ISLA in LISE** UNTYERSITY

Oleg’s modifications of original Daniel’s file V.2

Update from 06/13/19

« Charge state model
* Initial emittance

« Apertures and Slits
* Isochronism

e Angular Acceptance

e Symmetric fusion
o Primary beam suppression
o Transmission
o Yields
o Alq & Z Separations

* Future plans
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G L E

O Bse Charge state model RIESH RS i

100Sn equil.charge distr-n after Target (Cr): Fragment energy = 0.8 MeV,
56Ni (3.7 MeV/u) + Cr (1 um)
Calculations for 1005n 24+ 24 24+ 24~ - Material Cr

"' T S T W o :
Production Mechanism M _ Ch.arge DIStrIbLItIDI'.I Method is 5
_ — 0-Wi
i —teon
I F!eactinnsj' Energy Loss, Straggling ;i Charge saiest] Databases: Masses, lsomers ,l' 1e+3 | o :jf"f‘_ma -
l BEMI[3.7 Mevddu] + Cr-» 10050
1e+2}
|5 -[ ¢« 188MeV] G.5chiwietz, P.Grande, WNIM B175-177 [2001] 1258131 ;I] F
= Optimization of "charge state" transmizzion calculations Charge state le+1
[efficient if there are twao or mare ‘Material & Dispersive block' combinations) suppression values F
: e— - 1le+0L
— Calculate a charge state value for ALL points of energy distibution— | "GLOBAL" optiong ————————————— E
. . Aot B Always assume :
Mo [only for middle paint) | lDPW iy « Equilibrium distributions et}
 Yes = MonEquilibrium mode: far é i
Calculate if thin materials - [
& At B b I 30 hehddu Help | o S 12t
Upper boundary of "mixed" region = F
(default 70 Me/ Au] - 1eal
— Coefficients for the Leon's charge state distribution—— Help 1B = I 0 Meviu |_'|: -
wiidth [d I 1 default 1 Use "Global" starting from 1e-4
[. : [ ) Zp poveer factar = I 0.477 . E
Conection |1— default 1) Zfrag >=| 3 [default 29] F
factar [gzt) [defaul:Lear: 0. 477 Baron 0.447)
Charge state after reaction 1e-5
Calculation method of Z-0= I i [default 0] [
E quilibriurm thickness for |1 -"GLOBAL" NIM B142(1938)441 ~ | 1e-6L
"Phyzical Calzulatar F
™ Make default 0K | X Cancel 1&?;
1e-8]
8 12 16 20 24 28 32 36
1|h|:]':l=h:]—1-=1—'=|T=2\‘2h|'=| A17F uF Innl Charge state (Q+)
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G LE W . NCHICAN ST
oo Initial emittance MICHICAN STATE

Beam
& Element g+ —Beam energy —Emittance [#1]
. Beam CARD 10 - shape 20 2D - shape ol (.
I 56 I Ni I 1z Energy IT Mev - | [sigma, semi-axis. [Diztribution AR [Monte Carlo E':'rlfi:ﬁmd mim Em
I 28 TKkE 2059515 et u half-width...] method) method] — beam respect to spectrometer—
z Bha [ 1292179 Tm 1% mm | 1 |Gaussian r dx [ 0 mm
I I Beta+ decay = i 4 64963 GeYic 2T mrau:ll A IGaussian r dT I 1] mrad
e ot u . 17247 k¥ 3¥ mm | 1 |Gaussian r dy [ 0 mm
MNuclides i i 4 P mradl 4] IGaussian r dP I 1] mrad
— Beam intenzity
[ 0.19226 - L i I 0 IGa“SSia” r dT I 1] deqrees
: &
6D % | 0.05 IGaussian r dP IT degrees
¢ & 0016022 pridy I\¥
Ok v 1e+8 Pps
_— E Logz in the target b A .
x Cance & T=Tee | Pri:-::iyh:r: :rh:vaalf:aﬂ: l 2.804e-7 kM HFfrequenc:yl 20 MHz Sef'm ?::g?ja."-.-"etfztl:lr{ﬁj?] Euged f':.'.']
i I— I 7 phicz Optimization ["OptBeam
target [stripper] for g= 12+ 1.23623 Trn Bunch length 1 HSJ

