69 74 79 84 89
ff

OT@MSU 03/04/2019 20



i , s g - _ : AICHIGAN STA
On o IFN-analysis for final Kr-isotopes (Z=36) : a UNLIYE RSAITEY

NSCL

Zff=36 Zff=36 n_p=3 7ff=36

1E+02 N
_._IFN']. T T 15
LE+01 2 // T
B0 —~—IFN-3 : / ' @
4 N ~
1E01 —3EER y // / ! : """\/ \_ £
13
LE-02 ; 41 | ] g
2 1503 z Y ! -
E X 8 LT / = \ c
~ LE04 - o
G | Al £
2 1E05 E / \ _ G
0 1E06 2 T w0
i : . M, 8
B LE07 1 i ] \ -
2 : // N ; 0.9
G LE08 | _
14 / = ——92-Zifn G ~Vem (np=1)
1.E-09 / i - 0
_ | | 0 N ]
1E-10 y Al ~+-146 - Nifn | > Vem (np=3)
: 0.7
LE-11
LE12 18 -
LE13 i 69 [ |74 79 8 89 % 9 104 ,
70 75 80 85 90 95 100 105 A . . . N . P
A ft A
ff ff

OT@MSU 03/04/2019 21



Onfe e
Ed se

NSCL

93

/ff=36 n_p=1

91

89

87

85

Zifn

83

81

79

——median

77

125 127 129 131 133 135 137 139

Errors correspond to median variances

OT@MSU 03/04/2019

92

IFN-analysis for final Kr-isotopes (Z=36) : b

/ff=36 n_p=3

MICHIGAN STATE
UNIVYERSITY

%0 |
86
84

82

Zifn

80

78

76

74

——median

72
125 127 129

Errors correspond to median variances

131 133 135 137 139

N.

ifn

141

143

145

147

22



B

NSCL

Zft=40

1LE+02

1.E+01

1.E+00

1E-01

1E-02

1E-03

1E-04

LE05

1.E-06

Cross Section, mb

1E-07
1.E-08
LE09
1E10

LB
79 84 89 94 99 104 109

OT@MSU 03/04/2019

Xbeam B XIFN

114 119

10
12
14
16

18

9
20 T

Zff=40 n_p=3

it

——9) - Zifn

——146 - Nifn

89 94 9 104

109

114

119

Velocity of fragmentin CMS, cm/ns

14

13

12

11

09

0.8

0.7

0.6

0.5

IFN-analysis for final Zr-isotopes (Z=40) : a

—Vem (np=1)
—-Vem (np=3)

84 89

ULNIYERSITY

104 109 114 119

23



O IFN-analysis for final Zr-isotopes (Z=40) : b MICH (A STt

NSCL

Zff=40 n_p=1 Zff=40 n_p=3

93

91

89

87

85

Zifn
Zifn

83

81

79

——median L. ——median
77 . 72
125 127 129 131 133 135 137 139 141 143 145 147 125 127 129 131 133 135 137 139 141 143 145 147

Errors correspond to median variances |fn Errors correspond to median variances |fn

OT@MSU 03/04/2019 24



i \ s g - . , AICHIGAN STA
On o IFN-analysis for final Nb-isotopes (Z=41) : a UNLIYE RSAITEY

NSCL

2ff=41 Zff=41 n_p=3 7ff=41

2 /') _\\' T 13 1
1T \'\\ :
4 -y
Vil TN £
A MR
6 Tl 1 [ a
0 Z r %
S 8 I / ! £
“ i r -
o F i g 09
5 & 10 / ] \ £
] Q r B! %
ﬂ x 12 / . \ N
8 // i 1 \ ‘5 0.7
o 14 ! ~92-Zifn || \ g —-Vem (np=1) M
. [ /, o146 - Nifn 3 —-Vem (np=3) \
/ ) | 0.5
18 =
81 w/se 99 9% 101 106 111 116 121 12 H
2 g 03
8 8 91 9% 101 106 111 116 121 A o o w01 " o1
ff
Aff Aff

