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Table 3.3. The optimized longitudinal locations and lengths of the various SECAR ele

: VF1 Velocity filter | 2.365 0.11
Element __ Element properties DL19 Drift i 0.50
Technical Description “Effective” Radius/half HEX3 Hexapole 0'2 6 011
Name Length(m)/ - gap (m) DL20 Drift 0.28 _
af%‘jgi;%) OCTI1 Octupole 0.26 0.07
bLL Drit o8 DL21 Drift 1.75
' DL22 Drift 0.872
Q1 Quad+Hex | 025 0.05 e ad 0.5 0.05
DL2 Drift 0.19 : :
DL23 Drift 0395
Q2 Quad 030 0.068 Qo Quad 0.30 0.06
DL3 Drift 058 DL24 Drift 036
B1 Dl;_};le 225 deg 1.25/0.03 Bs Dipole 425 dep 125/ 0.03
DL4 Dri 1.00 DL25 Drift 0.35
B2 Dipole 225deg  125/0.03 B6 Dipole 425deg  125/0.03
EE; gg g-ig DL26 Drift 0.83
: Q10 Quad 0.26 0.09
HEX1 Hexapole 0.26 011 DL27 Drift 0.65
DL7 Drift 0.27 Q11 Quad 0.34 0.12
Q3 Quad 035 0.11 DL28 Drift 1.00
DL8 Dnift 035 VF2 Velocity filter | 2.365 0.11
Q4 Quad 035 0.08 DL29 Drift 4.60
Dg’g szi gg; 0.06 DL30 Drift 0.25
ng glnl'aﬂ 0.145 - Q12 Quad 0% 007
o oo 0182 DL31 Drift 0.30/0.35
! : Q13 Quad 030 0.05
DL12 Drift 0.17 DL32 Drift 066
B3 Dipole 22.5deg  1.25/0.05 B7 Dipole 550deg  1.25/0.03
DL13 Drift 051 DL33 Drift 0.68
B4 Dipole 22.5deg  1.25/0.05 BS Dipole 550deg  1.25/0.03
DL14 Drift 0.30 DL34 Drift 0.86
HEX2 Hexapole 0.26 0.12 Q14 Quad 0.30 0.05
DL15 Dnift 0.27 DL35 Drift 0.45 '
DL16 Drift 0.27 Q15 Quad 0.30 0.05
Q6 Quad 034 0.14 DL36 Drift 1.70/1.21
DL17 Drift 0.20 DL37 Drift 0.75/1.10
Q7 Quad 034 0.13 DL38 Drift 0.75/0.40
DL18 Drift 0.50
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MICHIGAN STATE
SECAR  parameters (p:2) ey T
Parameter
Units Bl B2 B3 B4 BS B6 B7 B8
Bending radius mm 1250 1250 1250 1250 1250 1250 1250 | 1250
Maximum rigidity Tm 0.8 0.8 0.3 0.8 0.8 0.3 0.8 03
Max. magnetic ficldB | T 0.64 0.64 0.64 0.64 0.64 0.64 0.64 | 0.64
Bending angle, to right | deg 22.5 225 225 225 425 425 550 | 55.0
Centrel ray, arc length | mm 490.9 4909 490.9 490.9 927.2 927.2 1199, | 11999
9
Vertical gap, full size mm 60 60 100 100 60 60 60 60
D| poles GFR, dB/B <+/-0.02% | mm 200 200 100 200 100 100 100 | 100
Pole width mm 380 380 400 500 300 300 280 | 280
Entrance si; 0.1900 0.1150 0.1900 | 0.1900 0.1890 0.1570 0 0
Entrance s Um 0.0025 0.0125 1.07 D339 0.696 166 0 0
Entrance si3 /m’ 0.154 0.198 5.10 5.51 -0.953 -50.. ] 0
Entrance si4 Um’ 0.78 40.77 0. .84 53, 0. 0 0
Exit s 0.1500 0.1150 0.1150 | 0.1900 20172 0.200 ] 0
Exit sz Um 0019 02448 | 00410 | -0.030 -5.928 400 ] 0
Exit 525 U/m! 0.147 1411 327 0.364 -26.5 69, ] 0
EXit 524 Um’ 0.10 3747 -57. .15 -940.. 0. 0 ]
Good-field Horizontal mm =110
Region (GFR) Vertical mim +35
Max. B field in GFR T 0.12
Effective field length mm 2365
Pole gap. vertical mm 900
Dipole Pole width. approx.. mm 1020
o . Magnet B field. homogeneity +0.0002 in GFR
Table 3.10. Specifications of SECAR Velocity Filters Estimated power KW 50
Iron weight kg 12800
2 Coils Weight kg 2300
Max. E field in GFR kV/imm | 2.7
. Max. Voltages on electrodes kv +/- 300
Electrostatic .
system Effective field length mm 2365
Electrode gap. horizontal mm 220
OT, 08/20/15, East Lansing Electrode height, vertical mm 538
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Table 3.4 Quadrupole and multipole tield settings for the SECAR C

charge state 21, energy 206 MeV).
Quadrupole | Radius (m) | Pole tip field | Gradient T/m
(T)