OT@MSU 06/12/2019 3
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NSCL

OT@MSU 06/12/2019

Li

s

Apertures -

OIS

Block

| Given Name | Startfm) | Length(m) | BOKGI#U |

BirlTm]correal | Diitttd ~angle | Fapplem)Rim) | Leffm)#Ldipim] | 2 nd order | CalcMatZ0 | Angad

COSY IFit | SE |

Obj
dil
01
di2
=1
d21
b2
dZ22
52
di
D3
g3z
3
d41
04
dd2
zd

0.000
0.000
1.307
3434
4873
4873
B.312
7.839
9746
9746

11.653
13180
14619
14613
16.058
17.585
13,492

00000
1.9070
1.5272
1.4383
0.0000
1.43358
1.5272
1.5070
0.0000
1.9070
1.5272
1.4388
[0.0000
1.4388
1.5272
1.3070
[0.0000

— Selected block

l Dirift [rmultipole, slitz)

Auto
r matic., d1

"BlDCk name

Block,
Length [m]

I 1.90704 {ﬁ%

Length after

thiz block, [m]

I 1.907

{3 Selected Block Edit

Mutlipole Edit

.I Cuts (Acceptances)

&’ Optical Matrix

SLITS

standard
* +70.0
standand
SLITS

standard
= +70.0
standard
SLITS

standard
= +70.0
standard
SLITS

standand
= +70.0

standard

—Angular acceptance [mrad]—

Uze

Horizontal £ I r
Vertical £ I r

Shape
(Hectangler + Ellipse

- Inzide Aperture [rnmn)
max Usze

I_I—"
[200 [ 20

=
Ny
Shape
’7Hectangle * " Elipse

H

I T T I T T T T T T T I I I T

=
=

— Slikz [mm] after this BLOCK, ——
i Uze

mir mas I_
[ O

Shape
Rectangle &+ " Ellipse

- Adps. Siits |

— 1-gt arder Matrix Elements

I Mt Plot

h_ Beam-Sigma Plot

& View

& Cuit

? Help

MICHIGAN S

ULMNIVYERS

TY
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zpiel SHtS

| GiverName | Startim] | Lengthim) | BOKG)#U | BriTmjcor®eal | Dttt =angle | FapplemlRim] | LefimlLdiplm) | 2 nd order | CalcMat#Z-0 | Anghce ad

e

Cosy |Fit | SE |

Obj
di1
=Dipole D1
drift diz
_zlts_
drift

drift

= Dipale
drift
_zlts_
drift

= Dipole
drift

_zlitz_

0.000
0.000
1.907
3434
4873
4873
6312
7.833
9.746
3.746
11.653
13180
14619
14619
16.053
17.585
13,432

0.0000
1.3070
1.5272
1.4383
0.0000
1.4383
1.5272
1.3070
0.0000
1.3070
1.5272
1.4383
0.0000
1.4383
1.5272
1.3070
0.0000

— Selected block

I Dirift [rltipole <litz)

Block
Length [m]

r Auto

matic.

" Block name

S E—

Length after

thiz block [m]
9746

&% Selected Block Edit

o @

Mutlipole Edit

.I Cuits {Acceptances)

"

Optical Matrix

SLITS

standard
* 4700
standard
SLITS

standard
= +70.0
standard
SLITS

standard
* 4700
standard
SLITS

standard
= +70.0

ztandard

—aAngular acceptance [mrad]—
Uze

Hu:urizuntaltl 1951 W
Verticaltl 4 v

Shape
’7Hectangleﬁ' = Ellipse

Only “s2” and "

- Hyl -
- Hvl -
- Hyl -
- Hyl -
- Hvl -
- Hyl -
- Hyl -

Hv
- Hyl -
- Hvl -
- Hyl -
- Hyl -
- Hvl -
- Hyl -
- Hyl -

“s4” blocks have
fixed slits

property

— Inzide Aperture [mm)
i max  Uze

[lg]
| 500 | o0 v
=| -200 | 20 W

Shape
Rectangle &+ " Elipse

— Slitz [mm)] after this BLOCK, ——
i Usze

min max
| .70 | m v
| -200 | 20 W

Shape

Rectangle & " Elipse

— 1-zt order 4 atrix Elements —

l-l Matrix Plot

l-l’ Beam-Sigma Flot

g

W T

MICHIGAN STATE

ULNIYVERSITY



R/R
(=]

