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Introduction & ProGdUCHIONISa SEpalalion R

The program LISE** is designed to predict intensities and purities for the planning of experiments with in-
flight separators, as well as for tuning experiments where the results can be quickly compared to on-line data.

O. B. Tarasov and D. Bazin, Nucl. Instr. Meth. B 266 (2008) 4657
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The LISE** package which includes also the PACE4, Global, Charge, Spectroscopic calculator codes
can be downloaded freely from the following site: http://lise.nscl.msu.edu.
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MICHIGAN STATE

LISES main features ERkE IR

Fast analytical calculations
(Monte Carlo calculations are available too)

Reaction mechanisms

_— 2 ____J - . . .
Production Mechanism _— u PrO]eCtlle Fragmentatlon
I- Heactinns_}' Erergy Loss, Straggling j‘ Charge states ,l' Databases: Maszes, Isnmers,!' COU|Om b FiSSion
| 48Ca(5.2 Me¥Au) + Pu -> 285F] Abrasion-Fission
~ Reactions Fusion-Evaporation
additionally calculate . . .
vields far the nest Fusion-Fission
uJ, @ reactions
U Settingz | " Projectile Fragmentation [ Beam |0n OpthS
_ Seings | 4 (calculated up to 2" order, used up to 5 order)
Settings | " Fugion -» Fiszion r ) ] )
Highly user friendly environment
U Settings | " Coulomb fizsion [
. _Setnae | € AbrasionFission r Different selection methods
o " Two Body Reactions (il
° lon charge state distribution (5 methods)
) ) 150L mode
Fusion-Residual
Al + A1 = A2 = AT . .
N Range and energy loss in materials (4 methods)
I™ Make default o OK | XCancel| 9 Hep |

Fission barriers (6 methods)
Fast and qualitative analytical de-excitation procedure
Contribution of secondary reactions in the target

Fragment production in Material (for example wedges)
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LISES: utilities
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< Physical Calculator

% LISE for Excel

< Nuclide and Isomeric states
databases & utilities

< Relativistic Reaction Kinematics Calculations

% Curved & custom degrader calculations

< PACE4 — evaporation MC code for Windows

% The spectrometric handbook of J.Kantele &
Units converter

< Codes “Global” & “Charge”
(charge state distributions)

<+ “MOTER?” ray-tracing code with optimizer

< Stripping foil lifetime utility

< Range optimization utility (gas cell)

< “Brho” analyzer, Solenoid (Twinsol) &

ISOL-catcher utilities

< Beam ion optics utilities

< “Evaporation” calculator

< Automatical search of two-dimensional peaks
in experimental spectra

04/02/15 --- OT @ SHE2015.TAMU.USA

Protons (2)

-
E] Physical calculator

e
:2 Ele;nent é 195 /, Tableof | (: | Z) [ |:7>W after/into I Si 513 micron ]
I fuckies aljn Energy Remain 114.91 MeV/u
I Stable lonmass=  31.9633  aem Energy Loss 15885 MeV
= = o Energy Strag.(sigma) 0.054194  MeViu
Energy 119.879  MeV/u Eneray 119.7417 & 0 I— mrad
Biho C [ 324885  Tm TKE [ 383173 MeV o Stoglsgns) | 1868 - (gare
UL ' i Lateral spread (sigma) I 0085182  microns
Eho | 452276 MJ/C Velocity | 138022  cm/ns Brho (for B=2) 31768 T
o 7 Mevi o
b 152847 ks beis diedens i~ Equilibrium values for material "'Si"
p.tinspt €| 097398  GeV/c Gamma ¢ | 1.128696 Charge State <3 I'T
After % | Stipper - r————lr.—l da (sigma) | 0.02
it s Y] P Thickness 16107 mofem2
Block | Z\ Thickness [Meviu[ Mev | Mev [ <@ | 1
[ B|FP_PIN 5513 micion 11491 36723 15885 16.00 :
[ H]FP_Sta.. 5i500 micion 10992 35133 15962 16.00 Range and Energy Loss to || Si [
(" H|FP_sta.. Si1000 micron 93408 3177.4 33586 1600 Faroe e angs e ‘
(M B]rP_Sta.. Si1000micron 88032 28138 3636 1600 o [T TR e
(M B]rP_sta.. Si1000micion 75463 24121 40174 1600 :
- [ 72233 [ 1538 micon
(M a]rP_sta.. si1000micion 61113 19534 4587 1600
FP_SCI  CIH10100mm i 0 19534 000 EnergyRemain. | 0000  Meviu

