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o
rrr' We propose the following approach for calculating the excitation energy of the
— — — prefragment: The nucleons are bound in the potential well of the nucleus. During
@ .v. o the abrasion, the orbits of the nucleons not removed are preserved. This is suggested
°

by the short time span of the abrasion, in the order of (2-5) x 1072 s, By the abrasion,
a certain number of single-particle levels is vacated, and the excitation energy is

. . Initial Final given by the sum of the energies of these holes with respect to the Fermi surface.

Projectile Target For a quantitative estimate we take a Woods-Saxon potential with an average depth
prefragment fragment . )

82ga 9Be of —47.4 MeV for neutrons and protons ). We neglect that the density reduction

68Tj* 54Ca caused by the ab_rasion decreases the potential depth because it is reestablished
after the contraction to normal nuclear density. The energy generated by one hole
varies between 0 and 40 MeV depending on its position if we assume a Fermi energy
around —7.4 MeV. In order to calculate the mean energy induced by one hole in
the potential well below the Fermi surface, we use the single-particle level density

Ablation step (Evaporation cascade) uses a g() of the Woods-Saxon potential which can be described approximately by g ~ ¢

mass table to obtain separation energies!! [ref. 3°)] if ¢ is the single-particle energy counted from the bottom of the potential
well, and we assume that the probability for generating the hole is the same for
77Ge excitation distributions: Input parent diser. each level. This statistical hole-energy model gives an average excitation energy of

e S S Comi ST e SaP S St 13.3 MeV per hole.
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Abrasion-Ablation : Excitation energy

MICHIGAN STATE

UNIVYVERSITY

v.9.4.44 06/09/12
thermalization
of excitation energy

In the following we will investigate whether the basic assumption of our pro
model is justified, namely that the orbits of the nucleons of the prefragment ari
untouched by the abrasion process, that means whether the abrasion process at
relativistic energies is diabatic. For this purpose we will estimate the part of the
excitation energy which is thermalized during the abrasion, that means the part
which is equilibrated and modifies the orbits of the nucleons of the prefragment.
According to calculations of Bertsch *'), Norenberg **) estimated an intrinsic ther-
malization time, also called intrinsic equilibration time, by the following relation:

Timr{t} =2x% ]0_22 MeV - S/e*(f) N
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Excitation Energy in the code = | 27983 Mey

i
7$[ Thermalization factor = 067 ]

il A IWwilson et ol NIM B16 [1987) 225231
© B J-J.Gaimard and K.- H.Schmidt, NFA531 [1331] 709
@ €. Parametrized Gaussian distibution

S\ | ¥ Use LISE++ cormections for Geometrical -4 model

Apply thermalization for Excitat. energy according to

[} = J-dGaimad & K.-HSchmidt, NPA53 [1991) 703;
il see Equation 3.4
|| | Intinsic equiibration time coeflicient = [ B2z Mev -
I
| Iy I Make default

' 0K I X Cancel| 2 Help |

Apis the projectile mass
(3'1 ) d_abr is the number of abraded nucleons
for model "0
region < Zboundary =< region

i ar
L" ¢ & bounda = ¢

Excitation Energy =| 23375 Mey
Standard devistion = I 5080  MeV

E = ('}’ o f e AS)geam + Z piorion

Excitation Energy of prefrag|

A JLwiwilzon, Lw Towsend, F.F.Badavi, NIM B18 (1986) 225-231 -- geometical model

gamma=| 095  Meyfm™2
sigma=] 9.6  "d_abr "[05] [Mey]

- Ewcitation Energy Transfer (fiction)

E_friction = coefl * Cp + cosf2 *Cp* Ct

Cpis the length of the longest chord in the projectile
surface interface, Ct is the chord of intersection

-~ - Comection Factor of Surface distortion excitation

f=1+coef *d_abr / Ap + coef2 *[d_abr / 4p)"2

cl=| 15 c2=| 25 l=| 1.80

coefl = ES Cp= I 997 fm
coef2 = o Ct= I 458 fm

%

C. Parametized Gaussian distribution -- simplified

* doNOT use region "L" [as mode! “B")
 yse Z to separate regions

" use A to separate regions

~B. J.-J.Gaimard and K.- H.5chmidt, NPAS31 (1931] 703 - convolution of triangle distibutions
Hele depth
ﬂﬁﬁﬁf <E*> =| 1504 = d_abr [MeV]

sigma = I 1061 *d_abr "[0.5] [MeV]