0.5

0.3

0.1

A/R (mrad/mm)

1.8
1.4
1
0.6
0.2
-0.2
-0.6
-1
-14

L/R

12-06-2019 15:37:47

LISE++ [GUSLAUSLA

Matrix element envelope

— XX glob &7
— YIY glob

o
/
v
2 4 6 8 10 12 14 1€ 1o
Length [m]
— T glob A7
— P/ glob

=
-

2 4 6 8 10 12 14 1€ 1o
Length [m]

—LX glob A7
— L& glob

2 4 6 g 10 12 14 1€ *°

25 _v5 Ipp] Length [m]

R/A (mm/mrad)

AlA

L/A {(mm/mrad)

35
2.5
1.5
0.5
-0.5
-1.5
-2.5
-3.5

12}
08}
04t}

04}
08}
_‘]2 |

— T glob &7
_R}'A — YiF glob
i pe—————
0 2 8 10 12 TIEE
Length [m]
—T/T glob A7
A/A — P/P glob
0 2 8 10 12 1€ 10
Length [m]
—LUT glob A7
J'JA — L/P glob
0 8 10 12 1€ 10
Length [m]

R/D (mm/%)

A/D (mrad/%)

L/D (mm/%)

100

80|

60|

a0

20f

-120f

-160 |

-200 |

240}

MICHIGAN STATE

ULNIYVERSITY

sum of reactions

— XD glob L7
-RID — YD gﬁn
0 8 10 12 1€ 10
Length [m]
i i — D glob
AD — PID %Ioob
0 8 10 12 1€ 1°
Length [m]
L/D
0 8 10 12 1€ 1°
Length [m]



G VE . . : . NCHICAN ST
O e Matrices in 1.&F. focal planes (s2 & s4 slits) UNTVERSITY

NSCL

— [alobal matrx — [alobal ratrix

0.99998 | 3.036e-4 0 0 0 |6287807 [mm] 0.99391 |-EO0F1ed4| O 0 0 27293 [mm]

014041 [-099998 0 0 0 4 41454  [mrad] 028022 | 0.93391 0 I 0 282887 [mrad]
0 i 1 2 MEe-5 0 f [rin] 0 I 0.93333 |-1.667e-4 0 0 [rnm]
0 i 011795 | 0 0 [mad] 0 0 0.23589 | 0.99997 0 0 [mrad]

044145 [B28781 [ O 0 1 69703 [mim] 0.89289 |-27294 | O 0 1 []194.933 fom]
i 0 0 0 0 1 [%] i 0 0 i 0 !ﬁé]
Awm]  Amead]  Amm] Amrad]  Amm] %] from]  Arrad]  Amm]  Amead] A /%]

OT@MSU 06/12/2019 7



@ Li s 2 AICHIG, 514
Onfa Isochronism Lt o

NSCL
. - - <X> 1514.82
10} Sig(ToF) = 0.16 NS % oieses
dY 3.28435
XY 3.106e-01
100§y : Monte Carlo Transmission Plot o
3N (3.7 MeViu) + Cr (1 pm); Transmitted Fragment 1%0Sn24+-24* (FusRes); Optics Order: 2 =
dp/p=15.90% ; Brho(Tm): 0.5558, 0.5558, 0.5558, 0.5558 o
AngAccept: Off, Bounds: ON; "mat-TOF" - last block for MC calc; no gates; Config: SSDSSSDSSSDSSSDS 2| %
e
)
d £
-6 F
£ 15t order
4f = '
% -10 "Stripper"” vs "mat-TOF": Time of flight [ns]
2 1514.2 1514.4 1514.6 1514.8 1515 1515.2 15154
L
ot O 12 . <X> 15124
0 Sig(ToF) =1.8ns |97
® dY 3.22998
E ! XY 7.399e-01
-4 I E —
£ =2
® _ af T
« o
o - 2nd order 5
ol i
o .
s
12} | E
17 18 19 20 21 27 E
"Stripper" vs "mat-TOF": Length [m] ® IR :
Y - S
2nd order
12 H "Stripper" vs "mat-TOF": Time of flight [ns]

