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LISE™ version 12 AR SRR

Will be released soon! « High-Z Abrasion-Fission production cross sections

(October 2019) - Initial Fissile Nuclei (IFN) Analyzer

* Plotting and passing two fission fragments

Number of versions simultaneously
Comrection fixed buges 27 o Two Fission Fragments registration efficiency BATCH
Development  new 94 « Abrasion-Ablation minimization to describe user cross-
Modification no changes in output results 54 sections
Update Revision, Improvement 30 . ) ) i :
o a1  Momentum distribution: Universal parameterization

o Projectile Isospin and Velocity fragment
* Fragment deformation at the Scission point

: * New configurations: ARIS, AIRIS, ISLA, HRS...
« Last three years — a lot of experimental

activity, data analysis * FRIBratesv 1.08
+ “Loading A1900 settings™ utility
* Main part of LISE** modifications related «  Mass tables in LISE**

with development and improvement of
LISE++ reactions models

Production of super neutron-rich Ca isotopes

Let’s rock-n-roll! (152 slides) No... © Less
The main point to mention new features to find it later in documentation



Li B MICHIGAN STATE

Still pending... Sorry Elsolu N1 vERSITY

2017

100% dialogs been ported to Qt
100% Mathematics and physics
10% dialogs been connected

« LISE* porting to a modern framework no graphics...

COATIMALA St

e LISE for Excel ————+ MS “support”, LISE** porting to 64-bit
« ETACHAA  — Still stiffness problem

 Range Optimizer at high energies - It required some time...

Looking for more people to overcome it!



High-Z Abrasion-Fission
production cross sections



High-Z Abrasion-Fission production cross sections B solUN bV E RS T T

Cross sections Z=59 Cross sections (Abrasion-Fission (Low+Middle+High))
— Final CS — 23U (345.0 MeV/u} + Be (3 mm) > Z=59

236U Ex=24MeV CS=1827Tmb -— 228Th* Ex=100MeV C5=500.0mb — 220Ra* Ex=250Me\ C5=350.0mb
Fizsion == Odd-Even corr.: Yes; Post-scission emission: Yes; Shells: {83 -2 65 0.7015{90,-3.80,0.15}

— Abrasion-Fission (Low+Micds+High)

— User C5 file
'**'t  Default LISE** _
1e+0 . _‘_,--—l— - -"'I.q_- .-"r—HHI_|'
settings _~ SR S =
1@-1 - el - =
a = - ks
1e-2 = / .
18-3 L A 2 £y
1e-4 = Y =
— - ,rr h
E 1e-5 7 i
L= _.'II :n
.E 1e-8 - E{_r
B 1e7 g /
LT ! ;
o 18 - g : £ h
© .o II Cross sections from the
Q ! . s
1810 | pre},}rlous experiment +
1e-11 f.“ ¢ Inabe’s scaling
!
1e-12f 4 4
le-13f |
| . . .
te-14f | Scaling has been used to describe experimental
1e-15 f results of Z=59 neutron-rich isotopes production
‘IEE 130 134 138 142 146 160 154 158 182

28-25-2014 094339
LIS E ++ [GARIKEN 20142990 LSEPeoarsions Mass number (A)

sk teolReal AF userloo
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LISE** Abrasion-Fission 3EER model Bl s UN I VERSYTY

N6l FRIB

-¥%- 3 excitation energy
region nuclei

Fissile nucleus
cross sections, mb

0.00293

1. Fast Analytical
model

0.00858
0.0251

0.0737

0.216

2. Averaging -2
substitution of more
than 1000 fissile
nuclei by 3 nucleus

1 0.632

1.85

543

15.9

46.6

137

400

T T T — T T T T T T T T l‘ T T T I
125 130 135 140 145
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LISE** : version 10.1.127 from 10/18/18 B oL B AR

o~ BT METRER NS AR e ==

I 238U [79.5 MevAu) + C — LISE++ Abrazion-Ablation calculations bo estimate excitation energy regions
4 1. Calculate. 2. Use "Al" hints in code. 3. Plot |
— Energy region definitions
Excitation energy region [ L0 | MIDDLE | HIGH 4 Caleulate ® | ho calculations were found
Choose & primary reaction ¢~ g s b e use “ALL" hirts i code |
1 Ferform transmiss_iu:-n u:alu:ulatiu:_uns v [ v L0 I MIDDLE I HIGH I EM fizzion
for this energy region LISE-++ hint for the fissile | | | |
nucleus fram excitation energy
Choose FISSILE nucleus |5 A Z29An | 2304t | -
Excitation energy [Mev] | | | |
Excitation energy [Mev] | 2955 | 2218 | 1921 Cross section (mb] | | | |
Cross section (mb) I 740.7 I 133 I 1.1 uze in code **| uze in code | uze in code |
Restore previous settings I Cross sections sum (mb) | 7617
Fizzion barmer < LOW < &0 Boundar ]
- ) ) ] ) ) W energies for mean values of prefragment
2 Load Fission, Evaporation, Excit.Energy Region settings from file IT <MIDDLE < | 180 excitation energy distributions to split law, middle and
high energy regions. Recommendation: 2.3 * dEx | where
{g} Fission properties 180 < HIGH dE % iz excitation energy per abraded rucleon. Default
- . . values are equal to 40 & 180 Mel
Calculate Fizzile r‘_|u|:|!3| welocity
% Evaporation settings [ based on the Projectie coef for Zh = 0.z 0.1 ¢ coef <=1; recommendation: 0.8 Z_stop = 74
Fragrmentation model (k] — )
coef far Wb = 05 0.1 < coef <= 1; recommendation: 0.6 M_stop= 73
% Prefragment excit enengy
determing low £ [element number] where .ﬁ.l:urasiu:ur*.-’-'-.blatinn stops. ztop = coef * Zheam
v OK | ¥ Cancel | 2 Heb | [ Make defaul - takes about 0.5 - 1 minute d‘h;l ey e e e

The user can specify the fissile nuclei region in the new version

O.B.Tarasov@FSEM.De; 02.10.19
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NSCL FRIB

LISE** Abrasion-Fission 3EER model : high Z settings

Let’s consider 3
different rectangle
areas : S, N2, N4

Where

S : standard

N2 : not more than 2
abraded neutrons

N4 : not more than
4 abraded neutrons

O.B.Tarasov@FSEM.De; 02.10.19

Se UNIVERSITY

N2 settings
N4 settings

Ijﬁ{— 3 excitation energy
I region nuclei

I Fissile nucleus
cross sections, mb

J ‘ L 0.00293
84 - _ BN N I.ooosss
.\‘_ - ..-, .'. -.\‘ .j-" b 00251
3 1 - N
\ < &

0.0737

I 0.216
80 ‘ ~ . I 0.632
I l 1.85
I w l 15.9
I- ............ ~m = | 46.6
76l ---~-.: _________ " i 137
I- ........... e | .‘- l 400
I 125 130 135 140 L&l 31
I == S settings



“3H*“ settings for Z=75 R

LISE™ Abrasion-Fission 3EERs : Z=75

1E-02 ——S: Standard
el —e—N2: only N=145-146 fissile nuclei
1.E-03 P — —a— N4: only N=143-146 fissile nuclei
" E ) -3--3H
1.E-04 #
2 1E05 £
£
&
2
5 1.E-06
A
. Y
o
5 1.E-07 5
1.E-08 Al
1.E-09 =
170 175 180 185 190 195 200

A
High excitation energy regions are responsible for Z=75 isotopes production!
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Fissile nuclei topology for Z=75 isotopes production g ovivivsiy

125 130 135 140 145
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Fissile nuclei topology S E Ry

Very Neutron-rich
fragments (forzall Z

Only special high
excitation energy
region settings should
be used for high Z
Isotopes production!

— ————
125 130 135 140 145
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Initial Fissile Nuclei (IFN)
Analyzer



Abrasion-Fissi

: Initial Fissile Nuclei (IFN) dialog

NS@l FRIE

l 238U (1400 Metddu] + Be

15t step

/

Chooze Final fizzion fragment

. g Eatertate=1

Figsion channels

S ettl N g S D after Abrasion” + CF
g
ALL

Calculate - 11 :

121 4 Fission of nuclei gated
on Final Fragment =

i

Fission properties

i

Settingz -1 [Select region]
coef for Zb = ng

0.85

0.1 £ coef <=1; recommendation: 0,75

coef for Mb = 0.1 ¢ coef <=1; recommendation: 0,20 M_stop =124

determing low 2 [element number] where

" Include Coulomb fission channel Abrazion-dblation stops.  Sstop = coef ® Zhearn

£ ztop= 74

ettingz - |

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

Murnber of pointz fram excitation enargy Statiztical walues to ghow in the rezult frames

digtribution to uze in calculations _
' Mean valus and Standard Deviations

1 arly mean value <E> " More Probable value and its variances

3 Ew, <Ex, E+v [w=HwWHM)] o Median value and its variances [default)

Evaporation settings

Batch mode
settings and 28

{% Prefragment excit enengy

v Show 2D Fissile Muclei CS far each n

nofile or badfie |

run

{3 Run the batch file! Takes time.. |
a B

[ Make default
o OK

x Cancel

? Help

O.B.Tarasov@FSEM.De; 02.10.19

ezylz - [la: Parent Fizzile Muclei ——

Fated on the Final Fizzion Fragment

h 2D Fissile Nuclei CS

Detailed ouput v |23892_DDSD4_1 3250_pTm @é‘ Browse | Show

General log fils v IIFN @é Browse Show

Reszults - | [Fizzile channels after abrasion)

Total fizzion crozs section in the region [mb) I
MHumber of fizzsile nuclel is the region [ 1] I

Murnber of fizzile nuclsi uzed I—

to gate on the final fragment [ 11 ]

Figsion Channels
cross sections

— Resultz - lb: Final Fizzion Fragment
madn [-vins; +vinz), where

mdn' : median; Mvinc' ' vanance

Final fragrment
cross secton mb

Imitial fiss.fragmenll oy hl’ 1D: Excitation Energy

ewcitation enengy

Veloity in CMS | emns | {7 1D: Velocityin CMS

Murnber of nucleons

1N

emitted to reach FFF dA, dN, dZ

Li Rad MICHIGAN S
Se UNIVERSITY

2"d step
settings

. 1ststep
results

2"d step
results



15t step calculation results AR SRR

NS@l FRIE

N bl Fission channel cross-sections
ot enable ABRASION-ABLATION - 2380 + Be

( ra CO|OF) Excit Energy Method:< 2 > <E*>:27 0"dA MeV Sigma:18.00; No Intrin. Thermalkzin; LimifTemp: No
g y NP=32; SE:"DB0+Cal" Density-"auto” GeomCor:"Off" Tunlg:"auto” FisBar=#1 Bar 3¢=1.00 Modes=10101000110

RRERREREREEELEREEEESLLLL] [ 1] 1]
: A

r»'hbr‘:lsion-ﬁssion' Inal fission nuclei —| x | ]][h m m Bh m l H m H% i m m rm
' o = " KERERBRELEERET 11111
I 2380 [140.0 MVl + Be - Seftings - | [Select region) H Tel T D0 Ll o] ) DD YAl TR Del Db MM RN TRR
|
|

93

0w o =1 e Z_stop = 84
R N | [FFra KR e v = RRRELERREREEEEEELLEERL [T 11 1)
X Dl TRl BB DRAD B el R LRl (RE URE URE Yl T VRl MR MRl TR 6 LURL
P S G e
ok wusnananannaRRARNEERNERRURRARRNEE
(Tl T TR0 U] Dt DD TRt TROD LR (RO TRl Ml TR A E ! At 5
ERRAELE EREEREREEEEEEL [T LLLELLEE L LR
Vel TR 2t TR0 TR LR UR LR LeD CRR UeF IRE PR MR
RS L EEEAB L RLL L | [ LTI LR
Ul el Lo Bl e Ul 180 Dl B3 e (BB Ve IR TR MR RN
AR A R b B EEERELE] [ LI LT LR
Dl Bl Te) Jef) R0 Tl T30 20 TRE IR TN Yell TR TRM

v Include Coulomb fizsich channel

Calculate - | :

5 Fizsion channels A
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
{g} Fizsion properties

" 3: Ew, <E>, E+v [v=HWHM

% tedian value and its Aariances [default]

{%} Evaporation settings |

Detaied ouput|7|23892_00904_132\5€_mm @y{mwse | B8 snow

{&} Prefragment excit.enengy |

Gemeral Iog file W ITFN Browse Show
Fooone | 8 5o | ot % 5% 5 0 0 0 |
. . i } R Ul f 4 L
v Shaw 20 Fissile Nuclsi C5 for each un s T s e e / Blell Uplf (ld Defd Al Vel TR R0 U 0RO 18R IR URG TRl TRl TR TRC VRO YR Nel ¥ :
DB TR TRR TR TMlllllIIIIIII IIIIIIIIII
ta gate on the final fragment [11 ] 33 a3 _
- Resultz - lla; Parent Fizsile Muclei —— |- RBesultsz - |lb: Final Fizgion Fragment TR NG
I Make default Gated on the Final Fizzion Fragment Firal fragriert "rdh’ media'n: T ariahice 106 110 114 118 122 126 130 134 138 142 146
crass section I mb Neutrons [N}

E*. bt I e
XK Cancel . I— ‘Welocity in CMS I cméng u 1D: Velocity in CMS |

Murnber of nucleons R
? Hebp N I enmitted to reach FFF I u dA, dN, dZ |

99 isotopes will be used for the 2"d step calculations
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.

i

[ nofile or badfile | Total figgion cross section in the region [mb) 1.51e+03 / l 1 I I 1 1 I I 1 1 M
Z Run the batch file! Takes fime | MNumber of fiszile nuclei is the region [ ] W gﬁzr;e%;:;els Iiﬁ 2?‘; \?I; \!la ”?ﬁ! ‘?} Iirh} 2?; 4?; ﬂ }};h} ﬂ :m
_ ~ Murnber of figsile nucls used |

