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MICHIGAN STATE

Introduction LI

"VASSILISSA" electrostatic separator http://flerovlab.jinr.ru/finr/vassilissa.html

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

OT, 11/23/14, East Lansing

ASSA (SHELYS)
Simulation of ion trajectories
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The “SHELS” configuration in LISE** is so called “extended” configuration with effective
qguadrupole lengths and use of the “S/E” new construction property. For details on these
subjectsplease use the next links:

» Configurations http://lise.nscl.msu.edu/9_8/LISE3/Extended%20configurations%20at%20LISE++.pdf
» Effective quad lengths http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf
* S/E construction property http:/lise.nscl.msu.edu/9 8/SE_blocks.pdf



http://flerovlab.jinr.ru/flnr/vassilissa.html
http://www-win.gsi.de/tasca14/program/contributions_TASCA14/TASCA14_contribution_Popeko.pdf
http://lise.nscl.msu.edu/9_8/LISE3/Extended configurations at LISE++.pdf
http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf
http://lise.nscl.msu.edu/9_8/SE_blocks.pdf

Effective lengths

Original

“iroN” ot efflength delta/2

target 0

drift Distance between target and slit 1 DTSL 350 350 350

drift Distance between slit 1 and quadrupole 1 D5101 70 a0 35

Quadl Quadl 310 730 35
drift Distance between irons of quadrupoles land I+1  DQiQk 270 1000 200

Quad2 Quad2 310 1310 35
drift Distance between irons of quadrupoles land I+1  DQiQk 270  1s80 200

Quad3 Quad3 310 1390 35
drift Distance between guadrupole 3 and C1 Da3C1 630 2520 516.5
ElectricDipole Condensator's 1 plate length LCc1 500 3020 78.5
drift Distance between C1 and dipole 1 DC1D1 561 3581 422.9

Dipole Length of dipale 1 LD1 500 4031 59.6
drift Distance between D1 and velocity slit SV DD1sY 365 4446 305.4
sist dlissy 0 s
dirift Distance between 5V and D2 DsVD2 365 4811 305.4

Dipole Length of dipole 2 LD2 500 5311 59.6
drift Distance between dipole 2 and C2 DD2C2 561  sa72 422.5
ElectricDipole Condensator's 2 plate length Lc2 500  &372 78.5
drift Distance between C2 and quadrupole 4 DC20o4 630  7oo2 516.5

Quada Quada 310 7312 35
drift Distance between irons of guadrupoles land 1+1  DQiQk 270 7s82 200

Quads Quads 310 7ss 35
drift Distance between irons of quadrupoles land 1+1  DQiQk 270 =182 200

Quadé Quadsé 310  za72 380 35
|drift Distance between Q6 and 53 DaeD3 2115| 10587 2036

Dipole LD3 500 11087 588 44
drift DQ6D3-D= 1058 12145 1014

sis3 0 e
drift DS3Det-D! 390 12535 390
sisa 0 wss
drift 110 12845 110
detectors [ToTaL 12645 12645
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Values used in LISE**

(cells marked white background)

“iron” total efflength delta/2 half-app,cm
0
DTS1 350 350 350
slist 0 0
Ds1Q1 70 220 35
Quad1 310 730 35
Daiak 270 1000 200
Quad2 310 1310 35
Daiak 270 1580 200
Quad3 310 1830 35
DQ3C1 630 2520 516.5
Lc1 500 3020 657 78.5
DC1D1 561 :me1 4229
D1 500 a081 59.6
DD1SV 365 2426 305.4
slissv. 0 e
DSVD2 365 a811 305.4
D2 500 5311 59.6
DD2C2 561 sa72 4229
Lc2 500 672 657 78.5
DC204 630 7002 516.5
Quadd 310 7312 35
DaQidk 270 7582 200
Quads 310 7802 35
DQiak 270 8162 200
Quadé 310 8472 35
DQ6D3 2115 10587 2036
LD3 500 11087 24
DQ6D3-DS 1058 = 12185 1014
0 wms
D53Det-DS 390 12535 390
110 12645 110
TOTAL 12645 | 12645 = 12645 |

LISE** does not support effective dipole lengths,
so it has to be set manually

w



MICHIGAN STATE

Effective lengths & D22 m-aipoles KA

i i
- al .
R KT

264
22
Original information 00A L= 53 7cm
1.8 H ]
. 1.6
LD1 =500; {Length of dipole 1 in mm } S 14 f :
LD1eff {Effective length of dipole 1 in mm } g 12 fAlro00n Ly opdon
SDipl = 0; {Radial shift of dipole 1 axis in mm} 10 j’é
0.8
LD2 =500; {Length of dipole 2 in mm } 06 300A 1 = 59 7erm
LD2eff {Effective length of dipole 2 in mm } 04 ;
SDip2 = 0; {Radial shift of dipole 2 axis in mm} 02
0.0 Ikt T |
-70 60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
Zm(cm) corrected on R=1577+160mm (k=1.1015, §Z=+6cm)
Based on the Finall din LISE*+ S g
. . D22
logbook information inally used in LIS o2 I v
after Br recalculation - Dispersive block—————————
LOGBOOK (14.04.2014)  Biha | 076221 =
Br= 0.77 Tm Brrecalc= 0.7622 Tm B ||:|_4?1 47 =
L= .2 ID22-8= 508.5 A 055
B from calibration B from calibration o | '
BE=047147 T B=0.47147 T
Radius frm Bth;fB radius= 1.616646
radius= 1.63313 mm Length= 619.2 'mm Bend Sectar
Alpha= 22.00 deg Alpha= 0.385296 Rad Radiuz = I 1E1GEE m
Alpha= 0.3840 Rad Alpha= 22.082 Deg Angle=["2z208  deg
Length=_ 2R*sin{a/2) Arc=0.623049 m
. Length = | 0EZ30 m
Length= 623.3 mm

Eff.Length= 2R*sin{a/2)

OT, 11/23/14, East Lansing 4
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Effective lengtins:: @Uads RIS

Used in simulations:

LQ =310; {Length of quadrupole iron in mmj}

6 identical quads
LQeff = 380; {Effective length of quadrupole in mm}

Q1 (pole 4) effective length on R rel.=0

1 B, kG Leff,mm
202 1.08 382.55
3500 303 1.615 381.7
505 2.68368 38045
707 3.7504 381.3
3000 909 48124  382.25
average  381.65
2500
w
Leff,mm
O 2000
m
3825
1500
382
1 000 3815
500 3805

3B0
10 15 20 25 30 35 40 45 50

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
L (mm)
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Effective lengtins:: QUads ISR

I -
Ly AL wI A

Effective Lengths measurement

Q6 (pole4) eff. length Q3 (pole 3) effective length
4000
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MICHIGAN STATE

Effective lengtins:: QUads RIS

Quad 1-6

a (Half-aperture) [cm] _ Multipole: Quad 1

iron length [mm]

effective in the code [mm] 280 — Magnetic Multipole Settings
Leff=L+coef*a
coef (calculation)= 0.700 ; _ i

'/ ) B [field at pale tip) | 502243 0 kG

For information _: ) Radiuz [half-aperture] | 10 10 cm

The same coefficient value 0.7 has been

obtained in the case of NSCL A1900 quads | Multipole fived Brha-value | 0.74886  Tm

http://lise.nscl.msu.edu/9 8/QuadEffLengths.pdf#page=5 conesponding to the setting fragment  E. coment value |
| ¥ Calculate 2nd order matris elements B(l] calibration |
' W llow remote matrices recalculation | +8R3.294

rQuad 1: multipole effective length / -

" Equal to Block Length (L] !
Block length iz uzed for
time-of--flight calculations

ective length iz used for (bb
optical matrix calcualtion, 0

et manually by uger

@ Lalculated © Leff = L + s°coef

where
"L": block [physical] length [r)]
3" : half-aperture [m] EEE 17

Meighbour block s have to be driftz. Their effective N

5
— &
coef=| 07
Secommendad éz\
.\.

lengths will be recalculated in order to compensate N
thiz effective quad length. \%
" Obtained from calibration file Leff= f[B) K(b

o)
o Ok | X Qui ? Hep Q

OT, 11/23/14, East Lansing 7


http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf#page=5

r~ Electrostatic Dipole Settings————————| [~ Optical block properties and data

5 — Section-Element cofEtrucion property
— Separation plane
Hozantal & B0 vertical S-block [Section) ¢ B* E-block [Element]
: N—EEETE e usin
Setting Charge state - g
Use double “logbook” voltage value !! forthe Bock 2.9) | 24 st velioe o

= E [electic field) 932 tuning

N
> . _
@ 1) [voltage) I 186.4 .I Cut(Slits) & Acceptances |
- Gmy| D221

" Electric rigidity I 4.4 = o Optical matrix | m
 Magnetic rigidity I 076368 —

[comesponds to the setting fragment]

G | setting of block | Calculate other
Senee s ° optic blocks

~ Electrostatic Dipole Constant: . ; A
BRI AR LHEES |—Advanced Elec.Dipole settings for extened configurations

Distance between

AC1 =200; {Distance between plates of condensator 1 in mm} plates [gap)= | 02 m | Bend type: Rit (m] . .
| — " Matrix calculations |
Bend Sector & Cylindrical

Fadiuz [rD]=| 4721 m phencal
Angle = I -8 deg " Toroidal

= | DEBSZ m Il te: ratri
Length Show ED Scheme | caloctlraet:j;ﬁ & matrices

Important: Selection [#40] in this block by Electric
rigidity, where [f = d[Erha)/[Erha)

RadiusLC1 = Leff /sin(alpha)
Alpha= 8.000 deg

Electrostatic dipols
- mode = Cylindrical
RadiuslLC1= 4.721 m iece -
irect = X
radius = 4.72 m
angls = -8 deg
length = 06592
n=a0
beta = 0.0191%2
e_xi = 14141
n_sta = 0
Hk = 0.99991
Hn = 9.2082e-05
kZz = 0.0897 n"(-2)
kZy = 0 m (-2}
transport format [en-nrad]
= TRANSFORM 1 =
[D] — Homentun transfer matrix (Important!)
1 [%]: +9.8057=-01 +6.5490=-02 O 0 0 -9.1723=-02
2 [T]: -5.87572-01 +9.8057=-01 O 0 1 -2.7739e+00
3 [¥] 0 0 1 +6.5918e-02 0 0
4 [F] 0 0 0 1 1 i
5 [1] +2.77392-01 +93.1723=-03 D il 1 -8.54752-03
6 [D]: 0 0 0 i 0 1
transport format [cn-mrad]
= TRANSFORM 1 =
[D] — Electrostatic rigidity sslection (Important!)
[
1 [x]: +9.80572-01 +6.5490=-02 O 0 0 -4.5870e-02
2 [T] -5.8757=-01 +3.8057=-01 O 0 il -1.3872=+00
3 [7] 0 0 1 +6.5918e-02 0 0
4 [F] 0 0 0 1 0 0
5 [L]: +1.38722-01 +4.58702-03 D 0 1 -2.13772-03
&6 [DI: 0 0 0 0 il 1

OT, 11/23/14, East Lansing 8



Brrecalc= 0.7622  Tm
ID22-8= 508.5 A
B from calibration
B=0.47147 T

D22

074886

[046322

:

— Optical block properties and data

— SectionElement construcion property

S-block [Section)

2]

f* E-black [Element)