OT@MSU 06/12/2019 1503 1505 1507 1500 1511 1513 1515 1517 15



@ Li s

9 Else Angular Acceptance of the 1% half

1St order 2nd order

X' = +/-195.1 d 36Nj : Monte Carlo Transmission Plot 3Nj : Monte Carlo Transmission Plot
= Ty" .1 Mra 55Ni (3.7 MaV/u) + ; Transmitted Fragment 55Ni (beam); Optics Order. 1 s6Nj (3.7 Ma\i/u) +  Transmitted Fragment 58Ni (beam); Optics Order: 2
- dp/p=15.90%  Brho(Tm): 0.5537, 0.5537, 0.5537, 0.5537 dp/p=15.90% ; Brho(Tm): 0.5537, 05537, 0.5537, 05537
YBO- +I- 71.4 mpa;dcept: Off; Bounds: ON; "s2" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: SSDSSSDSSSDSSSDSSM AngAccept: Off, Bounds: ON; "s2" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: SSDSSSDSSSDSSSDSSM
60 . 70 J
10 | 50 ]
g g
£ 2 ) E
£ £
= L 0 ]
> >
£ 0 i
: :
g g ]
5 E
B 20 1 Y
. : 30 ]
Q Q
¢ :
-0 1
50 4
-60 . 70 J
80 1 -90 )
-200 -160 -120 -80 -40 0 40 80 120 160 200 - 200 160 120 -80 -40 0 40 80 120 160 200

after "Stripper": X'(Theta) [mrad]

after "Stripper": X'(Theta) [mrad]

OT@MSU 06/12/2019 9



G L E

O Bt se Angular Acceptance of the 2" half

1St order
. . 56N\ - i
34 acceptance is identical _ Ni : qute Carlo Trans_mlssmn Plot
56Ni (3.7 MeV/u) + ; Transmitted Fragment 56Ni (beam); Optics Order: 1

to 1-2 acceptance dp/p=15.90% - Brho(Tm) 0.5537, 05537

%{l} = +[_ 195 :l I]]l'ad AngAccept: Off; Bounds: ON; "s4" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: SSDSSSDSSM

Y= I

60 : ]

40 .
N
E _ The angular acceptance of
L the second half is identical
L
0 to the 1st half
e
e
B 20 |
@
&

40 .

_ﬁ{] N

_8{] N

200 ~160 120 80 40 0 40 80 120 160 200

?ID:ETF lgagljjf vabeam Z.Ipg] after "Stripper": X'(Theta) [mrad]

OT@MSU 06/12/2019 10
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Angular Acceptance settinngs

| GivenMame | Stafm] | Lengthim) | BOKGI#U |

Er[Trmjcorseal | Drifttd #éegle | Rappleml#FRim) | Lefiml#Ldipim] | 2 nd order | CalcMat#Z0 | Anghec.Apps.Sits |

cosv e | SE |

SUTS = ccsssses  occeocsscss  occeaesss  coosasao Hd Hy -
Slandald ................................. - H\\‘II -
* +70.0 *1.2500 *1.5272 Nes *26R -JHY -
standard 00 s eeeeeaa L A HY -
i@ Gacascaa oonasacas ooonaaca | noscacas AHY -
standard 00 s e i A HY -
* +70.0 ¥1.2500 “1.5272 ez *2ER -JHY -
standard e e AHY -
SUTS = ccsssses  occeocsscss  occeaesss  coosasao Hy | HyY HY
dEfeEf) = ceeceees  mmcacoscs  coscoces  cacacoac AHyY -
* +70.0 *1.2500 *1.5272 Nes *26R -JHY -
standard 0 e e e ‘3 e AHY -
LTS = cecssese  sscessscs ‘5 61 U AHY -
standard 0 e e 6 ............... A HY -
* +70.0 ¥1.2500 DL 1@? ¢ Q e 26 R -JHY -
standard A o \ : q \ » 000 -------- HY -
SLITS \q a ...... GQ‘, ............. - HY HY
o® G\&e 2C° L
LR\

