© . MICHIGAN STATE
@ SHELS: #°Ca(z21 MeV) + BiO5(0:404 malcm?) = 22210 A

NSCL

LISE** Version 9.10.256
from 01/06/2016

Use the latest version!

« Important updates and modifications recently done

* Reaction mechanism settings

« Beam & Target settings

« Separator settings (geometry, angular acceptance, charge states)

* Optics Optimization
« Matrix & Beam sigma envelopes

* Monte Carlo transmission simulation
* Residue transmission analysis

« Primary beam scattering
* Primary beam charge state transmission
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@ |mportant modifications and tpcate rECENGYGoNe AR 1

L S Iy

NSCL

LISE** code :

« Correction in angular straggling subroutines for low energy use

« Implementation of the Multi-layers method in MC mode for qualitative estimation of
angular straggling and Coulomb scattering

* Modification and correction in the Optics optimizer utility
« Utility “Angular Straggling & Rutherford scattering probabilities”
» Possibility to simulate primary beam scattering

SHELS configuration file :

» Using stripping foil after a target
* Modification of initial emittance (shapes and values)
* Using fixed effective lengths

* Moadification of configuration geometry based on the Word file from Autumn 2015
(length, slits and so on)

« Setting reaction mechanism parameters to obtain 300nb 2n-residue cross section
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Reaction mechanism settings

48 i
Ca(221 Mev) + BI The “Barfit’ model was used with BarFac=3.4.

o S—— That gives the fission barrier for 25’Er equal to 5.7 MeV @ L=0,
- — - - , . . .
— = Then P.Moller's data give a little bit more (5.9 MeV)
& Element 2 Caohen barier information For models #0.1.2
Barrier vanishes at = E4 hbar factor to multiply
257 I Lr I 103 m zZ = Barfac = IT the fission barrier . -
[ Fohadesy <@ N = [default value 1) Partial cross sections
{n. Fssion Bamer Pt :1 (AZ1N) | ¥ Use LISE shell conections for LOM 46Ca(4.6 MeV/u) + 2098 -> 257Lr* (Ecy=179.6 MeV);  [with Py, PenetrationQM]
[¥ Use odd-even conections for LDM Cross Sections[mb] : Intr=1.71e+02; Comp=4.71e-02; QF:?.SOE—OZ; QE=1.71e+02;
: = B T || GG Lerit=170; L ma®#=29.7; L mad!SE=42.2; Lp fis=0=64; Vertical lines correspond to Lerit & Lmac
135100 Barmer - Energy Odd-Even Dela parameters —— mteraction
ll Slelultielcod= at L=0 stle=] 10 | atlu(Me] default Gores
for Prots ] 9.0 MeV
| L0 Bt vvalid forthis itopef# 2] [ 4E7 [ I o Protons | ° tes2|
for Meutrons I 25 25 Mel
M | 1-"FisRot” - 5.Cohen et al AnP 82(15374) 57 [ 558 S
| |7 2- LDM - i Myers W Swiatecki NPS1 [1365) 58 e T — E testl
| - = e T T
3 FILE: & Mamdouh et al MPAGTI(20011337 5.8 ; in it FILE data are absent then use LDM model # = e
out = [
4 -FILE: Experimental barriers = ) menla [1-"FisRot" - 5 Cohen ot al_anP 82(1972] =] g roso -
o e+lE
" 5-FILE: P-Maller et al. LAML-UR-08-4190 5.9 J @
— — o
2
i " &-FILE: P.-Maller &t &l FRCS1(2015)024310 I 59 1 Fision Barier Plot: f(L) s
2 Yrast Line L. le-1
I Make defaul &
v Ok | xCancell 7 Hebp | ke detau a
le-2p/ E
r
Fusion -> Residues
- , 0 10 20 30 40 &N
- : ) ) T Angular momentum [hbar]
{153 Evaporation settings | [~ 4[4 6 MeV/u] + 20981 - 257Lr [En=24 SMeV] &% Fission bamer | o o
—— - o
Fusion propertie _ _ Probabilities as f (L)
— Transmizsion probability for a one-dimensional potential barrier— Muclear potential — Calculation 48Ca(4.6 MeV/u) + 209Bj > 257 * (Eqy=179.6 MeV); h_omega=4.0
Classical ¢ Quantummecharical ﬂ " Bass formalism LEE=g)= 2 | Lert=170; Lmafo’ﬁt2.9_7; L maxHSE=42.2; Nuclear potential: \WWoodSaxon
- — t L — Leitical = [ 170 /] Vertical lines correspond to L critical & L maximum
T e pi——— (B S oo Tt stop BT
the barrier [default value 3 Mev) __— L direct [@ CpCt 547 1 T(L) - penefration T hst chance Fission
RO=[ 112 m Rt 1e+0 cakup
el max [gra. =
— Probabilty for compound nucleus formation P_CN}——— a=| 075 fm ’ N
L ma Rirtl = [ 422 5
v Take into account lh{e Pr}obabiltp far compound Fusian ] 08
v nucleus formation P_{CM} accaording to - J
Vi Zagrebaev & W Greiner, PRC7S, 034610 (2008) Laffuseness /ShowDetais 05 | P
—— m‘/ o 2 2
— Fission barrier vanishing tl Partial Cross SecMns | l'l. Barmier properties as f(L) | E 06 E
¥ Take into account the Fission barrier vanishing with g g 1e-1F 1
. . Potertials Vi =f{F | B W
0 "Barfit" - A Sierk, PRC2A(1986)2029 h s Vi=fF) | {1 Bess Fuson S [
e . 2 &
@ 1-"FisRot" - 5.Cohen et al AnP 82(1974 hT.PCN.dEx—chan afl) Eﬂzn:eama\.r:rm.u&d\.rdﬂ | 004 5
- Partner site 2
ake default
r o (General reaction characteristics | m Fusion | 0.2
I 1e-2 F E
\/ OK | X Cancel | ? Hep | 0 Fusion information window | Evaporation LLL,*
0 5
0 10 20 30 40 50 60 0 10 20 30 40 50 60
2016 11:37:16
Ces 160 DuonasheLANgular Momentum, hba Angular Momentum, hbai
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Reaction mechanism : excitation fCncton