Calculate the Yalues uzing

f I 439,367 i ]
radius= 1.616646 Co S?E:TEBCSE{EE Ea&ei I a4 the Setting fragment from
Length= 619.2 mm IEI C1
Alpha=  0.385396 Rad #] Cut(Sits) & Acceptances |
Alpha=  22.082 Deg Bend Sectar P p— | Bmy| D222
L
Arc=0.623049 m W Radius = M
1.616ES Tweak, 01 4
I~ Angle = |_22 08 deg General setting of block
Calculate other
Length=| 06230 m |f Calibration file | optic blocks
VDH 1
: | . —— . .
[V Allow remate matrices calculation
- Bending magnet settings [Impartant!! -» USE IT anly in extended configurations) \ ) .
& Matrix calculations o OK X Cancel ? Hep
P illse Entrance and E it faces of bending magnet in calculations
! T
P Hel ype i i
q P Code Description Walue Dimension YDl 67
m = ;
165 g/2 -Wertcal half-aperture of bending magnet I E7 on & ’
H le T
RIS o7 Kl e destubecnnate 5 {Halfhight of 7 ek Tt ot 021l
MAGNET 3 i 07
SETTINGS inging filed of a bending magnet d, I
1ga  Re-asecondintergal related to the extent of IT |p0 es gape
; the fringing filled of 2 bending magnet B . transport format [cm-mrad]
e In mm} = TRANSFORM 1 =
EMTRANCE 1612  1/R1 - where R1 is the radius of curvature of I o 1m 1 3 9973001 o 0770002 o . o 1 1857001
+ e + | + |
BFEAI\?[EﬁE the entiance face 3 [T] Z5.9631e-03 49997301 O 0 0 +3 30162400
o Betal -Angle of pole-face rotation I 1 degrees 3 [¥]: ] 1] +9.48142-01 +6.2301le-02 0 1]
MAGNET [pay attention for angle sign!) 4 [F] 0 0 -1.62162+00 +9.4814s-01 0 0
5 [I] ~3.9016e-01 -1.1857e-02 D i 1 ~1.53062-02
6 [DI: 0 0 0 0 i 1
40 023 4632, 1 (2B
== _ Ed = I 0
hEB | 3x flao x TRENSFORM 2 =
* this line has been set »=0 101 1 .81972-05
MAGNET in the parent dialog 2 1 2. 13.757204 +5.9250e-06
[Fradivs. Bfield. angle] 1 G A P H 3 T3RREET0E 1 saseens
e — = I g 1 5 0 i] 0 i] 0
1k B, d =0 1 6 +7.48762-04 +4.5411=-05 0 0 0 -1.14052-03
Trt @1 +2.4039e-04
2 2: +2.2583=-02 -—1.9503=—04
2 3 i 0 -1.63982-04
TENIT FACE OF 1612 MHZ-lvruheleF\letheladlusofcurv re of I 0 1m % é E g +é 5369e-04 *é 8106e-04 )
BEMDING E”;‘ :CEI _ [ 2 6: 41.0235e-03 -7.3149-04 O 0 il -4.04952-02
MAGMNET etaZ - dngle of pole-tace rotation I EE]
2 [pay attention for angle signl] ec=os % é E .
7 303 -3.0763=-04 -4.2400=-04 0
31 +3.6210e-04 +1.0972s-05 0 o
I 0 0 0
Calcualte 2nd order FCopy |hesf Calculations 3 6 +7.36342-04 +1.5306e-05 O 1]
[t F Calculate Optical mtrie = X Cancal = D
_ I 4 2 0 0
— 4 3: —7.69802-03 +3.3937e-04 @
¢ % 401 -8.1410e-04 +4.0415s-04 0 o
4 = 0 i i i 0
1 6 0 0 +2.34322-02 +7.3634=-04 0 0
For example, a symmetrically oriented rectangular bending magnet 5 1- +133278-05
5 2 -2.771le-06 0
whose total bend is 10 degrees would be represented by the three entries ERS 5 3 e
£t i i i i 0
z, 3. 3 4, === 3 2. 5. H 5 6 +1.42562-04 0 0 0 0 0

OT, 11/23/14, East Lansing




D3Alfa =0.1274;{Bending angle 7.3 of central trajectoryyo dipole D3 in rad}
LD3 = 500; {Length of dipole in mm }

LD3eff = 588; {Effective length of dipole in mm }
D3W05 = 95; {Half width of dipole 2 in mm}

5D3 = 0; {Radial shift of dipole axis in mm (245)}
betaD3 = 0.070; {Rear pole face-rotation angle of dipolg D3 (0.07)}
¥D3lim = 70; {Halfhight of dipole camera in mm 70}

D8

 Digpersive block ——————————| [~ Optical block properties and data

& Biho | 074886
B | 016181
ol |39?.241 :

— Section-Elemen
S-block (Section) &

Seatting Ch tah Calculate the Yalues uzsing
?orlr:ﬁe BFDIEE SE?QE] I a4 the S etting fragment from

=] o |

&  Nex

.I Cut(Slits) & Acceptances

RadiusLD8 =Leff /sin{alpha) Bend Sectar

Alpha= 7.300 deg \\ _ " Optical matric |
Sz = m
Eff.Length= 588 mm [ 4628 Tweak [ 01 %
RadiusD8= 4.628 m Angle = | 73 deg General setting of block |
Alpha= 0.1274 rad _ o Calculate other
- pl Length=| 05896 m 1/ Calibration file optic blocks
RadiusD8= 4627.6  mm
Arc= 0.3836 X X
v Allow remate matrices calculation
- ————— G Matrix calculations oK I X Cancel | P Hep |
D8 - — -
- Bending magnet settings  [Important! -> USE IT only in extended configurations) |
se Entrance and Exit faces of bending magnet in calcflations
|
7 b | IR e = Oingien || AT . |
ode
165  gf2 -Vertcal half-aperture of bending magnet
transport format [cm-mrad
BENDING 167 K1 -anintergal related to the extent of the I . t !
MAGMET 3 i
SETTINGS fringing filed of a bending magnet * TRANSFORM 1 x
I3p  L2egscemiliionr ks o el of 1 +9.91895-01 +5 8806502 O 0 0 +3.7513e-02
the fringing filed of a bending magnet 2 [T] -1.24692~01 +1 0008=+00 O o i +1.2763e+00
3 [Y] i} i} +1. 00272400 +5 8965e-02 i} i}
e —— 4 [F i} 1} -5 96642-02 +9 9380=-01 i} i}
EMTRAMNCE 1612 1/R1 - where R1 iz the radius of curvature of 5 %L% -1.270he-01 -3 7513e-03 0 = = 1 -1.5940e-03
FACE OF the entrahce face 6 [D] [i} [i} 0 [i} 1
BEMDING 20 Betal - Angle of pole-face rotation
MAGHET [pay attention far angle signl]
# TRANSFORM 2 =
JB 101 -1.22462-05
40 0.583 1.623.. n=— 1 Ed 1 2 +1.2634e-04 +1.8787e-06
h B a 1 3 [t} -1.4044e-0%
» x 1 4 [t} [t} —6.4102e-0% -5.6503e-06
* thiz line has been set - 15 g g 0 o o
MAGNET i the parent dislog - 16 +1.61652-04 +4.7782=-06 0 i 0 -3.7360=-04
. 2
[Radius, Bfield, angle] 1 a By > 1 5 1356007
= hz— ? 2 2 +8.6017e—06 -6 3870=-05
2 3 i} i} -1.3564e-04
2 BJ‘ & 2 4 1} 1} +7.5982e-06 -6 3195e-05
= 2 5 a i} 0 o 1}
2 [ +1.2579e—03 -8 8923=-05 i} o i} -1.2820e-02
m 1613 1/R2 - where R2 iz the radius of curvature of g é 8 0
BEMDING the exit face 303 4665206 -1.27862-04 O
MAGMET 2 Beta2-Angle fof poleilac_e rlutation 4 degrees g g +é 2645204 +g 7146e—06 3 g .
pay attention for angle sign) ER 0 +7.29452-08  +1,5940e-06 0 0
4 1 [t}
4 2 [t} [t}
Calcualte 2nd order . 4 3 -2.7134e-04 +2.5637e-05 0
ke mattix elemernts & Caloulate Optical matrix inthe B|§Cs: Isljtc;iilmlons (e j g _é 8844e-05 +é 2836e-04 E g 1
__ 4 [3 1} 1} +1.5109=-03 +8 8925e-05 i} 1}
5 1 i}
5 2 i} i}
3 3 i} i} -1.3728=-04
3 4 i} i} 0 o
5 5 i} i} 0 o 1}
g [ 0 0 0 a o 0
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Calculations | Utilities 1D-Plot 2D-Plot Databases Help

Apertures & Slits

Optics
Goodies

Calibrations
Transmission and rate

Optimum Target

v Tune spectrometer for setting fragment on beam axis

Tune spectrometer for setting fragment at middle of slit Note SIItS 4 are temporary not used due '[O Iarge
| e o transmission cut of fragment of interest.

P M A BT It should be discussed!

Brho scanning

Optimum charge state combination

Monte Carlo calculation of transmission » Quad & Dipole settings : EDIT

Calculators

E Quads & Dipoles settings

First order matrix elements : PLOT

First order matrix elements : View & Print

v | Quad & ipole settings : View & Print )

Brho(Erho) Analyzer
The First- and Secend-Order Matrix Elements for an Ideal Magnet

aperture

| FI1IE: C:“_Popeko“SHELS. lpp

1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
N  Block name Kind of Start Length DriftMode BO(KG) Br-corrsp Rapp({cm) L effim) Znd Calc Anghd- Slits Imin Emex Ymin Ymafl Appert Imin Xmax Ymin Vmax
or Block (m) (m) Angle(” )= Br-dip* ERim)= Len(m)* order Mode model shape =lit =lit =lit =lif] shape limit limit limit limit
1. tuning Dipole 0.o0o 0.000 +40.0 % +2. 496 0.7489*% 3 .00% 0.00= - HV recth ellp=
2. DT51 Drift 0.o0o 0.350 =tandard - recth ellps =90 +90 =90  +90
3. =slits 1 Drift 0.350 0.000 SLITS - ellps -35 435 =35 435§ ellps -90 490 =90 490
4. D5101 Drift 0.350 0.070 s=standard - rectn ellps -90 +90 =90  +90
5. fuad 1 Drift 0.420 0.310 multipole +5.022 0.7489 10.00 0.38 ves 1 — rectn ellps -90 +90 90  +90
b, dagigk Drift 0.730 0.270 s=standard — rectn ellps 90  +90 -90  +90
7. Quad 2 Drift 1.000 0.310 multipole -4.581 0.7489 10.00 0.38 veS 1 — rectn ellps -90 490 -90  +90
8. dgigk Drift 1.310 0.270 standard — rectn ellps -90 490 -390 490
9. COuad 3 Drift 1.580 0.310  nultipole 42,239 0.7489 10.00 0.38 ves 1 — rectn ellps -90  +90 -90 490
10, dgicl Drift 1.890 0.551 =tandard - rectn ellps =90 +90 =90 490
11. 1 ElecDip 2. 442 D659 -B.0 = 179 2kV 0.7489% 4 72 0.66* - - rectn rectn -100 +100 =175 +175
12, d=1d1 Drift Im 0.423  =standard — rectn rectn -100 +100 -175 +175
13. D221 Dipole 3524 D.p23 4221 = +2 496 0.7489% 1 A2% 0.62% ves - rectn rectn -215 4215 -67  +67
14. ddlsv Drift 4147 0.305  standard - rectn ellps -215 +215 -67  +67
15. slits 5V Drift 4. 452 0.000 SLITS — rectn -100 +100 -67 +67 | rectn
16, dswvd2 Drift 4,452  0.305 standard — rectn rectn -215 4215 -67 467
17. D22 2 Dipole 4,757 0,823 221 = +2.496 0.7489% 1 62% 0.p2% yes — rectn rectn -215 4215 67 +&7
18, ddZc? Drift L.380 0.423 standard — rectin rectn -216 4216 -E7 467
19, 2 ElecDip 5,803 0.B59  +B.0 = 179.2kV  0.7489% 4 7% 0.6E% - — rectn rectn -100 +100 -175 +175
20, doigd Drift b.463 0.551 =tandard - rectn ellps =90 +90 =90 490
21, Cuad 4 Drift 7.014 0.310  mnultipole 40.699 0.7489 1a.a0 038 yes 1 - recth ellps =90 +90 -90  +90
22 . dagigk Drift 7.324 0.270 =tandard - recth ellps =90 +90 =90  +90
23, Quad § Drift 7.594  0.310 multipole -3.300 O0.7489 10.00 0.38 ves 1 - rectn ellps =90 490 =90  +90
24 . dagigk Drift 7.904 0.270 s=standard - rectn ellps -90 +90 =90  +90
25, Quad § Drift 3.174  0.310 multipole 42,358 0.7489 10.00 0.38 ves 1 — rectn ellps -90 490 -90  +90
26. daghd3 Drift 5.484 2,115 standard — rectn ellps 90  +90 -90  +90
27. Da Dipole 10,599 0.5%0 +7.3 = +2.496 0.7489% 4 63 0.59= yes — rectn ellps -95 435 70 470
28, drift Drift 11.18% 1.058 =standard — rectn ellpe -95 495 70 470
29, slits 3 Drift 12.247 0.000  SLITS — rectn -40 +40 -40 +40Q rectn
0. drift Drift 12,247 0.390 standsrd — rectin rectn
31, =slits 4 Drift 12 637 0.000 SLITS - rectn ellps -40 440 40  +40
32, drift Drift 12,637 0.110 =standard — \rectn rectn }