& Pt | ? Hep | % ait |

Maleviallhicknessl 1630.4 mg/cm2
fovenevgyresl' 72823 micron

- Calculation method of

Energy Losses '7‘ Eneray straggling r‘T
Charge States IT Angular stragaling IT

|
110} T12:(sec): (compilation)
<Experiment+Notes>
90 |
70}
SO}
30}
10}
] 20 40 60 80 100 120 140 160

Neutrons (N)




@ MICHIGAN STATE

Fusion-Fission IS a new reaction mechanmism for rare Deam ProtUCHOMIN N LY RS FTY

NSCL L 1 S Iy

The LISE** fusion-fission model [1] has been developed based on:

U The Bass algorithm to estimate complete fusion cross section [2],

U The fast analytical evaporation model LisFus [3] to calculate a fission channel value and de-
excitation of fission fragments.

U The semi-empirical model of J.Benlliure [4] which describes fission properties of a large
number of fissile nuclei are a wide range of excitation energies.

- () > = [1] O.T. and A.C.C.Villari, NIM B 266 (2008) 4670.
v [2] R.Bass, Phys.Rev.Lett. 39 (1977) 265.
o \ [3] O.T. and D.Bazin, NIM B 204 (2003) 174.
° o’ [4] J.Benlliure et al., Nucl.Phys. A628 (1998) 458.
Fusion - Fission °

A0 + A1=A2 o

Main features of the model:
» Production cross-section of fragments
» Kinematics of reaction products

« Spectrometer tuning to the fragment of interest optimized on maximal yield
(or on good purification)
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Towards the neutron drp-line ViarEUSION=RISSIoN
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Ly 1 D AR

Advantages of in-flight fusion-fission to explore
neutron-rich 55 < Z <75 region are comparing to AF & CF:

» the heauvier fissile nucleus competing with abrasion-fission (Z < 92),

* the higher excitation energy of a fissile nucleus competing with
Coulomb fission of the 238U primary beam.

Using low energy fusion-fission beams:

» Several tens of new* isotopes are expected to be produced in the
region 55 < Z < 75 using a 238U beam with light targets according to
the LISE** Fusion-Fission model,

» Properties of these new nuclei allow to test nuclear models,
in particular to understand the r-process abundance patterns,

» Reaction mechanism study.

Open Questions:

* What is optimal conditions, for example the energy of primary beam,
the target material, thickness and so on?

* How reliable are simulations? Intensities, purification?
* What are contributions from other reaction mechanisms?

» Separation, ldentification, Resolution?

*in 2008
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Fig. Two-dimensional yield plot for fragments produced in
the 238U (20 MeV/u,1pnA) + D (12 mg/cm?) reaction and

separated by SISSI + Alpha

A experiment to show separation and
identification of fusion-fission products
has been performed using the LISE3
fragment-separator at GANIL.
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© : . : N . : :
@ Fusion-Fission experiment in inverse kinematics @ LISE separator

GANIL e547

Spokesperson: O.Tarasov

238u53+

Targets
24 MeViu

Be 01 lm_;lr:m2
Be 10 mg/cm?
Be 20 mg/cm2
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slits 62

Beam ¢ 40 ug/cm? @ m
FERANCEC R SR [T . I
L. ) on target o T
Preliminary results in 3 degrees = % N
] . 2 &% Gallete 62  Si-telescope
arxiv.org:1302.1981 £ / xy,n 65um
65 um
By O. Delaune, F. Farget, et al. // i
1mm
It will be submitted soon \
Al (3 mgicm?)

degrader

A 238U beam at 24 MeV/u with a typical intensity of 10° pps was used to irradiate a series of Be & C targets

The beam was incident at an angle of 3° in order not to overwhelm the detectors with the beam charge states

Preliminary detectors calibration with the primary beam, then particle identification has to be proved by gamma

from know isomers

50
40

30

* The experiment demonstrated excellent
resolution, in Z, A, and q.