Cross %ectlrm (Fusion-Residual) Mt F_{CN]
4Ca +209Bj > 257 r* (Q =-155.09) Model: LisFus v.4.0 Fis.Bar.Mev=57( FisRat" - RLDM(Cohen)
Veouomb = 176.64 MeV; fusionlheightBassy,: By = 178.54 MeV; h_omega = 4.00 MeV
Beam energy: E 4 =4.61 I‘quVIu NPep=64; Vertlines: B & Epean(1/2 target)

F | — Capture - Fus QuantMechan
e+ F . . —— Compound formation
d — 2551,
Te+d | I | = -
1e+2 [ . : ]
e | ! %//'/‘7' -
1e+0 E I y
a F 1 Fusion information window - %
— S E
- 1e-2 g . . I 48Ca4 6 Meb ] + BiO2 -» 25710~ -» 280
0 S ]
'1(-_’ 1e-3 E I E I Q-value of reaction = -155.090  MeV
9 a4 i ] Fusion max.barier = 178.54 ted/ I
n g 1 Fusion radiuz = 12,45 frii
g le-SE ' E
2 1e-6 F | ] — Depending on a place of reaction in the target
%) ? : ' beginning  middle end
1e-7 E |
le-8 I : Beamenergy (Lab) Mev] 2210 2192 2173
1e-0 k . Certer of mass energy [MeV] 17964 17813 17663
1e-10 F | | F Excitation energy [MeY] 2455 23.04 21.54
i g . . Compound recall energy [Mev] — 41.4 1.0 a0.7
Te-11 F | | E Capture cross section [mb] 326 74 0852
42 44 ' I 46" 4.8 5 R Compound Sury Prob. [L=01 513201  428e01 34501
16 141351 .
v+ 16 DubnalSHELSEf 48Ca Bi v5 lool | Bedm energy, MeV/u Cormpound formation CS [mb] 167 317 0.234
Compound- 1stFizsion C5 [mb] 129 247 0232
Compound-Breakup CS [mb] a 0 a
— for zetting residue after the stripper
Energy diapazon [Me/u) 0135 -- 0153
Corresponding ion charge state 1862 -- 19.67
il. Plot the excitation function I

=]
F‘_I Fusion-Residue calculator

v’Qu'rtl

(| Al fusion characteristics are
calculated with BASS -madel
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Beam, Target, and StripperSettings

MICHIG
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Thickness defect |

Absorbed Dose

o]

Cut (Slits)

i r W & 003 mgiemz || [ 0038 malom2
Compound dictionary | atTin the
7 l 0.00371 I 14
7get box (K] ™ | Thickness defect I
comp® - uge this material for fugion compound and to calculate Atoms / cm? |_3 [3e+18 I 14
crozs-gections in the case of Fission reactions and A4 LE = n fit 4 o
oms quantl cm,
Compound dictionary | 1q?59+1y8 ¢ oK | x Cancel

OT, 01/06/16, East Lansing
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— Thickness at 0 degrees——
| 015486726 micron

Beam A& Element g+ —Beam energy —Emittance [#1]
—_— l_ l_ T Beamn CARD 1D - shape 2D - sh -
La a2 = o 4803722 Meviu ? [sigri:,msemi-axis, [Distribution mZD[;e [Mont; gap;TU Eor"r\?tlﬁted
] TKE o1 My half-width...] method) method) bearn respect to spectrometer
z Bhe [ 07413% Tm mn [ 8 [Elipse unifom (o) | M [Elpseunifom  w ||y ~] a2 [0 mm
I Stable =1 ~ 44423 Gevic mradl 1 IGaussian ;I r dT I o mrad
- U - 1050 KY mn [ 5 [Elipseunfom(proi) x| M [Elipseunifom =[x <] av [ o mm
/" Muckdes Beam infensiy mad |1 Gaussian ~ dF I 0 rmrad
< Jz = mm I 0 IGaussian LI r dT I 0 dearees
s > C[ o0 ens
& Tl - b4 I 01 IGaussian LI r dP I 1} degrees
BT —
XK Cancel O o0z kW Energy Loss in the | 01.004403 ey A HHz Beam Sigma Wector [#2] uzsed for
target box (K] Bunch length I‘I— N3 Optics Optimization ['Opt.Beam']
209 Bi 0.35 mg/cm?2
T t 1.01E+18 atoms
16 O 2.69E-02 mg/cm2
1.01E+18 atoms
BiO2 4,04E-01 mgfem2 Strll )l )er
Densiy| 8217 e — State—— |- Dimension —Angle
& Solid & madom? & micron Calculate |
-
 Gas  g/om2 & mm I 0 degrees Stripper
camp® 2 Element Masz  Stoich
& IEIT BT I T |1— ~ Thickness at 0 degrees I C Densit}ll 226 glem3 | State — Dimenszion - Angle
W I_l_ l— l_ FI (1.35802703  micran 0.95802703  micron = Usle |r|1 1J-state ] * Sold % mg/em?2 & micran Calculate |
v, 8 |0 PT I 15.939 2 calculations
0404  mgiemz |[)) ] 0404 mgiomz > T v " Gas " gfem2 & mm I 0 degress
r I I emer ass J
|7I 6 I C lll 12m Effective Thickness

| 015486726 micron
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Charge State Settings AR
[%¥] statistics \