OT@MSU 03/04/2019 25



On IFN-analysis for final Nb-isotopes (Z=41) : b VTV E RS 1Y

NSCL

Zff=41 n_p=3 /ff=41 n_p=1

92 92
90 90
88 | gy 88 L
86 86
84 84
= =
= ]2 = 82
N N
80 80
78 78
76 76
74 74
—s—median _ul_,&_i ——median B3 -
72 72 395
125 127 129 131 133 135 137 139 141 143 145 14 125 127 129 131 133 135 137 139 141 143 145 147
Errors correspond to median variances N |fn Errors correspond to median variances N |fn

OT@MSU 03/04/2019 26



B

IFN-analysis for final Mo-isotopes (Z2=42) : a UNTVERSITY

NSCL

Zft=42

OT@MSU 03/04/2019

[ff=42 n_p=3

0 - 14

LE+02 - 7

T4 N1
LE+01 / - 13 | I |
0 ’ TR
r / I £ ’ ‘ ’ ’ \"'\|
1E+0D | S 1 \ ‘ ‘ g
! © | \ ‘ N
LE0 11 LS A ‘ y \
S 11 | ‘ ’ | |

Q2 1EMm I 2 *.
g £ u,
c 1E03 . \ = ‘.
0 9]
T 1E04 £
Q
n g 09
w  LE05 LI T
b Y
0 \ o
O LE06 . i Z 08

. 9]

—+-146 - Nifn > 07 --\cm (np=3)

1E-08

1E-09 0.6

LE-10 103 108 113 118 123 y

8 93 98 103 108 113 118 123 A N o 0 o
ff
At Aq

27



On IFN-analysis for final Mo-isotopes (Z=42) : b Mlitas v

NSCL

/ff=42 n_p=3 /ff=42 n_p=1

92 92

90 F\| 1 90

88 88

86 86

84 84
= =
= ]2 = 82
N N

80 80

78 78

76 76

74 74

—s—median —s—median

72 72

125 127 129 131 133 135 137 139 141 143 145 147 125 127 129 131 133 135 137 139 141 143 145 147
Errors correspond to median variances N |fn Errors correspond to median variances N |fn

OT@MSU 03/04/2019 28



WBEAGRER

.I.E».. n.ll\.?
LU Tttt g

3

HIGAN STATE

MI(

45)

HosinpnAREERND

ERpnfnnapnRan
sngnpnnRponnn
BRpannapEasnn

topes (Z

ISO

-Ils_wyn.l!
inEEe

I Rh=

L3 *R!!Bl!!

Ina

EE R pnniv.. B

le Nuclei (IFN) for f

™

T

n_p

%

45

Zff:

2]
median

3

)

1

]

]

o
T

Ed
]

™

™

T
o

™

i E
i
Neutrons (N)

™

Cd
w

o =

™

™

"

™

issi

| F

itia

In

-.w_!n::uﬂkﬂ '-1
HEGLG LTI T )

SABBGRENE

W

™

st o unnrrvme sy, oIS any s o v s

I

™

2
53

T
B RO

7
3

)
=

T
]

"

™

™

e i
(et eteted ot o
R-.EEn;.n;:—Hn:::;_ﬂhlm 3

Ly et ot

"
"

=
=

T
P

"
2

o
Ed

"



IFN-analysis for final Rh-isotopes (Z=45) VTV E RS 1Y

NSCL

Zft=45 n___p=1 Zff=45 n_p=1

0
\ T 92
\. I 90
: \
. \ 88
: SR RRRR
- bt 86
8
}T: 1 \ 84
E 1 \ = =
v = 82
= N
<
12 30
1 L
14 1 - 1 T 78
I ——92 - Zifn
16
——146 - Nifn . \ 76
18 | 74 !
98 103 108 113 118 123 128 ——median a
20 72 i
A 129 131 133 135 137 139 141 143 145 147
ff N
Errors correspond to median variances |fn