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

O.B.Tarasov@FSEM.De; 02.10.19



2"d step calculation results: Initial Fissile Nuclei (IFN) NI RSy

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

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

I 2300 [140.0 Mevr) + Be — Sethings -1 [Select region] —
coefforZb=| 076 01
Choose Finalfission fragment ~ 1355n || cosfforNb=[ 0g5 01 Initial Fissile Nuclei for 136Sn final fragment
- ABRASION-ABLATION - 238U + Be; Czuoung=0.76; Cooung=0.85; CStrsnig=1.06-07 mb; SE*ssi0n=7.0 MeV; Ne_poms=3
v Include Coulomb fission ck Excit Energy Method:< 2 > <E*>:27.0°dA MeV Sigma:18.00; No Intrin. Thermalztn; LimitTemp: No
g EE"F'-"E’EEh' I: | NP=32: SE-"DB0+Cal2" Density-"auto” GeomCor-"Off" Tunlg:"auto” FisBar=#1 BarFzc=1.00 Modes=1010 1000110
iggion channels - - - - - - - - -
Calculate after Abrasion™ + CF - Seftingz -l 2 225 —-
g 92 Z.De-lﬂjﬁ D.ﬂe-lgﬁ - 1
ALL Calculate -1 - Crass-sechion minimum 235pg - -
Fizzion of nuclei gated . .
L&l g D::S,;Ionnm FI;LQI;'I??:F% o Mumber of points from excitati ,ZEE :3:152
digtribution to uze in calo 25A¢c
Fo takes T aminute; 7 10 minukes - & hour 222 1-e=02
9 : anly mean value <E; 88 R :Ezag fﬂ: 1
Fission properties ZMFr  3Er  2Fr
@ r:" 3 E"\."_. <E>, E+w ['V'=H £.52-09 1.32-00 31802
2%Rn 2%Rn  ZRn  Z'Rn  Rn
r{ﬁ‘a Evaporation settings 'Za’: 52‘_;:: 42;-;: ‘2-’::,: '2;-;:
Detailed Duput F |23892—DEII 2.92-00 0.5=-00 24208 3.5m-08 1.08-08
(B FPrefragment excit eneray “l g e o o Tilo ke W TRo TR0
General log file v I'FN - 219Bi 8B 2B  2'3Bj 23Bj  24Bi  3Bi  EBi i @B 3B
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
Bl S s sl el 08 e e = g T vRd WR IR TR o mPe Ml BFR TR TR W TPR ir
: — Resultz -1 [Fizzile channelz a E ey 2y 2y 2y peey oy i oy ey mem sy 2am
@ _ . . . . 2.0=-00 7.2e-00 4.2=-05 O.0=-08 T.o=or E.0=-00 &.7=-00 1.3&-08 2.85=-05 2.22-05 2.0=-085 9.7=-00 2.9=-00
& i o fsen cross secton n e g M The [ B W Ee Wy M Wy M THg g |
| g Run the batch file! Takes time Mumber of fizzile nucle iz t 2098y 210Ay  ZMAU 21ZAQ - 20y 2184 2py 224py 2254y )
- m Number |:|f [|SS||E F.i1=-10 ;;f—ﬂﬂ ;:De-ﬂg ;'ﬂ'e-ﬂﬁ ;:QE-DE E—Dﬁ '2.2'.’;3-05 ;;;—Gg ;;E—Gg 8.9e-10
ta gate on the final " ”:Jt;. g.s,F:ta 7.7:; - ,gﬂu z.‘:,: g.:‘; E_JZZ ,.f‘;
ﬁ 207|p 208)p 209)p 2100 2 22)p 216]F 217|p 218)p 201 21r
| — Rezultz - lla; Initial Fizzile Mucle: -~ Reszultz - 1lb; Final Fi 7 Sl ;’5’: ;::c;; ;;"‘c;’: 'Z"TOD; ;’;‘3’; ;’:o"s’ ;'1:3’; ;;*0"; =08 2"1;*0": :;3’;
[ Make defaul Gated on the Final Fission Fragment | el fragment I_ e e 3 mone  an - - 2R ige FRe
crogss zechon 2.88-10 1.78-05 1.48-08 28208 2.08-05 1.3=-08 1.d2-08 48500 E.Te-08 51410
. F - . . ZDEW zww ZDM Zﬂguf Zl.lw ZIM 21m
¢ oK h 2D Fizsile Nuclei CS/I/ Initial fizz_fragment Iﬁ s1e08  oreos  srecs  rzeos 13208 os=0s  14e08 12009
IRE— excitation energy 08Ta  207Ta  208Ta 2213 213Ta
Exr Me"q‘l E32F [_2?51J +299] 1.12-00 1.52-09 1.22-00 D.8e-10 2.6=-00 1E"|:Ig
X Cancel | Velacity in CMS | 0B 72 : 6e-10
— ZI 7302 [-1.53;+6.21) 129 131 133 135 137 139 141 143 145
Humber of nucleons N
: ; eutrons (N
| ? Help \ NI 136.94 [2.26; +4.07] ‘ enitted to reach FFF | 2 ™
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2nd step calculation results: Final Fission Fragment (FFF) A STATE
FFF=136Sn, N_p=3; Large IFN region (489)

MICHIGAN

Excitation energy of initial fission fragments coming to 136Sn final fragment
ABRASION-ABLATION - 238U + B Cz50und=0.76: Cipound=0.85; CSprshia=1.08-07 mb; SEfegion=7.0 MeV: Ne_points=3
Excit.Energy Method:< 2 >, <E*>:27.0"dA MeV Sigma:18.00; No Intrin. Thermakztn; LimifTemp: No
NP=32, SE:"DB0+Cal2" Density:"auto” GeomCor:"Off" Tunlg:"auto” FisBar=#1 Barf2c=1.00 Modes=10101000110

TY

11k
| AT B AR B [VEHWH] | | ' Median value and itz variances [default] |
{@} Evaporation settings |
Detaled ouput ' [23892_00904_13850_pam B3 Browse | B9 Show | °f
{g} Prefragment excit energy | 5
General log file W I”:N Eé Browse | Show | Al
— Batch file mode
I Shav 2D: Fissile Muclei C5 for each n - Resultz - | [Fizsile channels after abragion) o7 |
Igla z26 [n=34] | Total fizzion crozs section in the region [mb)] 1.60e+03
. .. . T armm | Fission Channels
g R the batch file| Takes time. | Mumber of fizsile nuclell |s.the legl?n [ 1029 cross sections
Mumber of fissile nuclei used T
to gate on the final fragment [11]

[ Make default

,/orcl

X Cancel

i

P Hep

- Results - la: Initial Fizzile Huclei — 7| Resultz - llb: Final Fizzion Fragment
mdn [z +vinz], where

Gated on the Final Figsion Fragment Final fragrient "mdn" : median; "vinc' variance
crozs sechion I 1.47e-05 mh
h 2D Fissile Muclei C5 Initial_fis_s.fragment I_BSS.EI [175.2; +201] Mev tL 1D: Bxcitation Energy +
excitation energy
E* Mey | B327 [-275.1;+29.9]
i I ‘elocity in CMS ID.E23 [-0043; +0133] cmdnz u 1D: Velocity in CMS 1\

Z| 7903 (153 +6.21)

Mumber of rucleons
NI 136.94 [-2.26: +4.01] emitted to reach FFF I A [ .5k u dﬁ'dN',dZ |

dSigma/ dE* [mb/MeV]

~

Excitation energy, MeV

Emitted nucleons from initial fission fragment coming to 136Sn
ABRASION-ABLATION - 238U + Be; Czbounc=0.76; Chnound=0.85; CSirsniz=1.06-07 Mb; SE%jsqian=7.0 MeV; Ne.pomis=3
Excit.Energy Method:< 2 >, <E*>:27.0°"dA MeV Sigma:18.00; No Intrin. Thermalztn; LimitTemp: No
NP=32; SE:"DBO0+Cal2" Density:"auto” GeomCor:"Qff" Tunlg:"auto” FisBar=#1 Barf2c=1.00 Modes=10101000 110

100 200 300 400 500
Excitation Energy [MeV]

136Sn final fragment velocity in CMS
ABRASION-ABLATION - 238U + B& Czouna=0.T6. Chpound=0.85. CSirenig=1 06-07 mb; SEsgion=7.0 MeV: Ne points=3
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" Tunlg: "auto” FisBar=#1 Barfac=1.00 Modes=1010 1000110

Velomty in CMS, cm/ns

2T — F
—u f
1e-5 | ‘,
i Al
sf
i le-4 |
2 E 5 E
?E 1e-6 — ] E 2F
2 £
E’ : - -: 1e-5 2
] E |
2t » 5F
& 5
1e-7 3 ] 2l
5F ted
) I\JIy ber of emitted nucleons g
0.B.Tarasov)FSEM.De202.10.19 * 6 8 10 12 B 18 s 03

Number of emitted nucleons [X]

0.45 0.5 0.65 0.75 0.85 0.95 1.06
Velocity in CMS [em/ns]
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IFN-analysis for final Ge-isotopes (Z=32) : a NIy RS Ty

Zft=32
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Cross Section, mb

1E-09 Small difference :
LE10 3EER settlngs_
vs IFN analysis
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IFN-analysis for final Ge-isotopes (Z=32)

Li kel MICHIGAN STATE
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99 UNIVERSITY
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Cross Section, mb

IFN-analysis for final Sm-isotopes (Z=62) : a

Zff=62
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IFN-analysis for final Lu-isotopes (Z=71) : a ) oo Pl e T
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IFN-analysis for final Lu-isotopes (Z=71) : b

|§i59 UNIVERSITY

Zft=71 n_p=1

92

am

K

90

88 SR L Yo

[

34

86 i B2 /N

_____

______

_______

________

__________
___________
___________

—————————

_________________

82 ——— === ¥

______

éﬂfn

---------------

= o e T
------- ] ——iod
o T3 —+
______ it
[

th
'
[ Q-
[P b . o T T |
78 e s L el
[ R |
[P S, » B

—————

76

188 @ Gl (2012) Be-target

‘ —s—median ‘

——————

> I
145 72

: — — —
125 130 135 140

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

Errors correspond to median variances |fn

O.B.Tarasov@FSEM.De; 02.10.19 25



Conclusions and Next steps MICIICAN STATE

This analysis allows to understand
what reaction mechanism involved - choice of target

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 gqualitative yield calculations
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Plotting and passing
two fission fragments simultaneously



: : N : : oo . : Li f MICHIGAN ST
© %5 Plotting and passing two fission fragments in the Fission Kinematic Caleulator g, vxivrroi1

99 UNIVERSITY

« Passing and plotting two fission fragments

simultaneously E. PELLEREAU et al.
o Angular Acceptance
. Twin MUSIC
o Momentum Acceptance %c:g;t (AE B).2
o Using non-zero target thickness —i——
Ph tamget
L) targets
S TARET
central cathode -

anode plane —

ToF wall
flight path ~ 7.5 m

A

Two-fission registration setups (SOFIA,
SAMURALI, HRS in future) use a wide

aperture magnet : large A, angular FIG. 4. Schematic view of the SOFIA setup to identify the nuclear

acceptance, moderate A, (vertical gap), and mass and charge of both fission fragments in coincidence (top view,
large Brho-acceptance not on scale).
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99 UNIVERSITY

2D fragment plot (Monte Carlo)
e —

I BREAKLP [FISSION] —Excitations————— |~ Acceptances [in caze of C_final fragment plat) . M 0 m e ntu m
oy — dngular Acceptance E-I"-:-Ili' - angle, "\"f” ° VEIDCIE:E;IE“I- EHEIQ}' acce tance |nSte ad
b oy S LT "Ch" - center of mass, "LAB" - laboratary
Projectile I 238U 200.0 Me¥ Al systematics #ngular acceptance shape——————— "z " coresponds to the beam direction. p .
T arget 9Be - Ma events with ¥z<0 in the caze of
g I E?;S;;?cﬂligqculatar ’7 Elipze ¢ Rectangle non-zero target thickness the p revious
Ex.energy

pseudo-energy
Fragment [C *] I 97Rhb I 1833 t’l, TKE plot | Value  Mariance Momentum acceptance
Residual D *] I 141Cs I 22,81 Harizantaltl 3000 I 05 mrad Setting Brho I BE1Z  T'm acceptance
[-value [Mev) I 159.88 Mev Wertical + | 3000 I 05  mrad Arceptance I 1000 4

— Expected final fragments —————————————————  ~ Fragment ta plot

E_finall 95Rb: 43.5% «dn I 251

" Excited [C %)

D_finall 1380 48 0% adhn I 288 r. Expocted final — Take into account a target thickness — Initial emittance

) T final No [fast] " Yes Hornzontal Angular + I ] mrad
TK.E[CH] from systematics 161.87 I 0

add conjugated Vertical Angular mrad

TKE[CMK] fram calculations l 15652 r fragment D] Energy™ + I n et fu

Energy wariation

after the reaction I - - —
~ Plats due to straggling 01 MeViu — Broadening due to particle emission——————
Lab

& wfarning: it trakesz a lot of computing Angular * l 079  mrad
ime if thiz value iz mare than 0

Covzive O ERA 7 Biho [q=Z) & & Wz e Erergy + IW v Ay

Covziviy & EEAd Brhalg=Z) & Ax Wz

Coyztan O EsAy] O BrholgeZ) k dy it by G AT (1)
vz O Vz}d‘n LT AL phi

i ISOTROPIC

Main new feature to start
“Brho” plots plotting and passing two
fission fragments
simultaneously
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Plotting two fission fragments simultaneously (Ay vs. Energy) s o x crnsiry

NSC LSS

add conjugated

r add conjugated
fragrment [C1]

fragment [D]

9%SRb fragment kinematics (expected final) SRb & 193Cs fragment kinematics (expected final
238 => 95Rb(97Rb*) + 138Cs(141Cs*)  (Projectile Energy : 200.00 Me\V/u) 2381 => 95RDb(%7Rb*) + 138Cs(141Cs*)  (Projectile Energy : 200.00 MeV/u)
Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5): Angular Distribution (CM): Iso Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotrc
Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); V = 3000.0(0.5) Rectangle Ang.Acceptance (mrad): H = 3000.0(0.3); V = 3000.0(0.5)
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30| | -30f ]
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. Energy, MeV/u _
| I
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18:30:53
E [Lab-MeWu] J\services\lise-website\10 1¥fission2 lopl E [Lab-MeWu]
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NSCL FRIB

— Angular Acceptance

Angular acceptance thape
’7 Elipse ¢~ % Fectangle

Walue Wariance

Horizontaltl 150 I 05  mrad
Verticaltl a0 I 05  mrad

“A" - angle, "W - velocity, "E" - energy
"Ch" - center of mass, "LAB" - labaratory
"z " corresponds to the beam direction,
Mo events with %2<0 in the case of
nar-zero target thickness

— Momentumn acceptance

Setting Brho I BE1Z2  T'm

Acceptance £ I 1000 4

[~ BOTH fragments should pass Angular and Momentum Acceptances

—Acceptances [in caze of C_final fragment plat]

MICHIGAN

Passing two fission fragments simultaneously (Angular aceeptance) g '\ v 1+

—Acceptances [in caze of C_final fragment plot)

— Angular Acceptance
Angular acceptance shape
’7 Elipze & & Rectangle

Walue Wariance

Hnrizontalil 150 I 05  mrad
Verticaltl 50 I 05  mrad

"8 - angle, """ - velocity, "E" - energy
"ChA" - center of mazs, "LAB" - labaratory
"z "' comezponds to the beam direction.
Mo events with Wz<0 in the case of
not-zero target thickness

— Momentum acceptance

Setting Brho I 5E12Z  T'm

Acceptance £ I 1000 F4

I

OTH fragments should pazz Angular and Momentum Acceptances

SRb & 138Cs fragment kinematics (expected final)
238 => BRb(Y'Rb*) + 138Cs(141Cs*)  (Projectile Energy : 200.00 MeV/u)
Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotropic
Rectangle Ang.Acceptance (mrad): H=150.0(0.5); V =50.0(0.5)

SRb & 138Cs fragment kinematics (expected final) (BOTH fragments should)
238 => 95Rp(7Rb*) + 138Cs(141Cs*)  (Projectile Energy : 200.00 MeV/u)
Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotropic
Rectangle Ang.Acceptance (mrad): H=150.0(0.5); V = 50.0(0.5)

— ] 70 . =
" Efficiency = 100% Efficiency = 75.3%
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—Acceptances [in case of C_final fragment plot]

— Angular Acceptance

Angular acceptance shape
’7 Elipse (¢ Rectangle

Walue Warance

Horizontaltl 3000 I 05  rmrad
“Wertical il 3000 I 05  mrad

"4 - angle, " - welocity, "E" - energy
"Ch" - center of mass, "LAB" - laboratomy
"'z "' coresponds to the beam direction,
Mo events with Wz<0 in the case of

non-zero target thickness

— Momentum acceptance

SettingBrhoI 5.3 T*m
Acceptance I 5 iz

[~ BOTH hagmerts should pazs Angular and Momentum Acceptances)

(Projectile Energy : 200.00 MeV/u)
Angular Distribution (CM): Isotropic

BRb & 138Cs fragment kinematics (expected final)

238 => 95Rp(97Rb*) + 138Cs(141Cs")

Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5);

Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); V = 3000.0(0.5); Momentum Acceptance : 5.00 % @ Brho = 5.30(
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—Acceptances (in caze of C_final fragment plot)

—Angular Acceptance

Angular acceptance shape
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— Momentum acceptance

SettingErhoI 5.3 T*m
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[¥ BOTH hagrments should pass Angular and Momentum Acceptances

238) => 95Rb(97Rb*) + 138Cs(141

Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5);

SRb & 1383Cs fragment kinematics (expected final) BOTH fragments should

Cs®) (Projectile Energy : 200.00 MeV/u)
Angular Distribution (CM): Isotropic

Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); V = 3000.0(0.5); Momentum Acceptance : 5.00 % @ Brho = 5.3(
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2D fragment plot (Monte Carlo)
e i,

BREAKUP [FISSION)

Projectie | 238U [200.0 MeWu)

- Excitations

e take from

&

[ Taget I
Ex.energy

Fragment [C *]I 97Rb I 1839
Residual [0 *]l 141Cs | 2251
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gt manually in
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I TKEoht |

Q-valug [Mev] | 169,88 Mey

— Expected final fragments

C_finall 95Rb: 43.5% <dn>| 251

D final | 1380 482%  «dw | 285

TKE[CM) from systematica l 161.87
TKE[CH)] from calculations I 15652

Fragment ta plat

€ Encited [C]

Expected final
0 [C_final)

add conjugated
¥ fragrent (0]

Using non-zero target thickness

—Acceptances (in case of C_final fragment plot]

— Angular Acceptance

Angular acceptance shape
’7 Elipse O Rectangle

Yaue  Waniance

Hurizuntaltl 150 I 05  mad
Vert\cal:l 50 I 05 mrad

A" angle, "W - velocity, "E" - energy
"Ch" - center of mazs, "LAB" - labaratary
"'z " comesponds to the beam direction.