Mo

. Obj 0.000 00000 e e
d o dift dil 0.000 THOFD e e
=Dipole D1 1.907 1.5272 +4 4467 *05559
d o dift d12 3434 14388 e e
5 I sfits. s 4873 00000 oo ool
@ & it d21 4873 14388 e e
Ly |=Dipale D2 312 1.5272 +4 4467 05559
d o it dz2z 7839 18070 e e
B M sits- =2 9746 DOO0D  eeeeees e
2 o] i d31 9,746 THOFD e e
ily|=Dipole D3 11663 15272 +4 4467 *05559
d o dift d32 13180 14388 e ceeeeee
5 0 _sits_ 3 14619 Q0000 e e
@ & it ddl 14619 14388 e ceeeeee
Ly |=Dipale D4 16058 15272 +4 4467 05559
d o it d4z 17685 18070 e ceeeeee
S sht=_ 4 19432 Q0000 ceeeeeeer eeeeeees
— Selected block
| Dt [multipole, sits) Leﬁgﬁ"[m] {83 Selected Block Edt |
Eleeilis [0 @ Mutipoe Ede |
’7|- '?"L‘;tt?c' oo Length after
thie block ] O Gtz (oomtmces) |

" Optical Matrix |

—Angular acceptance [mrad) —
Use

Harizontal I 1951 v
Yertical + I 4 W

Shape
lrﬂectangleﬁ' = Ellipse

— Inzide .-’-'n.perture [rrn]
max Uze

><|_|—I'
v=["200 [ 20 W

Shape
(Hectangle & " Elipse

— Slits [mm] alter this BLOCK. ——
Use

l_l_"
T r

1-st order Matrix Elements

I, WatixPlot

h Beam-Sigma Flot

B’ Wiew

Rectangle & Ellipse

S
Y
"Shape

q’Quitl?Helpl

MICHIGAN

ULMNIVYERS

TY
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MICHIGAN STATE

@ i - - -
@ Se Symmetr-lc fusion reaction UNTVERSITY

NSCL
[Plrojectile  56Nj12+ e
3.7 MeViu 1e+8 pps . . . 2
Clompound 106Te Cross sections (Fusion-Residual) [Vith P_{CNj]
P 100 ¢ 24+, 24+ . . . wes "
[Rlesidual  109Sn 56Nj + 50Cr > 106Te* (Q = -45.95) Model: LisFus v.4.0 Fis.Bar.MeV=44,33 "FisRot" - RLDM(Cohen)
Target e Vcouomb = 90.20 MeV; Fusion heightBassyg, Br= 86.86 MeV; h_omega = 5.00 MeV
Beam energy: Ejap = 3.70 MeV/u; NPeyap=32; Vertlines: Br & Epeam(1/2 target)
— Capture - Fus.Bass(classic)
— Capture - Fus.QuantMechan
’m 1e+6 —— Compound formation
— —100Sn
I BEMI[3.7 Meviu) + Cr > 10ETe * -» 1005n 1E+5
1e+d 3
(J-value of reaction = -45.350 (L 1 e+3
Fuzion max.barier = 96.86 el e ——
Fusion radiuz = 10.03 frn 1 9+2
. _ Te+1 3
— Depending on a place of reactm': |n.th|.3 target | 3 1 e+0 ]
eginning  middle end E 1e_1
Beamn energy [Lab] [Me u] 3.70 354 339 '
Beam energy [Lab) [Mev]  206.9 198.2 189.4 c 1e'2 /
Conter of mass snergy [Me]  97.56 9346 0a32 0 1e-3
Ercitation energ_lfJ @ L=0[Mev] 5151 47.51 4337 "g 19-4 { 3
l:omgound recoil energl_l,l [Met] 1094 104.8 1001 0 1e_5
apture cross section [mb] 356 23 924
Compound Surv Prob. [L=0)] 9.36e01 83901 6.49e-01 g 16-6
Compound fomation CS [mb] 333 194 £D o 1e-7
Compound- 1stFigzion CS [mb] 5.52e-11 483213 1.38e-1B 0 1e_8
Compound-Breakup C5 [mb] 1] i] a I 18-9
— _ 1e-10 ]
— for zetting residue after the stripper 1 1 1
Energy range [Me /) 0753 -- 0.944 e- 3
Correzponding ion charge state 2279 - 2439 1 e-1 2
|i-—l Plot the excitation function i Te-13
- 1e-14 :
= . 1e-15 :
Al fusion characteniztics are EI e
calculated with BASS -model : 24 28 3.2 36 4 44 4.8 R9
v Ot | JI 12-06-2019 16:24:52 B M V“,
s —— = !J LISE ++ [GVSLAISLA125 v5.lpp] €am energy, Mevi/u