¥
- al
_.r -l

255Lr equil charge distr-n after Stripper (C): Fragment energy = 0.1 He¥V.u
48Ca (4,61 MeVou) + BiO2 (0.4 mg- cml)
Calculations for 255Lr 19+ 194 19+ 194 19+ 194+ ; Haterial C
Charge Di=tribution Method i= 5
Flot 1
N | distribution | E-TMSan | E-Thax | v—Thax | dewviaticon | FWHHY | aresa | SumDf Counts| LeftPsigma|RightPsigna|
a1| 0-Winger +4 65822401 | +4 70002401 | 1.9622+01 | 2. 0152400 | 4.777e+00 | 1.0000s+02 | 1.000e+02 | 2.309e+00 | 1.74%=+00 |
kel Lmlso sl il | +1.5000=+01 | 2 .858=+01 | 1. 406e+00 | 3.315e+00 | 1.0000=+02 | 1.000e+02 | 1.338=+00 | 1.478=+00 |
03 2—Shima +1.9748=+018 | +2.0000e+01 | 1.843=+01 | 2.160=+00 | 5.115e+00 | 1.0000=+02 | 1.000e+02 | 2.350e+00 | 1.994e+00 |
i TG LUBRLTH T4 boooe | +4.7000e+01 | 1.962e+01 | 2.015=+00 | 4.777=+00 | 1.0000=+02 | 1.000e+02 | 2.30%=+00 | 1.749%=+00 |
nc 4_CTOBAT LT £1 EB13 | +1.5000=+01 | 2.958=+01 | 1.406=+00 | 3.315=+00 | 1.0000=+02 | 1.000=+02 | 1.338=+00 | 1.472=+00
[ E—Schiwvietz +1 . 8769=+01)| +1.9000e+01 | 1.738=+01 | 2.293e+00 | 5 .418=+00 | 1.0000=+02 | 1.000e+02 | 2. 465e+00 | 2. 136=+00 |
L] L] L]
255Lr equil.charge distr-n after Stripper (C)
48Ca (4.61 MeV/u) + BiO2 (0.4 mg/cm?)
Calculations for 235 19+ 19+ 19+ 19+ 19+ 19+ - Material C
Charge Distribution Method is 5
—— 2-Shima
le+2 | E
1e+1 E E
—
+ - -
=2 1e+0 ; E
e L 4
c [ ]
o) I 1
- 1L _
3] Te-1 E
[1v] o 3
Had [ ]
L [ ]
1e-2 3 9
i g=19+ has been selected as setting ion 1
1e-3F . P . .
: for tuning and optimization ;
1e-4 3 g

14-01-2016 13:4117 10 14 18 22 26 an
O, 0L . o Pl GHE| Caff 4RCa B fan] Charqge state (Q+)
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Separator: settings (geometry/; angulark acceptance) -
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Quadrupole_5 310mm BH.AVaMETP TRyObl B 380mm 7840
ANKMHE ApMA O=188mm 342 KT.GNHHE NHHI B
PacCTOAHUE 270mm BRYTP. AKameTp TRyGbi- 200Mmm 8049
Q5-06 Apmo-ApMo 1BBmm Spob.rpanmue Q506
Quadrupole_6 310mMm BH.avanmeTp TpyGbl B 380MM. 2470
ANKHE ApMA O=188mm SfberT.ANHHE AHHIE
P By e v | 2036w i 350 1016 « Effective quad lengths have been fixed
Q6-D8 ApmoQs-ApmoDE 18BMm 3¢.rpan.Q6 - sbd.rpan DB Th t ft D 8 h b t d
°
Dipole D8 - T s e o € geometry arter as peen correcie
Anvka Apma DB 2 = 44mm shdext.anmba DB
JrameTp oTB. BO daHLax
Kamephl MarkuTa DB -148mm
¥ron nopopota 7.39
D8-detector 1558mm Paccmonnue do demenmopa 1514mm= (1558-24) 12567
ApmoDB- netekTop ::e’:fumM:f::i:‘“m“” N sth.rpan. DB - peTekTop
yemanoareusblx demermopos
Aauna no xenesy Anuna no
12541 mm mpaekmopuu
12567 mm
255Lr : Monte Carlo Transmission Plot
4Ca (4,61 MeV/u) + BiO2 (0.4 mg/cm?).C (3.5e-2 mgicm?); Transmitted Fragment 255Lr19+..19* (FusRes); Optic
dplp=89.99% : Brho(Tm): 0.7212,0.7212, 0.7212, 0.7212
. AngAccept: Off, Bounds: ON; "drift final" - last block for MC calc; Gate 1: "AND" (X [mm]), Config: DSSSSSSSSSESD!
The Angular acceptance (used in the
. . . . 80
Distribution mode) vertical component has o o
been modified based on MC transmission P
results after the optics optimization (will be :
discussed later). g
New parameters give significantly better £
agreement between MC and analytical ]
results s
F — 50
HTTE . I 2 |5 20 2 C3 760 )
after "Stripper”: X'(Theta) [mrad]
~ANGULAR ACCEPTAMCE ——— 1e43 |
~ Shape 5
2|
2
" Ellipze
le+2
mrad <-» deg | 5
Horizontal + I a2 mrad 2
Werical + I E0 rirad 1ot
Solid anglel 2207 msr ;
Previous values were 93 & 46 2
100 -80 -60 -40 -20 0 20 40 60 80
R ftor “Stripper”: Y'(Phi : wind jecti
OT, 01/06/16, East Lansing e afer"Stipper: Y'(Phi) [mrad]: window projection 7
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Optics optimization & mainiproK