* The results demonstrate that a fragment
separator can be used to produce
radioactive beams using fusion-fission
reactions in inverse kinematics,

* In-flight fusion-fission can become a
useful production method to identify new
neutron-rich isotopes, investigate their

] properties  and study  production

10
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Gamma-ray spectrum observed in coincidence with '**Te.
The characteristic gamma lines of 314, 742 and 752 keV
sign the decay of the isomeric state of T% =370 ns
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Elemental distributions of fission fragments

Preliminary!!!
——238U(24AMeV) + Be y
——238U(24AMeV) + C
14 238 24 24
Energy AMeV AMeV
12
C Target Be C
10
Be
— [ <Z> 48.01 45.75
X 8
Lo
E 6 d<Z> 0.22 0.21
::._
Vil sig(Z)  6.03 6.40
2 d(sig(Z)) 017 0.6
0

28 31 34 37 40 43 46 49 52 55 58 61 64

Z
Two light targets (A=9 & 12) at the same beam energy,

but why so different distributions?

We need a fast analysis of partial cross sections!!
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Update of Fusion mechanism in LISE** PAIRALX T

v.9.10.54 T ) )
from 04/25/2015 ol L) = 2 Z(y + D Pontl E D Pen(E®, 1) P (ET T
=0

Newest version,
Documentation will be r— — —
ready on two weeks Fusicn - Fission

|€§i’= Evaporation seftings | [Z360(24.0 Mev/u) + 9575 2470 [E:-:=2EI‘I.5M7/] {33 Fission properties
/ /

— Fuszion properties
— Tranzmigzion probability for a one-dimengional %tial bamier—| [ Muglear potential
Classical & Quantum-mechanical 7 | Bass formalism

h_omega - Curvature parameter

of the parabalic potential dezcribing I A e _
the barrier [default value 3 M) / il & Mev L dirgct [(2 Rint] = 85
RO=| 1.12 fm

T L nfax [grazing] =
— Probahilty for compound nucleus formation F'_{CN}—# a=| 075  Im 33

Lmax [LISE]= | 10032
Take into account the Probabily for compound .
¥ rucleus formation P_{CN} according to _ Fusion I 1 .
 Zamehaey & w. Greiner, PRCTS, 034510 [2008) Ldiffuseness 4 _ShowDelalistC5 | 9 |

- Fission barrier vanishing h_ Partial Cross Sections Vl-l Bamier properties as fiL) |
¥ Take into account the Fission barrier vanishing with

@ (- Barfit’ - &.J Sierk, PRC33(1986)2039
1 -"FisRot" - 5.Cohen et al An P 8201974 {A TPCN dBxchan asf{L}l [ 20: Bamier vR.L) &.dVaR |

/ * wood-Saxon

h Potertials Vi =f(R) I& Bass Fusion CS & Barier |

— Partner site
Make default —
= 0 General reaction characteristics | Fusion |
v oK | X Cancel ? Help | o Fusion information window | EETEE]  Fission |

Projectile Fragmentation and Abrasion-Fission are dominated reaction mechanisms in LISE** for rare
beam production, where we are developing our own models

Do not hesitate to use Low-Energy reaction computing centers as NRV for more sophisticated
solutions with Channel Coupling, Langevin equations and so on
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Fission Barrier Vanishing as f(L-)

"
Fusion -»> Fission

i —
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Transmission for a barrier & CN formation probabilities as f(L-)

- —~
Fusion -> Fission

2D Potential plots as f(R,L) & df(R,L)/dR

25)(24.0 MeViu) + *Be -> 27Cm* (Ecy=208.3 MeV)
Lern=75; Lma®2299.9; L ne:*5=100.3; Nuclear potential: WoodSaxon; WS params: 105.0,1.12,0.75

{;&} Fission barmier |
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Fusion -> Fission

vaporation settings ;
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 Probahilty for compound nucleus formation P_{CN}
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— Calculation
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Potential energy plot: Total

2360)(24,0 MeV/u) + Be -> 47Cm"* (Ecw=208.3 MeV)

Leit=75; L max®?2=09.9; L max'*E=100.3; Nuclear potential: WoodSaxon; WS params: 105.0,1.12,0.75
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in calculations

rates 0.723

(LISE++)