OT@MSU 03/04/2019 30



. - _ . ' - - . - MICHIGAN STAT
s IFN-analysis for final Rh-isotopes (Z2=45) UNTVERSITY

NSCL

2ff=45 Lff=45 n p=3 7ff=45

0 13
LE+H0 Y% -
e IFN-1 ) B / .
1.E401 / )
——IFN-3 : Ml o
1.E+00 4 ] <~ 11
—3EER Y £
LE-01 6 AT o
A >
9 1E® i | 2
E“ X 8 iR £ 09
< 1E-03 . / 2
5 £ - 1 7]
O LE04 g 10 T / : £ 03
CU o T u
150 x _ / &
g - 12 : f/ ‘5 07
O 1E06 ,/ | \ =
14 / 3 ——92 -Zifn g 0.6 —\Vem (np=1)
LE-07 _ / | 1 QO
fi- ~e-146 - Nifn > —-Vem (np=3)
16 1 05
1.E-08
1.E-09 s |{] 04
LE-10 . R 97 102 107 112 117 122 107 132 1p7
' 20 WM 03
9 97 102 107 112 117 122 127 A N o . . .
ff

OT@MSU 03/04/2019 31



q + , ’ : - - , - AICHIGAN STA
Se IFN-analysis for final Sn-isotopes (Z=50) : a UNLIYE RSAITEY

NSCL

7§=50 p=1 Zff=50

——IFN-1 )

4 /- v -
LE+01 N3 ) - // \ ) 1

1.E+00 ——3EER / \

(73]
c
s
§ 5
6 vad AN 7 \ g 09
1E-01 L
Q Z r / \ %
£ < 8 ! s i c
. LEM / i 2 08
c | _ L c '
0 £ / ]
T 1E® § 10 / £
Q E=l / @
") > / I e 07
» LE04 12 : «
0 : (o]
g l z
LE05 14 I | g 06 ~Vem (np=1)
—-9) - Zifn 0 B
LE06 y > —-Vem (np=3)
—+146 - Nifn
05
1E-07 "

110 115 120 125 130 135 140
20 0.4
A 106 111 116 121 126 131 136 141
ff

LE-08 —
106 111 116 121 126 131 136 141

OT@MSU 03/04/2019 32



NSCL

|_i ac

s

93

IFN-analysis for final Sn-isotopes (Z=50) : b

Zff=50 n_p=1

91

89

87

85

83

Zifn

81

79

77

75

——median

73
129 131 133

Errors correspond to median variances

OT@MSU 03/04/2019

135 137 139 141

147

MICHIGAN STATE
UNIVYERSITY

1 Zff=50

10

12

14

I ——92 - Zifn I
16
——146 - Nifn 1

18

110 115 120 125 130 135 140
20

33



i _ . £ - : - AICHIGAN STA
Se IFN-analysis for final Ba-isotopes (Z=56) : a UNLIYE RSAITEY

NSCL

Zff=56 Zff=56 n_p=1 7ff=56

0 1
LE+02 Tl ¥
—IFN-1 ) /
1E+01 g / it o
ST d c .
. . 4 // - / ~ f,/
1E+00 A ) E )
6 g [a
LE0 iDL 0.8 AT
'g g [+ Y \qﬁp""”‘ﬂ
x 8 / £ e
~ LE0 <
5 | v c
— E -
*8‘ 1E-03 g 10 - // e gﬂ 0.7
n P4 / g
2 LB 12 / it “
o o
@] & 06
1E-05 14 1 —92 - Zifn ! g —Vem (np=1)
. v N )
1E-06 y ~+-146 - Nifn > Vem (np=3)
0.5
1E-07 .
LE-08 20119' _ 124 129 134 139 144 149 154 y
S A 117 122 127 132 137 142 147 152 157
A ft A
ff ff

OT@MSU 03/04/2019 34



IFN-analysis for final Ba-isotopes (Z=56) : b Mlitas v

NSCL

Zff=56 n_p=1

93

91

89

87

85

83

Zifn

81

79

77

75

——median

73
125 127 129 131 133 135 137 139 141 143 145 147

N.