™ g ™ g
| symbol "#" after values denotes, that these values belongs to Dipole settings, where column names are found in the second row of titles, and also marked by "*"

| Column 08: "Br-corrsp" - quadrupolei{seztupole) field iz scaled to this Brho—value; "Br-dip*" - dipole magnetic rigidity [T#*nm]
| Column 09 "Rappi{cm)" - radius(half-aperture) of gquadrupolei{sextupole) in cm: "R{n)-dip*" - dipole raidus [m]
| Column 10: "L effimn)" - effective length of guadrupole{sextupole) in m, wich iz used for Optical matriz calcualtiuons; ‘“"Len({m)*" - dipole length at ther central azis [n]

I Column 12: "Calc mode" - only for gquadrupole({sextupole); 0 - no actions; 1 - recalculate automatically B{field), keep natrixz;
| 2 - recalculate automatically the matrix, keep Bifield)

I Column 13: "Anghcc mode" - "H(V)" : horizontaliwvertical) angular acceptance will be applied for this block
|

Column=s 15—

18,20-23: =litz and aperture(linit) =izes in [mm]. If =slit or aperture(linit) does not have action, then itz =ize value i= abzent

OT, 11/23/14, East Lansing 11



MICHIGAN STATE

Calibrations YRS TRA

I ~ i
I

Excitation of D22-1 T — W
09 ¥4+ 71T T T T T Multipole: Quad 1
3 t = t t t = t = 3 —
0.8 i j = i j = ? — Magnetic Multipole Settings
: A REE D e r/": = 3% ||QUADrup0Ie SEXTupole
0.7 3 - 3 ;
E —* = L_eft [effective length)
== 3 mede: <Calge [e=0.700 i I 0.38 m
0.6+ I B fiskd of pole tin) | 502243 0 kG
p 05 E Radius [half-aperture) | 10 10 cm
= : i
= 04 - 3 Multipole fized Brho-value 074886 Tm
m 0. E L = = comesponding to the setting fragment  Fi cyyrant Valuel
ESESE P 3
0.334— — — . ff o
= t .’/r 3 i ¥ Calculate 2nd order matrix elements B(l] calibration
02 = = (I_/‘v‘_ ! 3 1 IV Allovs remote matrices recaleulation +BA3.29 4
R =nES=s =
: /.%" i E
0.1 et 3
; /'/‘ g Quad 1 : quadrupcle filed calibration
0.0 FrFr e
0 100 200 300 400 500 600 700 800 900 1000

IA (A) T {4 Calbraionfie
ol | 953288 4

Calibration data of all 6 quad, m-dipoles D22-1, D22-2 and D8
have been transported to LISE** calibrated files and linked to the
SHELS configuration to be used in the corresponding dialogs.

./ Accept value & Exit I

xQuill

Calibration files are located in the directory “calibrations\FLNR”.

E‘ chprogram files
2 2 The calibration file iz in ASCI format, The first line contains
] 0o.01212 2 integer values describing the structure of the file :
1. Mumber of columns [ither 2 or 3]
50.4 0.30859 5N = }
100 8 0. E0G4 urnber of rows (calibrated points|
D QE I:Eﬂ IE I I Iﬂ lﬂl] 14 151 .3 0.90265 The next lines are the calibration data.
: ) The Colurns can be separated by a Space, a Comma o
D 05 cﬂ 232 I Iﬂ Iﬂu 14 Sg% . 2 % . iggg % a Tabulation. User can put comments after the data.
02,9 1.79407 13t calumn: the Current (1] required
D Q4 cal 166 1172172014 353§ 5 09152 2nd : Magnetic field [B read) from NMR - required
|__|:'| Q3 cal 314 11212014 404 LT Trd: sst Magretic filed (B set] optional
454 .5 2.68556
(a2 cal 329 1212004 5051 2.98245
555.7 3.27909
[ cal 315 1172172014 6061 3.57586
6567 3.87217
[1D8 cal 576 11/0372014 7072 4 16828
7ET.7 4 46376
[1D22_1 cal 277 11/03/72014 808 3 4 75329
858.7 5.05419
[1D22_2 cal 257 117032014 ana 1 £ 31773
959.% 5.64015
999 6 5. 87045

OT, 11/23/14, East Lansing 12



MICHIGAN STATE
R ¥

Reaction Choice AR .

L L » L

208Pp(°0Ti,2n)%°Rf experiment used to create configuration (logbook 14.04.2014)

Energy = 237 MeV
Target 298PphS (0.35mg Pb)

A Element F —Beamenergyg———————| ~Emittance
l_ l_ e | Beam C&RD
50 Ti I- o — = - ? [zigma, sgmi-a:-
| 22 [ 237 ey
Z 15683 Tm -
| l Stable 4702 Gelic Production Mechanism
- Table of IR |
/ Nuclides - - [ Reactions ,l' Energy Loss, Straggling,lr Charge states,!' D atabazes Masses, Isnznmers,!r
C:I > I:> Beam intenzity
| SOTi[4.7 Meb Au) + PBS -» 256R(
=l I = i Te+d end,
¢ ke I — @ addiionally calculate
- B.25e+12 | pps vields for the next

Energy Al h
X Cancel | O 0233 KW et vy @ reactions

|
\
| U Seftings | " Projectile Fragmentation r
|
| Settings | ] 7
|
L Settings | " Fusion -» Fission r
; I -

Densit_l,ll R gemd By w— iy T—— —Ande U Settings | Coularnb figzion -
* Solid % matem2 & micron Calculate | o Settings | " Abrasion-Fission r
' Gas " glcmZ & mm I 0 degrees )

" Two Body Reactions r

comp” Z  Element Mass Staich

|7 Iﬁlﬁ PT I IT |1_ (Ihickness at 0 degrees—— (Effective Thickness

0.B0542797  micron 060542737 micron

coRw [s P = [T 0,406 C 0406 mgiem2
[

1501 mode

Fusion-Residuar
AD+ A1 = A2 = A3

LB

r I 14 Absorbed Dose |

T
d/Range [beam] | 0017
Compound dictionary | Energy Loss in the I—
0.00402

target bow [Kiw]

comp® - uge this material for fusion compound and ta calculate |lge in O-ztate Atams 2 cm? I 2 04e+18
cross-gections in the casze of Fission reactions and A4 3 calculations =

™ Make defaul W OK xCancal P Hep |

OT, 11/23/14, East Lansing 13



Reaction choice: Charge state model

.y According to the logbook
|5 - [ < 154Mev] G.Schiwistz, P.Grands, NIM B175-177 [2001) 125131 <> = 19.5, Sig(q) = 2.44
Schiwietz’s model has been chosen for this reaction
with setting charge state 20+ Question: The Sulfur component has
been taken into account ?
256Rf equil.charge distr-n after Target (PbS): I'ragment energy = (0.2 MeV/u
80T (4.7 MeV/u) + PbS (0.41 mg/em2)
Calculations for 256 Rf 20+ 20+ 20+ 20+ 20+ 20+ - \aterial PbS
Charge Disltribution Method is 5
. I .
i
1e+2: I
: |
1
1
- '
N S
/ \ ’,}i | R
1e+1 3 }' -\ ’,1’ : = .
F / N : ”
/ LN 1 C
—_ r " | E
£ / ~ \ i .
5 1e+0 / 5 | ™ i
-% b / N |
g v =
L / x AN *
/ v ‘
1e-1§ / Y : 3
F ¥ \! *
7 1 '
 / H
:\
te-2 | - - - 4
[ ! 1 \
A
: L )
10 14 18 i 22 26 an
Charge state (Q+)
H | distribution | E—MSan | E-MaX | V—MaE | dewiation | FWHK |
| 0-Winger | +4.4900e+01 | +4.5000=+01 | 1.689=+01 | 2.372e+400 | 5.576e+00 |
02| 1-Leon | +1.4979=+01 | +1.5000e+01 | 2.882e+01 | 1.401e400 | 3.292e+00 |
03| 2-Shima | +2 . 0463e+01 | +2.0000e+01 | 2.031e+01 | 1.923=+00 | 4.601e+00 |
04| 3-CLOBAL+W | +4.4900e+01 | +4.5000=+01 | 1.689=+01 | 2.372e+00 | 5.576e+00 |
05| 4-GLOBAL+L | +1.4979=+01 H_s_u.u.u;«uu_i 2. 882e+01 | 3.292e+00 |
OT, 11/23/14, East Lansing | | +2.0292e+01 [ +2.0000=+01 J 1.491e+01 [ 2.672e+00 || 6.307=+00 | 14




MICHIGAN E

lon choice: Fusion residual (SHEregion)s = e

al
—

F
Fusion -> Residual

Evaparation settings I

— Tranzmizzsion probakility for a one-dimensional patential barrier

ki

" Classical = Fusion infarmatio ndow (-1
& Quantum-mechanical
I BOTi[4.7 MeViu) + PbS -» 258Rf = -» 25BRf

h_omega - Curvature parameter

- il descibivg | 6 Temporarily turned off
of the parabolic potential describing [
the barrier [default value 3 MeV) M=

(J-walue of reaction = -169.621 Mev
Fusion max barrier = 194,28 Mel
Fuzion radius = 12,40 frn

— Probabilty for compound nucleus formation P_{CH}

Take into account the Probabilty for compound nucleus / — Depending on a place of reaction in the target