{(beginning of target)
2.167Te+03

Partial cross sections

2380)(24.0 MeV/u) + Be -> 47Cm* (Ecy=208.3 MeV/);

Cross Sections[mb] : Intr=3.69e+03; Comp=1.66e+03; QF =1.54e-07; FA=4.16e+02; DIC=5.36e+02; QE=1.08e+03;
Leit=75; L max®27=99.9; L max'5F=100.3; Ls 5s=0=67; Verticalical lines correspond to Lejit & Lmax

[with Pcyy, PenetrationQM]
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Output channels in the e547 experiment : #°°U (24 MeV/u) CIRLLXRAY

Partial cross sections
238J(24.0 MeV/u) + 9Be -> 27Cm* (Ecy=208.3 MeV); [with Pcn, Penetration@M]
Cross Sections[mb] : Intr=3.69e+03; Comp=1.66e+03; QF=1.54e-07; FA=4.16e+02; DIC=5.36e+02; QE=1.08e+03;
Lert=75; Lmax®37=99.9; L max-'5F=100.3; Lp_s=0=67; Verticalical lines correspond to Lerit & Limax

j===Interaction
jm===Compound
(===Quasi-Fission
(===Fast Fission

80 t===Deep Inelastic

- ela
— %] —Direct+QE
= had Elastic
@ b= T <
& b i bt

70 2 4 EI
- ]

60

D\

50

T )

Partial cross section [mb]

30 e T

20 R e H —

40

Angular momentum [hbar]

Compound fission ~100% Sequential fission after DIC Partially go to fission
Fissile Z =96 Fissile Z <92 Fissile Z~92
High Excitation Energy High Excitation Energy Low Excitation Energy
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%0 ’ ' \ e average for 17-24 MeV/u range
\ e on
2381(20.6 MeV/u) + °Be | e
% } i Targets
|
| Fission
‘ Barrier Reactions Be C
g Vanishing
A DIC+FA 19% 42%
8 Sierk Fusion-Fission 56% 29%
[}
g QE 25% 29%
g DIC+FA 8% 29%
& Cohen Fusion-Fission 66% 41%
QE 25% 20%
s ; Momentum (hbar)
4 eu -
Angular momentum [hbar] L ': Bfl E_D }
L critical
’ ’ [ iracton L direct B Rint
238U(20.7 MeV/u)+12C } [ Quasiision . - .
|
} L max (grazing) 90.5 118.8
} L max (LISE) 91.0 118.5
\
i) | 50
'E' ! 28 (~21 MeV/u) Bf./
] 0 e
gG c
a -
@ 3
s Iy
z z
E o}
o o
120
3 3 5 Carbon target.. 50% split... Why?
3 20 20 %0 % This is due to difference of moments of inertia between
Angular momentum [hbar] C+U and Be+U just above where fission barrier go to zero
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o 3
Angulss momentuen [hbar]

Yield (%)

average for 17-24 MeV/u range

14
12 SR R Targets
10 Fission
4 \ Barrier Reactions Be C
8 "! Vanishing
\ DIC+FA 19% 42%
6 ‘;é e ‘\ sierk | Fusion-Fission 56% 29%
4 aE 25% 20%
/1 DIC+FA 8% 29%
2 ’/ Cohen Fusion-Fission 66% 41%
0 = aE 25% 20%

28 31 34 37 40 43 46 49 52 55 58 61 64

QE-channel partially goes to Low-excitation fission

Pantal cross saction [mb]

238U(20.7 MeV/u) + 2C

£ =

e =
Angular mamentum (hkar]

Preliminary!!!
Be-target C-target
14 14
® Y-Be o
- . : . ¢ ~FA
= f:L = Three main channels with earlier * ¢ 44 L
10 en discussed parameters were used in fitting 10 el
. " . —-LE-R
8 FF * Reaction positions and widths were used 8 —sum
78% FF —Sum the same in both case during fitting
6 process except FF positions (48 and 49) 6 60% DIC
(1]
4 = From fitting results it follows, that Fusion- 4
fission dominates in the case of Be-target,
2 and sequential fission in the case of C- 2
. target 0
30 35 40 45 50 55 60 . . . 30 40 45 50 55 60
. = New LISE** partial cross section analysis 7
fairly describes experimental results
10 = Significant  distinction in  elemental 10
distributions of fragments produced with
two different light target is explained by
larger DIC component with C-target due to
fission barrier vanishing ) 30% FF

