LLISE++ development: Fusion-Fission

* LISE++ new reaction mechanism: Fusion-Fission

* LISE++: combination of consecutive transmission

product calculation for several reactions

Version 7.8.87 beta from 6/6/6 available
June 16, 2006. NSCL/MSU through LISE sites



LISE++ new reaction mechanism: Fusion-Fission
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Fusion-Residue (Fission) information window

Fusion-Residue information window ) x|

I 20BPB(S0.0 Mewiu) + C -» 220Ra * -» B3Ti

[-value of reaction = -32.022 ke
Fugzion max.barier = 58,87 ey
Fuzion radiuz = 8.70 fm

— Depending on a place of reaction in the target

beginning  middle end

Beam energy [Lab] [Met/u] 5000 44.90 39.54
Beam energy [Lab] [MeV] 10393.8 93378 32243
Center of mazz energy [Me]  567.18 509.31 44857
Encitation energy [MeV] 53516 477 29 416.55
Caompound recol energe [Met] 93317 33285 FirRy

Fusion-Fizzion C5 [mb]

uzion-Breakup C5 [mb]  1.43e+3

— for gefting rezidue after the stripper
Energy diapasan [Meyfu) 40242 - 35,344
Cogesponding ion charge state 21.95 -- 21.92

Flat the residue excitation function

: -
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Break-up and fission channel cross sections in the Fusion
information dialog (Fusion-Residual reaction)
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208 ppf2+ FuFiz . .
2668 Calculated fusion-fission
220p, cross sections are kept
53722+ in memory
C
12.0328 mgfom?2
x
I 208PB(50.0 MY u) + C -» 220Ra * -+ 53Ti
[-walue of reaction = -32.022 bt
Fugion mas. barrier = 58,87 G
Fusionradiuz = 8.70 fm
BeamenergyfLabf @ | 50 Mevsu

Eeam energy [Lab) I 103988 MeV
Center of mass energy 1 I REY.18 (G
E citation energy 1 I RIBIE  Mev

Compound recoil enengy © I 93317 (L

Fuzion crozs section

2216.9

mb

— Flesidus

Ererqu [Lab) ¢ I 44 693 [T

Correzponding ion
charge state

21.96

Calculations suppose the target

thickness iz negliaibly zmall

I the ztripper thickneszs iz not equal to 0
then the stripper material iz uzed to

calculate a rezidue charge state

Quit |
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Monte Carlo

kinematics (after target)

LISE analytical

174¥b fragment kinematics (expected final)
o m == Thyp(1Ryp*) + Sree (Projectile Energy : 13.57 MeWiu)
@ reaction; 139.72 MeV (Excitations 166.8==133.1+48.7)
Rectangle Angular Acceptance (mrad) .H = 1800.0000.50% W = 1000.00(0.50)

Stripper-Angle: x'output
B (20.0 Mev {0 mgfcn
dpiy Wedges: 0; Brhe(Tm) 1.7

¥Yield {pps/mrad)

Settings on ™¥vb; Config: DEWDSSMM

set initial angular emittance +-25 mrad (SISSI)
-180 -120 -80 -40 0 40 80 120 160
12 15 17 E [Lab-MeViu] 21 22 25 Angle (mrad)
174y'b fragment kinematics (expected final) eee Dipole 1-Energy: input
E [Lab-MeWiul: “window projection — = T8 TRy ey 4 BEEge D257 MeWiu) o =+ Be (0 molomty Settings on 3k Cenfi SWDSSMM
Q reaction: 12 M &V (Excitations 1 98% eg: 0; Brho{Tm}: 1.71

H = 1000.00(

Rectangk Angular fcceptance (mrad):

1000.00(0.50}

L98%

"
!
n

Yield (pps/(Me\iu))

o
i
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E [Lab-MeV/u]: window projection
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LISE analytical
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Angular acceptance

Monte Carlo

174Yy'b fragment kinematics (expected final)
247Cm => 174Yp(182Yp*) + 55Fe™ (Projectile Energy : 18.57 Me\V/u)
Q reaction; 139.72 MeV (Excitations 166.8=>133.1+49.7)
Rectangle Angular Acceptance (mrad): H = 80.00(5.00); VV = 80.00(5.00)

SUM

4 880e+05
Speed
0 pps

53.3%

15 17 E] 21 23 25
E [Lab-MeV/u]

LISE analytical

174ybh fragment kinematics (expected final)
Ax[Lab-mradl window prejection m == T4yp(1@yh iProjectile Energy : 12.57 Mev u)
@ reaction