OT@MSU 06/12/2019 12



Li MICHIGAN STATE

© . .
@ El s Primary beam charge state suppression UNTVERSSTY

d22 => Beam & SetFragment Charge States 122 => Beam & SetFragment Charge States

N (3.7 MeViu) + Cr (1 um); Settings on 1008n24+.24+: Config: SSDSSSDSA 56N (3.7 MeV/u) + Cr (1 pm); Settings on 100Sn24+. 24+ Config: SSDSSSDSA
dp/p=100.00% ; Brho(Tm): 0.5558, 0.5538 dp/p=100.00% : Brio(Tm): 0.5558, 0.5558
all charge states separ. al charge stafes separ
19+8 f Sumal rn::xrhnn:" cum of raarting
fe+T £ lets}
: f % 0% 09, ]
i N
T+ E 5"N\[l)e;\m]azi"*M“2 B ggday:g&??a?% 3 fetd | o8jpeam] 2+ 2+ 25+ 2+ 1) 08
fe+5 k Fipeam] 23 3109 N'[ e A0 0% 1
1ot _ hipean] = = - 2 o b N|bean] -100.0% Z O O m ENibeam] 2721+ 2 27+100.0%
i SJ'w[bealn] 164 18 16 16410 0%
; “N\[beam] 7+ 27 1= A 00 0%
fer2 FeNibedm] 5 15 15 - 100.0%
E fe+ E “ijbeam] 2 2 f b li0f 0%k ‘é‘ le0f
E fe+0 | oo ogam) 14144 14 14400, 0% £ Te-1E
8 fedf B te2f
[ il 1. L
E 182 _ SNjeam] 13 15 13 13100 0% E 1eal
9 fe-3 2 fedf
> 1e4 ' wu 124126124 124 >
[beam] 100.0% 1e5L 100G 264 254 25 2540 00 gy 24 24 242 2440 0% 100520 24 2 2400 0%
" feb i
18-6 g Nbe M+11+M+11+.100 0% 1 7
feTk [oeam) 100, 6
Te8E 1e8 L ><
1e9 m
fe-10 | A fe-10}
- -2000 0 2000 4000 6000 8000 10000 A -150 -50 50 150 78N
1I2i2h2319 nih\izwggw A9 v Ionl X (mm) 1\2\0th231+9 [é“{é? Em A9 v ol X (mm)

_ _ Hrho E‘ <7 slits
Final settings: 0.5600 Tm 0] [+70

—-200| W7 (4200
OT@MSU 06/12/2019 13




G L E - e
SE 100Sn transmission MICHIGAN STATE

Cverall isotope transmission 66.345 % for +/- 500 mm s2 slits

Cverall isotope transmission 11.04 = for +/- 70 mm s2 SlitS

s2=> Xspace: output before slits Isotope Group : Monte Carlo Yield Plot

56N . i 100Q q24+..24+. .
Ni (3.7 MeViu) + Cr (1 um), Settings on "Sn , Config: SSDSSSDSSSDSSSDSSMM 6Ni (3.7 MeV/u) + Cr (1 um); Transmitted Fragment 100Sn24+-.24+ (FusRes); Optics Order: 1
dp/p=15.90% ; Brho(Tm): 0.5338, 0.5558, 0.5558, 0.5538 dp/p=15.90% ; Brho(Tm): 0.5558, 0.5558, 0.5558, 0.5558
all charge states separ. AngAccept: Off, Bounds: Off; "d22" - last block for MC calc; no gates; Config: SSDSSSDSSSDSSSDS
656_6 cum f raartinn
K|
100G 24+ 24+ 24+ 24+-0 10
5 56-6 ' : _
8% 29 .
4 5e-6 ‘é" qéa 27 Bt s ot i T BB e T e
E % e gt b S e B a2
0 2+60.1% c et e i e N
3.5e-6 & § % e e
T 100y 26+ - U-
2.5e-6 > f-; B R S e T
o 21 - e :—Lé_-':';L::::E-Lf.—:“:.x'«_f_é."-;#.?:r':%i'l'g‘.:_{-;;'—;’l*i%:?-ﬁg;.héi;g
t i -
1.5¢-6 © g
19
oe-7
: 17
100 2000 -1000 0 1000 2000 Annn 4000 800 600 400 -200 0 20 40 600 800
IGISI AT AT25 V8 Innl X (mm) B . after "d22": X [mm]