3% DIC

= Fusion-Fission mechanism is responsible
in both cases for High-Z isotope
production (Z>60)
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Experimental study of: barrier distrbutions o NI NI EERTEEIRE

http://aip2014.org.au/cms/uploads/presentation/elizabeth _williams.pdf

The ANU CUBE detector

MWPCA1

fission
fragment 1

beam target I

VZ, lab VZ, c.m.

fission
fragment 2

Dr. Elizabeth Williams

Department of Nuclear Physics

The Australian National University, Canberra, ACT, Australia

AIP Congress, Canberra, ACT

9 December 2014

LISE**
600
)""_--‘— _‘-‘_"'--o.__.
500

J 7
o ¥ 32
£ 400 Z
< =
b @
= =
T 300 =
g -
b ]
S 200 E
—=— Fusion- :
100 Residues %
—o—FF+QF+FA -z

0

115 120 125

130 135 140

Energyqy,, MeV
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180 1200

TKE [MeV]
8

0 N IR IR B

0.25 05 0.75
Mass ratio

Deep inelastic + Fusion-fission

- Fusion-fission onsetat E_ | ~ 125 MeV

E.W.'s presentation @ AIP

0.05¢

0.04

0.0
0.01F

0.03F

0.

.llllllllllllllllllllllll

Trvv[rfrr[rrrr[ryrr[rrry

Preliminary!

EEETE PEETE FEEEE FEEEE e

115 1200 125 130 135 140

Ecm[MeV]
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Using LISE** In the SHE region : fission barriers ey

Cohen barrier information —Formodek #012————
Element Z
>0 I— I— Barrier vanishes at = I 52 hbar Factar ta multiply
== Fl 4 = = . ke fission barrier
IW & [N = . . defeult value 1)
h., Fission Barier Plat - f (A.Z.N} | ¥ Use LISE shell comections faPsQM
W Use odd-even conections for LDM

Fission Barrier | Fission Barier Energy OddE: Del; 1t
Use in the code atL=0 atLx :W}a’tﬂ [Mel) ven e peaneE default N
for Prak ] 90 ey
0Bt > invalidfor this stopelts 2) [ = I o o °
for Neutrors 25 25 MeyV ; B :
@ 1. 'FisRol"- G Cohen et ol AnP B21374) [ 438 12z = Barrier factor to describe expenmental
2 LDM - pers /. SwiateckiNPET(1968) 17 "~ For modeks #3.4 data or sophisticated Ca|Cu|ati0nS
€ 3-FILE: & Mamdouh et al NPAETI(2001 337 72 (f: in if FILE data are absent then use LDM model
out
™ 4 -FILE: Experimental barriers I s @ max [in,out) |1 - "FisRol" - 5.Cohen et al4n.P 821974) ;I

£ 6. FILE: P Moller et al_LANL-UR-03-4130 [ 55

l(" E - FILE: P.Moller et al.. PRCI1(2015)024310 I 9.98 I 1 Fission Barier Plot: (L}
2 rast Line

WI Xéqcel | 2 Hep | [~ Make default
\

43Ca + 2Mpy calculated with LISE™
1.E-07 i ! P
_ _ _ 2 1e0s e
It looks like a very high value (with AME2012 use) E i ! —— 28]
There is possibility to load user mass excess table S 1E0s o
=z ——290FI
@
9 E10
ission barrier a
ler etal., PRC91(2015)024310> 8
124 | (Ei 1.E-11 E
2 i
120 T LE12 ;
=) i
=] |
118} e i i
& 1.E-13 : '
12 : i
s 1E-14 i :
g 18 4.5 4.7 4.9 5.1 153 5.5 5.7 5.9
* 104} dashedvertical linescomespond to Beam energy {MEV/U}
beam energies beforeand after 2.5mg
100
96
92

Neutrons (N)
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Progress in Beam lon Optics

» Large progress in ion-beam optics with the introduction of elemental blocks that enable a new type
of configuration, labeled “extended (or elemental)” in addition to the classic “sector” configuration.