Q1 0.05 -0.3654 -7.3080000

Q2 0.068 0.217880 3.2041176

Q3 0.11 0.242643 2.2058455

Q4 0.08 -0.24501 -3.0626250

Q5 0.06 0.1112810 1.8546833 For SECAR

Q6 0.14 0181721 1.2080071 phasel

Q7 0.13 -0.0301435 0.2318731 REPORT

Q8 0.05 -0.15032 -3.0064000

Q0 0.06 023438 33482857 from cosy

Q10 0.09 -0.03250 -0.3611111 October file,

Q11 0.12 0.1616 1.3466667 2014  table va

Q12 0.07 -0.1820 -2.6000000 element = T

Q13 0.05 0.1910 3.8200000

Q14 0.05 0.1290 2.5800000 Q1 -0.3654  -0.3653

Q15 0.05 -0.138 -2.7600000 Q2| 0.2179 0.2179

HEX(Q1) | 0.05 -0.00289 Q3| 0.2426  0.2426

HEX1 0.11 0.0103064 Q4| 02450 -0.2450

HEX2 0.12 0.011057

HEX3 0.11 -0.01251 Qs 01113 0.1113
The optimized ion optics setup was calculated for the transmission of “reference” ions with mass Qe| 0.1817 0.1817

66, charge 21, and a laboratory energy of 206 MeV corresponding to 3.12 MeV center of mass

energy. These ions correspond to the recoiling **Se ions from the “As(p,7)®Se reaction, and have Q7| -0.0301 -0.0301

the maximum magnetic rigidity of Bp= 0.800 Tm. The field settings for recoils from any Q8| -0.1503

particular reaction are then determined by appropriately scaling the optinized settings by the ratio

of magnetic rigidities. The lowest design rigidity for our system is 0.14 Tm. In the optinuzed Q9| 0.2344

setup, the maximum design rigidity of 0.8 Tm and a dipole magnet with bending radius of 1.25 m Q1o| -0.0325

require dipole fields of 0.64 T. The pole tip fields and pole tip radiu of the quadrupoles,

hexapoles, octupole, and multipole strengths are listed in Table 3.4. The optimum field settings of Q11| 0.1616

the velocity filter are 0.1143 T magnetic field and +/- 308 3 kV for the HV on the electrodes,

coxrespon;}ing to an electric field cfgz;éSOk\ﬂ"ﬂm Component specifications for the velocity filters Q12| -0.1820 -0.2200
are given in Table 3.9 in §3.7.3. The bending radii for the magnetic and electric fields in the Q13| 0.1910 0.2016

velocity filters correspond to 7 m for both the electric and the magnetic fields.

Q14| 0.1290 0.1315
15| -0.1380  -0.1450

Beameneigy——————————| [~ Emittanc
A_ Elanert_a- = ® om0 shape HEX(Q1)| -0.0029 -0.0006
I BB I Se I 2 EreT I 312507 Meliu 4 i i Distributi
ay H [zigma. semi-axis, [Distribution
Beam in ke [ 206133 Mev haltwidih 1 methad] HEX1| 0.0103 0.0086
L I S E++ z {eha 0.8 Trn § 1% mm I 0.75 IHectangIe uriiform LI HEX2| 0.0111 0.0145
Beta+ decay P i 5.0365 Gev/c 2T mrad 20 Rectangle unifarm -
' BEIEIE ED fom_7| HEX3| -0.0125 -0.0434
#  Table of U C WE 3N mm I 0.7% Rectangle unifarm LI
/ Nuclides R il 4 P rmrad I 20 Rectangle unifarm LI
gam intengily—————————
ajz = - ’ 5L mm I 0 IGaussian LI
=0 = Kl end . -
Il LB' L4 I 15 IHeclangle uniform 4
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SECAR settings inflEISE = S target=FER2

1 2 3 4 5 3 7 8 9 10 11 1213 14 15 1€ 17 18 19 20 21 22 23
N  Block name Kind of Start Length DriftMode BO(kG) Br-corrsp Rapp(cm) L_eff(m) Znd Calc AngAcc 8lits Xmin ¥max ¥min Ymax(| Appert ¥min Xmax Ymin Ymax
or Block (m) {m) Engle () * Br-dip* R{m)* Len(m)* order Mode mode  shape slit slit slit slit| shape limit limit limit limi
1. tuning Dipole 0.000 0.000 +40.0 * +2.667 0.8000%  3.00* 0.00* - - rasctn ellps -50 450 =50 450
2. dil Drift 0.000 0.800 standard - rectn ellps -50 +50 -50 450
3. 0l Drift 0.800 0.250 multipole -3.653 0.8000 5.00 0.25 ves 1 - rectn ellps -50 450 -50 +50
4, dlz Drift 1.050 0.190 standard - rectn zllps