OT@MSU 06/12/2019 14



G L E ] CHICAN ST
o2 CS & Total yield Lt o

NSCL
Cross sections (Fusion -> Residual) [3] Total: All reactions (pps)
%Ni (3.7 MeV/u) + Cr (1 ym) -> 106Te*(Qg=-45.95) -> N=0-200 LisFus v.4.0 %Ni (3.7 MeViu) + Cr (1 um); Settings on '008n2+-24* Config: SSDSSSDSSSDSSSDSSMM
Excit Energy: 43.4-51.6 MeV: Fus.CS: 194.9 mb; Fus.Barrier: 86.86 fm FusFis.CS: 0.0 mb; h_omega = 5.0 MeV dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
NP=32; SE:"DB0+Cal1" Density:"auto" GeomCor:"On" Tunlg:"auto" "sBar=#1 Bara=1,00 Modes="010 1000 110 N=0-200 g s
2 f ' ' ' ' ) ; ; ; :
52
51 104sb
1.5e-04 51
5 100gp 101gp 102gp - 104gn
2.2e-02  82e-04  3.0e-01 1.8e-03 50 1008, 1018 1028 1035y 1045
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Onfa 1005p charge states ToF and energy distributions MICHIGAN STATE

NSCL

Isotope Group : Monte Carlo Yield Plot

%Ni (3.7 MeViu) + Cr (1 ym); Transmitted Fragment 103n24+- 24+ (FusRes); Optics Order. 2 Isotope Group : Monte Carlo Yield Flot

36Ni (3.7 MeV/u) + Cr (1 pm); Transmitted Fragment 1005n24+.24+ (FusRes). Optics Order: 1

dp/n=13.90% ; Brho(Tm): 0.5538, 0.5558, 0.5558, 0.5558 dp/p=2.23% - Brho(Tm): 0.5600, 0.5800, 0.5600, 0.5600
AngAccept: Off; Bounds: ON; "mat-TOF" - last block for MC calc; no gates; Config: SSDSSSDSSSDSSSI AngAccept Off: Bounds: ON; "IC" - last block for MC calc; no gates; Config SSDSSSDSSSDSSSDSSMUM
28
1008n charge states
27 & ®
| 2"d order
26 % & . e
« ] I o
251 0 2 3 R
c w
0 . =
oI e 5 :
X ]
; 5
23 '9. - g
2 g 4
i 3%
2} & e
(]
20
2%
19 -
1300 1400 1500 1600 1700 180N 30 T U 3% 18 40 4
R "Stripper” vs "mat-TOF": Time of flight [ns] into "IC": Energy Loss [MeV]
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@ i - 1c =
o Alqg separation MICHIGAN STATE

) Isotope Group : Monte (;021'13 }191‘1 Plot Isotope Group : Monte Carlo Yield Plot
. . . + + . 1 .
Ni (3.7 MeV/u) + Cr (1 “m)(; Transmitted Fragment ™Sn<** £ (FusRes); Optics Order. 1 "Stripper" vs "mat-TOF": Time of ight [ns]: window projection — 5N (3.7 MeViu) + Cr (1 pm); Transmitted Fragment 12052+ 24 (FusRes): Optics (
dplp=2.23% ; Brho(Tm): 0.5600, 0.600, 0.5600, 0.5600 dpip=2.23%; Brho(Tr): 0.5600, 05600, 05600, 0.5600
AngAccept: Off, Bounds: ON; “mat-TOF" - last block for MC cale; no gates; Config: SSDSSSDSSSDSSSDSS Anghecept OF; Bounds: ON; 'mat-TOF" - lastblockfor MC cale; no gates; Confg: SSDSSSDSSSDSSSDSSMM
fetd [ i
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1380 1420 1460 1500 1540 1580 1620 1660 ™ 1460 1800 1540 1680 1620 1680
"Stripper” vs "mat-TOF": Time of flight [ns] f,‘@ﬁlgﬁ_mpp: "Stripper" vs "mat-TOF": Time of flight [ns]: window projection
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NSCL . se