HEHY AHTTH-

The beam emittance used for optimization
was significantly increased

constraints RESULTS

= [% cAprogram files (x86)\lis Hﬂseﬁ_m_nivﬁﬁt_init—‘
i ﬁt_ chiZ: Initial  3.7G8756 LISE fit reduced values
L] chil: Initial 9.94536 LISE fit reduced values
Blocks with parameters to wary Active Constraint blocks I Farameters Lef tEound Tnitial RightBound |
= —q: Quad 1 -1.0e+99 < +4 51%e+00 < +1.0e+99
ﬂm-q POS!I!OH@UU?: GQuad 1 HOT @009 sR<20 [2ash #02—3: fuad 2 —1.0e+99 ¢ —4 443=400 ¢  +1.0=+99 I
#02-q Position@010: Quad 2 HO2 @012 sR <80 (3a sR #03-g: Ouad 3 -1.02+99 < +1.912e+00 < +1.0e+99 |
#03-q Position=013 Quad 3 B3 @019 s¥< 200 svss #04—g: Quad 4 -3.0e+00 < +7.515e-01 < +3.0e+00 |
#04-g Position@030: Quad 4 H#O4 @020 R34=0 v #05-g: Quad & -1.0e+01 < -2.510e+00 < +0.0=+00 |
#05- Position@033  Quad 5 H05 @022 R22=0 =TT #06-q: Quad & +0.02400 ¢ +1.407e400 < +1.0e+01 |
#06-q Position@036: Quad B HOE @028 sk<85 C2 5%
HO? @032 :R«<8h (5a zR 7 (
HOB @035 sR<8h [JEa sR ’Cunstraint walues: Initial Y—value Frecision (Init-Des)-F| Desired
H09 @047 Ri1E=0 Fin wdizperse 01: Q2a =R +8.048=+01 +8.048=+01 1. 0e+00 +4.823=-01 <
#10 @048 FR12=0  Finsf © 03a =R +8.3562+01 | +8.356e+01 1.0e+00  +3.558e+00 < 80
11 gma_ R3-0  Finsioous Csv =X +6.099+01 | +2.000=+02 1.0e400 0 < 200
§ N :o=sv Yioo +1.390=—-01 +1.390e-01 1.0e-01 +1.390=+00 =10
12 @052 sX<35  Finsx Cav TT ~1 £99e-02 -1 £99e-02 1.0e-02  +1 699e+00 =0
#13 @053 s¥<35  FinsY .02 sX +6.552e+01 +8.500e+01 1. De+00 i < 85
: QEa =R +8.484=+01 +8.500=+01 1. 0e+00 +8.519=-04 < 85
: QBa =R +8.406e+01 +8.500e+01 1.0e+00 +3.912e-04 < B85
: Fin mdisperse +6.931=e-01 +6.931e-01 5. 0e-01 +1.386e+00 =10
: Fin =zfocus +3.08%=—01 +3.089=-01 5. 0e-01 +6.178=-01 =10
: Fin yfocus +2.116e—01 +2.116e-01 1.0e+00 +2.116e-01 =0
Fin = +3.506e+01 +3.506e+01 1. 0e-01 +5.98%=-01 < 35
. : Fin =Y +3.027=+0 +3.500e+01 1.0e-01 +8.817=-05 \ < 35 J
M iter = 1000 I
Fiestore g Dptics Settings §% Pt Settings | I
{z FIT previuns ffast editting) (== "Fin =Y¥" last fitting block global optical matriz and sigma vector
values Eé Browse outpt file Hl
Format [mm—mrad]
o ” ) ===================== G L 0 B A L ==== mnatrix =================== | Bean(signa) |
Shaow initial conditions h Matrix Plot —6.239e+00 +3.089e-01 i] 1] +6.931=-01 | 3 Sle+01 |
" +4.35%=-01 -1.81%=-01 1] 1] 1] +1.981e+00 I 1.51e+01
Exdt | H B g 1 0 1] +5.672=+00 +2. 116e-01 O 1] 3.03e+01
| Beam Sigma Edit [H2] I 1‘:&, Beam Sama Plot [2] | 0 0 +1.9282+00 +2 482e-01 O i | 1 57e+01 |
+1.267e+00 -7.3B2e-02 1] 1] 1.0 +1.636e+00 | 1.23e+01
0 1] 1] 1] 1] +1.000e+00 | 6. 00e+00

| SHELSeff_48Ca_Bi vE.fit




 Beam vector used for Optical Optin

"Opt Beam"

1.x IT i
[ 2T [ 50 mead
3y [ 5 mm
4P [ 50 eead
oL 0 L]
60 [ 6 %

Due to large Y-angular emittance

Optics optimization

Due to large Y-spatial emittance

t
1

MICHIGAN STATE
UNIVERSITY

Ly

Due to large
X-spatial emittance

Due to large

e
X-angular emittance

1
)
1
1
1
’ 1 !
’ N I
1
1
! )
1 7’
)
1
I
1
1
1

Beamy Slolnas [#2] -
$eﬂ|ngs on 2550 r18+.18+

1
1
1
1
1
1
l
dp/p=89.99% : Brho('l';"n)zlf??‘l? 07212707212, 0.7212 7
4
7/

7
e
“Config: D SSSS’SFSSFS SESDSFFFFSSDSEFR

G

-
< 7

43Ca (4461 MeV/u) + Bi02 (0,4 mg/cm2),C (3.5e-2 mg/cm2),
1
" Optimization Beam Slgmas as & used [#2]
- 7 l -
spatial : | : iy A 46 |angular /] g
I, 1 — L < ! Pid <
’ I s I~ S
,’ 1 e 4 /
100 | ‘ I e 147! 150 |- e
’ 1 . - ! ,
’ 1 154 - I ’
4 1 . -7 ! 7
¥ I 2 " I 130 ~
1 ,/ /’ ! ,/
80 |- ) oo i
|| v _ I ,
= A 1 = 110 |
E " s .,
7
S ' E
>~ 60| ) A o0l
- P
>< ;-
.. V3 L
s { =
= M > 7Of
j=1 1 =
w 40| 1 <<
! 50 |-
\4
30 |-
10 |-
2 (5] 8 10 12 0 2 (5] 8 10 12
Length [m]
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Optics optimization : Beamispatial Sigmeapiots RN