-20 20

Ax [Labimrad]: window projection
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|5 statistics 182vh -0l x|
-2k Analysis =
Q1 (Dipole 1) 70 Print
Q2 (Dipole 2) 70 T

Production Rate (BEs) 3.51e-6 | WAAW TOI t

Reaction FusFis 5

Sum of reactions (BEs) 3.51e-6 | Chemlsny Yb I

C5 in the target (o) 1.882-5 | File Save |

Total transmission (%) 4.251

Target (%) 100
Unreacted in mater. (%) 100

Unstopped in matexr. %) ulalal

Dipole 1 (%) l ]

X angular transmisn. (%) —

¥ angular transmisn. (%) 75.24

SlitsDisp (%) 8.71

¥ space transmission (%) 8.75

Y space transmission (%) 99.8&

Dipole 2 (%) B4.1 i
4 4 A
T ST e ] py - L - i

=TT Dipole 1-DebugFission ~

Angle {mrad
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Monte Carlo

LLISE analytica

17 4‘1 b flagment l;]nemat]cs (expected final) et Dipole 1-Energy: output
- Te-5| R
E[Lab-Mevi]: window g’i‘gf““_1 le Energy - 18.57 Meva) 2280 (20 0 MeV/u) + Be (0 ma/em2) Settings on 182Yh: Config: DSWDSSMI
fectenan rea "D”_ : dp/p=0_98% - Wedges: 0: Brho(Tm): 17162, 1. 7162
ectangle Angular Acceptance (

¢ g ? ) 1.5e-5|

1.3e-5|
3
>=

g 11e-5|
&
o
o

T %ed
E]
=

Te-6

5e-6

Je-B

1e-6

¢ 12 18 17 18 21 22 28 15 16 17 18 19 20 21 22
E [Lab-MeViu] window projection Energy (MeViu)

omentum acceptance

Monte Carlo LISE analytical

Tgtal

transmission (&3

SUM
2.431e+04
500 Speed
0pps

Yield (pps/(MeVfu))

200 liteTic i
174Ybh fragment l~.1nemat1cs (e\pected final) M SlitsDisp-Energyv: output
E [Labdieb/u]. window projection SRy R (Projectile Energy : 18.57 M&Viu} B (20.0 Mepiuy + Be (0 mglem®); Settings en 7®vh; Config: DSWDSSMM
Q reaclion: eV (Excitations 1e8 p/p=0.88% : Wedges: 0; BrijedTm): (1. 7175, 1.7175
Rsctangls;:.ngularr eptance (mrad): H =2 8 GD-E 00}
¢ 202 206 21 214 213 222 228 20.2 20.4 20.8 205 21 213 1.2 216 218

E [Lab-MeViul window projection
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Fusion-Fission plots

—Fusion - Bassiclas sic)
. —Fusion - Quantwechan
—Total - Bass
Plat type Plat : Fixed energy from reaction Terd o e
- — u
£ Energy dependence - Cross sections & Excitation energy ;f:::k —— Fusion-frealun
. . Ayerage Fusion-Fizsion |
&' Fined energy from reaction excitationenery = [ 16677 Mey  Fissionbamer= [T 505 Mev Ter3t
Fugion-Fission C5 = l 1942 mb Fuszion CS = l 209089 mb A
—Flot: Energy dependence——————————————————— S qe)
Fizzion fragment excitation function—— . . E f
T — Modes Crogs sections are : g
% Mo (faster] g &P:Jreaklup & Final [after desxcitation) g ol
channels - - g
s 182vb_| IR e € Initial (before light particle emission] @ g
c - . " |sotopes, Z=const g [
r uggest for the fission fragment ex.function : : 5
that Fusion C5 always equal to 1 bam 7 lzobars, A=const Dimenzion of the plat Wertical Awis————— 1e+0
. * |sotones, N=const " OMNE-dimensional
Number points for the plat |4 25 - (_, i
Iznspin, N-Z =const & TwiO-dimensional & [nucleons) 161 k
g _ © lzazpin, N-22=canst i . . ..
min Eem = [345 - € Nilrewtrons] i Cross sections (Fusion-Fission)
max Ecm = 1501 N>z Nmin= | 1 ® 2 (] i 290+ 2H > 200NpF (Qevelue = 8 13)  Modsl LisFus v &
© aum[C5); Z=const Mras= | 200 le-2F b Ve = 1243 Me; Fusion max height(Bass): Bf = 12 49 MeV; h_omega = 5.00 MeV
=SS N2 g Bearn energy E(Lab) = 20.00 MeW/u or E(CM) = 400.0 MeV, MNPevap=32
 sumlCS); A=const
 sumiC5); N=const I
oK Cancel | : & e e 163k
v X Core Al Odd Even 0 80 100 40 180 220 260 300 240 330
Energy €M (MeV)