» Optical matrices can now be calculated within LISE** (up to second order), directly input by the
user, or linked to COSY maps (up to fifth order).

> This enables a detailed analysis of the transmission, useful for fragment separator design, and is a
powerful tool to calculate angular acceptances, and display ion-beam optics characteristics.

04/02/15 ---

00

% Quadrupole & sextupole fields superposition

00

% Effective multipole length

* Magnetic field vs. current calibration B(l)
* In-house second order matrix calculation
¢ Import of TRANSPORT files

s Optimization of quad fields (in progress)

OT @ SHE2015.TAMU.USA 18



&

! Classical (amost 4 sectors)

after "FP_slits™: X [mm)]

0 B ] 12 16 0
lter "FP_shts™: L [m)

4

32

201 Extended (66 elements)

after "Image4(104)": X [mm]

-250

0 4 8 12 16 20
after clmaged(104)™: L [m]
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24

28

32

MICHIGAN STATE

Extended (elemental) vs classic (sector) configurations  |°x=ee

i
- ol .
] " ot 4

Classical (segmented) configuration:
dispersive block contains quads, drifts, dipole and
other optical components

= Fast transmission calculations

= Optical matrices can be input by user or linked to
COSY maps

» Simple and compact description of optical system

= Effective with analytical calculations for experiment
planning

Extended (elemental) configuration:

like in the TRANSPORT code all elements are
separated, and their matrices can be calculated
by the LISE** code including 2" order

= Allows detailed analysis of transmission

= Optical matrices can be input by user, linked to
COSY maps or calculated in the LISE** code,
and used in segmented configurations

= Tools to obtain angular acceptances,
= Tools for displaying ion-beam opt

» Very useful with Monte Carlo calculations

including fragment separator design
19
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@ New Extended configurations in low-energy domain RARZLEILL

- M
—r R

BT AR oo

1wy,
\\\X“\,‘ "MARS" (TAMU)

NSCL
Available in the LISE** package

i

i

"PRISMA" (LNL)

. \,\\‘J(\Nr\l-l-l—l--l||-IL--HI+,-——II
ﬁi%/ 7
\ T “LISE” (GANIL)*

* developed by GANIL team

"MSP144+Q2"
(FLNR/JINR)
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SHELS separator: @' Dulna ERD

ASSA (SHELS)
Simulation of ion trajectories

Q1 02 @3
A0 o

e s

Q4 05 Q6

@

“SHELS” separator
http://www-win.gsi.de/tascal4/program 81
/contributions TASCA14/TASCA14 contribution Popeko.pdf

0 1 2 3 4 5 6 % 8 9 10 1 12

18

Based on experimental settings 1
of °0Ti(4.7 MeV/u) + 208phS |' (0 B N e
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“SHELS” : 1** order matrix elements e

”-r

First order matrix elements
50Ti (4.7 MeV/u) + PbS (0.41 mg/cm?): Settings on 258Rf£20+ 20+: Config: DSSSSSSSSSESDSSSDSESSSSSSS. ..

’

dp/p=67.77% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489

all charge states separ

i _ _ _ _ _ ; - 28 _ _ _ _ _ — - - _ _ _ _ __sum -ljlreact\-:uj
24 [RIR S LT — e RID e
20} 2| 2|
v
16
4 0
12 f/ g =
J £ g
E —1
8 = E
g 7 £ E 2
4 // 5 a
3 o
Cain [~ i
o T T v .
L [l
o p
4}
6|
8l
12 8 . .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Length [m] Length [m] Length [m]
7[AR D AIR e AiD R
5t L] 3
J P F a5 Em 3
3w |
Jf || II 1l
= 1! N 2|
E M | 3
= 11 = Al
3 < £
E f < E
-~ =)
% < 3t
5 0
Tt
5l
al -
A1) 7
0 2 4 6 8 10 12 2% 2 4 6 8 10 12 0 2 4 6 8 10 12
«gngth [m] Length [m] Length [m]
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“SHELS” : spatial distributions (@) slits'4 R