[~ fommation P_{CM} according to

W.Zagrebaey & W Greiner, PRCYE, 034610 [2008] beginning  middle end

| For nuc|ei in th|s Beam energy [Lab] [MeY/ ] 475 471 4 67
\ - Make F'rlner site re gi on, which are Beam energy [Lab] [Mev]  237.0 2380 2330
\ W OK | default Fusion . . Center of mass energy [Me] 19095 189.33 18771
absent in data file Exctation energy [Me¥] 2143 1981 1819

X Cancel | 7 Help | Evaporation Compound recail energy Mev]  46.0 456 152

Fusion cross section [mb]  0.728 0137 0.0254
Fuzion- 1st Fission CS [mb]  0.627 01z 0.0226
Fusion-Breakup CS [mb] 0 i} 0

Fission Barrier

Sierk barrier infarmation — For models # EI,'Iﬁ—
A Element 2
Barrier wanizhes at =| 1} hbar factor to multiply
[E [r [0 @& Batac=| 6  the fission barier — for setting residue after the shipper
[ SF and lpha decay [=H =] _ [defalt value 1) .
h. Fission Barrier Plot | [ Use LISE shell canections for LDM Energy diapazon [Meliiu) 0158 o 0175
I Use add-even caneclions for LDM Caresponding ion charge state 1390 - 2082
Fizsion Barier | Fission Barier G.5. Energy Odd-E Delt ters
Use in the code ven Lela parameters E 1
= tLe = H g Z H
atL=0 atls=[ 10 at Lz [Me) e IT gdgf;ulif 1L"\ Plat the excitation function I
- "Barfit’ - &.J Sierk, PRC33(1986]2033 [ &z [ @ [0 or Protans e =
for Meutrons I 25 2.5 MeV
€ 1-"FisRot” - 5.Cohen et 2l &n P B2[1974) [ & [ Es® [ o= =
- — . - “2.] Fusion-Residue calculator
7 2-LDM - Myers W Swiatecki NPE1(1966) 7.07 - Formodels 134 All fugion characteristics are -*-J
3+ FILE: AMamdouh et ol NPAE7S(2001/337 R i FILE data are absent then use LDM madel calculated with BASS-model P |
aut = m -
£ 4 -FILE: Experimental barriers I - & mas finout) 1-"FisRot” - 5 Cohen ef &l An P 8201974) j
& 5-FILE: P.Moller et al. LANL-UR-08-4190 I 565 ]
J

W Ok I X Cancell ? Heb | ™ Make default

OT, 11/23/14, East Lansing 15
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Cross sections (Fusion-Residual)
50Tj + 208pp > 238Rf* (Q =-169.52) Model: LisFus v.4.0 Fis.BarMeV=5 65 P-Moller .LANLUR-08
Veouloms = 191.19 MeV; Fusion heightBassy,,: B = 194.28 MeV; h_omega =6.00 MeV
Beam energy: Erap =4.75 MeV/u; NPeyap=64; Vertlines: Br & Epeam(1/2 target)

IGAN

Final Evaporation Residue cross-sections (LisFus)
EVAPORATION - Compound nucleus 258Rf
Excit Energy: 18.2-21.4 MeV; Fus.CS:0.3 mb; Fus.Barrier: 194.28 fm; h_omega =6.0 MeV

NP=84; SE:"DB0+Cal1" Density:"auto” GeomCor."On" Tunlg:"auto" F1sBar=£5 Bar™2°=6.00 Modes=10101000 110

1e+3 e e cross sections in [mb]
E ____Wm::::;;g’“;L;EaSQ
1e+2 B ] 104.5
1e+1 % !f
3 1.3e-09
1640 ; 103.5|—
z | 256y  257|p
E  teaf =
c F P g 43e-08 3.8e07
_‘g £ _ o 1025
g 1e-2 E E
(%] £ p §
g 1e-3 3 < a
© i B 1015
1e-4f A T
z 2530
1e-5E Gt - ”» ++ 6.76.12
FLisFus” model| (LISE*) -
E , | !
1e-6 ¢ G i
F | 250Fm
Te-Tg 7 ) )
E ; 2n channel is overestimated.: r2e07
15 17 19 21 23 25 27 29 149 150 151 152 153 154 155
Excitation energy (MeV) * No P—{CN} used. Neutrons (N)

* Play with Kramers coefs
for fission.
* Fission barriers

The influence of projectile neutron number in the ***Pb(**Ti, #)***Rf and o) 60
28pb(*'Ti, n)*>'Rf reactions C 5
S’
sl -2 . 1,23 12 1.2 S 40
I. Dragojevi¢ -, K.E. Gregorich®, Ch. E. Diillmann™~", MLA. Garcia™", J.M. Gates ™, W
-—
. (&)
S.L. Nelson'?, L. Stavsetra®, R. Sudowez’*, and H. Nitsche? 0] 30
0 9
! Department of Chemisiry, University of California, Berkeley, California 94720, U.S.A. [72]
n
? Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, U.S.A. E 1 o
’ Abtetlung Kernchemie, Gesellschaft fiir Sciwerionenforschung mbH, 64291 Darmstadt, Germany O 0

OT, 11/23/14, East Lansing
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MICHIGAN STATE

Configurations ARMITIRE

Index of /9 _8/SHELS

Name Last modified Size Description

4 Parent Direciory -
[?) SHELS.Icn 23-Nov-2014 17:08 153K

@ SHELS Ipp 23-Nov-2014 17:08 182K

- SHELS xlsx 23-Nov-2014 19:15 49K
http://lise.nscl.msu.edu/9 8/SHELS/ % p———— i lora014 1614 3 600
@ SHELS vO.lpp 21-Nov-2014 18:18 173K

@ SHELS v brho.lpp 21-Nov-2014 1821 173K

@ SHELS v9 brho quads . lpp 23-Nov-2014 17:08 182K

@ SHELS v9 brho quads acceptancelpp 21-Nowv-2014 18:17 173K

The LISE** package already contains the SHELS configuration and calibration files.

Please use v.9.8.166
v' Experimental (logbook) settings SHELS v9.Ipp
v" Brho values by LISE++ SHELS v9 brho Ipp
v' Qb field value modification SHELS v9 brho quad5 Ipp
v’ Obtaining angular acceptance SHELS v9 brho guads acceptance.ipp

v Final version for the LISE++ package SHELS.ipp SHELS.Icn

OT, 11/23/14, East Lansing 17
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MICHIGAN E
UNIVERSITY

Configurations : Experimental (Iogheok) settings e

TEE———— @ TW

Multipcle: d 1
ultipole: Qua —
— bagnetic Multipole Setting
||GUADrupoIe ” SExTupole
L eff [effectlve lenath] .
Cmicom ||| 0® m
| E [field at pole tip) || 511196 ] kG fv.0% Zose
R adiuz [half-aperture] I 10 10 om iRy 50._ / EXT- - )

oy X Yy A . v o 23 A e
Ag"b/tm_.m_ih 3 > et ’é /.,«_ 3 }/%:; # f("ﬁ/ﬂ S8 ey /(/ 4 g

Multipale fixed Brho-value I 07622 Tm —~ . h‘ﬂ‘
corresponding to the setting fragment — Fo o rent \-'aluel EES Sfpl cp > - /95 2} ~ 2 ¢s L:; s 7) E =21/ —

| [ Calculate 2nd order matrix elements BIl] calibration |/— ﬂ_?_cl‘)l". = JEN. é/ a oo 4.}!-’ L4 & - Z‘, AL = —L o% & - > JE5 f—; I ’
TGy =R H h T

I ¥ &llow remate matrices recalculation | +868.60 &
T3 A3 6 4 =H332 ke =930k

= ey W T
Multipole: Quad 2 '- : I. St T /Jd, 34

LS
— Magnetic Multipole Settings .
. = Tk = 302. 74
||QUﬂDrupole ” SEXTupole

mode; < Calcs

L eff effective length] i I ER "
070, :

B (field at pole tip) || -4.66283 [ kG

R adius [half-aperture] | 10 10 cm

Multipole fixed Brho-value 07622 Tm
conesponding to the setting fragment i comrent value |

¥ Calculate 2nd order matrix elements Bl calibration
L ¥ Allow remote matrices recalculation 798104

“'-.I-
. .

— Electrostatic Dipole Settings

-
Multipole: Quad 3

— Separation plane

— Magnetic Multipalz Settings

||I:!U,MjmlmlE ” SExTupole Honzontal @ Yertical /

L eff [effective length] I k] rn
1 ] ]
| B [field at pole fip) || 2.27922 i kG  E lelectic field] 95 = gam UcCl=U C2

Radiuz [half-aperture] | 10 10 M | - -
[ & | [voltage) [N

Multipole fixed Brho-valus 07622 Tm 1  Electic rigidi MU/C
ectric ngidity

caresponding to the setting fragment  Fiy curent value |

i Magnetic rigidit I 0.76363
[l W Calculate 2nd order matrix elements Bll) calibration g Aty - Trn
|l .
L ¥ Allow remote matrices recalculation +307.40 A [comesponds to the setting fragment)

OT, 11/23/14, East Lansing
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MICHIGAN STATE
UNIVERSITY

o> Configurations : Experimental (Iogheok) Settings _
SHELS v9.1pp

Multipole: Quad 4

-———— @ W = I.
— P e

— Magnetic Multipole 5 etting

iIQUADrupole ” SExTupols
L eit [efective length]
mode: <Caloy [o=0701 0.3 m —
l B (field at pols tip] 0.713 [ LG - '
| B /769 Zose
Fiadiuz (half-aperture) | 10 10 (=] J—
- 3 50 __ - - - . )
[l e @i g e s __,/_Fe.;r 5 \ - ) =
Mulipole fised Bihe-value | 0763689 Tm N (23 Zady YLD 550, 18 A Fq
conmesponding to the setting fragment  Fi current value ) - "*:.)\ - : _._-“‘ _
C.JC:‘:"-_ (A L > - IS8 ﬁ‘}.‘_‘ T iL:;-‘éx‘;_‘j- Ec'r:ef._‘:
Il ¥ Calculate 2nd order matriz slements Bll] calibration | 7 ‘) ; . - -
— 7 . . . . o . A v 5 4
I || ¥ alow remote matrices recalculation [ 20544 - @i = SES. ! 4 UEL > 204.6 - Z‘f R A RV A A k|
by TGy =R p 7
Fei =232 ¢ 4 M3 32 4 14eT=932KV
. Tae—— T W = —
Multipole: Quad 5 - ™ _ a. 5 ' A p —
R Jae = 120,34 Thaa-5"- 2223 /4ty 5025 #
- Magretic Mulipole Setting [ g {; = A9y ¢ ,él /~..__.?
[QUEDrpole !SEXTupoIe gt = 302.%4 1’5; T fivu LJ-E/;/: O.FA0 T om Y7 L= (€4 7
L_eff [effective length] —
mode: <Calc> [c=0.70] 038 " I+8 = J29. 5 /
I B [field at pole tip] || -233153 i e I :
R adiuz [half-aperture] I 10 10 cm
i
Multipale fised Brho-value 076369 Tm
comesponding to the setting fragment iy curent value
. — Dizperzive block [M-dipole] — Dizpergive blocH [M-dipole]
i [ Calculate 2nd order matris slements B[l) calibration |
! ¥ Al remnate matrices recalculation | 398,60 A & Brho I 0.75454 . Brho
B T B
A ) L T I-
Multipole: Quad 6 el & 4 o |
— Magnetic Multipole Settings |
ilQUADrupole [ SExTupole
L_eff [effective length) 038 -
mode: <Calcy [o=0.70] Bend Sectar Bend Sectar
l B [field at pole tip] | 240032 i kG _ _
i Radiuz = I 4B15 m Radius = I 1.616ER m
Fadiuz [half-aperture] | 10 10 cm
| — Angle = | 73 deqg Angle = | 2208  deg
.Multlpole hHegl Brho-value 076369 Tm
conesponding to the setting fragment — Fi curert value Length = 05330 m Length = 0E230 m
\ ¥ Calculate 2nd order matrix elements i
L v Zllow remote matrices recalculation | +302.70 A
Br D22 1=Br_D22 2