Excitation Energy of fragment(s)
i ——just ONE fragment — @ 23U (20,0 MeW/u) +Be (10 mg/iom®) = N

BTCm* | Ex.Energy: 150.6 MeV; TXEmethod: 1 (f=0.0045); Shellz: N1=§ 00,0.70}, NZ={
Fizzion Barrier: 2.8 MeV;  Fission == Odd-Even corrsctions: Yes; Pestacizzion evapg

-- final --

<TKE> {MeY)

Protons {Z)

Kinetic Energy of fragment(s)
— just ONE fragment-— 23 (20.0 M&W/u) + B {10 mgicm?) zum Z=1-100
#7Cm* ' Ex.Energy: 150.6 MeV;, TXEmethod: 1 (f=0.0045); Shells: N1={83-200,0.70}, N2={30% 20,015}
Fizzicn Barrier 3.8 W&V, _ Fizsion == 0Odd-Even cerrecticns: veg; . Post-gcizszicn e-.-apcraticn:x”ea

15 25 25 55 a5 75

sum{CS5}; Z=const : =

Neutrons (M)
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LISE++ calculations
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—=— fusion (quantum-mech. ho=5 MeV)

< Fusion-Fission

Fusion-Breackup”

[d+7°U] - Stevenson et al., PR 111 (1958) 886

i#— Fusion-Fission

--=-- Fusion-Fission (without prefission neutrons)
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LISE++ calculations
------ total Bass

—=— fusion (quantum-mech, hu=5 MeV)
--=-- Fusion-Fission {without prefission neutrons)
<¢» Fusion-Fission
[*C+**U] - A.Gavron etal,, PRC 30 (1984) 1550
® Fusion-Fission
Ecm Elab Excitation
MeV MeViu MeV
50 438 26
100 8.75 76
200 17.51 176
300 26.26 276
500 4377 476
aaaaaa | T TR WY TR WY SN SN NN SN NN TN TUN TUN U TUN SUN SHN TUN T [ T T T T T T S S
100 200 300

Center of mass energy, MeV
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total fission 2070 mb

= total lssion 1120mb| - (mm

Fusion and fusionlike process
A.Gavron et al., PRC30 (1984) 1550

2] L B e e B L B A e
2C 291 MeV
_7 =715
s 3
3 £
=) o
= =
5 _5f
: E
g g
z Z
3 3} 8
| I
i ‘ -*."—"'_'7_-_’%_’5‘:'0{- ?oa A a D ? 00t
e

PN T T T S SO S T O T S S S L T S R

1 i
160 165 170 175 180 !TBO 166 170 175 180
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FIG. 8. Angular distribution of fission fragments for '°C at
95 MeV. Circles, on '""Yb; squares, on '**Pt; triangles, on **U.
Lines are results of calculations using the transition state model.
Alternate systems have solid and dashed lines to improve reada-
bility.




Anisotropy WI(8)/W(S0)

160 165 170 176 180
cm. Angle 6 (deg)

100 150 200 250 300 350 400 450 500 550 :
Center of mass energy, MeV al

: = Eieh T Exint LISE++ calculations
cm a citation | T
MeV  MeViu  MeV :m?' Bass )
100 6.67 61.67 —— Llslt_m {qu.ant.um-mech_ hw=5 MeV) ] -g
200 13.35 161,67 -—=-- Fusion-Fission (without prefission neutrons) =
oo 20.02 261.67 "Fusion-Breakup” i %
00 | | | 401.67 [°0+™"U] - A.Gavron et al., PRC 30 (1984) 1550 =
Fusion bamier = 8456 MeV Q Fusion-Fission §
Ioa e g 0 3 o 4 9 1 o a3 ¢ o 1 o & 9 3 IIIIIJ.IIIlllJ.IIIJ.IJIIJ.IIIJ.III|—_
2
=
<T