”-r

“Opt Beam™ "Opt Beam” "Opt Beam"
1% 5 e [1.>< 1 mm ] 1.5 5 i
2T 50 mead 27 [ 50 wad 1 [ 10 mad
a 5 e [S.Y 1 mm ] av | 8 i
4.P I mead 4P B0 rorad [4_ P 10 mlad]
AL 0 e AL 1] rnm B L 0 T
E.D & % E.D E % E D 3 %
spatisl - ' ' ' ' =7 spatial ' ' ' S —x spatial — !
—. J4p0}" —v | 120 —Y
— — L
100
100 F 100
80 - .
g 80 . 80 B
-l
> 60f
X 60| 60 |
8
"
[=1
@ 4l
40}
ar 20
0 2 4 6 e 0w o 2 4 6 8 10 12
Length [m] . 13:53:00
16 Dubna\SHELSer 45ca Bive dbength [m] Length [m]

OT, 01/06/16, East Lansing 10
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L 1S I
|8 vy g 2-; RIA —p g o5} D V0 gos
4.
2 : R
L | ; £
E ;
4} - E
-6} <
o -
Bt
10k 16 5.5]
0 2 4 6 g = 0 2 4 6 g 0 2 4 6 g
Length [m] Length [m] Length [m]
AR o g AR — o 25/AID —pD ot
_ 4} " 3
E -
T j \ ﬂf 3
S ol 5
£ 1 g £
QE 2} -L -.D..
< <
4}
-BI
2 -3.5k
0 2 4 6 8 wnoon 0 2 4 6 g 0 2 4 6 8 mneoan
Lengthy[m] Length [m] Length [m]
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Optics optimization s constraunts

. 1 S EP

“Opt Bear” Spatial i ' - = ’/ constraints
L% liﬁ oo ol /
2T 1] mrad
3y 5 i 4/
4P 50 mead 80 |- ]
5. L 0 men E
6.D I A |
constraints
constraints ’ ’ T Lengnrm N ’
A o | RIS P T REAEN N N N DR 0w -
; —>PP glob ) — - Y/P glob 04} —-YID glo
¥ 16
ol ﬁ\{
f | T h
z 0.8 :
1 £ -
51.: E 0.4
< S
; E 0
g 04 o
A ¥ -08
-1.2
2 5.5}
0 2 4 6 8 in 19 -1.6 0 9 4 6 8 in 47 0 ) 4 6 8 ) 1n

Length [m] Length [m] Length [m]
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Monte CarloMianSmMISSIOnN AN

255]_r19+ transmission: 58.3%

Transmitted Fragment 235Lr19+.19+ (FusRes)

160 AngAccept: Off;  Bounds: ON; ]

Transmitted Fragment 255Lri3=.19+ (FusRes);
AngAccept: Off, Bounds: ON,

X [mm]
X [mm]

-120

6
Length [m]

-160

2005 2 4 6 8 10 12

) ) Length[m] B
Horizontal projection to observe intensity loss

1200

1000

800

600

400

200

0 2 4 6 8 10 12
e Length [m]: window projection

_Dubna\SHELSeff_48Ca_Bi v5.Ipp)

OT, 01/06/16, East Lansing 15
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Monte Carlo firansmission

255]_r19+ transmission: 58.3%

Transmitted Fragment 235Lr19+.19+ (FusRes);
AngAccept: Off; Bounds: ON;
160 ]

120 Transmitted Fragment 2551r19-.19+ (FusRes)
AngAccept: Off, Bounds: ON;

80

40

Y [mm]

Y [mm]
o

-40

-120

6 10 2 -120
Length [m]

-160 ]

0 2 4 [ 8 10 12
Length [m]

-200

o] | Horizontal projection to observe intensity loss

1000

Y 800

600

400

200

0 2 4 6 8 10 12

Iilr,.smssmﬁg:s’g‘ V5.Ipp) Length [m]: window projection 4
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Monte Carlo Transmission Results for:
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Monte Carlo Transmission Results for:

MICHIGAN STATE
UNIVERSITY

aftér "Stripper": Brho [T*m]

0.45

055 065 075 08 Brho vs Angle

after stripper

N ..
255 r Al+ transmission 250.\
)
o
150} £
Monte Carlo: 51.4% 9
. o
Analytical : 44. 7% 501
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MICHIGAN STATE

UNIYERSITY

Monte Carlo Transmission Results for:

Isotope Group : Monte Carlo Yield Plot
48Ca (4.61 MeV/u) + BiO2 (0.4 mg/cm?2),C (3.5e-2 mg/cm?2); Transmitted Fragment 255Lr19+..19+ (FusRes); Optic
dp/p=89.99% ; Brho(Tm): 0.7212,0.7212,0.7212,0.7212
AngAccept: Off, Bounds: ON; "drift final" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDS

27 |

25 |

23 |

21 ¢

19

17 |

15 |

after "drift final": q (ion charge)

13 |

11 K

-100 -60 -20 20 60 100
after "drift final": X [mm)]

X vs ion charge @ Final point
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Transmission: = Analytical

255[_rAll+ transmission Analytical ; 44.7% 2551 r19+ transmission Analytical : 53.1%