I Uss Fiiction E_fiieion = [

Mey
Mean Excitation Energy = | 42084  MeW
Standard deviation = I 85,90  MeV
mbination of K-H.S chmidt et al. NPA710 [2002) 157-179

Mean Excitation Energy = I 42000 Mev
e
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User Cross-Section analysis using Abrasion-Ablation model

~Lacal line to analyze—
[ z-z
8 Change

Calculate downtaZ = | 24

This utility can be used it

1. "Projectils Fragmentation” reaction made is selected

2. Abrasion-Ablation i the selected cross-section method

3 There are mare than 2 user cross-secions in memery for
this reaction.

4. "File" cross section option is st to "on”

- Parameter variation:

Number of
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User cross-section analysis

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

using Abrasion-Ablation model

Final=wj -Loy2 local + W2 -LoD 1gcal T W3 - Lo} 2 total T W4 -LoD) total

where Loy2=1In(x?) and LoD =57 llog 10(y,, )-log 10(y,,.) /N

Global fit by AA for all CSs obtained in the experiment allows to deduce
the excitation energy parameters


http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf
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Figure. Comparisons of experimental data
[Bla94] and Abrasion-Ablation calculations
for the **Ni(650AMeV)+Be reaction. Left top
and middle top plots represent comparisons
for a Local line, which was set to Z=27. Left
bottom and middle bottom plots are done for
the global data set. The right top plot shows
the sum of all four models, using coefficients
1,3,2,6 (see insertions in plots).

Using this analysis it is possible to conclude
that the best parameters to use in the AA
model to describe these experimental data are
<E*>=13 and sigma=4 MeV.




MICHIGAN STATE

LISE** Abrasion-Ablation : 2012 update AR

During analysis of GSI’'s 238U, RIKEN'’s 238U, MSU’s 82Se

experiments there was significant modification of LISE++ AA:

* Improving/Fixing problems (interpolation, new methods),

* new properties (excitation energy thermalization and etc),

* new utility: Initial prefragments plot, Decay Analysis utility
update,

* new mass tables (AME2011, GXPF1B), unknown masses
extrapolation procedure update and so on

e
E] Evaporation calculator LE L |
| Initial nucleus it o —Modes — 2D -plot:
woitation energy window ——————————— B - ) )
. | . gmentation of beam Final Evap Resid D channel
|| el nteis Lawer = I— Me¥ % gaussian “ [#brasion-Ablation] l'l' B h ooy chenne s
I 825 Upper =| MeM € rectangle " Excited nucleus evaporation l‘l Fission channel CS h Temperature
" Load initial conditions from file Break-up channel CS Fission Excitation Enengy I
Initial nucleus production cross-section = I b l-l' h
make calculations down to 2 = I 1
I | 5 CALCULATE I {9} Evaporation settings | |
— Final nucle: i Average values |
A Element Z Final fragment production crozs-section I Elde-8 mb  Minimum separation energy [SE) I IR3 MeY T
I 54 I Ca I 20 Initial production CS of Final fragment e mh Minimum sum of [ SE + deduced IT oy SlEp= :
I stable [For fragmentation of file optiong] 1 =5 M effective Coulomb barrier) g S (T3= I 5,39
Table of Crosz section from EPAX 215 I 27%-6 mb Fizzion barrier at L=0 I 4689 MeV
Muclides |
& |z = I PAREMNT 3.49e+0 41e1 1.78e-1 2.01e1 4.28e+0 | 58Ca
=] M = Decay modes n 1p alpha t Break-up sum i
mi:& [DALGHTER | 49520 15de-1 B03e-2 16led 5.32e+l | 53Ca
N'of all [ Sum 1.092+4 234243 784e+2 197042 s ReSEEo Rk Bl s
calculated nuclei 1.662+3 1.ERe+3 1.1Ee-2
Output crozs-section fle [ |I38234_EIEISD4.ICS Eé Browse Show {Z ;:;tit?#;rjﬁ%rﬂsrﬂs Plot
Ouput file of parent - B ; : |
danghter | 108234_00304 I 3 Browse Shaw
Fizzion C5 ouput file 7 |I38234_EIEISD4.IFCS EI% Browse Show ? FEr | x Quit |
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MICHIGAN STATE