Alqg separation

: 20d grder

MICHIGAN STATE
UNIVYERSITY

Isotope Group : Monte Carlo Yield Plot
%Ni (3.7 MeV/u) + Cr (1 pm); Transmitted Fragment 100Sn24+-24* (FysRes): Optics Order: 2
dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
AngAccept Off, Bounds: ON; "mat-TOF" - last block for MC cale; no gates; Config: SSDSSSDSSSDSSSDSSM
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o 97t ? % B §
§
i 4 i 4
%
1400 1440 1480 1520 1560 1600 1640 1680

9 16:07:99

[GUSLA125 v5.lool

OT@MSU 06/12/2019

"Stripper” vs "mat-TOF": Time of flight [ns]

Isotope Group : Monte Carlo Yield Plot
fripper” vs "'mat-TOF": Time of flight [ns]: window projection — %Ni (3.7 MeViu) + Cr (1 um); Transmitted Fragment '%0$n2+-2¢* (FusRes); Optics
dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
AngAccept Off, Bounds: ON; "mat-TOF" - last block for MC calc; no gates; Config: SSDSSSDSSSDSSSDSSMM

ferd |

1 l |

1400 1440 1480 1520 1560 1600 1640
“Stripper" vs "mat-TOF": Time of flight [ns]: window projection

1680
93
X125 valoal
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.59 What is about Z-separation? TR

o FResalution o ansion .
et bt s Isotope Group : Monte Carlo Yield Plot
Tmeolfigh |4 ToF | o n %6Ni (3.7 MeV/u) + Cr (1 ym); Transmitted Fragment 100Sn24+-24* (FusRes); Optics Order: 1

dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
AngAccept: Off; Bounds: ON; "mat-TOF" - last block for MC calc; Gate 1: "AND" (A (mass number)); Config: SSDSSSDSSSL
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e e "Stripper” vs "mat-TOF": Time of flight [ns]
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NSCL
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Isotope Group : Monte Carlo Yield Plot

%Ni (3.7 MeV/u) + Cr (1 um); Transmitted Fragment 1005n24+-24+ (FusRes); Optics Order: 1
dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
AngAccept: Off, Bounds: ON; "mat-TKE" - last block for MC calc; Gate 1: "AND" (A (mass number)): Config: SSDSSSDSSSC

A=100
q=24+

into "mat-TKE": Energy Loss [MeV]

o Resalution ) .
Parameter Calibration (sigma) Dimension
Energy Loss I 03 @ %
T Mey
348 352 35.6 36 36.4 36.8 37.2 37.6 38 384 e

into "IC": Energy Loss [MeV]

dE IC

What is about Z-separation?

51.2

508

504

50

498

492

488

484

48

478

472

458

MICHIGAN STATE
UNIVYERSITY

Isotope Group : Monte Carlo Yield Plot

%Ni (3.7 MeV/u) + Cr (1 pm); Transmitted Fragment '%0Sn24+-24* (FusRes); Optics Order: 1
dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600
AngAccept: Off.  Bounds: ON; "IC" - last block for MC calc; Gate 1: "AND" (A (mass number)); Config: SSDSSSDSSSDSE
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into "IC": Range [mm]

Range 20




NSCL . se

What is about Z-separation? No detector resolution use A AT

Isotope Group : Monte Carlo Yield Plot

%Ni (3.7 MeV/u) + Cr (1 ym); Transmitted Fragment 100Sn24+..24+ (FysRes); Optics Order
dp/p=2.23% ; Brho(Tm): 0.5600, 0.5600, 0.5600, 0.5600

AngAccept: Off;, Bounds: ON; "mat-TKE" - last block for MC calc; no gates; Config: SSDSSSDSSSI
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TUE 20! H " ",
L1SE ++ [G\ISLAISLA125 v5Ipp] into "IC": Energy Loss [MeV]
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@ Li B AC o ST
Se Future plans MICHIGAN STATE

* Modify LISE** analytical calculations for using the Length / dp
matrix element in order to reproduce the ISLA isochronism

property with the “Distribution” method
« Z-identification question is still open

« Benchmark with COSY 5% order maps
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