256Rf charge states

Isotope Group : Monte Carlo Yield Plot Isotope Group : Monte Carlo Yield Plot
50Ti (4.7 MeV/u) + PbS (0.41 mg/cm2): Transmitted Fragment 256Rf20+.20+ (FusRes); Optics Order: SO0Ti (4.7 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment 256Rf20+ 20+ (FusRes); Optics Order:
dp/p=67.77% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489 dp/p=67.77% ; Brho(Tm): 0.7489, 0.7489,0.7489, 0.7489
AngAccept: Off, Bounds: ON; "slits 4" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSE AngAccept Off, Bounds: ON; "slits 4" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSE
90
89
88 T i
87
86
T T
N N5
x o &
) )
x x
? oo,
g & ]
£ £
@ ©
80 81 .
""Hcs..f; = A,
78 79
76
7
-70 -50 -30 -10 10 30 50 70 37 39 41 43 45 47 49
after "slits 4": X [mm] after "slits 4": TKE [MeV]
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@% “SHELS” separator: envelopes of fragment offimicrest

NSCL

X [mm]

256Rf20+

transmission
(without charge state coefficient)

86.6%

Y [mm]

12

10

6 8

after "slits 4": L [m]

-120
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&
1 gm Target
Stripper

tuning
DTSl
slits 1
Ds1qQ1
Quad1

dgigk
Quad 2
dgigk
Quad 3
dg3cl
cl
dcldl
| b2221 |

ddlsv
slits SV
dswd2
D22 2
dd2c?
c2
dc2gd
Quad 4

dgigk
Quad 5
daigk
Quada
dgbd3
D&

drift
clits 3
drift
slits 4
drift
Material 1
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Yield (pps/mm)

1e+13
1e+12
1e+11
1e+10
1e+9
1e+8
1e+7
1e+6

1e+5 ¢
le+4 f
1e+3

1e+2
Te+1
1e+0
1e-1
1e-2
1e-3
1e-4
1e-5

1e-6
fe-7L

“SHELS” Beam suppression : atter D221

MICHIGAN STATE

UNIYERSITY

D22 1: Beam & SetFragment Charge States
50Ti (4.7 Meru) + PbS (0.41 mglem?); Settings on 256Rf20+.20+: Config: DSSSSSSSSSESDA
dp/p=100.00% : Brho(Tm): 0.7489, 0.7489

all charge states separ.
<

_...m....m.....m..,..m.....,....m.nm“....m....m
= T
<~

By ﬁh‘?}'ﬁ{’ﬁlﬁfﬁ]"ﬁ”%ﬁ@? 48 0%

“i[beam] 'MM@T .‘=' 20 20+ 208900 0%

l+ It 2 2+ 100.0%

4 ?6: 22+ 22+ 2+100 0%

-650 -550 -450 -350

X (mm)

-250 -150
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LISE** future : Porting IO

M.Kuchera presentation at the CHEP 2015 conference

The LISE** program will be transported to a modern Qt graphics framework. Benefits include
providing a 64-bit application, cross-platform compatibility, and the ability to take advantage
of computational advances.

Future plans include improved numerical optimization methods in areas such as ion optics.
Lastly, integration with control systems are planned.

Software
Development

04/02/15 --- OT @ SHE2015.TAMU.USA 26
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LISE*" future development

Nearest

= Radioactivity residues utility

- residues in detector
- harvesting
- production in slits, detectors

we already have

- half-life and decay database,

- shell (graphics),

- secondary beams in detector,

- reaction mechanism for
production in slits and so on

Finish export/import <« TRANSPORT
Quad field values minimization

Gas-filled optical blocks in MC
mode(?7?7?)
(optical blocks including dispersive, and step by

step spatial analysis in the material passing
procedure already exist in the code)

04/02/15 --- OT @ SHE2015.TAMU.USA

Nuclear Physics models development

during the porting process

Physics

Reactions, Models
(development)

Abrasion-Fission:
new model

Monte Carlo versions of
Evaporation Cascade,
Abrasion-Ablation,
Abrasion-Fission

ADA : Abrasion-
Dissipation- Ablation
model

Fusion with

thick targets

Reactions, Models
(implementation)

Non-equilibrium
Charge state model
(as ETACHA)

Implementation
of PACE4
dynamical library

INC
(intra-nuclear cascade)

Gemini+ code
implementation

27
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