OT, 11/23/14, East Lansing



MICHIGAN E

Configurations : Experimental (100006K) SEtNGS AR

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

' Optics ' 3 Tune spectrometer for setting fragment on beam axis
Goodies Tune spectrometer for setting fragment at middle of slit S]-]ELS ".QIW
ST Manual recalcualtion of e-blocks matrices (only for Experts!)
_ R
DSl clis (2R Update matrices linked with COSY files
Optimum Target

Envelope plot
Optimum Target-Wedge and Wedge-Wedge configurations

Brho scanning First order matrix elements : PLOT

Optimum charge state combination First order matrix elements : View & Print

-

Monte Carlo calculation of transmission (Quad & Dipole settings : EDIT )

Quad & Dipole settings : View & Print

Calculators 2

Brho(Erha) Analyzer

The First- and Second-Order Matrix Elements for an Ideal Magnet The SeCtOI'S Wlth dlffel’ent I’IgldltleS

[ 5| Quadrupoles and dipales fast editti
Bloc | GivenMame | Startim) | Lengthim) | BORKG) | BrTmjcor/eal | DriftM/4ngle | Rapploe?Ril. | LepifliLdinif) | 2Ad order | CalcMat?Z-0 | Anghcospps.Slits | COSY_link | SE |
S_I:lDrift daigk. 0730 0.2700 standard - HY - - e
Eanft Quad 2 1000 0.3100 46628 | 07837 QUAD yes 1 - HY - - &
5 0ot dajgk 1310 0.2700 - HY - - e
[@ W]t Quad 3 1580 0.3100 +2.2792 | 07837 QUAD yes 1 - HY - e
EDrift dq3cl 1.890 05515 standard - HW - [
EElecDip cl 2442 06592 186dkv | 07637 = 80 05552 . ! - HY - E
Eanft deldl 2101 04229 — sta - HY - &
EDipole Dz2 1 3624 06230 +4.7147 | =0.7622 w221 * (16230 yes * g4 - HY - - E
EDrift ddlzw 4147 0.3054 standard - HW - - e
5 0ot slts GV 4452 0.0000 - HY e
EDrift devd? 4452 0.3054 - HY - &
Eaipale Dz2_2 4757 06230 47147 | =0.7622 * (16230 yes ! - HY - E
EDrift dd2c2 5380 0.4229 —— - HY - &
Eaecoip 2 5803 06592 1864kv [ 0.7537 ) 47210 = (16592 | =4 T - E
5 0ot de2gd E463 05515 c 05165 T - e
EDrift Quad 4 7014 0.3100 +07120 | 07837 10,0000 o 0.3800 yes 1 - HY - - e
EDrift dajigk 7324 0.2700 c_0.2000 - HY - - &
Eonft Quad5 7E34  0.3100 2335 | 07837 100000 o 0.3800 yes 1 - HY - - &
EDrift dajgk 7904 0.2700 o 0.2000 - HY - - &
ﬁonft Quad B 8174 0.3100 +2.4003 | 07837 10,0000 o 0.3800 yes 1 T - &
5 0ot dged3 8484 21180 — standard o 2.0800 T - e
EDipole D8 10539 0.5880 +1.7000 | =0.7345 473 * 4 150 = (15280 yes " g4 - HY - - E
EDrift drift 11.187 1.0880 standard =~ HY - . [

OT, 11/23/14, East Lansing 20



MICHIGAN STATE
UNIVERSITY

r

Configurations : Experimental (Iogheok) settings AR

First order matrix elements
50Ti (4.7 MeV/u) + PbS (0.41 mgicm?); Settings on 256Rf20+ 20+: Config: DSSSSSSSSSESDSSSDSESSSSSSS...

dp/p=10.14% ; Brho(Tm): 0.7637, 0.7622, 0.7622, 0.7845

al charge states separ
sum of reaction

2 i B i * " [— XX glob S : i : i i o [— X glob 4 2 i B i * | — XD glob 47
12 .RIR — YIY g;m RIA — Yip gﬁm RID — YD g|gon

] -
P = E
& . E 5, E 4
o} < b =
& =
“w
w 0
4} 2f AN
_4 -
3|
8Lk
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Length [m] Length [m] Length [m]

A : i g : t— T glob 47 A : ' *[— T glob A : i g : *|—TD glob 47
5 [AIR — PIY g;n AlIA — RIP glsb 55 -ND — PID ngb

3| 45|
3 -
m . " |
N h Ll
£ [ I [ | 25}
1 { I =2
5 r | 3
3 I < .l J ® 15}
E ‘\ SR | E m
s At - a 2
< 1L " 0 | =
' -0.5
| I e [ Ep—— . T ]
-3} | A5
4 L
¥ 25
[ ]
5|
2 3ok
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
26-11-2014 12:26:88
LISE [0 PopekolSHELS va brio pp) LENGEH [m] Length [m] Length [m]
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Configurations : Experimental (Iogheok) settings

mi - - .
(] statistis: 256RF e — Analytical solution

256RE Spontaneons fission (Z=104, N=152) Ruotherfordium
All reactions total isotope rate s
and Owverall isotope transmission § 45.789 %
C——
Overa" Q1 (tuning) 27 26 25 22 23 22 16 15 14
Q2 (C1) 27 26 25 24 23 22 16 15 14
H H Q3(D22_1) 27 28 25 24 23 2z ig 15 14
tranS“ ||SS|On G4 (D22_2) 27 26 25 24 23 22 18 15 14
Qs (Cc2) 27 26 25 24 23 22 16 15 14
45 1% Q6 (D8) 27 26 25 24 23 22 16 15 14
. Reaction FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes FusRes
Ion Production Rate (pps) 5.9%-4 3.23e-3 1.31e-2 3.92e-2 8.92e-2 1.6e-1 43e-1 8.31le-2 4.15e-2 1.78e-2
Total ion transmission (%) 0.017 0.085 0.385 1.154 2.629 4.7 2.449 1.222 0.525
Total: this reaction (pps) 1.55e+0 1.55e+0 1.55e+0 1.55e+0 1.55e+0 1.55e+0 S55e+0 1.55e+0 1.55e+0 1.55e+0
X-5ection in target (mkz) 2.6Te-4 2.67e-4 2.67e-4 2.6Te-4 2.67e-4 2.6Te-4 £T7e-4 2.6Te-4 2.67e-4 2.67e-4
Target (%) 0.629 1.51 3.14 5.68 8.94 12.22 4.07 2.08 0.922
X =space transmission (%) 100 100 100 100 100 100 100 100 100
Y =zpace transmission (%) 100 100 100 100 100 100 100 100 100
Unreacted in material (%) 100 100 100 100 100 100 100 100 100
Q (Charge) ratio (%) 0.823 1.51 3.14 5.68 2.94 1z.22 4.07 z.08 0.s22
Un=topped in material (%) 100 100 100 100 100 100 100 100 100
Envelope for 256Rf FusRes 207 20+ 20+ 20+ 20+ 20+ 256Rf : MC Transmission Plot - ¢ (only passed) ot
o ) s 20 £0Ti (4.7 MeV/u) + PbS (0.41 mgicm?2); Transmitted Fragment 256Rf20+-X¢ (FusRes); Optics Order: 1
50Ti (4.7 MeV/u) + PbS (0.41 mgicm?); Settings on 2R dplp=10.14% ; Brho(Tm); 0.7637, 0.7622, 0.7622, 0X845
dp/p=10.14% ; Brho(Tm): 0.7637, 0.7622, 0.7622, 0.7845 AngAccept: ON; Bounds: Off, "drift" - last block for MC cale; no gates; Config: D S8 DSSSDSE
K'angular X space 1
0| 3
2 W e T
SUM
5 1.0652+04
g CPU speed
E E
2 E 2
-4 x 2892e-01
q Beam: 2 3e+17
»
E
E
>
ol |
8ol
g
<
E E f
g E About 50% lostin
£ > . . N 2 4 3 () 10 12
5 the slits 3 in both case$ after arift" L fm]
Angular Acceptance & Bound:
. ) v . . .
SlltS 4 were not Used ¥ Use fised angular acceptances ¥ Takeinko account thickness defect of materials
Use physical limits [aperture] inside blocks v Takeinko account losses due to reactions in materials
80 : r to calculate fragment tranzmizsion Include charge state calculations
S 2 ¢ ° 8 n ” 0 2 ¢ o ¢ o " e ~ i the total ransmission =
i . Length [m] Length [m] For block apertures LISE ++ uses the sit limits - .
accessible from the Block Cut & Acceptance time consumed options

OT, 11/23/14, East Lansing dialoa. [Pav attention there for the checkbox 22



256Rf : MC Transmission Plot - Envelope (all) 256Rf : MC Transmission Plot - Envelope (all)

50Ti (4.7 MeV/u) + PbS (0.41 mg/lcm?); Transmitted Fragment 256Rf20+. 20+ (FusRes); Optics Order: 50Ti (4.7 MeV/u) + PbS (0.41 mg/cm?2); Transmitted Fragment 256Rf20+.20+ (FusRes); Optics Order:
dp/p=10.14% ; Brho(Tm): 0.7637, 0.7622, 0.7622, 0.7845 dp/p=10.14% ; Brho(Tm): 0.7637, 0.7622, 0.7622, 0.7845
AngAccept: Off, Bounds: ON; "drift" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSE AngAccept: Off, Bounds: ON; "drift" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSE!

X [mm]

-120
2 4 6 8 10 12 o 2 4 6 8

after "drift": L [m] after "drift": L [m]

vo brho.iool

256Rf : MC Transmission Plot - Enyelope (all)
after "drift": L [m]: window projection --- 50Ti (4.7 MeV/u) + PbS (0.41 mg/em?); Transmitted/Fragment 256Rf20+.20+ (FusRes); Optics C
dp/p=10.14% ; Brho(Tm): 0.7637, 0.7622, 0.762¢, 0.7845
AngAccept: Off, Bounds: ON; "drift" - last block for MC calc; no gates; Configf DSSSSSSSSSESDSSSDSESSSSSSS...

MC solution

(f-‘mgular Acceptance & Bound

[ Use fived angular acceptances

2200 f \

W Take inta account thickness defect of materialz 1800

7 Use physical limits [aperture] inside blocks [V Take into account losses dus to reactions in materials
W

to calculate fragment trangmission I Include charge state calculations

Far block apertures LISE++ uzes the it limitz pltetioralansnison 1400

accessible from the Black Cut & Acceptance = time consumed options
dialog. [Pay attertion there for the checkbaox

—Azzume the reaction takes place at the middle of target——

- only for the ENVELDPE mode 4 | =t Angular distibutions * these “i‘m ?jsftribfutiqns 1000
S et el N o are: cortelated for fusian
\\© SRR )| ot T -

) .