‘EMFI.n
I I S T | R I S T
165 170 175 180

: T — |
Fusion and fusionlike process
June 16, 2006. NSCL/MSU A.Gavron et al., PRC30 (1984) 1550
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LISE++ calculations
10' b -- total Bass i
. - _— 'i:h T —=— fusion (quantum-mech. hu=5 MeV)
- Mo MeV ,n’fwru Mewy | Fusion-Fission (without prefission neutrons) | 1
125.8 140 -, 88 100 e Ere
i e 120/ e bye: <& Fusu?n Fission
- 1941 218 ;| 135 168 "Fusion-Breakup"
2246 280 ;158 189
x 283 a1s [/ 19.7 257 [ C-"FMNCI] A.Gavron et al.,, PRC 30 (1984) 1550
Fusion barrier = 60.07 MoV 0 FUSlUn F]EEID”
g a3 i 0 & 4 5 i Il g g 5 1 & 4 5 i
50 100 150 200 250 300 350 400 450 500 550

Center of mass energy, MeV

Fission barrier? “FisRot”’(Cohen) was used default
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Fusion and fusionlike process
A.Gavron et al., PRC30 (1984) 1550
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142Nd + 160 : data and LISE calculations (2)

10° | i
r . "Fisrot" - Cohen
R 32 . "Barfit" - Sierk
102 :_| 24|
E 0 M Fission barrier
: Barfac=1.00 Corrections [Odd-EviE:B?yas“ Shell: "yes'] Mode="rmax"
r LISE++ ca]culations !':‘ ek 145 1585 165 175 1:5 145 205 215 225
| Y S 2 T total Bass X .. . .
10" 4 —— fusion (quantum-mech. ho=5 MeV) | Fission barriers at L=0 for Z=68 isotopes
o ¥ LISE Fusion-Fission (without prefission neutrons) \
| _,;" -—=—- Cohen's fission barrier
i Fy Sierk's fission barrier i 120
i [°O+"*Nd] - A.Gavron et al., PRC 30 {1984) 1550 4 ' ' ! ' '
ok L FusinFission | Partial wave distribution
50 100 150 200 250 300 350 400 450 500 550 ‘-E-
S B0 + “INd - 315 M
Center of mass energy, MeV £ * 5 MeV
=
2
LISE calculations without angular momentum E
contribution do not reproduce well this region ! §
Fission Barrier
. e : E.R. Fis\ *He |%Be
A Element 2 Sierk barrier information 0 | | ' |

[158 [ e [68
l Beta+ decay

=

Barrier vanishes at = I an hbar

=

1-1 Fizzion B arrier Plat |

sz in the code

Figzion Barrier || Fission Bamier | 5.5. Energy
at L= atLx =| (=] at Lx [Mev]

0 - "Barfit" - &.J.Sierk, PRC32(1385)2039 25.05 | 8.52 | 25.21

1 -"FisRot" - 5.Cohen et al_An P 82[1574) | 29.39 10.95 | 2812

|
0 20 40 60 80 100 120
Incoming angular momentum ()

FIG. 17. Schematic partial wave distribution for the
%0+ '"Nd reaction. ER (evaporation residues} and FIS (fis-
sion) label regions of complete fusion which lead to evaporation
residues and fission, respectively. *He and *Be label regions of
incomplete fusion which, after emission of these particles, end
up predominantly in the ER region.



Excitation

[ Fusion barrier = 161.84 MeV

LISE++ calculations
------total Bass

fusion {quantum-mech. hu=5 MeV)

————— Fusion-Fission (without prefission neutrans) |

"Fusion-Breakup”

[’S +**U] - A.Gavron et al., PRC 30 (1984} 1550
<{p Fusion-Fission

Center of mass energy, MeV
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Combination of consecutive transmission

product calculation for several reactions

Production Mechanism {mﬁ

I- R eactions ,lr Ernergy Loss, Straggling! Charge states,l' Databases: Mazses, Isumers,!'

Fusion-Hssion
MO+ A1 = A2

2380200 Metfu) + H == 172Th

— Reactionz

Sethings
Sethings
Settings
Setthngs

Sethings

ELEE

Settings

" Projectile Fragrm entation v
~ Fugion -» Fesid 4l v

¥ Fugzion -» Fizsio ¥

£ Two Body Feagions r

" 150L mode

additionally calculate
melds for the nest
reactions

m
v

[ Make default
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¢ Ok x Cancel

? Help

Notes

* Coulomb fission is included in
Abrasion-Fission

» Use the Abrasion-Ablation model
instead EPAX for the Projectile
fragmentation mechanism in the
case of consecutive calculations

s Prelimimanyscheckeexcitation:
CHEHZY region Settings for
Abtasion=Eission mode




Combination of consecutive transmission product calculation
238J(40MeV/u) + C — Fusion or Abrasion ??