Errors correspond to median variances |fn

OT@MSU 03/04/2019 35



i \ o - . , AICHIGAN STA
Se IFN-analysis for final Sm-isotopes (Z=62) : a UNLIYE RSAITEY

NSCL

2ff=62 [ff=62 n _p=3 7ff=62

0 08
1.E+00 [
’ 21l Mo
/ f{'s 0.7 -
LE-01 . » L]
/. | c ,..4{’
4 /"1_ f s f
HHH'A‘ £ u#"*%"
LE02 L/ o 1
6 _ (/ g 0.6
_g 1E-03 z Hull \ 5
= 7 - cC
] —
- >< ’)/ 1 ) 05
g 1.E-04 | _ 2 \ 5
L -4
& E 10 ' / £
< LEO0S 3 A \ @ \
) x & 04 \
a 12 - .
9 LE06 / N o
o
5] . z
1E-07 1 YRk —92-Zifn S 03 ~-Vem (np=1)
’ ) o
——146- Ni > —\cm (np=3
1.E-08 I ) / 146 - Nifn (np=3)
0.2
1.E-09 I
B0 131 MBG 141 146 151 156 161 166 171 176
. 20 Lt 0.1
A 131 141 151 161 171
ff A
ff

OT@MSU 03/04/2019 36



& IFN-analysis for final Sm-isotopes (Z=62) : b ARy

NSCL

/ff=62 n_p=3 /ff=62 n_p=1

92 IEam 92
90 18t el 90
L | Lo & - 8—__'
s b mac L T a8
- e e . = o ----—I: -
86 i 86
L
84 i} 84
T

£ N I S P 7 -4 S N £
= ]2 — 82
N N

80 4 D 80

78 78

76 SHTHE 76

74 iig 74

—s—median —s—median
72 72
125 127 129 131 133 135 137 139 141 143 145 147 125 127 129 131 133 135 137 139 141 143 145 147

Errors correspond to median variances N |fn Errors correspond to median variances N |fn

OT@MSU 03/04/2019 37



i \ s o - . : AICHIGAN STA
Se IFN-analysis for final Ho-isotopes (Z=67) : a UNLIYE RSAITEY

NSCL

2ff=67 Zff=67 n_p=3 7ff=67

0 07
LE+00 ——IFN-1 )
1E-01 o 0
| ) £
1E-02 ™ g
B H
6 u.sf w09 ECEE,’JW\
o 1E0 z HITUA - i
c LEM4 | /r‘ \\ . 204
-9 = ’)f‘ \1 Hyﬂ#r" Q
= 10 /! \ £
$ L1E0S e [ %
ﬂ P ) \\ & 03
12 - bt
a 1E06 TN [ %
o AN z
1.E-07 14 -—92 —Zlfn ‘8 0.2 —.—ch (np:l)
K
—o—146 - Ni —\Vcm (np=3
1.E-08 1 / 146 - Nifn > (p )
0.1
1E-09 "
LE1D 47| 152 157 162 167 172 177 182 187 | [
. 0 LI 0
147 152 157 162 167 172 177 182 187 A 147 157 167 177 187
ff

OT@MSU 03/04/2019 38



IFN-analysis for final Ho-isotopes (Z2=67) : b pICHCAR STATE

92 {beam 92 jbeam
90 90 === 1507
88 88
86 86
84 84
= =
= 82 — 82
N N
80 80
78 78
76 , 76
74 : 74
—s—median J_L ——median
72 72
125 127 129 131 133 135 137 139 141 143 145 147 125 127 129 131 133 135 137 139 141 143 145 147
Errors correspond to median variances N |fn Errors correspond to medianvariances N |fn