600
Main lost
200 \ )
. 1 3 5 7 9 11
OT, 11/23/14, East Lansing e o e i after "drift": L [m]: window projection



Configurations: Brhovalues by [CISEH

All disperse optical blocks were set to Brho = 0.7489 Tm SHELS vO brho.lpp
calculated by LISE** to be optimal for 2°6Rf20*

| Quadrupoles and dipoles fast editti !
Block | GivenMame | Sta(m) | Lengthim) | BOKG] | BiTmicorreal | Diittd=angle | RapplemlRL.. | Lefim)Ldipim) | 2 nd order | CalcMatr/Z-0 | AngiecApps.Sits | COSY_link | SE |
Q_I]]Drift Quad 1 0.420 03100 +5.0127 f’D.HBS\ QUAD 10.0000 c_[0.3800 Ve 1 - HY - - [

| EDrift dqigk 0.730 02700 ztandard o 0.2000 - HY - . e

{ EDrift Quad 2 1.000 03100 -4 5723 0.7483 QuAD 10.0000 c_0.3800 ves 1 ~ HY - - e
EDrift dgigk 1.310 02700 standard o 0.2000 - HY - - e
E Corift Guad 3 1.580 03100 +2. 2350 0.7489 QUAD 10.0000 o 0.3800 yes 1 - HY - e
EDrift dg3ei 1.830 05515 ztandard o 05165 - HY - e
E ElecDip L1 2442 06552 179.2k 0.7483 =80 47210 *[0.6592 - =84 ~ HY - E
EDrift dc1d1 310 04223 standard - HY - &
E Dipole DZ2 1 3524 0.E230 +4 E322 | *0.7489 * 4221 *1.E1EE * 06230 yes ) - HY - - E
EDrift ddlsv 4147 03054 standard ~ Hv - - [
EDrift slits 5V 4452 0.0000 SLITS ~ - H¥ e
EDrift dswd2 4 452 03054 standard - HY - &
E Dipole D22 _2 4757 0.E230 46322 | *0.7489 * 221 *1.E1EE * 06230 yes ) - HY - E
EDrift ddZ2c2 5.380 04229 standard ~ Hv - [
E ElecDip L2 5.803 06552 179.2kY 0.7483 s 480 47210 *[0.6592 - =84 ~ HY - - E
EDrift dc2gd B.463 05515 standard c 05165 - HY - - E
E Corift Guad 4 FALE: 03100 +0.6332 0.7489 QUAD 10.0000 o 0.3800 yes 1 - HY - - e
EDrift daigk. 7324 02700 ztandard o 0.2000 - HY - - =
E Drift Quad 5 7.594 03100 -2.28E63 07489 QuAD 10,0000 c_0.3800 e 1 ~ HY - - g
EDrift dqigk 7.904 02700 standard o 0.2000 - HY - . e
E Corift Guad B 8174 03100 +2.3837 07483 GUAD 10.0000 o 0.3800 yes 1 - HY - - &
EDrift dqBd3 8.484 21150 standard o 2.0800 - HY - - e
E Dipale Da 10593 05880 +1.6227 {*0.7489 ) = 473 * 4 6150 *0.5880 e =84 ~ HY - - E

OT, 11/23/14, East Lansing 24



[%5] statistics: 256Rf

256RE Spontanecus fission

(Z=104, N=152)

All reactions total isotope rat
and Overall isotope transmissio

=
54.234 3

Overa" Q1 (tuning) 27 26 23 22 21 18 14
Q2 (C1) 27 26 23 22 21 18 14
H H Q3(D22_1) 27 26 23 22 21 18 14
transmlsslon Q4 (D22_2) 27 26 23 22 21 18 14
Q5 (C2) 27 26 23 22 21 18 14
54 30/ Q& (D8) 27 26 23 22 21 18 14
. 0 Reaction FusRes FusRes FusRes FusRes FusRes FusRes FusRes
Ion Production Rate (pps) 4.18e-3 1.47e 1.61le-1 2.38e 2.94e-1 2e-1 1.05e-2
Total ion transmission (%) 0.123 0.434 4.728 7.006 2.661 5.883 0.308
Total: this reaction  (pps) 1.84e+0  1.84e+0 1.84e+0 1.84e+0  1.84e+0 1.84e+0 1.84e+0
X-Section in target (mb) 2.6Te-4 2.67e-4 2.6Te-4 2.67e 2.67e-4 2.67e-4 2.67e-4
Target (%) 0.631 1.51 8.95 12.23 14.49 10.31 0.919
X space transmission (%) 100 100 100 100 100 100 100
Y space transmission (%) 100 100 100 100 100 100 100
Unreacted in material (%) 100 100 100 100 100 100 100
© (Charge) ratio (%) 0.631 1.51 8.95 12.23 14.49 10.31 0.919
Unstopped in material (%) 100 100 100 100 pis]s] 100 100
tuning (%) 97.96 97.96 97.96 97.96 97.96 97.96 97.96
X angular transmission (%) 100 100 100 100 100 100 100
Y angular transmission (%) 97.96 97.96 97.96 97.96 97.96 97.96 97.96
nTS1 (%) 1nn 100 1nn 100 100 1nn 1nn
Analytical solution Envelope for 256Rf FusRes 20+ 20+ 20+ 20+ 20+ 20+
50T} (4.7 MeV/u) + PbS (0.41 mgicm?), Settings on 256Rf20+ 20¢; Config: DSSSSSSSSSESDSSSDSESSSSSSS...
dp/p=10.14% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489
X'angular X space Momentum
a0 f 35
8000
=

Still large lost in the slits3

Transmission through the slits 3 about 62%
for the setting ion (vertical cut)

slits 4 were not used

It's necessary to make vertical focusing at the end.

See matrix elements on page 21

OT, 11/23/14, East Lansing

X-Angle (mrad)

Y-Angle (mrad)

_ T 4000
E s
3
£ g
> S w000
2000
1000
a0k 15 o
0 2 o 2 6 0 2
Length [m]
y'angular y space Energy
| 70 024
02
g 016
; PEENEE 5 ¥ SEE S N SEEEEE — — K & EE
E .
E ‘M. ..,,;-’ 5
> = B o
e 2
w
008
004
80 7 0
0 2 i} 2 6 o 2
o Length [m]
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MICHIGAN STATE

Configurations : Q5 field value moedification

1 1 S Iy

SHELS v9 brho quad3.lpp

-2.2863 54.30%

-3 68.40%

y . -3.1 70.20%
Let's use Q5 B-field equal to 32 72.00%
-3.3 73.83%

'4kG ('685A) -3.4 75.39%

-3.5 76.92%

-3.6 78.09%

-3.7 79.22%

-3.8 80.03%

-3.9 80.57%

-4 80.70%

-4.1 80.82%

-4.2 80.61%

Analytical solution
E]‘slati_sh'cs: 256RF __- — =]

I I —— — »
256RE Spontaneous fission (Z=104, N=152) Rutherfordium
Overa" All reactions total isotope rate,
transmISSIOn and Overall isotope transmissionf 20.697
Q1 (tuning) 27 26 25 24 23 2z 21 20 13 18 17 16 15 14
80 7(y g2 (c1) 27 26 25 24 23 22 21 20 19 18 17 16 15 14
. 0 Q3 (D22_1) 27 26 25 24 23 22 21 20 19 18 17 16 15 14
G4 (D22_2) 27 26 25 24 23 2z 21 20 13 18 17 16 15 14
gs(c2) 27 26 25 24 23 22 21 20 19 18 17 16 15 14
06 (D8) 27 26 25 24 23 22 21 20 4~p 18 17 16 15 14
Reaction FusRes FusRes FusRes FusRes FusRes FusRes FusRes F\13P1:3 . A}s FusRes FusRes FusRes FusRes FusRes
Ion Production Rate (ppS) 6.3e-3 2.45e-2 7.14e-2 1.57e-1 2.67e-1  3.73e-1 4.44e-1 4 4.07e-1 3.1le-1 1.78e-1 4.28e-2 1.54e-3 1.4le-6
Total ion transmission (%) 0.185 0.722 2.104 2.613 7.87 10.99 13.067 11.992 9.173 5.233 1.262 0.045 4.16e-5
Total: this reaction  (pps) 2.74e+0  2.74e+0  2.74e+0  2.74e+0  2.74e+0  2.74e+0  2.74e+0 2.74840  2.74e+0  2.74e+0  2.74e+0  2.74e+0  2.74e+0
X-Section in target (mb) 2.67e-¢ 2.67e-4 2.67e-4 2.67e-4 2.67e-4 2.67e-% 2.67e-4 2.67e-4 2.67e-4 2.67e-4 2.67e-4 2.67e-4 2.67e-4
Target (%) 0.631 1.51 3.14 5.69 5.95 12.23 14.49 14.9 13.3 10.31 6.94 4.06 2.07 0.919
X space transmission (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
¥ space transmission (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Unreacted in material (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Q (Charge) ratio (%) 0.631 1.51 3.14 5.69 5.95 12.23 14.49 14.9 13.3 10.31 £.94 4.06 2.07 0.219
Unstopped in material (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
tuning (%) 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96 97.96
X angular transmission (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
¥ angular transmission (%) 97.96 97.96 97.96 97.9%6 97.96 97.96 97.96 97.96 97.9%6 97.96 97.96 97.96 97.96 97.96

Transmission through the slits 3 about 92%
for the setting ion (vertical cut)

The Quad field minimization utility is expected
to be developed in LISE++ in 2015!! slits 4 were not used

OT, 11/23/14, East Lansing 26



MICHIGAN STATE
UNIVERSITY

Configurations : Q5 field value modification R .
First order matrix elements SHELS v9 brho quad3.lpp

0T (4.7 MeV/u) + PbS (0.41 mg/cm?); Settings on 256R20+.20+- Config: DSSSSSSSSSESDSSSDSESSSSSSS...

’

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

all charge states separ

i _ : - 28 _ _ _ _ _ _ - - _ _ _ _ __sum -Jlreact\-:uj
24 [RIR S LT — e RID e
20} 2| 2|
v
16}
4 0
12} f/ =3 _
/ : g
8| = E
e / £ E 2
/ E a
af / - g
Cia 8 & .l
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 0 2 4 6 8 10 12
Length [m] Length [m] Length [m]
TTAR o AIA ey AID ~bo e
5t L] 3
J P _ F a3 am 3f
3 e |
Jf || II 1l
= 1! N 2|
E M | 3
= 11 = Al
3 < £
E f < E
= a
% < 3t
5l ol
Tt
5]
al -
11 Tl
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]

OT, 11/23/14, East Lansing
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MICHIGAN STATE
UNIVERSITY

4
s 1 iy

—

R/R

SHELS v9 brho quad3.lpp

Settings with Brho and Q5 field
modifications

-12

24

20|

16 |

12}

RIR

6 8

10

R/A (mm/mrad)

T T T T T L ——
RIA — P glob

SHELS v9.lpp

R/R

Experimental (logbook) settings

OT, 11/23/14, East Lansing

12

RIR

6 8
Length [m]

10

12

R/A (mm/mrad)