=
=
P11
85 2e-12
[ =1 |
7E
- )
= ] |
=] £
e IS |
e 2
= |
35 35 |
28 25 |
15 Cross-sections (Fusion -> Fission) 15 Cross sections (Fusion -> Residual) |
— Final C5—— 2581 (40.0 M&Viu) + C (40 mgicm®)-> N=1-200 ' Fusion == Figsion ZE| (40.0 MeViu) + C (40 mo/om®) -+ S0 0g=-23.85) - N=1-200 LizFus v.25
Excit Energy: 258.8-433. 1 MeW'; Fug.CS:2273.8 mb; Fus.Barrier 84.52 fm; h_omsga = 5.0 MeV/ Excit.Enengy: 28884221 M&V; Fus.C5:22732.9 mb; Fus.Barrier 84.52.fm; h_cmega = 5.0 MeV |
e Fizsion == Odd-Even corr.:v'es; “Posteciszion emizsion: ves; Shell=s {83200, 07703 3{50,-250.0015F g MWP=18; SE:"0B1+Cal?" Densityv"auto” Geom.Corr:"On” Tunlg"aute” FizBar=1 Fac=1.00 Medez=11101000 110 |
10 a0 0 Heutrons (N) 80 110 120 10 20 50 Meutrons (N} 20 110 120 150
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L
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2 )
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‘E; =
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15 oss-sections (Abrasion-Fission (Low+Middle+High)) { 1= Cross sections (Projectile Flagmentatlon) |
] Final €3 — ) [40.0 MeViu) + C (40 mgicm?) = N=1-200 AbrasionFission (Low +Middle+High) Y] 40 = N=1-200) Mathod: 0 - Abrasio i 7
238U Ex=24MeV CZ=32Tmb — 230Th* MeW CS=588mbk — 217AF Ex=273MeV C5=293mb Exct Encrpy Hethods 2= <Evs12. 204 ey sigma-9.20 |
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Yield (pps/iMev/u))

Yield (ppsfiMe\/u))

Yield {pps/(MeV/u))

_ oy |

1=t D1-Energy: input Fusion-Fission i 178Yb

1=-Z

=2 ( Abrasion-Fissimiddle

1e-d .I“' Cnaa —

1es Abrasion-Fission High

1=-E

=7

1_8 Abrasion-Fission Low -

1210 \

111

1212

112

te-14

1e-15

1=-18

1217 Abrasion-Ablation

12-18 Fusia1-3_esidual

12128 P

19 21 23 258 a7 22 21 33
e s e e Energy (MeViu) R
beam 4 dergees D1-Energy: output 178Yhb
1e-1
4 degrees
12.2 no AA and FusRes
. P Fusmn-Flssmn\
1e-4
middle

1e-8
1e2 Abrasion-Fissjon
1e-7
1=-8

Yield (pps/{MeV/u))

= a7 5

Enerqgy (MeViu)

21

)

1e-12

t=-12

1e-15

1e-18

1e-17

1e-18

124139

——"Fusion-Fission

D1-Energy: output

178Yb

Abrasion-

Fission
Fusion-Residual
0 degrees N -
19 21 — — a7 22 21 22

Energy {MeViu)

D1-Energy: output

178Yb

0 degrees
sum of all

Enerav (MeV ul

3

B51



	LISE++ development:  Fusion-Fission
	LISE++ new reaction mechanism: Fusion-Fission
	Fusion-Residue (Fission) information window
	Fusion-Fission kinematics (after target)
	Fusion-Fission kinematics (after target)
	Angular acceptance
	Angular and Momentum acceptances
	Fusion-Fission plots
	238U + d : data and LISE calculations (1)
	238U + d : data and LISE calculations (2)
	238U + C : data and LISE calculations
	238U + 16O : data and LISE calculations
	142Nd + 16O : data and LISE calculations (1)
	142Nd + 16O : data and LISE calculations (2)
	238U + 32S : data and LISE calculations
	Combination of consecutive transmission product calculation for several reactions
	Combination of consecutive transmission product calculation 238U(40MeV/u) + C ® Fusion or Abrasion ??
	Combination of consecutive transmission product calculation 238U(40MeV/u) + C ® Angular acceptance