[ statistics: 255Lr .\ - /

e —— =

255Lr Alpha and ta+ decay (Z=103, N=152) Lawrenciom 9098 / 1715 * 100%

and Cwverall isotope transmission¥ 44.653 / /

Q1 (tuning) 25 24 23 22 21 20 19 18 15 14
Q2 (C1l) 25 24 23 22 21 20 19 18 15 14
| Q3 (D22_1) 25 24 23 22 21 20 13 18 15 14
Q4(D22_2) 25 24 23 22 21 20 19 18 15 14
Q5(C2) 25 24 23 22 21 20 19 16 15 14
Q6 (D8) 25 24 23 22 21 20 19 16 15 14
Reaction FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes
Icon Prodmction Rate (pps) 6.1e-3 1.98=-2 4.92e-2 1.01e-1 1.67e-1 2.34e-1 1.1e-1 4.,77e-2 1.44e-2 2.71e-3
Total ion transmission (%) 0.22%9 0.745 1.847 3.776 6.264 8.783 9,088 4.14 1.788 0.541 0.102
Total: this reaction {pps) 1.1%e+40 1.1%e+0 1.1%e+0 1.1%e+0 1.1%e+0 1.1%e+0 1.1%e+0 1.159440 1.1%e+0 1.1%e+0 1.1%e+40 1.1%e+40
|| ¥-Section in target (mk) 1.41e-4 1.41e-4 1.41e-4 1.41e-4 1.41e-4 1.41e-4 1.41e-4 1.4)Ye-4 1.41e-4 1.41e-4 1.41e-4 1.41e-4
Target (%) 100 100 99.86 100 100 100 100 10 100 99.86 99.86 100
I Unreacted in material (%) 100 100 100 100 100 100 100 190 100 100 100 100
Unstopped in material (%) 100 100 959.86 100 100 100 100 99.86 99.86 100
Stripper (%) 0.874 2.31 5.05 9.12 13.58 16.77 10.09 5.82 2.76 1.09
Unreacted in material (%) 100 100 100 100 100 100 100 100 100 100
@ (Charge) ratio (%) 0.874 2.31 5.05 9,12 13.62 16.81 10.08 5.82 2.77 1.09
Unstopped in material (%) 100 99.77 100 100 99.77 99.77 100 100 99.77 100
tuning (%) 61.4 61.4 61.4 61.4 61.4 61.4 61.4 61.4 61.4 61.4
¥ angular transmission (%) 88.45 88.45 88.45 88.45 88.45 88.45 88.45 88.45 88.45 88.45
I ¥ angular transmission (%) 69.42 69.42 659.42 69.42 69.42 69.42 69.42 69.42 69.42 69.42
DTS1 (%) 100 100 100 100 100 100 100 100 100 100
I slits 1 (%) 99.75 99.75 99.75 99,75 99,75 99,75 99.75 99.75 99.75 99.75
¥ space transmission (%) 99.75 99.75 99.75 99.75 99,75 99,75 99,75 99,75 99,75 99.75
I ¥ space transmission (%) 100 100 100 100 100 100 100 100 100 100
Ds1Q1 (%) 100 100 100 100 100 100 100 100 100 100
| Qoad 1 (%) 100 100 100 100 100 100 100 100 100 100
|| d glz (%) 100 100 100 100 100 100 100 100 100 100
\ Qmad 2 (%) 100 100 100 100 100 100 100 100 100 100
d g23 (%) 100 100 100 100 100 100 100 100 100 100
Qmad 3 (%) 100 100 100 100 100 100 100 100 100 100
d g3el (%) 100 100 100 100 100 100 100 100 100 100
Cc1 (%) 100 100 100 100 100 100 100 100 100 100
|| d cldl (%) 100 100 100 100 100 100 100 100 100 100
D22 1 (%) 100 100 100 100 100 100 100 100 100 100
d disv (%) 100 100 100 100 100 100 100 100 100 100
slits SV (%) 97.08 97.04 96.96 96.8 96.54 96.49 96.68 96.41 96.07 95.48 94.84 93.57
¥ space transmission (%) 97.08 97.04 96.96 96.8 96.54 96.49 96.68 96.41 96.07 95.48 94 .84 93.57
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MICHIGAN STATE

BINo scanning R

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

Goodies

Colbratons The small Brho shift does not affect on 2°5Lr yield due to very large momentum

Transmission and rate 2

Optimum Torge acceptance of the separator and broad momentum distribution of residues

Optimum Target-Wedge and Wedge-Wedge configurations

( Brho scanning )

Optimum charge state combination

Monte Carle calculation of transmission 3

Calculators

Brho Scanning Plot
48Ca (4.61 MeV/u) + BiO2 (0.4 mg/cm2),C (3.5e-2 mg/cm?); Settings on 2%5Lr19+.19+: Clonfig: DSSSSSFSSFSSESDSFFFFSSDSEF
dp/p=89.99%
Optimum brho: 0.7184 Tm; Events: 0.23

—255Lr 19+ 19+ 19+ 19+ 19+ 19+
1.2 25| r All states & reactions

1
1
1
1
1
7

L < [ B S e

1]

08} E?

A E=
g g
2 06¢f -t
© c
" c
=

04} Q

0.2 _,.-""-.-.-—

%.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Brho (Tm)
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New utility::