0 2 4 6 8 10 12

Length [m] 28



MICHIGAN STATE

Configurations : Q5 fieldivalte moedification ey

Ly 1 5 s

Analvtical solution

SHELS v9 brho quad5.
quady.Ipp SHELS v9.Ipp
Settings with Brho and Q5 field
e Experimental (logbook) settings
modifications P (log ) 9
Envelope for 256Rf FusRes 20+ 20+ 20+ 20+ 20+ 20+ Envelope for 256Rf FusRes 20t 20+ 20+ 20+ 20+ 20+
x'angular : i i — X space : ! ’ i R X'angular ! ’ ’ B X space i i ’ ’
3ol .
=) B 20 !’l‘lr-lr-l"-x‘“ll'ui-‘\
. L i .
20 I | “, ‘l«!“ ” ', ] mean
o e = | b I i ‘r-..,-r'j"""
- ,‘-i " e r e EEEE — =
T 10 Fl | g \‘ ./_, """\\
™ o E 5 E o LB P ! H - —_ -
§, P PR ve-x Hoennneene x i| E S | g £ '\ L
2 B | E i el _ @ E Ll
=) 0 L=l H = : - = = 20 -
S j=
< —
O I A B et B HE
-10) | !
i | Qe A )
20 U = ol \ r', S
. - f h \
[T r'/ ol
25|
30k a0k
0 2 4 6 8 L 0 2 4 6 8 L 0 2 4 6 8 0 12 0 2 4 5 8 0 17
Length [m] Length [m] Length [m] Length [m] Sakzend
y'angular ; I I - y space . . . I - y'angular ! ’ ’ ’ y space ! ! ’ ’ s
8oy ol 8o} 70
60/ “ f\k eof ™ ol 5
g i E it x i
o ey T, " ol g “x ,p-"' |
5 ; g L x’! H s 3 30 i Fmmy d
E 20 Kb | . ol » X &7 E 20 ’!-' ;, ‘l“‘
; . :‘-7’77:‘7'_;.'-""""’"&::» --------- oo E’ -’ \"ﬂ"'-"f | % x:r“"""‘““’a ---------- T R E or | A
g’ ""m,—-+-\."1k._' ey P Ly o } =) om-?:l—j:'::::—--—-—--n e ;' ¥ meane
i | - ELIEL it ’.."\ | s 1FH““F——H l" 10 '\ ./')'-"r #
20 gy | b A > of I - N
a0 T" b e Ny \ 30| f"’ \
1H o} \&/' - 40} i7‘ iJ \'\_ -\L
|
60 f ‘J \l/' 0] ij -50 | \i
50|
10 12 0 2 4 5 B 10 12 70
7] 5 8 10 ] 0 2 1 5 3 10 12
Length [m] 1 anath Im1 1 eancath Im1




MICHIGAN STATE

Configurations : QS field valtie modification IRALX Iy

Ly 1S I
Analytical solution SHELS v9 brho quad5_lpp
L ]
slits 4 S0Ti (4.7 MeV/u) + PbS (0.41 mg/cm?2); Settings on 256R20+..20+
dp/p=67.77% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489 all charge states separ.
x'angular | : 0.02}x space OU : Momentum OC :
0.032 2RREPD 2 P02 PO PO 2P0 04 000096 2o dRFRI 281281281 28125 2 5 Q0% A e
0.028 i 356RF 19+ 194 1P 19+ 19+ 19+-100 0% 256Rf 22+ 22+ 2 22+ 22+
— 0016 256Rf 22+ 22+ 22+ 22¢ 4 1 256R; ﬁ« 19+ 19+ 19+ 19+
o 0024 B g
m .
T
£ 18+ 18+ 18+-100.0% - 256Rf 23+ 23+ 2+[L3f 2B
“‘E- 0.02 @ 0.012 [ 256Rt 23+ 23+ 23+ 2 y @ 8 ok |2+fie} 18+ 18+ 18+ 18+
2 o o 't
& 0016 = —
E . B 0.008} ot 177+ 17 17+:100.0% % 6 1
;_: 0.012 ;—: - 4 st 17y 17 175 17 174 17+ |
0.008 0.004}
el 16+ 16+ 2 )
0.004 19716+:100.0% SEE 154 161 18+ 164 18+ 16+
0 A 0 : : 3¢ 15+ 15+ 100.0% 0 f 1% T+ 15+ 15+ 15+ 15+
-/0 -50 -30 -10 10 30 &N 7n -100 -60 -20 20 6n 05 06 07 08 09 1 11 1%
Angle (mrad) X (mm) Brho (Tm)
y'angular | ) 0.008fy space OU : Energy OC
0.036 BR0RF 20 30 B0 20 200 201100.0% 0.007 S30RE 30 20 20 20 30 20:106.0% 28 PR P P
0.032 2563 10+ 19+ f"l -.,\ 19+-100.0% ’ 256RF 19+ 19+ 104 19+ 19+-100.0% —_ ;
%.. 0.028 256Rf 22+ 22+ §2+ 22+-100.0% 'E' 0.006| 25BRf 22+ 22+ '- + 22+:100.0% _"5:
S 0. . j \
E 0.024 256RF 18+ 18+ Jiff {{% 15+:100.0% £ 0.005] 256Rf 18+ 18+74 W 12+-100.0% E
. £ o
"g 0.02 3+100.0% a 256Rf 23+ 23ffF 23+100,0% =
g ° S 0.004} @
= 0.016 =) N 2
2 g 0003f  mi \; 1000 =
£ 0012 - .- § 000% 3
0.002}
0.008 3 g
o WR00.0%
0.004 257 202 25oee N 006 0001}
0 . Ca i = :%_ g@ 0 GG 2 : ) ‘ ' lnEL bt N
-24-20-16-12-8 -4 0 4 8 17 18 70 24 -100 -60 -20 20 /N 1inn 00.14 0.15 0.16 0.17 n1a n1g

Angle.(mrad),, Y (mm) Energy (MeV/u)



© . . . . . MICHIGAN STATE
O Configurations : @5 field value moedification R .

MC solution . . SHELS v9 brh ds.
— 256Rf charge states at the Slits 4 position —

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 o s SRR
87
86
T T
N N 8
x o &
) )
x x
? oo,
g & ]
£ £
@ ©
80 81 .
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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MICHIGAN STATE
Configurations : Q5 field value modification AL
Ly 1 o Il
MC solution Analytical solution SHELS v9 brho_quad5.lpp
A l.’\l l vty L‘\!—%‘H}:Lﬁ‘i.(.‘:l}_‘tu:' " )
s 012 ' ' ' ; ' Sy Em—
56K - Houte Carlo Transeission Plot N 011 . B,
fter ‘slits 4" THE [Kef]: viodov peajection — 507D (4.7 BePru) + PS5 (0.4 ng/cal); Trensmitted Frageent 256RE20+. 20+ (Fuses); 256Rg 20 M 2 20 20t e
;p’:fb'i.?;z : Brhu[Tlg U]Hﬂ;,mﬂ il;ﬂ;,]]??;rﬂ.g. U?Bgl : o ) Tt g S Shts 4-TI{E TKE R'l Sl e 2 e
ﬁg?xlzpt: Off: Bomnds: 0N "slits 4" - last block for X calc; no gates: Config: DSSSSSSSSSESISSSDERSESSNS. . AR e B 2 e 206 2
y
B| cistribtion | wmean | pwam | oy [ demabio | PV | e |SudiCoumts| LeftPsigns|RightPsimial [)1
0| |+ Z300e400 | +4 2604400 | 1040402 | 1450800 | 250e#00 | 3 1430400 | 1 106ebld | 1597200 | 735000 | 009
1 1 :
U
TKE: ogR0¢ <TKE>=42.3 " <TKE>=42.3 | A
S )
0 : 1w} Q
2 S 27+
- Y 22+
il 0
L. GIEIR a 19+
i
Klits LT w | g +
00 ?trﬁ cuwﬁ:mf“;ts {41 agical); Settings o SERE. 2 Confiy: DECSSSSSEORCISSISROSSSES. Pl [ | w 005 14
prﬂ? T BebolTa): 0.7485, 0.7489, 0.7489, 0.M8% i U :
lot 1 fleSave |- Y
Iﬂ | distrimtim | saem | sex | oy | demation | FE | aes  [Suddilomis| LeftPsimia|RightFsigeal— g
I DI| 256RE 204 20 20:) +0.2200e0 | 442008400 | 1051600 | 1.0602000 | & MSerdl | L5506 01 | 1290400 | 10862000 | 19976400 | >
‘ ] ) 003
N I A e e e e I Y BN L
o
0 1
Bl Rl 'y X £ i 0

3 3

e slits 4" TKE [IeV]: window projection

OT, 11/23/14, East Lansing

£
Energy (MeV)

e

rif t-TKE:

U

i

Statistics

a3
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([50Ti (4.7 MeVou) + PbS (0.41 mg-scm2). Settings on 256Rf20+. .20+: Config: DSS5555555ESDSSSDSESSS5SS
([dp-p=67 .77% : Brho{Tm): 0.7489. 0.7489. 0.7489.  0.7489

Plot 1

([H ] distribution | H-IEan | H-IEX | V-Iax | deviation | FWHH | area
01 2E6Rf 20+ 20+ 20+| +4.2281e+01 +4 2289e+01 1.051=-01 1.461e+00 4. 348=+00 4 B625=-01
02 2EBRE 27+ 27+ 27+ +4.2737e+01 +4 3348e+01 1.613=-03 1.435e+00 3.970=+00 6.2951=-03
03 256RE 264 26+ 26+| +4.2673e+01 +4 . 33d48e+01 6.157=-03 1.442e+00 4.056e+00 2.4524e-02
04 256Rf 254 25+ 25+| +4.2607=+01 +4 . 3348e+01 1.753e-02 1.447e+00 4.144e=+00 7.1427e-02
s 256RE 244 24+ 244 +4.2542e+01 +4.2995e+01 3.775e-02 1.452e+00 4.207e+00 1.5657e-01
06 256RE 234 23+ 23+ +4.2477e+01 +4.2995e+01 6.34le-02 1.456e+00 4.258e+00 2.6714e-01
a7 2EBRE 224 22+ 22+ +4.2411e+01 +4 2642e+01 8.702=-02 1.459=+00 4 .308=+00 3.7304e-01
08 2E6Rf 21+ 21+ 21+ +4.2346e+01 +4 2642e+01 1.026e-01 1.461e+00 4.337=+00 4 4357=-01
09 256RE 194 19+ 19+| +4.2217=+01 +4 . 1936e+01 9.41l8e-02 1.462e+00 4.337=+00 4.0706e-01
10 256Rf 184 18+ 18+| +4.2154e+01 +4 . 1584e+01 7.267e-02 1.461e+00 4.312=+00 3.1139=-01
11 256RE 174 17+ 17+| +4.2092e+01 +4 1584e+01 4.209e-02 1.45%+00 4.271e+00 1.7763e-01
12 256Rf 164 16+ 16+| +4.2031e+01 +4 1584e+01 1.029e-02 1.456e+00 4.230e+00 4.2844e-02
13 256Rf 15+ 15+ 15+| +4.1971e+01 +4 . 1231e+01 3.746=-04 1.453e+00 4.179=+00 1.5357=-03
14 2E6Rf 14+ 14+ 14+| +4.1913e+01 +4.1231e+01 3.509=-07 1.449=+00 4 .106=+00 1.4114e-08



© . . . . . MICHIGAN STATE
@ Configurations : Q5 field value moedification

1 1 S Iy
MC solution Y’'vs Y @ the SV slits SHELS v9 brho quad5.lpp
256Rf20+
15t order optics 2"d order optics
22
Contour Contour
Sum 198e+0 Sum 3.71e+04
Max 13 Max 21
18 S oros0e | 118 o Q0BG 05
<¥>0,023661 . <¥> 00215599
dX 160165 PO X 15.8925
14 dY 45129 ({14 dY 470496
- XY -7.000e+0 XY -6.750e+0
] -
10 E 10 3
= E
c =
6 3y 6 i
> ~
2 > 21>
2 >
2t & 2 o
- E -6 :h
10 -10
14 -14
18 -18
-10 -50 -30 -10 10 30 50 -0 -A0 -30 -10 10 30 50
after "slits SV": Y [mm] after "slits SV": Y [mm]