Mo events with Vz<0 in the case of

non-zero target thickness

— Momentum acceptance

Setting Brho | 5612 T*m

Acceplance + 200 4

[~ BOTH fragments should pass Angular and Momentum Acceptances

— Take into account a target thickness—;
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— Plot
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Energy loss and energy
straggling inclusion
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— Iritial emittance
Horzontal dngular £ [ 0 miad
Veticaldngular [ 0 miad
[0 Mevau

Energy™ +

— Broadening due to particle emission
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Angular Distribution (Ch)
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SRb & 138Cs fragment kinematics (expected final)
(Projectile Energy : 200.00 MeV/u)

Target: Be (1 mm);

238) => 95Rp(97Rb*) + 138Cs(141Cs*)
Q reaction: 159.88 MeV (Excitations 20.0=>18.4+22.5);
Rectangle Ang.Acceptance (mrad): H=150.0(0.5); V = 50.0(0.5)

Angular Distribution (CM): Isotrop
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Acceptances and non-zero target thickness Bl s U NIV ERSTTY

NSC LR
—Acceptances (in case of C_final fragment plot) —&cceptances (incase of C_final fragment plot)
-~ Angular Acceptance————— | A" -angle. ™" - velociy, "E"' - enengy —Angular Acoeptance——————— | "A" - angle. """ - velocity, "E" - energy
"CM" - center of mass, "LAB" - laboratory "CM" - center of mags. "LAB" - laboratary
Angular acceptance shape————— "'z " comesponds to the bearn direction. Angular acceptance thape "'z "' comesponds to the beamn direction,
Mo events with Wz<0 in the case of Mo events with Wz<0 in the casze of
’7 Elipze & % Rectangle non-zero target thickness ’V Elipze ¢ * Rectangle non-zero target thickness
alue Yariance — Momentum acceptance———————————— Walue ' anance — Momentum acceptance
Harizantal £ I 180 I 05  rmrad Setting Brho I 53 T*m Harizontal I 150 I 05 rmrad Setting Brho I 5.3 T*m
Wertical I 50 I 05  mrad Acceptance & I 5 4 Wertical I a0 I 05  mrad Acceptance I 5 iz
[~ BOTH fragments should pass Angular and M omentum Acceptances K' BOTH fragments should pass Angular and Momentum Acceptances)
%Rb & 138Cs fragment Kinematics (expected final) SRb & 138Cs fragment kinematics (expected final) BOTH fragments should
238 => 9Rp(RL*) + 138Cs("41Cs*)  (Projectile Energy : 200.00 MeV/u) 238 => ¥5Rb(7Rb*) + 13€Cs(14'Cs*)  (Projectile Energy : 200.00 MeV/u)

Target: Be (1 mm);  Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): |sotrof Target: Be (1 mm);  Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotrop
Rectangle Ang.Acceptance (mrad): H= 150.0(0.5); V = 50.0(0.5); Momentum Acceptance : 5.00 % @ Brho = 5.300 Rectangle Ang.Acceptance (mrad): H= 150.0(0.5); V = 50.0(0.5); Momentum Acceptance : 5.00 % @ Brho = 5.300(
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SRb & 18Cs fragment kinematics (expected final) BOTH fragments should p:
238 => Rb(%Rb*) + 138Cs(M1Cs*)  (Projectile Energy : 200.00 MeV/u)
Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotropic
Ellipse Ang Acceptance (mrad): H= 100.0(0.5); V = 40.0(0.5); Momentum Acceptance : 7.00 % @ Brho = 5.3000 T*r

Some other plots.....

%Rb & 133Cs fragment kinematics (expected final) BOTH fragments should pas

238 => %Rp(7Rb*) + 138Cs("*1Cs*)  (Projectile Energy : 200.00 MeV/u)
Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotropic
Ellipse Ang Acceptance (mrad): H=100.0(0.5); V= 40.0(0.5); Momentum Acceptance : 7.00 % @ Brho = 5.3000 T*m
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60
40
= o} =
B 2
E E
2 of &
5 s
x >
< -20 <
-40
-60
E [Lab-MeV/u] ® E [Lab-MeV/u]
160 170 180 190 200 210 220 230 240 150 160 170 180 190 200 210 220 230 240
#Rb & 1%Cs fragment kinematics (expected final) %Rb & 13Cs fragment kinematics (expected final) BOTH fragments should p
298U => BRb(TRY’) + 1¥Cs(1Cs™) (Projectle Energy : 20000 MeViv) 228 =» %Rp(TRE") + %Cs(H1Cs")  (Projectle Energy : 20000 MeViy)
) Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5);  Angular Distribution (CM): Isotropic Q reaction: 159,88 MeV (Excitations 20.0=>18.4+22.5), Angular Distribution (CM): Isotropic
Elipse Ang Acceptance (mrad): H = 100.0(0.5); V= 40.0(0.5); Mormentum Acceptance : 7.00 % @ Brho = 5.2000 T*m Elipse Ang Acceptance (mradl): H = 80.0(0.5): V = 40.0{0.5): Momentum Acceptance : 4.00 % @ Brho = 5.3000 T*n
45
35
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15
5 5
: 5| £
£ £
] a
3 sf 2
I Ey
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-35
E [Lab-MeViu] - E [Lab-MeVIu]
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%Rb & 40Cs fragment Kinematics (expected final) BOTH fragments should pa

99 UNINYERSITY

238 => %Rp(YTRb*) + 40Cs("41Cs*)  (Projectile Energy : 140.00 MeV/u)
Qreaction: 159.88 MeV (Excitations 0.0=>9.7+11.2); Angular Distribution (CM): Isotropic
Ellipse Ang.Acceptance (mrad): H = 90.0(0.5); V= 75.0(0.5); Momentum Acceptance : 6.00 % @ Brho = 4.6000 T*m

Ay [Lab-mrad]

E [Lab-MeV/u]

122 126 130 134 138 142 146 150 154 158

SRb & 138Cs fragment kinematics (expected final)

238y => BRb(%Rb*) + 138Cs('Cs*)  (Projectile Energy : 200.00 MeV/u)
Qreaction: 159.88 MeV (Excitations 20.0=>18.4+22.5); Angular Distribution (CM): Isotropic
Ellipse Ang.Acceptance (mrad): H=100.0(0.5); V = 40.0(0.5); Momentum Acceptance : 7.00 % @ Brho = 5.3000 T*n
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Fission Fragment Batch Mode dialogue

Li kel MICHIGAN S
99 UNIVERSITY

|

Two-fragme, ion efficiency batch mode

Irpartant!

Twio fizzion fragments regiztration parameters should already be intialized befare starting this dialogl!
[Fizsile nucleus and itz excitation enerfgy, Brho, Angular and Momentum Acceptances, Target, and g0 on)

Mumber af

Input ZM-file I
fizzion

with fizzion fragments list

Browse I View

Mumber events to play
—ZM file format [extention '*=.zn')

I 1.00e+05
The input ZM file iz in A5CH format. Comment strings begin with " 1"

Columnz can be separated by space, tabulation sign, or comma.

{}’ Calculate | There are bwo mandatory columns: 'Z" , "N"', and one optional "ield".
The autput ZM file containg 5 columns: "', "N, "rield".

. "Registration efficiency”. and "'Final ield: Yield*Efficiency'".
x Quit Default directory iz “MyDocuments"LISE\CrogeSections"

LISE** automatically proposes output
fil name. The user can rename it.

Calculations will be stop reaching this
set number of events.

Default value is equal to 1e5, —_—

that correspond of 1 event
registration to 0.001% efficiency

Run Calculations

Dutput ZH-file l @ Browse | fragments
I 0

2

|$ Open >

g, R Rl

Mame Date modified 2
“Cross Sections” is Default directory

1| 72380 Ex20.2n 5/24/201911:56 PM

< >

File name: IZE'.EU_E:Z'D Open

Fles of type:  [ZN list file (* ZN) = ﬂl

[ Open as read-only

Two-fragment registration efficiency batch mode 3

L nputZhdis Z380_E#20.2n View | Murnber of
\Wlt:hssmn fragments lizt = it
Output ZH-file l 2380_Ex20_out.zrn fragments
£31
Hurnber events to play R, [ : ]
~> = ile formiat [extention "*.zn'’
I 1.00e+05
The iput ZM file iz in ASCIH format. Camnent strings beagin with "1

Important!

Twa figgion fragments registration parameters should already be initialized before starting this dialog!!
[Fizzile nucleus and itz excitation enerfgy, Brhao, Angular and Momentum Acceptances, Target, and zo on)

Colurnz can be separated by space, tabulation zign, or comma.

x Quit

e g Calculate | There are two mandaton columng: "Z" ., "N", and one optional '™ield".
The output ZH file cortaing 5 colurmns: "2, "N, "ield",

"Reqgistration efficiency”, and "Final Yield: Yield*E fficiency'’.
Default directorny iz "Myl ocuments"LISE \CrozzS ections"

O.B.Tarasov@FSEM.De; 02.10.19

<G

Pay attention for the
number of lines
corresponding to
number of fission
fragments (Z, N,
Yield after target)



Results

NS@l FRIE

with energy loss in a target > Brho=4.9 Tm g

MICHIGAN STATE

Cj Se ULNIYVERSITY

Fission fragment registration efficiency
Input 2N hatch file: C:\usericise_pp_11\CrossSections\236U_Ex20.zn
Projectile 223U (E=200.00 MeV/u; E*=20.00); kinematics of two fragment(s )(axpected final) BOTH Faﬂmems should pass
Rectangle Ang Acc (mrad) H = +-60.0(0.5) V= +80.000.5) Momentum Acc.- +3.00 %

Final Fission Fragment Yields
Input ZN hatch file: C-\user\cllise pp_11\CrossSections\238U Ex20.zn: Targst: Be (300 mg/em?)

Projectile 238U (E=200.00 MeV/u; E*=20.00): kinematics of two fragment(s)(final) BOTH fragments shauldpass
Rectangle Ang Acc. (mrad): H = +-60.0(0.5); V = +-80.0(0.5); Momentum Acc.: +-3.00 % [ Brho = 4.900 T'm

I!l"!lﬂl

T W WM W

66 y - . ' PR
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Results : with energy loss in a target 2 Brho =5.0 Tm gs i~ivirei

Fission fragment registration efficiency
Input ZN batch file: C:\usericllise pp_11\CrossSections\238U_Ex20.zn; Target: Be (300 mg/cm2)
Projectile 228U (E=200.00 MeV/u: E*=20.00); kinematics of two fragment(s)(final) B0TH fraaments shouldpass
Rectangie Ang Acc.(mrad): H = +60.0(0.5); V = +-80.0(0.5) Momentum Acc. +-3.00 %

Final Fission Fragment Yields
Input ZN batch file: C-\user\cllise pp_11\CrossSections\238U_Ex20 zn; Target: Be (300 mg/cm2)
Projectile 228U (E=200.00 MeV/u; E*=20.00); kinematics of two fragment(s)(final) BOTH fragments shouldpass
Rectangie Ang Acc.(mrad). H = +60.000.5); V = +80.0(0.5); Momentum Acc.: +-3.00 % (@4Brio = 5.000 T'm
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. I oy
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Abrasion-Ablation minimization to
describe user cross-sections



M MICHIGAN STATE

®  Abrasion-Ablation minimization to describe user cross-sections = I HT e

NSCL FI'?IB

Excitation energy for 76Ge + Be -> 60Ca: Ex.Energy distribution
Excit.Energy Method:< 0 =; g=0.95; Sigma=9.6; c¢1.2=(1.5,2.5) Friction:"Off"
Excit. Energy Method< 1=, Hole Depth : 40.0 MeV
Excit.Energy Method:< 2 =; <E*>:14.0"dA MeV Sigma:9.60: No Intrin.Thermalztn; LimitTemp: No

11 [0 - W WWilisom et 3l NIM B13 (1957) 225-231
- [=1 - J-J.Galmard, K-H.Schmiit, NPAS31(1991)709

|3 - Exponential exctiztion-energy distrisution

—C. Parametrized Gauzsian distribution - simplified combination of k.-H.Schmidt et al. NPAF10 [2002) 157179

<E*» I sigma kean Excitation Energy = I 1484.00  Mev
I *d_abi™2 + I *d abr + Standard deviation = I 93.54 Mel

=d abr + =d_abr "[1/2] + . L
Ap iz the projectile mazs

I i [Mev] I 0 [Mev] d_abr iz the number of abraded nucleans

20 60 100 140 180 220 260 300 34n

Ex.Energy [MeV]

The new utility allows to minimize Abrasion-Ablation excitation energy
polynomials (up to 2"d order) to describe user (experimental) cross-sections

O.B.Tarasov@FSEM.De; 02.10.19



v.7.5 09/2005

User Cross-Section analysis

— Thiz utility can be used if

| | 1. "Projectile Fragmentation® reaction mode is selected

2. Abrasion-ablation is the selected cross-section method

3. "File" crozs section option iz zet o “on"'

4. There are more than 2 user
crozs-zections in memory

— Local line to analyze

l £=18
% Change |

far thiz reactian. Calculate
down to £ = I
— Parameter variationz
) Murnber of
Pararneter Min‘alue  MaxYalue Fuaints
<E®» - excitation energy per
abraded nucleon [Mev) I 10 I 30 I 1
sigma [standard deviation in MeV) I 5 I 17 I 23