OT@MSU 03/04/2019 39



i \ s & - . : AICHIGAN STA
Se IFN-analysis for final Lu-isotopes (Z=71) : a UNLIYE RSAITEY

NSCL

2ff=71 Zff=71 n_p=3 7ff=71

LE02 2 0.5
<
1.E-03 4 ~
HH».HH\H g
LE04 Ny .04 \
6 \.\ g N
9 105 z AN ] v MY
£ ¥ 8 U \ £ M,
S 1506 : /,: I A S 03
9o - £ A L g
S @ 10 N €
[8] a _ - )
Q 1E07 2 LR E
) 5 l STUTTN 2
o 12 NE SN «“
0 1.E-08 L [ @] 0.2
|-
o . 2
v
—e-146 - Nifn > —Vem (np=3)
1.E-10 16 |1
0.1
1E11 »
LE-D 157 162 167 172 177 182 187 192 197 02
. 2 0
157 162 167 172 177 182 187 192 197 202 A 157 167 177 187 197
ff

OT@MSU 03/04/2019 40



IFN-analysis for final Lu-isotopes (Z=71):Db pICHCAR STATE

92 IEam 92 IEam
90 90
88 88
86 86
84 84
= =
= 82 = 82
N N
80 80
78 78
76 76
74 74
——median At ——median
72 72
125 127 129 131 133 135 137 139 141 143 145 14 125 127 129 131 133 135 137 139 141 143 145 147
Errors correspond to median variances N |fn Errors correspond to median variances N |fn

OT@MSU 03/04/2019 41



i _ T - : . AICHIGAN STA
Se IFN-analysis for final Os-isotopes (Z=76) : a UNLIYE RSAITEY

NSCL

7ff=76 Zff=76 n_p=3 7ff=76

1E-02 .
——IFN-1 3 AENEE 05
LEOS —~—IFN-3 »
c
4 Y ~
1E-04 —3EER WL £
N 04
LE0S : i g
a - £ 1 r"sc:\" v
£ X 8 V-r'”_r N l\\ c
o LE® ) A N £
*8‘ LE07 g [ "\ i £ \
i @ 4
ph x ' THINGT & i
» LE-08 1 RERA o« \
0 - ° 02 \
v - z \
1.E-09 1 ! o
—~92-Zifn LY \
= N\
LE-10 16 —+146 - Nifn 0.1 \‘1
1E-11
1 —-Vem (np=1)
LD 201?1 176 181 18 191 19 201 206 211 0 —~Vem (np=3)
169 174 179 184 189 194 199 204 209 A ‘6o o " 100 200
ff

OT@MSU 03/04/2019 42



On IFN-analysis for final Os-isotopes (Z=76) : b AN ST

NSCL

/ff=76 n p=3 .
92
90
90
88
88
86
86
84
84
=
C — 82
= g ~N
~N
80
80
78 78
76 76
74 74
72 72
125 127 129 131 133 135 137 139 141 143 145 147 125 127 129 131 133 135 137 139 141 143 145 147
Errors correspond to median variances Ifn Errors correspond to median variances N Ifn

OT@MSU 03/04/2019 43



Li -
NSCL Se

MICHIGAN STATE

ULNIYVERSITY

Comparison of results by the 3EER, IFN1, and IFN3 models
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MICHIGAN STATE

Ol .59 Next steps plEls SNSRI

 Utility calculation speed optimization

« Using the new utility try to define Fission, Evaporation, AA excitation energy
parameters for best agreement with experimental data

« Generate Z-full range IFN1 and IFN3 tables for different targets (and energies?)

* Develop new Abrasion-Fission mode to use IFN tables, that provides more
fast and qualitative yield calculations
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