Angular Straggling & Rutherfordiscattering propabilitesancompound

Utilities | 1D-Plot  2D-Plot  Databases  Help
LISE++ for Bxcel These P=f(angle) and E=f(angle) functions will
3 . 3 . .
e be used in the Monte Carlo mode for the primary
Radioactivity, d » .. .
e beam transmission calculations
( Reactions utilities 3 Reaction's Characteristics 4 4
" . e 7
T 5 ( Angular Straggling & Rutherford ;catte-rmg probablities in compound ) ’ I}
Differential Cross Sections; LAB <-> CM converter II 1
LESRUERIEYED Rl i’ Electremagnetic excitation plots / ”
LESRYE mp=RIkE prmanibeamiiaty i’ Create an initial file for nucleon pick-up (beta) /
Angular Straggling & Rutherford scattering probabilities in conipounc.!l
“Ca (4.61 MeV/u) + BiO2 (0.4 mg/em?)
Grazing & maximum kinematic angles (in degrees) @ middle of material [0] 2°°Bi: 156.9 & 180. 00,, [1] 'O : 7 8 & 19.48;
RMSstragging®*® : 0.32 deg; Contribution: Straggllng 99.3% & Rutherford scattering tail 0. 69%‘ IRatloi‘l 007
1e+1 [Prlogiog — e ’ : e e
o —— Angulsr Straggling in Compound / 1 Angular Straggling in Cempound
B ﬂ — Final total / I Final total
Te+0 | E
1e-1 % E
—_ F )
o 3 o
g 1e-2 % ] g
= s -
& 3 1 E R
= F o F
] [ © :F
2 1} { % .
2 E = [
o 5
1e5 ] 2
E le-2 |
1e6 . F
E s[
o7 4 I
E 2r
1e-2 1e-1 1e+0 Te+1 1e+? 0.2 0.6 1 1 14 1.8 22 7k
Angle [Lab-deg] 1 Angle [Lab-deg]
te+1 [FrTintog e 1 2 Energy aftér Scaftering ! e
—— Angular Streggling in Compound e 5 I
|—— Final total
1e+0 E £ 1
E /
Te-1 4 o 48 I
g 1
B S
B 1e-2 E : 12
= S
2 1e3 - s
2 2 38
S tes 3 s
£ E
15 i E 34
£
126 E 3
o
L
C
Te-T E w
26
- 5 15 25 35 45 55 65 75 28 0 10 20 30 40 50 60 70 80 an
._:..1;: SHELSeff_48Ca_Bi v8.Ipp Angle [Lab-deg] Angle [Lab-deg]



Primary beam scattering

Preferences

FTRTORT LR SR B O

[~ Starting fles and working disctori

Starting configuration at Inading the program |

A1900_2015.len

Starting options file at loading the program |

A1900_2015. lopt

[E]
Y, Browse

[~ Options dialogs

Target optimization options

Scheme optiohs |

Current user has es
administrative privilegies:

"Workmg directar

i User \ My Documents
@ LISE++ roat directary

LISE ++ working directary
(optians, config, i) is

{= Plot options

— Calculation setting:

Calculation threshold = I 1.0e10  pps

r— Diimension of distribution (NP

recommended

calculation WITHOUT
charge states &4 z &

calculation 'WITH
charge states

wedge caloulation |32 hd 18

32 hd 2

Calculate spectrometer settings using

© & mean

wvalue of the momentun distribution
leftpeak € € right peak

mawimal

[~ &pply the "Edge" effect in distribution cuts
& Yes [default]

¢~ Mo [It's recommended for extended
configurations]

Charge States Calculation

Mo & & Yes

i~ Cross Section

Fit © @ Fle €33 CS Fie Settings

i~ Transmission information in the Table of Nuclides

T ——

Debug & expert options
¥ Primary beam scattering in target (MC] ] I Shaw transmission calculstion time
Display 1 [Tolak: Alreaotions [pps) -~ T I™ Chaigs State Optimization Debugging Mode
Display 2 | Total ion tuansmission (%) =l ) Gt s ™ Distribution Debunging Mode [fil 'distib tt'
I™ Sound ™ Check LIZ-file consistency (Canfigurations)
| I Make default | I 30-Balls Animation I Check LIZ-file sonsistency (Options]
Contour ‘agng%né Contour
i [ Primary beam scattering in target [MCE & =
- . . Max 1419 W 10666
[ Primary beam scattering in target [(MC] |52 ||= [ 0 ¥ Cnmar ¥ Deam sCallernin L Ll gt 1Mk s
<Y 361372 . <Yr 523552
dX 0.0118178 - ax 0.0117362
ay 219152 - d¥ 558623
400 Y -3.386e-04 40 - XY 5224803
= ) - .
=] R -
; g ar
aw} & ] g ’ o
° 300 E - o
D . .-
< 3 SR
g c Lo
' g oo
- . - -z .
: ¢ |
200 & 1 oofd -
-] o
[ E
e o
& '..
s &
[}
100 1 100
. e RS I . 0
43 434 4.38 442 4.46 45 4.54 458 43 434 438 442 446 45 454 458

after "Stripper": Energy [MeV/u]

after "Stripper": Energy [MeV/u]




MICHIGAN
T

I A
Primary beam scattering -

I
'

1e+5 | E

Te+a | ]

v F' imary beam scattering in target [ E}

1e+2 | E
1e+1
1o J]]]]LlL'IL]LJJIﬂ]I]IJIJIL]UI]]]I]I]]]ﬁ]II E
4.3 Mdd“z 4.46 45 4.54 458
- after "Stripper”: Energy [MeV/u]: window projection
Energy
Horizontal
projection
‘ ‘ I ‘ ‘ I I Contour
Sum 1.35e+08
Max 10666
2 <> 45131
. .. <Y> 523552
Vertical - dX 00117362
s projection 0 . X et
— 4
g8 000 €
— -§ - -
— g [} -
=] = =) —_—
e ) £ )
I-|=; E‘ 'I't. . la
— E i .
8% mfd
5 g
5 -
25 o
= s
&
©
g 100
= Q
= [=))
c
<
= 9
. . = ’
B 3 3 g z 3 i< 43 43 4% 442 46 4 e Energy
. after "Stripper": Energy [MeV/u
OT, 01/06/16, East Lansing P oyl | 22