— Univerzal analyziz value

Analysiz Local Global
Yalue Chiz LoD ChiZz LoD
weights I 1 I 2 I 2 I 4

[ Carrect far the number of
data points used

Analyziz LogHile |MinimizatiDnES_net.fit

B
13 Browse

statistics file |Minimizati|:n|:5_min.fit

¥ Make Analysis | X Cancel 7 Hep

E
= Browse

| [ Make default

Presz"Escape" ta interupt analyziz

O.B.Tarasov@FSEM.De; 02.10.19

MICHIGAN STATE

User cross-section analysis using Abrasion-Ablation model : \[[ATTR X method g w [ L

http://lise.nscl.msu.edu/7 5/lise++ 7 5.pdf#page=85

The user defines dimensions of the
matrix E* vs Sigma

Fit plot: Combined
ABRASION-ABLATION UCa+ Bo
Loc 21T Wasghts 100 600 300 2200 Cormacton Yes
NP=32 SE “DB0*CaZ" Dursty “outd” GeomCor "OM" Turk) "sulo” FeBar=21 BarFa=1.00 Motes=1910 4000 110
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http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf#page=85

Abrasion-Ablation minimization dialog R

The same approach as
@ Abrasion-Ablation “MATRIX" dialog
http://lise.nscl.msu.edu/7 5/lise++ 7 5.pdf#page=85

2 parameters from 8 R

Choose example = 4
Use Lower & Upper bounds W [0-15]

possible will be varied in § Anremstn |

— Stopping threshold: [~ LevMar package info————
PRIng I ~ LevMar package nfo————

the current settings -

Levenberg-M arquardt
tau 1.00e-03 mufmaxfd T JLii 1e-03 norlinear least squares
N . algarithms by M.|A. Lourakis
epsion 1 1.00e-15 1T e IL_inf 1e-15

epsilon 2 1.00e-15 IDpIL2 1e15 ? levmar link |

epsilon 3 1.008-20 el 2 1e20

delta 1. O0e-06 approximation step * 1e-08 I~ Make defauit
’ = delta - difference approximation step, wsed on\y in the Bounds made J Ok

It delta, the Jacobian is approximated with central diferences which

I are more accurate (but slower!] compared ta the lolwald differences

[ emplopad by dsfault X Cancel |
= = - —|r-—-—|| I

User CrossfSection analysis using the Abrasio -

ity can be used if —E® : quadratic polynormial a 1 2 — Fitting
1. "Projectile Fragmentation*! reaction mode iz selected <E*» - excitation energy per I SOI7FE O+ I 17.90092  + I 0E1537 M iterations = 4
2. Ahiazion-dblation iz the zelected crozs-zection method abraded nuclean [Mel)

- "File"' cross section option is zet to "on"' bl el @ Fit Optione 'l/ P reSS It to g et
4. Thgre are mare than 2 user N
crgss-aections in memary — T Use in Fitting process I~ v r Show initial conditions _l— : t I | .
fof thiz reactian. ; : Uze Bounds conztraints P P I? T el I nl Ia Va u eS .
arget value = -
Lawer biound j .
Local line to analyze N\ I J I 10 I ‘ M CS points = -
pper bound I 15 I a0 I 2 . i I
@ Change | Z_18 estore previuos values
— sigmalE*] : quadratic palyrarmial —— 0 1 2
Calzulate down bo 2 = I 18 Sigma I 0 . I qERgd] + I 0 F FIT |
[standard dewviation) N
Univerzal analyziz value * diaI:nr [1/2) *d_abr > T -ElrgE!t "."EIL-IE — -I -I EE_H:I-I
ﬁ\.’r}aallﬂzis Local .Glul:ual Use in Fitting process | E E — AnalysigKog-file . 1‘
LhiZ LoD Chi2 LoD |Jze Bounds constraintz v Ird ™ | H ES I:":"rltE - 'I 'I [29]
weights I 1 I 2 I e I 4 Lower bound I ] I 4 I 2 y = Browse |
[ Comect for the number of data points uzed ) IUpper bound I 10 I a0 I 7 1) v | LISE_net fit /
|
B3y Save Settings Evaporation settings [ Make default ; : —
= @ F_'ress"Escape"_to d_abr iz the number of 11CS pOI_ntS at the local line (2_18)
5@ Load Settings @ Prefragment excit.energy intermupt analysis abraded nucleons W Ok X Cancel ? Help | | 29 CS points total down to Z=18
v
. . Restore previous values if the minimization Value to minimize
Minimization start

0O.B.Tarasov@FSEM.De; 02.10.19 process has been canceled
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Li ¢ MICHIGAN STATE

Next steps Else|university

Applying the new utility to analyze the recent RIEKN experimental
data obtained with 132Sn, 79Zn, 8Kr and “8Ca beams

using different mass tables.

O.B.Tarasov@FSEM.De; 02.10.19



%Ca+Be @ RIKEN, UNEDFO0 mass

Li ¢ MICHIGAN STATE

Cross sections (Projectile Fragmentation)

48Ca + Be -> Z2=10

99 UNIVERSITY

Excit.Energy Method:< 2 >; <E*>:15.1*dA MeV Sigma:8.81; No Intrin.Thermalztn; LimitTemp: No; DB4="AME2016"
NP=32; SE:"DB1+Cal1" Density:"auto" GeomCor:"On" Tunlg:"auto" "sBar=#1 Barf2=1.00 Modes=1010 1000 110

1e+1f M —( - Abrasion/Ablation v.6.5
1 D?\ —2 - BPAX 2.15: K Summerer et al_ Phys Rev.C61{2000)034607
+ v ; |
s+0 E R NG ——4 - EPAX 3.1a: K Summerer,Phys Rev.C86 (2012) 014601
19'1 E _""'u\:'\
ted : = —User CS file
€< E K E|
1e-3 F R 1
g Tedf e
E - — ]
= 1e-5 : E|
Q N quadratic palpnormial 0 1 2 — A H-zechionz — ]
= TebBE o E
b F <E _Sutation energy | o + | 1507899 + | O02262 | 054405 = ]
n le7E pera r?Miv?uc il *d_abr “d_abr2 '&'rll-'-l.gnlzlttl-;lrje T I
g 16-8 - IJze in Fitting process r v r r .
SE E
E E lze Bounds congtraints ™ [vw = ¥ :
O 1e-9 E Lower bound I il I 10 I 2 I 05 E|
E Upper bound [~15 [ 30 I 3 [ 15 = :
1e-10 E
E [~ sigmalE*) : quadratic plaml ] 1 2 — Thermalization - -
Te-11 E Signa I 0 . I a o094+ I 0 I CS file versus AA-"LisFus"
- [standard deviation) . . . i this plot almost
1e-12 E Lzl Ll Coefficient M =11 = 60
= IChi2 = 3.43e+00 [Chi2 = 7.73+00
1e-13 i LoD =3.272e-01 LoD = 3.568e-01
21 23 25 27 29 31 33

Ar AA oda A

O.B.Talruouvert wiviiew, verav.ao

Mass number (A)



2 3 VB MicHIC -
®Kr+Be @ RIKEN, AME2016 mass M e s

Cross sections (Projectile Fragmentation) Cross sections (Projectile kragmentation)
181+ Be-> Z=3 TeKr + Be -> Z=34
i <05 <FFs 09 a7 10 : - imitTamne Na- DR, ="AME20(6" Excit Energy Method:< 2>; <E*>:19.2'dA MeV' Sigma:7.19; No Intrin.Thermalztn; LimifTemp: No; DB="AE010"
EXCEnergy Method:< 2>; <E">:19.2"AMeV Sigma:7.19;No ntin.Themeizi, LimitTemp:No, DB, P20 SEDB14Ca Densty CGoonCarOn Tung O R0 B Baf =100 fess 1011
NP=32; SE:"DB1+Cal1" Density.'C" GeomCor."On" Tunlg:"On" dR=5.0fm "sBar=#1 Bar®=1.00 Modes="010100110 e — 72— '_ e ———
lesdp ' ' ' ' ] i 2. EPAKD15 K Summeter o . Pys R CEH2000 24607
1e+d ' 1 o83 F —4 - EPAX 31 K Summerer Phys Rey C86 (2012) 014601
F etk
1::2 7=32 (o) 7=34 s (51l
fett f fel | .
M RN
i etk 3
el g ‘\\%_ 4
o2} € I
o3k g R X
fed [ 2 %
1e-5 t" fe5E O
18'6 ;$ 19_6 ; % rE* :quadrati.c p.olynomial 0 1 2 &4 ¥-sections—| ]
F () F 0 <E>-ertatinerey [0« [To2u7t +[ 0 B
lert 8 leTE b ot e || Amolce
o3 s — 5Bl F
)" 1e.9 - Lower bound 0 10 Z 05
1910§ =0 - Abrasion/Ablation v.6.5 ek Ugper bound [~ 75 e z i
F 2 - EPAX 2.15: K.Summerer et al. Phys.Rev.C61(2000)034607 “UF -sanalE): et phrl—— 0 1 2| - Themalzstion
fe11% — 4 - EPAX 3.1: K Summerer Phys Rev.C86 (2012) 014601 Te1 - o e | (S
18-12 g 19-12 g Uze in Fitting process r v r Eoeﬁment
19'13 E —User CS ﬂlE _ : _ - 19_13 é Use Bounds constraints il v I V
" 5 b1 63 B ] 6 7 n i B % 6 10 7 74 7

Mass number (A) Mass number (A)



132Sp+Be @ RIKEN, WS4_RB mass B T

7=47 Cross sections (Projectile Fragmentation)
1325n + Be > Z=47
Excit Energy Method: < 2 >; <E*>:17.8"dA MeV Sigma:10.32; CoefThermalization=9 §1e-01MeV.s; LimifTemp: No; DB4=""54_RE
NP=64; SE:"DB1+Cal1" Density:"auto” GeomCor:"Off" Tunlg:"auto” FisBar=#1 BarFac=1.00 Modes=10101000110

+7 E ) )
le+2 : ——( - Abrasion/Ablation v.6.5
s 2 - EPAX 215 K. Summerer et al.,Phys Rev.C61(2000)034607
1041 | - —4 - BEPAX 3.1a: K.Summerer,Phys.Rev.Cd6 (2012) 014601
_H__
o e
e
B = —User CS file
E 1 E"H:] 3 -
E" —E* : guadratic polynamial 0 1 2 —Ad H-zectiong —
= L <E*> - excitation energy 0+ | 177E30R +| 033873 0.55331
E 1 9_1 - (=l abr.?az%?ucleon I I * d_ahr I " d_abr*z I Amplitude
el Factor
=] i IJse in Fitting process [ I~ r [
5 1 2 |Jze Bounds constraints [+ ¥ ¥ [+
T e- E_ Lower bound I 0 I 10 I 2 I 05
g - Upper bound [~ 75 [ao [z [ 15
G 1 3 i — sigmalE®) : quadratic plnml 1] 1 2 — Thermnalization -
e-oF Sigma | o +| 1032286 +| 0 | 08811
- [standard deviation] . . . T
eLele i) el Coefficient
i |Jze in Fitting process [ v - [
1 9—4 3 |Jze Bounds constraints v v ¥ v - — |
F Lawer bound | G | 1 | 5 | o FE file wersus AA-"LisFus’
: this plot almast
[ Upperbound | 10 | a0 | 2 | 10 fi= 12 i =57
ChiZ2 =1.20e+00 Chi2 = 2.18=+02
1 E_E 3 | oD =8.772=02 | oD =1.480=-01
112 114 116 118 120 122 124 126 128 120
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Momentum distribution:
Universal parameterization



@ Velocity of fragments : neutron-rich region MICHICAN STATE

0.B. Tarasov et al. / Nuclear Instruments and Methods in Physics Research A 620 (2010) 578-584 OT et al.,, PHYSICAL REVIEW C 87, 054612 (2013)
1.00 : | : : : : : : lL""-L.LI'I'HII“"I"”'”"Il“IIHIII;HIIHHIUHII
1200 | @ ~. 1@ ¥Se(139MeViu) + Be
i - gmmm gl -
_13____1____,..,__.--43-' - ﬂ-@ 2, .....E E\\\ ]
0.99 1 g7t ] 1000 | 2 LTINS § i
. . @ - =T | %
_ P _ : , i 2 e
- i - |
oEE e S ool
A 0.98 - _ S 800 _
:3 3 o o
- : ] T
= E 600 |- .
W
0.97 : -
O this work [E Experiment
+  LISE” Convoluti B0
1 Caleulations: i 400 |- Goldhabgpr;:xtal?? popEa
DJM —-=— Morrissey (s,=75) 22
0.96 - - = #0 Convolution: Q, i i N
1 comvolution. E —
TS 30 35 40 45 50 55 60 65 70 75 80
- - = #2 Convolution: Q_+ E Mass Number
' ' ' ' ' : ' ' FIG. 5. (Color online) Widths of the parallel momentum compo-
76Ge 40 50 60 70 nent as a function of the mass number of fragments produced in the 828e

A fragment reaction ¥2Se beams with beryllium targets. Small diamonds denote
calculations by the convolution model [38] with default settings
for separation energy (FE;) option #1 in LISE'". Solid green and
dot-dashed black lines represent the best fit to the data for the
Goldhaber [35] and Morrissey [36] models, respectively.