LISE** Abrasion-Ablation: Decay Analysis R

L 1 S I

34Ca excitation distributions: Input parent distr.
ABRASION-ABLATION - £2Se +Be
Excit Energy Method;< 2 >; <E*>:15.0°dA MeV Sigma:9.15; CoefThermalizaion=5 0pg.22MeVs DB¢="GAPFIE"

r NP=54; SE:"DB1+Cal0" Density:"auto" GeomCor:"On" Tunlg:"auto" FisBar=#1 Bar#=1.00 Modes="0101010010
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S evap = decay channel in the daughter nucleus from this parent chanrel L o ! J
S parent = exctiation function incoming from the parent nucleus 1e-7k \ ' 4
Sitotal = zum of all incoming [from parentz] channels including [nit C5 § I §
Srtotal = sum of all residue cross-sections L I | ]
Sototal = sum of all outcoming [into daughters] channels - ' E
[Satatal] evap = decay channel into the daughter from ALL parent 1e-8F| | J
incoming channels Bl o E
Fizzion and Break-up are only output channels; [nit [&4] iz only input channel I N ]
P et I X Cancel | 7 el | Te-9k
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13-12-2012 11.42:56

LISE ++ [C1e09016\LISEWAAI2_10_2012\GKPF1B_T5_220 Ipp] Excit.energy [MeV]

GXPF1B5 + LDMO, E*=15.0 & 9.15

(deduced from 8Se experimental data)
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MICHIGAN STATE

LISE** Abrasion-Ablation: Decay Analysis UNIVERSITY

Ly 1 S5 I
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MICHIGAN STATE

LISE** Abrasion-Ablation: Decay Analysis ey

R-RJ .
Current mode: 1n -> [ Sresidue] /[ Sr total |
ABRASION-ABLATION - 82Se + Be
Excit.Energy Method:< 2 >; <E*>:15.0*dA MeV Sigma:9.15; CoefThermalization=5 0Qe-22MeV.s DB ="GXPF1B"
NP=64; SE:"DB1+Cal0" Den5|ty "auto” GeomCor:"On" Tunlg:"auto" FisBar=#1 BarFac=1.00 Modes=10101010010
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MICHIGAN STATE

LISE** Abrasion-Ablation: Decay Analysis UNIVERSITY

. 1 S EW.

Current mode: Initial CS > [ S residue ]|/ [ Sr total ]
ABRASION-ABLATION - 82Se +Be
Excit Energy Method:< 2 >; <E*>:15.0dA MeV Sigma:9.15: CoefThermalization=5 0Qg-22MeVs DBq="CGXPF1B"
NP=64; SE:"DB1+Cal0" Density:"auto" GeomCor:"On" Tunlg:"auto" FsBar=#1 Bar 2°=1.00 Modeg=10101010010
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LISE** Abrasion-Ablation: Initial prefragments plot (82Se) UNIVERS TV

L 1S HAare
Initial Prefragments Plot for Ca (2.78¢-08 mb) Initial Prefragments Plot for 33Ca (2.57¢-12 mb)
ABRASION-ABLATION - 82Se + Be: more probable 68Ti(4 02e-09 mb); <-dZ>=2 88 <-dN>=1178 EVAPORATION - Compound nucleus €Ti: more probable 70Ti(5.73e-13 mb); <-dZ>=2.27 <-dN>=8 89
Excit Energy Method:< 2 >; <E*>:15.0*dA MeV sigma9.20; ThermalIntr.Coef = 5.00e-22 MeV*s Excit Energy: 149.0-207.0 MeV; Fus.CS: 0.0 mb; Fus Barrier: 10.82 fm; h_omega = 2.0 MeV
NP=64; SE:"DB1+Cal0" Density:"auto" Geom.Corr"On" Tunlg:"auto” FisBar=#1 BarFac=1.00 Modes=1010101001(  NP=64; SE:"DB1+Cal0" Density:"auto" GeomCor"On" Tunlg:"auto" FisBar=#1 Bar2:=1.00 Modes=10101010010
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EVAPORATION - Compound nucleus 58Ti
ExcitEnergy: 149.0-207.0 MeV; Fus.CS: 0.0 mb; Fus.Barrier: 10.82 fm; h_omega= 2.0 MeV
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GXPFIB vs. AA : Z=19 RS
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Alex Brown, ENSFN, October 11, 2012
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Cross sections (Projectile Fragmentation)
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GXPELBS vs. AA : Z=19 LGl

Cross sections (Projectile Fragmentation)
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Cross sections (Projectile Fragmentation)
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