MICHIGAN STATE

Primary beam charge StateS transSmiSSIONISEttngs R

High Order Optics Calculation: i~ for the |sotope group case only - — __>
[ 7
P € teouch 3 crder High_estlhDrder ‘Wwhat izotope transmission to calculate? T
in this X ;
& oty 15t ader € throuch dth order configuration o iaTssgﬁigiLndependEnt " One fragment of interest. Chose manually here I-'
€ through 2nd order 7 throuch Bth arder [ [all cross sections squal) ¢~ Group of |sotopes aleady caloulated
by the Digtribution method [Meale=12) |
Straggling in material— Dietector resolution " " " - 1
" & Use energy and time resolution Mo reslution will be taken into sccount ¢ List of isatapes from file B 48ca_beam: 13 |
I ngular ¥ of detectors for TOF, Energy if the selectsd block is optical or wedge to produce inzide target
logs, and TKE wal I . ¥ i - B —
IV Enegy (b 6l aes » @l e s of B dkiesl ¢~ Inputions raps from fle —nofie - S~ List of isotopes from file to produce inside target u
| 5l Lateral = v Lge spatial resolution of after the selected black will be taken emitted from target = | S .
| detectors for ¥ and ¥ values inta account for TRE value
| |
I Angular Acceptance & Bound - Chose fragment of interest | View ﬁle’ Clear
™ Usefi ¥ Take into account thickness defect of materials 7
| ze fimed angular acceptances A i L 2 By 3 = lculated by the Distr.Method to fi
g ave isotopes calcu e Distr. od to file
= Uise: physical s [sperture] inside blocks [V Take into account losses dus to reactions in materials = ! = P L
ta calculate fragment transmission I Include charge state caloulations I 255 I Lr I 103 i !
For block apertures LISE ++ uses the it imits in the total traremission ™ - . i I 4BCa_heal'97|iStiSD
accessible from the Block Cut & Acceptance time consumed optiony o B (|
Il dislog. [Pay steention there for the checkbox " " EITEEH S | /
[ | - Assume the reaction takes place at the middle of target—— | i I Rows = IT [I J oK | x Cancel |
- only for the ENVELOFE mode 1 | = 1o fnaular distributions * these llf/nt l‘jj\sflnh;.mgns - -~ Charge state 1/
Showt trajectories of all fragments (including L €12 G L ) N I p l | (| T
[l ¥ unselected by fragment-separator] I for Mamentum distributions Erdlissionloactin, S ~ N 13+ tuning - St i I Hate . :
# arientation r~ Options for the "Input file of ion raps" mode ~ . . | The |SD[DDE.|ISI file 13INE éE:llll fD[I‘ﬂa”t.
Mk So ~ Reaction mechaism Comment ztring begin W bt ot I
¢ “Absolute” -~ Lahoratory frame ™ Fecycle input reading file - Make ~ IF - -
dstault ~ uzian -» Residual LI | (|
 "Local -5 Follow Rotation blocks I Use standard deviations fram the file S~ The Eolumns G beazéparated by a Space. a Comma or
| 7 I ~ a T abulation. User CI put comments after the data.
oK ~
—wiidth to plat Integer Values [42,q...)]——  "Radial" & "Angual’’ values sign I ~ NCt . . | I There are three first 60|umn3: NN URE
- sigma<| 01 £ Always positive value 3 Cancel I EENEEL LA | where Z is atomic nlmber, M is number of neutrars, |
) : i) ¢ Sigros U | Fi#t - reaction ordef number: Ois PR, 1 is FR, 2is FF ..
¥-sigma=| 01 default 0.1 & Use X-coordinate sign 9 Help 1 I
Mest columns arlé Charge states 3
el i the w -~ | L‘ ) I
Pe | + —
-7 1
P i
s - !
-
& /
i
. . 1
List of isotopes v
19
n
=] _ S —
© ; Z u Reaction Q1 [
S 20 28 RO 20+ 20+ 20+ 20+ 204 20+
171 20 28 RO 19+ 19+ 19+ 19+ 19+ 19+
o 20 28 RO 18+ 18+ 18+ 18+ la+4 18+
= 20 28 RO 17+ 17+ 17+ 17+ 17+ 17+
o 20 28 RO 16+ 16+ 16+ 16+ 16+ 16+
bl 20 28 RO 15+ 15+ 15+ 15+ 15+ 15+
@ 20 28 RO 14+ 14+ 14+ 14+ 144 14+
1512 20 28 RO 13+ 13+ 13+ 13+ 13+ 13+
= 20 28 RO 12+ 12+ 12+ 12+ 124 12+
I 20 28 RO 11+ 11+ 11+ 11+ 11+ 11+
H 20 28 RO 10+ 10+ 10+ 10+ 10+ 10+
° 20 28 RO 9+ 9+ 9+ I+ 9+ 9+
13 s 20 28 RO 84+ 8+ 8+ g+ g+ 8+
©
11 after "Stripper": Energy [MeV/u]

O 43 4.34 4.38 442 4.46 45 4.54 458 23



MICHIGAN STATE
UNIVERSITY

L |y H

L WS A

It will be done soon (Electrical dipole).

SUM
1.448e+06
10l [ Primary beam scattering in target (MC)
140 | - i
15t order optics
100
60 |
p— 20 A —
E R o _‘l E
X 20p i 5 X
60 W
' 14
Y
100} 3%
11
lIr lt.i
a0} ik
&
2
180} i
i ,
.2200 05 i 15 2 25 3 3 —2200 o : — - = 4 -
Length [m] Length [m]
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Primary beami charge states transmussion

MICHIGAN STATE
UNIVERSITY

It will be done soon (Electrical dipole).

SUM UM

29248405 1515405
20 120
18 {18

9 ..

2 ?

g 2

c g

: g
18 g 116} ¢

= 0

) <

s v

- ;

Q r
4t g {1te o EERE

£ § TR

o
] 15t order optics Iy 1t order optics
B i 2w oe e o LS W Bimay bean sealeia i faget 4]

10 after "C1™: X [mm] 110 after "C1": X [mm)
420 -360 -340 -30 -260 220 -180 -140 420 -40 -300 -260 20 -180 -140
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