Fiz. 4. (Color online) Experimental mean ratios of the fragment velocities to
the projectile velocity for neutron-rich isotopes (located along the line
A=2.56g+1.6) produced by fragmentation of a "°Ge beam at 132 MeV/u with
beryllium targets. The atomic numbers are shown inside of rectangles. The solid
line represents calculations using Morrissey's model [2] with default settings

(gg =87 MeV /c, Es = 8 MeV). See text for details. The dashed lines represent the for DJM ES = 8 - 9.2&14/}‘1 P
convolution model results with separation energy modes as listed in Table 4.
the separation energy parameter for nuclei observed in the The Un|VersaI parameterlzatlon falrly descrlbes mean Values and

present work in the region Ap/2<Ap <Ay exhibits a linear £ M g\ widths of velocity distributions in a neutron-rich region, whereas

| o | fragments are faster and distributions are narrow comparing to
Es=8-11244/4p e oy et o the projectle mass number, and Arts the the DIM parameterization with default parameters.

decrease with the number of removed nucleons:



Velocity of fragments : proton-rich region AR SRR

’8Kr (150 MeV/u) + Be(374 mg/cm?) @ NSCL

(v/vO_exp - v/vO_calc)*100 1.000% .
DJM Convolution AO #1
000 0.500%
-0.10 0.000%
090 0 . 5 10 15 20
0 El 2 4 B B 10 12 14 16 18 200 -0.500% -
-0.30 . .
.
0.40 @ ~1.000% ; * @ . )i
.
-0.50 EE] 55] -1.500% * . o
« o ® ¢
-0 L
-2.000% e devation from ¢ . s ° .
0.70 LISE opt
-2.500%
-0.80 L

Abeam - Afrag
-3.000%

http://lise.nscl.msu.edu/paper/velocity/2019 05 17 78Kr results.pdf

Both models with default parameters predict significantly faster fragments.
DJM with E_ parameter equal to 10 (instead default 8) reproduce experimental data


http://lise.nscl.msu.edu/paper/velocity/2019_05_17_78Kr_results.pdf

M MICHIGAN STATE

Binding energies changes from west to east S AR SRR

"Stability" plot "Stability*Coulomb" plot
<Database: AME2016 (database) + LDM2> <Database: AME2016 (database) + LDM2>
7=30-36 Z=30-36

_ Reduced value based on from Sm Son, S1p+CBy, Sgp+Cng Bamerﬁssmn -1
Reduced value based on from S1n, San, S1p, S2p, Barrierission -1 :

—7=30
——7=30 — =7
— - 7=31 131 78 Kr “im
------ £=32 — =3
—--7=33
o o _exper!me % s
o 3 regio
-] ““ 9f /
Q [=} il
= s 82 S
- = 7t i H e
0 .
s g experiment
L E _region
o Q
—_ +
- - g 1 1
JI | )
: 4l
; + Coulomb option
0 5 15 25 35 45 N 5 & 2

N-Z
N-Z

http://lise.nscl.msu.edu/9 8/LISE stability plot.pdf



http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf

Li ¢ MICHIGAN STATE

New excitation energy model (#1) to use in prefragment search Else UNTVERSITY

— Prefragment search options

4 Element 7 — Excitation energy— & B C
|32 |mg |12 pr TEDES [ 15733 "Top" Prehagment | 405 390 425i
| Beta and Betan = I z = Pt "Bottarm"  Prefragment 29F 385 414
P eaction _ Final Prefragment rmass a3.0 a8.2 41.1
=] lT = M cdify | -
I 48Ca + Be Erergy excitation [Mel/] May 125.2 g3
Method of oref t ) f'E o Frobability | 1.70e-04 1.88e-04 4 26e-03
S o PIETAgmET seare e Comected Prababilly 317603 | 111e02
" A Search in the N/Z beam direction pretrag
B. Search a 'parent’ wizng emission ™ Surface (5 izl _ )
€ widkhs (W) and X sections [EFAX] uiace (Reometical EOLERTRAIRIE FlotAts) b
C. Search a 'parent’ uishg emission - E* per abraded nucleon I LISE mode: Projectile Fragmentation
widths '] and Abrasian initial C5 [E* = coef * d4_abr]
. —
— Fwannrafinn nntinns \ .I
New radiobutton frame with new search option:
new search option : “E* per abraded nucleon”. The Previous search
—\W\ * * - version was based only on the “dSurface” energy.
P =W *CS,, * factorial y gy

CSgeom — geOMetrical cross section to for production of prefragment with A-nucleons,
factorial — probability for Z-protons and N-protons after projectile abrasion



Prefragment calculation settings R

— Prefragment zearch options
A& Element 7 — Excitation energy— & E C
| 32 |mg |12 Tﬁ'ﬂ: d“;ﬂ 5733 "Tap" Prefragment A05 390 425i
| Beta and Betan = I > = e/ "Bottom"  Prefragment 33F 385 414
Beaction = l H = — | Final Prefragrent mass 33.0 a8.2 41.1
[T 2eca+Be - Energy excitation (Mev] | 1127 125.2 §3.2
Frobability 1.70e-04 1.88e-04 4 26e-03
— Method of prefragment search————————  — Excitation Energy -
O & Soarch i the N/Z boam diaction Foilpretagment search Cormrected Probability 3.17e-03 1.11e-02
et - S Erzm- et
& C. Search a 'parent’ Lishg emission o E* per abraded nucleon I LISE mode: Projectile Fragmentation
widths [\] and Abrasion initial CS _» [E¥=coef " da_abr]
y —

— Fwannratinn nnhin

New default
Settings “C1”



Li ¢ MICHIGAN STATE

What is already out of date? [3] Elseluniversity

» Momentum distribution

“Convolution” model

. separation energy models Update of the Convolution method dialog

Convolution of Gaussian (Fragmentation) and Exponent (Friction) distributions

l 48Ca(140.0 MeV ) + Be -» 425 — Settings for Gaussian distibution
—_ * -
ES - EO dA ) o o PO (Mev/C] = [ 22226
oy men{ ) 1o g | | v T
T ﬁ Gy, Mnm.distributinn=| [1]1D.J Marrizzey
- | o o o =| &7 E
dA - number of abraded pucleons 5 = (o B A4, -4 _coef Nras u_l e
calculated by a module set in the LT Y T B M [ 2455 Metire 1)
Prefragment search dialog | _ _
— Settings for convolution
Wi
E O Separation Energy Es coef shift gﬁgm[*ﬂ ki Plvmax]  peak mean
— currently set to 14 Mev #0 © Energy hom g | 228 | 3344 o158 [1837 | 2203 [22086 | 0997 | 0954
#1 & Excitation from dSurface | 16.9 3 0143 | 1737 [ 1664 | 22119 | 0897 | 0995

1529 [ 941 22083 [0934 [0394

E witaton from I_ I I 0
2 ) the Abraszion model EY) L L
1y Metic ket ic Mevic

_ / / o= 915  Mevre
NeW vVersion a= I 095 Med ™2 [*1 - with Gamma-factar

i, Plot 1D | hF‘In‘t-Cﬂnv.ﬂnahrsisl o OK | XcCancel| 9 Hep | I~ Make defaul
% _TE— — m E__J m N O e, W e ]
Old version > #2 ¢ 0g+dSuface [#225 [293 [o0183 [2227 [2%52 [22082 [09% [0993

O.B.Tarasov@FSEM.De; 02.10.19



’ BKr (150 MeV/u) + Be(374 mg/em?) experiment @ NSCL P Gak STATE

LI
kethod of prefragment search Exc.Energy to prefragrment search Method of prefragment search——— — Exc. Energy to prefragment search
AO &+ A Search in N/Z beam direction & Surface [Geometricalf {7 & Searchin the N/Z beam direction ¢ Suface [Geometical
¢~ B. Search a ‘parent’ nucleus uisng ¢~ E* per abraded nucleon C 1 ¢~ B. Search a 'parent’ uisng emission £+ braded nucl
emizzion widths and cross-zections E®=c* diabr widthe [w] and #-zections [EPAX) e E- Ret fdz‘ E ILl=lee
+ iL. Search a ‘parent’ wisng emigsion ; = At
aidthe [ and Abrazion initial S
Separation Energy e chift
Separation Energy el shift
" Erergy from Qg 3344 0153
S . I I I " Erergy from Qg I 3.344 I 0152
#1 % Ewcitation from dSurfan:Esjl I 3 I 0143 o
- ™ Excitation from dSurface I 3 I 0149
. EHCItatDn-fmm I I 1 I -1 Excitaton from
the Abrazion model # & he Abrasion model I 1 I -1
G t=| 915 Mewic o™= 120 Mewre

LT

o Version 11.0.80 Lo Version 11.1.102

0.500% 0.5%; ®
o ‘ i, *
oo ULy
0 [ 5 14 15 20 * 9 s B = [
R - . »
-0.500% . -0.5% L 0 Y
-1.000% v 3 1.0% . t 3
e @
-1.500% * 0 1.5%
s .
s o @ )

o _ » . . ® -2.0% e devation from . . .
-2.0007 e devation from = 4 R LISE Gb\{ew revised Universal parameterization
- LISE opt 2 .5% (options C1 #2) predictions are more
2an . : close to experimental proton-rich results

- Universal -
-3.000% .. 0 5 10 15 20
parameterlzatlon ‘ﬁ'beam_lﬂ'fragment

X-axis: Apeam - Afragment LISE_opt - Brho-value corresponding to maximum yield from the convolution model



) . 0 , 9¢ Li hall MICHIGAN STATE
N | Bl TU IR bl el B
NSC

ot X \ = ULNIYVERSITY
Il FRIB Se

Prefragments
Final
fragments
70Kr 70Se 70Ge 70
"Top" Prefragment 74k T45e o 74Ge
"Bottam' Prefragment 73k Ti5e 74Ge 7aGa
Final Prefragment mass 732 AT 4.0 a0
E nergy excitation [Mey] 54 5 546 h2.2 Ar.8 B2Nj

Probability  8.10=-04  5.92e-02 39801 293=05
Corected Probabilty  8.10e-04  4.82e-01  41Be+00 2 93e-05

EPAX2 748206 1gdes0n 1.16e+01 225006 |



Fragment deformation
at the Scission point



® Update of the Fission Properties dialog Blse[vnvinsiTy

1 FRIB

Discussions with Prof.J.Benlliure are appreciated.

New panel

- ]
Fission properti o e
— Cross sechions — Fragment excitation [TXE] depends on —&ngular distibution cut by the momentum itz —
v Use Odd-Even comections for fragments e Di$3_:_|‘?;é5d er&erg_l,l BENP'&EEEIE“ 938)458] ® Do miues
= o + Iz - .
¥ Include post-scission [n,p,a] evaparation P ) e L B. D. WllkInS, E.P. Stelnberg, and R. R. Chasman.,
& Reaction O-valus [EPhys)a14{2002)459) Usze just for "Matni=Kinematics" class PhyS Rev. C 14, 1832 (1976)
— Parameters for thell structures =—————— THE = [al +a2) (fQ ]2 + E* o
P % Use for all Angular Distributions [default]
Shell position  Strength Curvature [=| 0.0045 Sl
Nshil  [dlil (MeV) [2C shii) [Mev) 0.0035 f Z,-2y-¢
1 I 93 I -2.65 I 07 Fragment E=citation Energy—————————— —Angular distribution thape TKE =
2 g default ; :
I 30 I 3.8 | 015 ’7 StDev. = IT My 85.?5u lsoiopic & ) Arisoliopi where ¢ is the clcctr.on charge and Z, allld Z, refer to the
| charge of the two fission fragments. The distance D between
h., Potertial energy plot | the two uniformly charged spheroids that constitute the fission
— Settings of Quadrupole deformation [beta] at the sciszion paint fragments is given by:
ﬂ-rE] Put original values *1° | .
& Manual B.D.wilkins et ol PRC14 [1976] 1832 s 2B 1/3 2B
f+f  Put "2005" values 2" | , tip distance default D=rnA" | 1+—=)+rndy (1+—=)+d
" Fit (Prw.1) dikEl= [Tz G
1% J.Benliure et.al., MPAB28[1998)458 .
#3% see | |SE+4 v 7.5 documentation Beta values the parameters proposed by Wilkins et al. for the
' These values are used for Wilking's TEE macroscopic version of their model, corresponding to high-
1. light = I 0.625 ! ! P . P g 2
. default lat, and in the''manual” mode in LISE++ P — — — g —
Fi ks plat. : = 1. = = A, = 0.625.
| Crozs section suppression values ‘ ragmerts 2 heawy = I 0.625 0.625 fizzion kinematics calculations energy fission: ro 1.16 fm, d =2 fm, and B, Br =0.62
[ Make default

NOTE: For Cross Sections and transmission calculations the LISE** code uses the internal Four-momentum relativistic
apparatus, where deformation energy is taken into account in excitation energy balance in TXE #0 mode. TKE of fission
fragments is a by-product result of these calculations.

Previous versions LISE** values are “Fit” mode and default Wilkins’s parameters

O.B.Tarasov@FSEM.De; 02.10.19
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Excitation energy mode TXE #0

Excitation energy: 25.0 MeV; Quad-deformation method: Manual; TXEmethod: 0; Shells: N1={83 -2.65,0.70}, N2={90-3.80,0.15

Assuming an unchanged charge density to get a fragment neutron number. It is not averaging!
nual quadrupole deformation @ scission beta1=0.625, beta2=0.625; distance tip d=2.00; no shells and pairing corrections for TKE(V

Energy (MeV)

s e

Z (Atomic number)

—TKE systematics (Wilkins) [A]

— TKE from calculations [B]
——Excitation Energy (Light) from [B]
— Excitation Energy (Heavy) from [B]

45

55 65 75 /R

Excitation energy: 25.0 MeV; Quad-deformatio_n method: Fit; TXEmethoE: 0; Shells: N1={83,-2.65,0.70}, N2={90-3.80,0.15}
Assuming an unchanged charge density to get a fragment neutron number. It is not averaging!
nual quadrupole deformation @ scission beta1=0.625, beta2=0.625; distance tip d=2.00; no shells and pairing corrections for TKE(V

Energy (MeV)

— TKE systematics (Wilkins) [A]
—TKE from calculations [B]
——Excitation Energy (Light) from [B]
— Excitation Energy (Heavy) from [B;
/{_ﬁ\\\
e T g
Z (Atomic number)

45

55 65 75 /R

=0.3, d=2 fm

beta

beta=0.625, d=0 fm

200
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80
40
=l == e
Z (Atomic number)
0
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99 UNIVERSITY

Excitation energy: 25.0 MeV; Quad-deformation method: Fit; TXEmethod: 0; Shells: N1={83,-2.65,0.70}, N2={90.-3.80,0.15}
Assuming an unchanged charge density to geta fragment neutron number. Itis not averaging!
wual quadrupole deformation @ scission beta1=0.300, beta2=0.300; distance tip d=2.00; no shells and pairing corrections for TKE(V

Energy (MeV)

— TKE systematics (Wilkins) [A]

— TKE from calculations [B]

— Excitation Energy (Light) from [B]
—— Excitation Enerqy (Heavy) from [B]

45

Excitation energy: 25.0 MeV; Quad—deformatio_n method: Fit, TXEmethod: 0; Shells: N1=(83,-2.65,0.70}, N2={90,-3.80,0.15}
Assuming an unchanged charge density to get a fragment neutron number. Itis not averaging!
1al quadrupole deformation @ scission beta1=0.625, beta2=0.625; distance tip d=0.00; no shells and pairing corrections for TKE(V

Energy (MeV)

b e e

Z (Atomic number)

— TKE systematics (Wilkins) [A]

— TKE from calculations [B]

— Excitation Energy (Light) from [B]
— Excitation Energy (Heavy) from [B]

45




"Loading A1900 settings™ utility



& Browse file and view of A1900 settings

NS@l FRIE

Li s MICHIGAN
99 UNIVER

Load A1900 settings

I Thisg utiliy works properly with "e_A13900_2018 Ipp" file [estended config.)