OT, 11/23/14, East Lansing 33



MICHIGAN STATE

UNIYERSITY

@% Configurations : Q5 field value moedification

MC solution SHELS v9 brho quad5 . lpp X

60

X [mm]

X & Y envelopes
of 256Rf20+

256Rf20* transmission
(without charge state coefficient)

86.6%

Y [mm]

No slits 4 in use

12

10

6 8

-120
after "slits 4": L [m]

OT, 11/23/14, East Lansing



MICHIGAN STATE

& Configurations : Q5 field value moedification PRARLLE R

LIS K

Analytical solution

Fusion-Residues products SHELS v9 brho quads.lpp

[3] Total: All reactions (pps)

50Ti (4.7 MeV/u) + PbS (0.41 mg/cm?); Settings on 2°6Rf20+-20*; Config: DSSSSSSSSSESDSSSDSESSSS!
dp/p=67.77% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489

N=0-200 Al charge ttes sepa
2STRY
9.6e-03 pps
103l 256 r 257 r
14e-04pps | 5.3e-04 pps
. 102f 2 .
) 1.2e-02 pps 1ii
g 5e+00
i) 2e+00
© o1} i 1e+00
o 7e-01
100} zsim
1.4e-03 pps
99 ¢t
9q4g 150 151 152 153 154 155
Neutrons (N)
| Total rate is 8.5 pps / 1 puA
OT, 11/23/14, East Lansing
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MICHIGAN STATE

Configurations : Q5 field value moedification =
Analytical solution FUSIOI’I-ReSIdueS + F|Ie (I|nk) :
Fusion-Fission products SHELS v9 brho quad5 fission.lpp

[3] Total: All reactions (pps)
%0Ti (4.7 MeV/u) + PbS (041 mg/em?); Settings on 256Rf20+20%; Config: DSSSSSSSSSESDSSSDSESSSSSSS. .
dp/p=67.78% ; Brho(Tm); 0.7489, 0.7489, 0.7489, 0.7489

N=0-200 g e
100 | 3
90 |
80 |
>
<l Total rate is
g ...._; &5 8.7 pps /1 puA
i o
2e-01
5e-02
1e-02
50| f
) oy
30

40 60 80 100 120 140
Neutrons (N)

OT, 11/23/14, East Lansing 36


http://lise.nscl.msu.edu/9_8/SHELS/SHELS v9 brho_quad5_fission.lpp

MICHIGAN STATE
UNIVERSITY

Configurations : Final version for the LLISET packade

SHELS.lpp SHELS.Icn are based on  SHELS v9 brho quad3.lpp

| LSE | UsE
I ﬂIE!E k cnnﬁg

|, examples Dubna
o N

0 [ 0 [
P il S S - P il S S -
Loak i_n:l | dubna j & 5% Ef~ Lock i-":l |, Dubna j - 5 B
Mame = Date modified o Mame = Date modified o
B SHELS.Ipp 11/23/2014 7:08 PM H PESHELS.cn 11/23/2014 5:08 PM
Type: LISE++ working file M Type: LISE++ configuration file !
< u Size: 172 KB g < u Sner 153 K8 ’
Flename: [ | Date modified: 11/23/2014 1:08 PM | I Fie name:  [SHELS Jon Date modified: 11/23/2014 5:08 PM
Files of type: | LISE=+files ("Ipp) | Cancel | Files of type:  [LISE++ Configurations ("Jcn) ~| Cancel |

OT, 11/23/14, East Lansing 37



MICHIGAN STATE

Angular Acceptance LI

— Ermnittance

File: SHELS v9 brho _quad5 acceptance.lpp i| JmncaD 10 hepe

half-width...] rethiod)

1% mm I om IGaussian LI
. . . 2T mrad 150 Rectangle uniform -
S0Ti : Monte Carlo Transmission Plot o : Z_ foed j
50Ti (4.3 MeV/u) + ; Transmitted Fragment 30Ti20+.20+ (heam); Optics Order: 1 4P mad[ 150 |Reclangle wnfom _~]
dp/p=21.94% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489 5L wm [0 [Gamsen E
AngAccept: Off; Bounds: ON; "dd1sv" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSSESDS ED % [ 00007 [Gaussian |
80 |1
The Initial angular emittance gated on drift before the slits 2
60 |
40
)
o
E
g 20 |1
=
a
>
: 0
)
[
2
& 20
o)
=
© -40
60
So, it is angular acceptance of 1-st part of the separator
-80 |
-180 -140 -100 60 -20 20 60 100 140
i < v e it ot e after "Stripper": X'(Theta) [mrad]

OT, 11/23/14, East Lansing 38
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S0Ti : Monte Carlo Transmission Plot
after "Stripper: X(Theta) [mrad]: window projection --- 50Ti (4.3 MeV/u) + ; Transmitted Fragment 50TiZ0+.20+ (heam); Optics Or|
dpfp=21.94% ; Brho(Tm}: 0.7489, 0.7489, 0.7489, 0.74893

: . g

Angular Acceptance of the 1s-t half:ofiSeparator

MICHIGAN STATE

UNIYERSITY
LIS B

50Ti : Monte Carlo Transmission Plot

after "Stripper": Y'(Phi) [mrad]: window projection -- %0Ti (4.3 MeV/u) + ; Transmitted Fragment ©0Ti20+ 20+ (beam); Optics Orde

dp/p=21.94% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489

AngAccept: Off; Bounds: ON; "dd1sv" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSSESDSSSDSESSY

te Carlo Transmission Plot
ipper": K'(Theta) [mrad]:

window projection ——- SO0TL (4.3 MeVru) +
% . Brhoi(Tn)

Transnitted Fragnent S0Ti20+. .20+ (beam):
0.7489, 0 7489, 0.7489, 0.7489

Optics Order: 1

[]
[

0ff: Bounds: ON: "ddlsv" — last block for MC calc; Gate 1: "&ND" (X [um]); Config: DS55555555ESDSSSDSESSS5555
ribution | =-usan | E-Tax | w-max | deviation | FVWHY | area  |SunOfCounts| Lef tPsigma|RightPsignal|
| +4.3269e-01 | +1.3087e+01 | 1.346e+03 | 5.330e+01 |1 863e+02 I 2.26662+05 | 2.765e+05 | 8.962e+01 | 6.863=+01 |
1200
1000
800
600
400 Horizontal acceptance of the 1-st part
is equal to 93 mrad
200
0

-180 -140 -100 -60 -20 20 60 100 140

tatistics

1

Yonte Carlo Transnission Plot

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

er 'Stripper": ¥'(Phi) [nrad]: window projection —- B0Ti (4.3 MeV-u) + ; Transnitted Fragment S0Ti20+..20+ (bean); Optics Order: 1
p=21.94% ; Brho(Tn): 0.7489, 0.7489, 0.7489, 0.7489 |
hocept: Off;  Bounds: ON; “ddlsv" - last block for MC calc; Gate 10 "AND" (X [mm]); Config: DSSSS55SSSESDSSSDSESSSSSSS. . Fi
t 1
distribution | =-mean | E-Tax | y-max | dewiation|| FWHHM area  |SunOfCounts| LeftPsigualRightPsigmal
| +5.2642e-02 | +1.4771e+00 | 1.3492403 | 2 618e+01| 9.211e+01 | 1.0708e+05 | 2.765e+05 | 4.036e+01 | 3.787e+01 |
m \ J
THUU
1200
1000
800
600 \

Vertical acceptance of the 1-st part

400 is equal to 46 mrad

200

-60 -40 -20 0 20 40 60 80

after "Stripper": Y'(Phi) [mrad]: window projection

Angular acceptance X' =+ 93 mrad, Y’ = = 46 mrad (Rectangle shape)

has been applied to the “Tuning” dipole.

It's important for Analytical transmission calculations (“Distribution” method).
The Angular acceptance option can be turned off in the Monte Carlo case.

OT, 11/23/14, East Lansing

r — -

tuning &

~ANGULAR ACCEPTANCE ———

kd

— Shape
IS

ipse

mrad <-» deg

Harizontal + I 93 rrad
Wertical £ I a6 rrad

Solid angle | 1343 masr

39



© i} Al OHIEAT] STRITE
on Angular Acceptance of: the entire separator ey

|, A
ol “4

SUTi : Monte Carlo Transmission Plot
S0Ti (0.2 MeV/u) + ; Transmitted Fragment 20Ti4*-4* (beam); Optics Order: 1
dp/p=35.11% ; Brho(Tm): 0.7489, 0.7489, 0.7489, 0.7489
igAccept: Off; Bounds: ON; "slits 4" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSS:

Initial angular emittance gated on the final slits 4
50
E 30 |
E
E_ 10
>
8 -0}
o
:cr'i Angular acceptance
8 30l X: =+ 88 mrad,
= Y’ =+ 41 mrad
Ellipse shape
-50 | _
The Vertical component has been cutted
It should be checked!!
-70

-140 -100 -60 -20 20 60 100 140
After "Stripper”: X'(Theta) [mrad]

OT, 11/23/14, East Lansing 40



1 gm Target
Stripper

tuning
DTSl
slits 1
Ds1qQ1
Quad1
dgigk
Quad 2
dgigk
Quad 3
dg3cl

C1

deldl
D22 1
ddlsv
slits SV
dswd2
D22 2
dd2c2
c2
dcdgd
Quad 4
dgigk
Quad 5
daigk
Quada
dgbd3
D&
drift
clits 3
drift
slits 4
drift
Material 1

OT, 11/23/14, East Lansing

Beam suppression ; after C1 LERL

1e+12
1e+11
1e+10
1e+9
1e+8
1e+7
1e+6
1e+5
1e+4
1e+3

1e+2

Yield (pps/mm)

1e+1
1e+0
1e-1
1e-2
1e-3
1e-4
1e-5
1e-6
1e-7

MICHIGAN STATE

UNIYERSITY

i
al
] " ot

C1: Beam & SetFFragment Charge States
50Ti (4.7 MeV/u) + PbS (0.41 mg/cm?); Settings on 256Rf20+-20+; Config: DSSSSSSSSSEA
dp/p=100.00% : Brho(Tm): 0.7489

all charge states separ
<

*Tilbeam] ¥ ¢

Tilbeam] &

E0Ti[beam] 10410} 10} 104 124

]
(93]
rJ
[=]

-280

-240 -200 -160 -120 -86 -40 0 40 80 120
X (mm)

41



1 gm Target
Stripper

tuning
DTSl
slits 1
Ds1qQ1
Quad1
dgigk
Quad 2
dgigk
Quad 3
dg3cl
Cl
deldl
| b2221 |

ddlsv
slits SV
dswd2
D22 2
dd2c2
c2
dcdgd
Quad 4

dgigk
Quad 5
daigk
Quada
dgbd3
D&

drift
clits 3
drift
slits 4
drift
Material 1

OT, 11/23/14, East Lansing

Beam suppression : after D221

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

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
<~

TibelMEABbaN] 2747 0900 98 0%

Difbeam] &+ 1o+ “Ailke @ g, 25 25 29100 0%
0 2a ' l+ It 2 2+ 100.0%
$. 222+ 2100 0%

-650 -550 -450 -350

X (mm)

-250 -150

42