LB 1. Load A1900 corfiguration

Drefault printout directang = IE:'\buffer_L.-’-\E w1300 settingshbat

= 2 Browsefie

I Print05Feb18_12h35 bt

B
= 3 Readdata |

Image 2

Focal Plane

O.B.Tarasov@FSEM.De; 02.10.19

ﬁ Chbuffer_LABVATI00_settingsibd\Print05Feb18_12h35.txt

41900 "Print0S5Febl8_12h35 . t=t" Honday 12:35:23 2018-02-05 A1900 A
Hoe_ 258 *3% 38K ref to ACZ233 no degs ==
Expt: 17012 "Isomer content of K-38 beam" [Chipps. Kelly] Line: h [10]
Beam: 40 Ca 8+ 12.41 HeVronuc (KE500) 20+ 140 HeV-/nuc {(K1200) Chpr 10 %
CAtt 10: ECE, Apertures: SUSI 150.0; 25.0; 15.0 mm SHYBI: 21.3800 LV
K500 a.b: EEd A, 433 A K1200: 688 A, —-213 & RF: 23.22390 MH=

41900 Optics: L19W4AC V3 data

Rigidity Field Radius= (liwe) Difference (Field*Radius)
Seg 0:  3.52848 Tm
Seg 1: 2.78140 Tm 0.90105 T 3.08681 m 3.08686 m —0.00149 % (2.78136 Tm)
Seg 2: 2.78140 Tm 0.89%958 T 3.09179 m 3.09188 m —0.00272 % (2.78132 Tm)
Seg 3. 2.62990 Tm 0.85390 T 3.07968 m 3.07986 m —0.00582 & (2.62975 Tm)
Seqg 4. 2.62990 Tm 0.85024 T 3.09311 m 3.09314d m -0.00102 % (2.62987 Tm)
Seg 5. 2.62990 Tm
Seg 6:  2.62990 Tm
Seg 7. 2.62990 Tm
A116D5 0.83980 T 3.13133 m 3.13158 m —0.00795 %
A132D5 —-0.81460 T 3.22807 m 3.22846 m -0.01195 %
A165D5 —-0.79100 T 3.32420 m 3.32478 m -0.01741 %
4191D5 —0.00735 T 343.75916 m 357 80952 m —-3.92677 &
AC219D 0.85398 T 3.07926 m 3.07957 m —-0.01019 %
Slits: I181 XC,G,¥C,G: 76.21, 84.45; -77.36, 84.53
FOO1TL: out, ZO013TL: out; Z014TL out
ZO15TL: Be 987 (5307), Z016TL out; Z015T[mm] 20.42 ( 20.422 rd) pot 0.04 W
ZO3I0BC Beam Stop: 49 .85 mm
Z037L . E: -7.97, 8.04 mm or -0.27, 0.27 width= 0.54 %; Z037DC: out
Z057MS: 1.0 pct, Z061MS: 0.5 pct
Z059DC: out, Z0625C: out, ZOG9TL: Al 150
Z082 HC.G.YG: 0.16, 203.64, 201.94 mm ZOB2TL: out
Z103DC: out, Z106DC: out, Z107DC_Ur_L: outsout
Z104DC-R  -0.006 mm; .IRPOS 0; .STR1 EJ212 #047 130um pl
Z105TL: out, Slits: PPACs: ; Z107 outlim: ¥
Z104 XEC.G;YC.G: -1.00, 90.00; -1.50, 85.00 mm
A182ANG-R -0.0 deg; A182YTL RPOS -15.0 mm; —.IRPOS = 0; Lakbel OUT
AC206AHG-R -0.0 deg: ACZ06¥TL.RFPOS -7.4 mm ¥-R= -7.4 mm Label: OUT;
ACZ206TL . RPOS 0.0 deg; Label: OUT:
AC2I3ANG-R 0.0 deg: ACZIIYTL.RPOS 0.0 mm ¥Y-R= 0.0 mm Label: OUT:
ACZ233TL . RPOS 1.0 deg: Label: VIEUEE:
MagHame Refl[kG] BSet[ks] Ratio (live) Set[4] FEead[4] DEVI
Z001DV o.ooo —-0.634 -17957 .90 -17957 .90 —-275.0000 -274 155 Z001DVv
Z002DH o.ooo —0.305 -8657 535 —B657.535 —0.7449 —0.669 read Z0O02DH
Z003DV o.ooo 0.972 27558.18 27558.18 2.3560 2.382 Z003DV
Z00404 1.685 5.946 1.000000 1.000000 4.1549 4,151 Z00404
Z005QE —0.414 —1.461 1.000000 1.000000 -1.0193 -1.013 Z00S0E
Z008DS 2.492 9.080 1.032643 1.032643 30.4320 30.581 Z0080s
Z01104 -2.322 -§.194 1.000000 1.000000 -5.7291 -5 664 Z01104
Z01208 3.409 12.029 1.000000 1.000000 8.4629 g.436 Z01208

Segment 1
Z017TA 3.539 10.458 1.057000 1.057000 27.4211 27.529 Z017TA
Z019TE —-3.322 —-9.366 1.010000 1.010000 —24.6476 —-24 657 Z019TE
Z021TC 2.407 6.9% 1.043000 1.043000 14 . 6664 14.712 Z021TC
Z026D5 3.226 9.013 1.004226 1.004546 54.7916 54.482 Z026D5
Z031TA 2.926 8.177 1.000000 1.000000 17.1268 17.214 Z031TA
Z033TE —-3.613 —10.0%2 1.000000 1.000000 —29.1978 -29.234 Z033TE
ZO035TC 3.183 §.906 1.000000 1.000000 18.65%06 18.740 Z035TC
Segnent 2

Z039TA 3.183 8.906 1.000000 1.000000 18 6089 18.679 Z039TA
Z041TE -3.562 -9.948 1.000000 1.000000 -28.7712 -Z28.868 Z041TE
Z043TC 2.924 §.172 1.000000 1.000000 17 .0609 17.153 Z043TC
204805 —-3.226 —-5.997 1.002611 1.002734 —-57.0685 -57.204 Z04805
Z053TA 2.800 7.793 1.000000 1.000000 16,3538 16. 360 Z053TA v
£ >
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& Reading and Analysis of A1900 settings B8] 5 D AR TR

Ny # Y
N6l FRIB

press the “3. Read data” button

default A1900 2016 (segmented) e A1900 2018.Ipp (extended)

Load A1900 settings * Load A1900 settings *
I Thiz utiliy works properly with "'e_A1300_2018.Ipp" file [extended config.] EIE 1. Load A1500 configuration I Thiz utiliy works properly with "'e_A1300_2018.Ipp" file [extended config.] EIE 1. Load A1500 configuration
Default printout directony = IE:\buffer_LAE‘\m 900 _zettingshbat Default printout directony = IE:\buffer_LAE‘\m 900 _zettingshbat
ﬁ 2. Browse file I Frint0aFeb18_12h35 tut View | ﬁ 2. Browse file I Frint0aFeb18_12h35 tut View |
2Ei —Title pE —Title
A1900 "PrintD5Feb18_12h36.tt"  Monday 12:35:23 2018-02-05 A1900 . A1900 "PrintD5Feb18_12h36.tt"  Monday 12:35:23 2018-02-05 A1900
toe_ 258 = 38K ref o ACZ33 no degs ** toe_ 258 = 38K ref o ACZ33 no degs **
Expt: 170712 "lzomer content of K-38 bear" [Chipps. Kelly] Line: b [10] Expt: 17012 “lzomer content of K-38 beam [Chipps, Kelly] Line: b [10]
i 4. Load values in the code & Calculate matrices | i 4. Load values in the code & Calculate matrices |
WValues use WValues Use WValues use WValues Use
Projectile = | 40Cs20+ v Dipole figlds = | N=4 r Frojectile = | 40Cz20+ | Dipole fields = | N=4 r
Energy [title] Mev/u]= [ 140 M | Ousdupolefieids= | N=001 )€ Di fference HErerrtte e ———tt———> | Quadipolefields= | N=2424) |
Energy [Seql] [Meviu)= | 140 r Use 41900 Quadiupole fudging factors W eigy [Segl] (Meviul=| 140 r Use 41900 Quadrupole fudging factors v
RF [MHZ) = I 232239 Ird Manual additional between FF [tMHZ) = I 232239 Ird Manual additional
; guadrupale field factar = I 0.9707¢ I~ ; guadrupols field factar = I 0.9707¢ v
Taget Z13)=| o M idefault 0.5702] : fi . Taget Z13)=| o M idefault 0.5702] :

Target (£14] = out v l Sextupole fields = I M=0 ll_( ¢ = Con Ig u ratlons Lorget L2111 ! ot I7> I Sertupole fields = I H =16 l r ¢ = |

Target [£15] = | Be 3870 | 11-slits [Z37) = | Aa0:+80 [ X Quit | Target [£15] = | Be 3870 | 11-slits [Z37) = | Aa0:+80 [ X Quit |
Target [Z1B] = out I |2-slits (257 Z61) = | A48:+148 [T Target [Z16] = out I |2-slits (257 Z61) = | A48:+148 [T

? Hebp 7 Help

wedge [£59] = I Al 150.0 v FP-glitz (£104] = I AB0:+440 [T wedge [Z59) = I Al 1500 Ird FP-slits Z104] = I AE0:+440 [T
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& Loading values into the code and matrix recalculation ge ovivivoiv

press the “4. Load values into the code & Calculate matrices” button

Load A1900 settings e LISE** automatically proposes you to save the modified file.
Please, do not overwrite the original e_A1900 LISE_2018.Ipp file
I Thiz utiliy works properly with 'e_A1300_2013.Ipp" file [extended config.] EE‘ 1. Load A1500 configuration E Cave As >,
Savein: I MSCL j S &% E-
Drefault printout direchary = IE:'\buffer_Lfl'-.B'\.ﬂ'-.'I 00_=zettingz\txt -
Mame Date modified &
& 2 Browsefie | Prirt05Febl8_12h35. tut View | D-line 10/18/2018 12:24
B T E|4ﬂar_32mg_a19|}ﬂsﬁi}ﬂdﬂ 4/16/2012 10:50 PM
*= 3 Read dat [ Jids .
= i 1900 "PrintDSFeb18_12h35.64"  Monday 12:35:23 2018-02-05 A1900 [/ AF_233U_Be NsCL 4/16/2012 10:37 PM
Moz 550 = 38K ref ta AC233 no degs = E| e AT300_COSsY 4/16/2012 10:33 PM
- . . E| e_AT1%00 1190 _LISE 416/2012 135 PM
Expt: 17012 "lzomer content af K.-38 beam'' [Chipps, Kellv] Line: b [10] < Bl N
A : Fil E 5
{? 4. Load values in the code & Calculate matrices { e fame |i|
Please check Save as type: |LISE++files (*pp) ~] ﬂ'
Walues Lize Walues Lse rext settings:
Projectile = I 40Ca20+ v Dipole fields = I N=4 v * Beam energy,
: _ ' = * Setting Fragment,
Energy [title] (Meviu ] = I 140 v Duadupole fislds = I N = 24(24] v * Target thickness, I m portantl
Energy [Segll] [MeV/u ] = I 140 r Use 41900 Quadiupole fudging factars v " \wWedge thickhress
RF [MHZ] = I 23.2239 v M aruial additional
: quadrupole field factor = I 09707 [+
Target213)=|  ou T ldefault 057021 :
Target [£14] = =l r Sextupole fields = I M =16 i v B
Target 215)= | Be 96570 [ Msfts @237)= | B0:+80  |# X Qui Matrices are recalculated by LISE** based on
TagetZ16)=| ot 7 (25lts @257 261) = | 148:4148 v ? e the TRANSPORT approach using dipole and
wedge 259)- [ ATTH00 - FPits 2104 - [ 460440 @ — quad settings of e_A1900 LISE_2018.Ipp file
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© 4
Plot quad (scratch, final, initial egre fudging ) fi€ld Values

Li il MICHIGAN STATE

Version 11.0.8 (update)
11/13/18

Corresponds to initial |

e _alo0o fields @ 3 Tm

Quadrupole field strengths
TH (358.82 MeV/u); Settings on TH; Config: DSSSSFSSSFDFSSSSSSSFFFFFSS.
dp/p=1.01% : Wedges: 0: Brho(Tm): 3.6852, 3.6852, 3.6852, 3.4331 3.4331

Se UNIVERSITY

without charge state
sum of reaction

10}

Corresponds to final

(current) fields @ 3.6852¢ |

v

—— Scratch quad fields
—— Initial guad fields (@ leading) befere fudging
—— Currentguads felds

a >
=,
S 2t |E
=
e _ _— — — _— i H I
(]
=
a 2}
—_ ad §
Corresponds to initial
experimental settings a
before fudging @ 10} | H i B a ||
3.6852 Tm | =
14 L - ]
0 12 16 20 24 28 32 36
Length [m]
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@ MC envelopes for imported A1900 data settings in LISE®* g8 oo

TH (358.82 MeV/u) + ; Transmitted Fragment H (beam); Optics Order: 1
dp/p=5.15% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000....
AngAccept: Off;, Bounds: ON; "z1086" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSS5SS85SS8SS

—Emittance [#1]

Bearn CARD 10 - thape
7 | [zigma, semi-asiz, (Dristribution 120 |
half-width....) method)

1.5 mm I 1

2T mrad | a0 IHectangle urifarm

80 |

|

40 |

3 mm I 1 IGaussian

4 P mrad I 25 IHectangle urifarm
5L mm I 1] IGaussian

LefLed Lo fled e
X [mm]

6D % I 2 IHectangle unifarm

-120 K

transmission 93.4% |

Default printout directary = IC: \buffer_LABSATI00_settingshtat -160 H

2F
& 2 Browsefile | | Print31Jan18_16h08 st View o0 _ . 4 8 12 16 20 _ 24 _ 28 32 =
140 |;
PE 9 Read dat —Title
= i | A1900 "Print31) an18_16h08. " Wednesday 16:08:48 20180131 A1

Moe_258 == Se-71 to AC233 [prelim) ==
Expt: 00338 "Gas Cell Equipment Test" [Sumithrarachehi] Line: b [10]

100 [

‘5 4 Load values in the code & Calculate matrices I 60 |

Values uze Walues

=
&
1]

20 |

Projectie = | 78Ki3d [ Dipclefields= | N=4 @ E |
Energy [tile] Mevsu)= [ 150 [~ Quadrpole fislds = | N =244 @ > ol
rergy [Seql] [Meviu)= IW - s A1300 Quadipole fudging factors I~
RiF [MHZ) = IW - Manual additional
N i B 60
Target [£14]) = out r Sextupole figlds = IW r
Target (£15] = IW |l 1-slits [Z37) = IW |l -100 |
Target Z16]= [ out r |2:sits Z57261) = [ 148 +148 [~
wedge (Z59)= | A 3000 [ FPasits Z104] = | 460440 [ 140 |
(6] 4 8 12 16 20 24 28 32 26

0O.B.Tarasov@FSEM.De; 02.10.19 Length [m]



FRIB rates 1.08
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400 kW

foups.nscl msuedubieesfnbetes il 1 fight is taken into accout. The rates are esfimat

FRIB fast heam rates (v.1.08)

v

Ind vear

FRIB fast beam rates (v.1.08b) :

2nd year operation! 13 beams @ |
the EPAX 2.15 cross section parameterization for fragmentation and the LISE** 3EER model for in-

Ist year

FRIB fast beam rates (v.1.08a)

15t year operation! 9 beams @ |
the EPAX 2.15 cross section parameterization for fragmentation and the LISE*™* 3EER model for in-

ed hased on

iy

hitps
the EPAX 2.15 cross section parameterization for fragmentation and the LISE™ 3EER model for in-fight fission.

50KW. 1us flight is taken info accout. The rates are estimated

10KW. 1us flight is taken into accout, The rates are estimated ¢

Primary beam intensities and energies based on 400 KW and 200 MeV/u for 2%

2

Primary beam intensities and energies based on 50 kW and 200 MeViu for

u for 226U

Primary beam intensities and energies based on 10 kKWW and 200 MeV/

(7)) suojoad

Neutrons (N)

8-07-2017 14:49.59
LISE+ [Noname]

Neutrons (N)

Neutrons (N)
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FRIB rates

Li ¢ MICHIGAN STATE

FRIB fast beam rates (v.1.08a) : Ist year

1st year operation! 9 beams @ I=10kW. 1us flight is taken into accout. The rates are estimated b
the EPAX 2.15 cross section parameterization for fragmentation and the LISE** 3EER model for in-f
Primary beam intensities and energies based on 10 kW and 200 MeViu for 26U

Protons (Z)

|= II i i i i i i "
0 2 40 60 80 100 120 140
ey Neutrons (N|

O.B.Tarasov@FSEM.De; 02.10.19

Frotons (£)

FRIB fast beam rates (v.1.08b) : 2nd year
2nd year operation! 13 heams @ 1=50kW. 1us flight is taken into accout. The rates are esfimated

the EPAX 2.15 cross section parameterization for fragmentation and the LISE** 3EER molel for in-
Primary beam intensities and energies based on 50 kW and 200 MeV/u for 26U

85

75

65

55

4

3

25

15

5
= i i i i i i
0 S
5Ew Naarl Neutrons (N

8

75

65

55

4

Protons (£)

3

2

1807-2017 10:

LISE++ [Noname]

99 UNIVERSITY

FRIB fast beam rates (v.1.08) : 400 kW

Ptpsgoups s ms eduates Fbrales il s fiaht s taken info accout, The rates are estimated based on
the EPAX 2.15 cross secfion parameterization for fragmentation and the LISE** 3EER model for in-flight fission.
Prirmary heam intensities and energies based on 400 kW and 200 MeV/lu for 28

40

0

% 100

Neutrons (N)

0 10 5
14:40



RF-kicker update



LISE** version 10.0.27: RF-kicker update MEHCAN SIa

Toshiyuki Sumikama’s request (OEDO)

Modification of the exit
angle of a particle
passing a RF-kicker
due to spatial shift

v.10.0.26 : Monte Carlo solution

v.10.0.27 : Analytical solution RF kicker

F11

O.B.Tarasov @FSEM.De; 02.10.19



m Li il MICHIGAN STATE
M e SelUNIVERSITY

[l FRIB
— Global matrix
[013grz (195362 | o | o | 0 |-21.75481 [mm] RFdef
.. |-I:|.51 2% |E.81 J-3 I . I 0 I 0 I 377645 [mrac] — RF separator settings — Optical block properties and data
Global matrix in front [ o [ o [2eeofozeesE| o [ o0 [oml 6 cloct method ot
. elect metho etting Charge state Calculate the RF zeparator
Of the RF'k|Cker I 0 I 0 I 1.10516 I 010853 | u I U e  Electic field E= 1500 ﬂ K for the Block [£-0] L uLzing the Setting fragment
114542 |078236 | 0 | o | 1 |57E1709 [mm] EBE - - m
o [ o [ o [0 [ o [ 1 [ : =] 30+ gy #] Cut(Sits) & Acceptances Tune the RF
2 1 separataor
#[mm] Amrad] /[mm] Amirad] A[mim] k4| . Gap = 00 i e Optical matrix
Separation plane
% Harizantal . .y General setting of block Tweak 01 =
am profile for
— Block matrix - = Vertical tl, different phase shifts
tx] 1 1z | o | o | o | @ — Calculations for the setting fragment
27 o | 1 | o | o [ o [ o0 - Geometry U Before the RF separator <E»-dE <E> <E>+dE
Local matrix of avl o | o | 1 J12 | 0 | 0 La=| 0 m ] Erergy Meviu] | 3154 | 3305 | 3455
the RF_kiCker o T T R R I L = I 1.2 ] b L & | b Yalues comesponding to Energy
sLf oo | oo [ o | o | 1 | o Lb < IT o Time of fight [ns] | 66952 | BE7E3 | BES.7S
6of o o o oo oo ] — Phase [deg] [ 33885 | 32649 | 314.3
#[mm] Amrad] Amm) Amrad] ] %] zettings RF [MHz] Pi-ﬁ;?te After the RF separator
f* uze Beam settings 18.25 9967 ’V Pazition [rmm] I 1.53 I 0.02 I 1.43
7 manually I 19 (deg]
Reduced values
-~ Global matix . N Slits after the RF
— Separatar Tuning - — Dizperzion (/P .
(e [oewg [ 5[5 [ o[ Trsenpatn || [P | e s
[020ee7 [0543a [ 0 [ o0 [ 0 [477385 [mrad] rff: U [+] Set Sltits [Centre +/- Size]
find the POSITION value 0[-/+] v b . _ ]
F11 [ o | 0o oz |ones| o | 0 [om using the phase shift o Ve v matically v oK no slits +/ no slits mm
Global matrix [ o | o |7o4es6 028726 | 0 | 0 [wad] v . L
] 5 findthe I Cancel ] ]
114542 |n7s236 | o | o | 1 |49065543 [mm] @ Lfeing the posiion value O manually (+7] X Canc g Iensty & Pury
[0 [ o [ o [ o [ o [ 1 = " marnaly (-/+) 92 Hep optimization utility
A[mm] A[mrad] A[mm] A[mrad] A[mm] %] 2 __ __
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after "FE9-RF": X'(Theta) [mrad]

- . .
PSe : Monte Carlo Transmission Plot
#U (345 MeViu) + Be (5000 pm); Transmited Fragment "Se (&4Flow}; Optics Order: 1
dp/p=6.00% , Wedges: Al (S mm), Al {1 mm}, Al (5.7 mm}; Brho(Tm): 5.7734, 4.9252, 47142, 47142, 44571 ...
AngAccept: ON; Bounds: Off, "FES-RF”- last block for MC calc; ne gates; Config: DSSWSDSMSMMMMDDMWSMMDSDSDS. .

X’ (mrad)

Before RF-kicker

Torou
Sum 6838403
Mm@
<= F1LEIE
<Y -2 1513
gy 590081
XY 43512401
SUM
52288+03
CPU spead
Q00=2+00 085

ma= o)

1088201
Beant 408415

520 800 810 820 620
"Stripper” vs "FE9 SPPAC2": Time of flight [ns] TO F

79Se : Monte Carlo Trans

- ue
238 (345 MeV/u) + Be (5000 pm); Transmitted Fragme Ve rS I O n 1 O . O . 2 7

dp/p=6.00% ; Wedges: Al (5 mm), Al (1 mm), Al (5.7 mm); Brho(Tm

AngAccept: ON; Bounds: Off, "RFdef" - last block for MC calc; no gates; SR USSVV S

altage

After RF-kicker

Separation plane
@ Harizartal
© Vertical

Beam profile for
differeni phase shifts

La= ] m
L= 12 m
Lb= [ m

@ use Beam settings

© manually

[RF seftings

[ Separsior Tuning

H ~ find the POSITION value

L e mkAse shift

Phase = 100 deg

Set:

a
matic

585

706

5
| RIKENIRF-kicker_requestOEDO_U_Fission_79Se_dp 042!

595 605 615 625
‘Stripper” vs "FE9SPPAC2": Time of flight [ns]

ToF ™

o

[

&

after "RFdef": X'(Theta) [mrad]
X’ (mrad)

-20

13-05-2017 193

7%Se : Monte Carlo Tran
238 (345 MeV/u) + Be (5000 ym); Transmitted Frag
dp/p=6.00% ; Wedges: Al (5 mm), Al (1 mm), Al (5.7 mm); Brho(T!

Version 10.0.24

AngAccept: ON; Bounds: Off, "RFdef" - last block for MC calc; no gates; Config: DSSWSDSMSMMMMDDMWSMMDSDSDS.

After RF-kicker

Contour
Sum 1.07e+03
Max
<X> B14.755
<> -2.31556
dX  8.42299
dY 58676

XY _4.936e+01
SUM

1.074¢+03
CPU speed
7.27¢+01 pps

Rate (pps)
1.065e-01
Beam: 6 3e+14

Phase = 100 deg

4:0
LIS E ++ [C\buffer_RIKEN\RF-kicker_requestiOEDO_U_Fission_79Se.

585 595 605 615 625
"Stripper” vs "FE9SPPAC2": Time of flight [ns]

dp.0426_v2.

ToF




Mass tables in LISE**



new

O.B.Tarasov@FSEM.De; 02.10.19

2018 : New mass tables in LISE**

Name

&[]
[ J[FRIB_mass]

updated

[ J[RMF_mass]
| AME2003

| TAME2011

| 1AME2011+GXPF1B
| 1TAME2011+GXPF1B5
| TAME2012

B AME2016

B AME2016+GXPF1B
Bk AME2016+GXPF1B5
T hfb17

| hfb8

| hfb9

L ktuy

| 1Moller95

| ‘|zero

Ll e
ISKMS
| SKP
7|SLY4
5| SV-MIN
| UNEDFO
| UNEDF1
TName
115 o012
i ddme? S
i ddmed (Y hib27
K dipet s
i ni3s [ ktuy
[ Moller95
[ tuyy
Ciws4
[|WS4_RBF

You can use own mass tables. LISE mass file extension is “Ime”.

Line Format : Index <separator> ME (+ optional — <separator> dME),

Where “Index” is Z*1000+N, <separator> can be space, comma, or tab, “ME” is Mass

Excess in MeV, “dME” is Mass Excess Error in MeV.

Li gl MICHIGAN STATE
99 UNIVERSITY



Modification of the mass excess extrapolation in LISE™*

99 UNIVERSITY

Li ¢ MICHIGAN STATE

— Database: AME2016 (database) T3 S —— Database: AME2016 (database) + LDM0
. S2]] —— Database: User's ME file (nl3s) 2[] —— Calculation: 0 - Liquid Drop Model (reqular)
2 . —— Calculation: 0 - Liquid Drop Model (regular) 7=20
11 —— Calculation: 1 - W.D Myers & W.J Swiatecki, Nucl Phys_ 81(1966)1 1 . .
— Calculation: 2 - LDM#1 + shell corrections (0.T.) combination of
™ extrapolated AME2016
J 9 N original data
AME2016 and
7 s original data | LDMO calculations using only
(]
b= LDMO calculations
> - 9
0 5 l
= §
) 4 8
S 3 I
) 1t | AME2016 table has el
w . .
1 Original dat.a, W been extrapolated : I | '
| no extrapolations 1 using ldm#0 1
™
11 AME2016, ni3s, ldm#0,1,2 1 31 AME2016 & ldm#0 |
-3 1 -5 |
50 52 54 56 58 60 62 64 66 0 52 4 %6 8 60 62 64 AR
A A

O.B.Tarasov@FSEM.De; 02.10.19

Where LDM #0,1,2 are Liquid Droplet Models in LISE**

http://lise.nscl.msu.edu/6 1/lise++ 6.htm# T0c26162476



http://lise.nscl.msu.edu/6_1/lise++_6.htm#_Toc26162476
http://lise.nscl.msu.edu/6_1/lise++_6.htm#_Toc26162476

NS@l FRIE

“Stability” plots

Li ¢ MICHIGAN S

99 UNIVERSITY

I Databases | Help

More information can be find at

http://lise.nscl.msu.edu/9 8/LISE stability plot.pdf

AME & properties: View, Edit

AME & properties: Plots

51n

Isomer database
Ionization energy database

Decay Branching Ratic database

52n
51p
52p

() alpha

Beta- decay

Beta+ decay

T1/2

Mass Excess

Binding energy
Binding energy per A
S5d

53He

5t

{ Stabilty” plots

-

"Stabilty" plot

)

P (pairing energies)

D (separation energy derivatives)

Documentation for "Stabilty” plot calculations

Separaticn energies minimum plot

The Purpose is to deduce and plot a minimum value from the set of S1n, S2n, S1p, S2p,
Fission Barrier in order to

. Show particle bound isotopes
° Avoid “saw” structure due to odd-even corrections in separation energy

Fission barrier is a maximum value obtained from Fission barrier models in LISE**,
including experimental information. BarFac=1, L=0. Fission barrier is decrease by
1.0,roughly assuming that at Fission Barrier =1 a nucleus is not particle bound against
fission

O.B.Tarasov@FSEM.De; 02.10.19

"Stability" plot, MeV

eV

"Separation energies minimum" plot,

""Stability" plot

<Database: User's ME file (ddme2)>

Z=20
Reduced value based on from Sin, Son, S4p, Sop, Barrier gission -1

(see v.9.8.113 documentation

=

)
=2

o

34 38 42 48 50

A

54 58 R?

"Separation energies minimum" plot
<Database: User's ME file (ddme2)>
Z=20

Minimum of separation energies (S1n, Szn, S1p, Sop, Barrier rission -1 )  (see v.9.8.113 documentation)

—7=20

Z2=20|
~

34 38 42 46 50 54 58 62


http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf

PID resolution calculator



OF. . i B MICHIGAN ST
& 4 Elaine’s formula s UN T VERS 1T

@l FRIB

(A/qg), isotope — should be belong to A/qline as 2, 2.5 or 3
(A/q), isotope — should be the element as the first isotope dE-TOF

AA — isotope mass difference “0Ca (140 MeV/u) + Be (300 mg/em?); Settings on 2°Ne; Config: DSDSWDDMMSMM
dp/p=0.07% ; Wedges: 0; Brho(Tm): 2.5184, 2.5184, 2.5184, 2.5184

Start: Target; Stop: FP_PIN; ACQ_start: Detector ** dE: FP_PIN - Si (504 um)

AA 240 | :
L= A
A~/ N
'
— i 3 §
z B -
o 160 | § . & 8
o W g
e N TP
3 g g 3 dA=4
= .2 i g &
= 120 | g @ 2 ol
0 # g ] ﬁ .
= g o s 0
a @ ) el {z ﬁ ) 2
o & - J &
5 80 | o T - < (]
= ol -
ﬁ 'x . 1 - s
- -
o 5 nll . @ ¢ s
a0 f =T ® ik = = .
& ® - = = * }
@ - i = ) . -
0 —%% %0 300 — 340 360 220 260

Time of flight (ns)
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Li & MIC

LISE for Excel : PID resolution calculator B e JUN TV ERS TS

(A/qg), isotope

coef_Ag=3.10713

A=56 Energy = 120.00 Meli/u =
=128 Flight Length = 35.500 m dA_shift=|5
q=28 1st(Z) detector material = 14

M_isotope = 55.94213 1st{Z) detector thickness = 40 mg/cm2 172,325 um

M_ion = 55.92677
M_ion/g= 1.997385

(A/0), isotope

sigma (caibration) Where AA — isotope mass difference
TOF = 0.100 ns 0.01 % X-image at target = 1.0 mm
Eloss= 0.20 % 111 % (straggling] ¥-magnification @ disp.plane = 2.0
TKE=0.20 % 0.10 % ¥-dispersion = 29.0 mm/%
= 0.2 % Detector resolution = 1.0 mm
Momentum (Brho) = 0.0771 % 0.01 % Momentum Resolution = 0.0771 %
eror (o x
TOF = 255.2603 |ns 0.103 0.040
Brho = 3.2501 T™*m 0.003 0.078
El_loss = 161.46 MeV 1.82 1.127
TKE= 6711.21 |MeV 15.01 0224
eror (o) %
beta = 0.463921 0.00019 0.040
gamma = 1.128825 0.00046 0.040 contribution in error
velocity = 13.9074  |cm/ns 0.00562 0.040 Brho Beta TKE El_loss Zsyst A/q z
Afg=1.997385 0.00224 0112 0.078% 0.081%
——r 2 i - e 056%  0.20%
Z{A/q)= 28.062 0547 195 1.350% 1.406% » Z(A/g) -> when ion masses are used for both isotope A/q ratios
Z[A'wi} ;im 21 1'2 ;:i% ;f:_‘)_zm HEE— Z(Aint/q) -> when integer A-value is used to define a/q value (Elaine’s case)
A (from TKE) = 55.9268 0.234 0.42 0.353% 0.224%
A (from [A/q]*q_integer) = 55.9268 0.063 011 0.112%
A [from [A/g]*g_measur) = 55.9268 0.211 0.38 0.078% 0.081% 0.361%
A-2q = -0.07 0.063 0.04 0.04 0.00
A-3q = -28.07 0.096 0.07 0.03 0.06
| Base | Global | ChargeStates -> MeanValue PID resolution calculator ReactionCalculation List of LISE.xlsm functions | work |
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Li ¢ MICHIGAN STATE

New PID capabilities and features : timing resolution

All calculations were done for
 A1900 separator

« No wedge

« E(1st fragment)=120 MeV/u
11 _slits=+1mm

StDev (Z)

Under current conditions,
the identification above
Calcium is possible

O.B.Tarasov@FSEM.De; 02.10.19

0.

e

1stisotope => Afg=2 line
dA shift =+5

10

15

20

25

99 UNIVERSITY

ToFresolution=0.1n=
ToFresolution=0.2 ns
ToFresolution=0.5ns

ldentFication Threshold

30

35 40



198Pt experiment :
fragment-separator & spectrometer

81



& Eh - - - - - - - i Rad MIC ~ T,
&1 Working in High-Z region at intermediate energies (o 52| LR R N A
NSC LI =
07 /2019  NSCLE15130

“Search for isotopes and isomers in the Hf region”

« Working between primary beam charge states

Pls: « Try to avoid in-flight detectors (charge state production)

»  Partha Chowdhury (UML) * No in-flight detectors in Dispersive plane (“wedge” property)
*  Oleg Tarasov (MSU) « “Separator + Long Spectrometer” method

*  Andrew Rogers (UML)

198Pt (84.96 MeV/u) + Be (52.5 mg/cm?)

1e+13

198 TB+ TB+ TB+ TB+ T8+ T8+ 78+
1e+12 Piibeam]
1 1 1 193Pt[beam] Tr+ 7T+ 77+ 77+ 77+ 7 [beam] 75+ 75+ 75+ 75+ 75+ 75+ 75+
e+
1e+10 E'=Ptbeam) 78+ 78+ 782 782 78+ 4 7 SBPi[bpam] T4 T4 T4 T4 Tar Tar Tes

Il Il
1e+9

198 H3+ T3+ 73+ 73+ 73+ 73+ 73+
[H)eam] I

1e+8 I I

=

1e+6 II Il

le+5 f I

I I

fe+d 74.5 73.5 725 1l
1e+3 region region “‘egion Il
Il

b
1e+1 1894f?1—-1—71—711-83Hf?0_4|:—?i_—?-ﬂ_

1e+0 1aar 72+ 74+ 724 72+ -94:;-—\
1e-1 / ;

Working region
dP/P ~ 0.8-1.0%

Yield (pps/Tm)
A

To+

|- 69+ 69+ 65} 69+ 694 69+

/

189§ Bp Qe+ 68+ 68+-08+ 08+ 68+

1e-2

1e-3 /
le-4 —
&t 5332 33 3.4 - 35 3.6 37
Brhol(Tm)

183f 67+ BN 67+ 87+ 87+ 67+ 7+

>\
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Layout of the e15130 experiment at NSCL /MSU (07/2019):

Li gl MICHIGAN STATE
Se UNIVERSITY

“Search for isotopes and isomers in the Hf region”

Working between primary beam
charge states (Ap/p < 1%)

Distance between the A1900 XFP Sci
& the PIN-diode telescope ~ 46.5 m

PIN-diode area 50x50mm? .. .
Timing Plastic

PIN-diode telescope: Scintillator

1. 140 pym :dE1
2. 140 pm : dE2
3. 500 um : .16 strips . \of
4. 1000 ym :implantation as®
5. 500 pm : veto Q
Kapton wedge
23 mg/cm?
((\
e? ;
Q’q%Q\Q.’ \IQOV\ Production targets
5 V‘\eq\‘)‘ Be -23, 47 mg/cm?,
(b(" N1 - 18 mg/em? + Be - 9mg/cm?

Protons (Z)

78

77

76

75

74

73

72

71

70

&*ﬁ
. ..'?’\ Y ° .
S800 beam line j‘\ ._ =
new optics with momentum dispersion 'm'\ ) 2 E
50 mm/% at the telescope ,§§I& s 3 E
‘." 'l Q =]
= 3
S =
o s
= 3
Z =
H A
R S

fiipy  167py

B 18
1850
Re 1H4Re
i
2

e

108

1“35 + o o it die . L 19505 19605

wl-b b= e J 194Re 195Re

T
M

13

B4 1834F 14 185 f8THf

110 112 114 116 118 120
Neutrons (N)



e15130 experiment : PID

Experiment #e15130; July 2019 @ NSCL/MSU
198p¢ (85 MeV/u) + Be (47 mg/cm?2) -> Wedge -> 189Hf70+

selection Z-g=3

[27] PID.g_vs_RM3g : 2 [-30, -10 : 502] x [60, 85 : 752] GRTED

69. 60

1 |

67. 60

=250t —23.07

unknown

« New isotopes have been observed in the 1°2Hf"0+ settings

=2l

- q
ON : E-GATE_SMOZ {PID.AM... I[sil

~ia
3

selection Z-g=2
q y 4 PR
i T73. 607 i
- o 7520
k ) k
Sl 189 Hf 70+ g *H.
n 5 n S -.189 Hf 70+
71.60—. i
o 222 o
? 73. 20— ..
w w & J
n 70| n I"

e

LT e e e

unknown

PID.S VS_AM90 : 2 [-90, 10 . 302) X [60, 35 : 752] SATED oN

s AT 3G

= -] o SRS =4

72.77

70,77

69

68. 77

55870 —24.10 —22.10
unknown

(23] PIp.g ws andg_1 : 2 [-30, -10 : B02) x [60, 85 : 752] GATED ON : E-&

54 o SRS =4

77.97

y 4

74 97—

Li ¢ MICHIGAN STATE

EESeIJN v

ERSITY

21 |

| | [
5TTE0 —23.80 —21.80 -19.80
[32] PID.2_vS_AM39_1 : 2 [-90, -10 : Hzﬂlﬁ?g"{.;f}] GRTED OM : E-GATE_ZHQY A:Bq

« Similar experiment (High-Z beam, working between charge states, dispersion at the FP detectors) will be
held in RIKEN (11/2019)




el12022
Charge states “cleaning”



E12022: PID MICHIGAN STATE

Dispersionl2= 112.00000 mm/ %

user.mcpm_x1_a3 -19.399

user.mcpm_x1_a2 -3,38656

user.mcpm_x1_al -26.62532 GOOd
user.mcpm_x1_a0 -4.11869

Pl: M.Famiano

« Mass measurement Burho : 2_42
_ n ' - S -
« Disperse mode o 3.737 = Z <
E = £ =
+  PIN-telescope at the t S ES E
O ‘_:_ = = :;
S800 FP o g on S 3 : :
« Bhro measurement at n =z £ . =
the S800 TP by MCP ) Z & Z I o(Alg)=0.00064
3.7171 - '
It's almost one order better
t‘:lan in €12006 (only S800)

5 7 | | | | | |
-Pas 2.51  2.54 2.57  2.60  2.63 2Wq

unknown
[159] PID.BEHO VS AQQ : PID.BEHO VS AOQQ

O.B.Tarasov@FSEM.De; 02.10.19



L B MICHIGAN STATE

@ @,
Onls Resolution : Z Elselv N1V ERSTTY

AS

NS@l FRIE

. . Good
Average of |Z., - Zpeakl = 0.057 In Z=32-50 region

o(Z) = 0.157 for all Z=42 isotopes, o(Z) = 0.153 for 1%8Mo

All “bananas

1Rl [ }\I
o \m N |
36.57 38.57 40 .57 42 .57 44 .57

unknown

O.B.Tarasov @FSEM.De; 02.10.19 [143] PID.% : PID.%



Resolution : TKE & Q AR SRR

39 and 4 PIN-diodes not well depleted BAD !

Average of |Qyc - Qpeal = 0.29 (1) In Z=32-50 region
Qmeasured = 42.24 with o(Q) = 0.27 for 198Mo42*, for all Z=42 full-stripped isotopes o(Q) = 0.274*

Xamine -- fuser/e12022/merged/SpecTclOffline/Oleg/PID4at.win [Modified]

ndow Spectra Options Graph_objects

bad
u 46.46 _resolution
I]z . 45,66
:} 41.46 z
n __L\
L \ Actually o(Q) is not so bad,
but charge state overlapping
was observed in the Z-q plot.
e So, the “banana” selection
,_ method can help.
28,0t oL See next slides
21.4¢ 20.66
-1.76 -0.76 0.24 1.24 2.24 -21.35 -19.35 -17.35 -15.35 -13.35 -11.35
unknown unknown
[152] PID.Z VS ZMQ : PID.Z VS ZMQ [146] PID.Z VS AM3Q : PID.Z VS AM3Q
ml uuuuuuuuuuuuuu Ml ml EL‘I
Display| Update Selected| | | Band|
E}_s\pl | Info| +| -| Slog Fhap || Intearate | Contour |

O.B.Tarasov@FSEM.De; 02.10.19



PID plot without filtering AR AR

47.00 17—

-

42.00 1T

S £ 0828 w8 o

37.00 — . T

32.00 T

27.00 [T

22.00 ' ' " ' ' '
2.36 2.40 2.45 2.50 2.54 2.59 2.64

unknown

[149] PID.Z VS _AOQ : 2 [2.35, 2.8 : 902] ¥ [20, 55 : 1052] GATED ON : -UNGATED- {PID.ROQ, PID.Z}

Alg

O.B.Tarasov@FSEM.De; 02.10.19



Li ¢ MICHIGAN STATE

@ < . ° ° |
. Charge state separation with “A-3Z” integer values g i viviesity

This method can be used only in the case of
« perfect Z and A/q resolution Zi = int(Z+0.5)

- far from integer values of A/Z (2,3) “(see lastslide for details) _ .
* Only to separate Z-q =0 and Z-g=1. ARIEZ B (3= &)

Am3Zi = int(Am3Z + 1.5)

So, in our case we are working around 2.5, and no helium-like products :
’ g ’ b dA3mZ = Am3Z - Am3Zi
! :' E ] . . \ .
u N f,/ - Select “full-stripped” | 7 I
/ ! : Yo Tel— T B N
o A B n o # '3 1 R
n : — n ] EL : q : Ei‘ f?_ ’
~~ P lEZE Lot st«i T
° N i ! — 27 76— :’ _-" ": ; ; . J
. . oo M kR R
5 NN L SRR N B S
! ' ;!' 1E1§ 29 7E— : e !aﬂ -'.' : -
0. 26— oL ~ HERRC I T B
S u RS I A
C J’ - Vg
: : : "
SENEES —
o e | | | | | | | | | |
27.37-20.37-18.37-16.37-1a.37-12.37-10.37 |19 00 —0.50 0.00 0.50 -21.45-18.45-15.45-12.45
(163] PID .DAMAE_¥5_RHAE : 2 [-25, -5 u:-:irlo:fs_, 0.6 : El(Alq-nla)Z [152] FID.DAMZZ : 1 [—:lJ P;ng%a;){pln_nm3z} I[14'|‘] PID.Z2_W5_AM38 : 2 [-25, -5 I{E]SEEWEJ RATED 0OM Aﬂ?3z

O.B.Tarasov@FSEM.De; 02.10.19



Final PID plot of full-stripped ions passed to the 4™ detectog= o' "<+

47.00 — o % KD
S T
] t 2 §@§
42.00 t— t ) R
37.00 t—
32.00 [— - .
27.00 t— -
22.00 |
> .36 5 .40 2 .45 2 .50 2 .54 3 .59 2 .64

unknown

[1439] PID.Z VS ACQ : 2 [2.35, 2.8 : 902] ¥ [20, 55 : 1052] GATED ON : CLEAN {PID.ACQ, PID.Z}

Alg

O.B.Tarasov@FSEM.De; 02.10.19



Li ¢ MICHIGAN STATE

Region to cut charge states using the “integer” method g .~ virs:ivy

The red color shows
that charge states
will be cut for
specific isotope of
Z=42

O.B.Tarasov@FSEM.De; 02.10.19
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827

0122
0.146
0.171
0.195
0.220
0.244
0.268
0.293
0.317
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0.366
0.330
0.415

0. 1 54
0.231
0.308

0.150 0.385

0.350 0.308
0.400 0.231
0.154

0.400
0.350 0.154
0.300 0.231
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0.368
0.263

0.200 0.158
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0.158
0.263
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0.421
0.316
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0.105

0.250 0.308 | 0.000

0.200 0.385

0.150
0.385

0.105
0.211
0.316
0.421

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

0.415
0.330
0.366
0.341
0.317
0.293
0.268
0.244
0.220
0.195
0.171
0.146

ﬂaﬂa _

0.231
0.154 EI_EE-S

0.158

0300 0154  0.158
0350 0231  0.263
0400 0308 07368

0.421
0.316
0400 0385 0211
0.350  0.308  0.105
0300 0231 [ 0.000
0250  0.154  0.105
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1 2 3 4

0.167 0.383 0.304
0.208
0.250

0.102 0.292

Region to cut _
charge states using 0l oars 0205 | 010

0.163 0.417 0.234 0.217

the “integer”
method

0.286 0.333 0149 0.261
0.306 0.292 0.213 0.174

The red color shows
that charge states will
be cut for specific
Isotope of Z=50

0:388 0.333 0170 0.130

0367 0.375 0.234 0217

. 0.347 0417 0.298 0.304

For example for A=132 (A-3q =18), main B2
problem to clean will be Z-g=3 (A=124) 0.286
0.265

0.245 0.375 0.383 0.261

0.224 0.333 0.319 0174

0.204 0.292

0.184 0.250
0.163 0.208

O.B.Tarasov@FSEM.De; 02.10.19 0143 0167

50

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

133
134
135
136
137
138
139
140

0
-50.0
-45.0
-48.0
-47.0
-46.0
450
-44.0
-43.0
420
-41.0
-40.0
-39.0
-38.0
-37.0
-36.0
-35.0
-34.0
-33.0
-32.0
-31.0
-30.0
-28.0
-28.0
-27.0
-26.0
-25.0
-24.0
-23.0
-22.0
-21.0
-20.0

-17.0
-16.0
-15.0
-14.0
-13.0
-12.0
-11.0
-10.0

real banana

1
-48.0
46.9
459
449
439
429
-41.8
-40.8
-39.8
-38.8
-37.8
-36.7
-35.7
=347
-33.7
-32.7

-16.3
-158.3
-14.3
-13.3
-12.2
-11.2
-10.2
-9.2
-8.2
-7

2
458
448
43.8
427
417
-40.6
-39.6
-38.5
-37.5
-36.5
-35.4
-34.4
-33.3
-32.3
-3
-30.2

-13.5
-12.5
-11.5
-10.4
94
-8.3
-7.3
6.3
5.2
4.2

3
43.6
426
-41.5
-40.4
-394
-38.3
-2
-36.2
-351
-34.0
-33.0
-39
-30.9
-29.8
-28.7
=277

-10.6
-9.6
-8.5
-7.4
6.4
-5.3
4.3
-3.2
-2.1
-1

4
413
-40.2
-351
-38.0
-37.0
-35.9
-34.8
-33.7
-32.6
-31.5
-30.4
-29.3
-28.3
-27.2
-26.1
-25.0
-23.9
-22.8
217
=207
-19.6

-16.3
-15.2
-141
-13.0
-12.0
-10.9
-9.8
-8.7
-7.6
-6.5
-h4
4.3
-3.3
-22
-1.1
0.0
1.1
22
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_ Comfort
Thank you for choosing our company!

_ _ Speed
We appreciate your business

Quality

Large Variety of
destinations

Would like to thank
colleagues

for Inspiring, discussions,
feedbacks, requests,
advices, collaborations

O.Tarasov@FragmentSeaparator2013.RIKEN.JP