5. @2 Drift 1.240  0.300 multipole 42.179 0.8000 6.80 0.30 yes 1 - rectn ellps -68 +68 -€8  +63
6. dl3 Drift 1.540 0.58 standard - rectn ellps

7. Bl Dipole 2.120  0.491 422.5 * +2.667 0.8000% 1.25* 0.45*% ves - ractn ractn =30 430
B. di4 Drift 2.611 1.000 standard - rectn rectn

9. B2 Dipole 3.611 0.491 +22.5 * +2.667 0.8000* 1.25% 0.49*% yes - rectn rectn =30 +30
10. d15 Drift 4,102  0.770 standard - rectn rectn

11. dle Drift 4,872 0.400 standard - rectn rectn

12, Hexl Drift 5.272 0.260 multipole 40.000 0.8000 11.00 0.2¢ yes 1 - rectn ellps -110 +110 -110 +110
13. 417 Drift 5.532  0.270  standard - rectn rectn

14, @3 Drift 5.802 0.350 multipole +2.426 0.8000 11.00 0.35 yas 1 - rectn ellps -110 +110 -110 +110
15. dlg Drift 6.152 0.350 standard - rectn rectn

l6. o4 Drift 6.502  0.350 multipole -2.450 0.8000 8.00 0.35 ves 1 - rectn ellps -80 +B0 -B0 480
17. 419 Drift 6.852 0.210 standard - rectn rectn

18. 05 Drift 7.062  0.350 multipole 41.113 0.8000 6.00 0.3% yes 1 - rsctn ellps -€0 460 -€0 460
19. 4110 Drift 7.412 0.145 standard - rectn rectn

20. dl11 Drift 7.557 0.185 standard - rectn rectn

21. slits FP1 Drift 7.742  0.000  SLITS - rectn -100 +100 -50 450 | rectn

22, dliz Drift 7.742  0.170  standard - rectn rectn

23. B3 Dipole 7.912  0.491 422.5 * +2.667 0.8000* 1.25% 0.45*% yes - rectn rectn -50 450
24, dll13 Drift 8.403 0.510 standard - rectn rectn =50 450
25. B4 Dipole 8.913 0.491 422.5 * +2.667 0.8000* 1.25* 0.45*% yes - rectn rectn -50 450
26. dll4 Drift 5.403 0.300 standard - rectn rectn

27. Hexl Drift 9.703  0.260 multipole +0.000 0.8000 12,00 0.26 yes 1 - rasctn ellps -120 4120 -120 4120
28. dl15 Drift 9.963 0.270 standard - rectn rectn

25, dlle Drift 10.233 0.270 standard - rectn rectn

30. Q6 Drift 10.503 0.340 rmultipole +1.817 0.8000 14,00 0.34 ves 1 - ractn ellps -140 4140 -140 4140
31. 4117 Drift 10.843 0.200 standard - rectn rectn

32. Q7 Drift 11.043 0.340 multipole -0.301 0.8000 13.00 0.34 ves 1 - rectn ellps -130 +130 -130 +130
33. dli8 Drift 11.383 0.500 standard - rectn zllps

34. VFL Wien 11.883 Z2.365 - rectn rectn -110 +110 -35 +35
35. 4119 Drift 14,248 0.500 standard - rectn rectn

36. Hex3 Drift 14,748 0.260 rmultipole +0.000 0.7999 11.00 0.26 ves 1 - ractn ellps -110 4110 -110 4110
37. dizo Drift 15.008 0.28 standard - rectn rectn

38. Octl Drift 15.2868 0.2e0 standard - rectn ellps -70 +70 -70 +70
39. diz1 Drift 15.548 1.750 standard - rectn rectn

40. slits FP2 Drift 17.296 0.000 SLITS - rectn -150 +150 -100 A100] rectn j
This settings list can be produced in LISE** using menu “Experimental 1

e e atinan: Vinw are ot These aperture parameters are used to obtain angular

OT, 08/20/15, East Lansing and momentum acceptances of the separator. 6



56. slits FB3
57. dl130
58. Ql2
59, di13l
60. Q13
6l. dl3z
62. BT
63. dli3
64. BB
65. dl34
66. Ql4
67. dl3s
68. Q15
69%. dlie
0. dl37
71. dl3g

3
Kind of
Block

4

SECAR settings inilEISE

Start

(m)

33.
34,
35.

37.
37.
38.

40.
40.

S

Length

(m)

L R e I T == T e e T e Y S e O e e SO e e e Y SR S O S e O e SO e S e SO e O e Y e e SO e Y e S e S e

3
DriftMode
Bngle(®)*

standard
nultipole
standard
multipols
standard
+42.5 *

standard
+42.5 *

standard
multipole
standard
nultipole
standard

standard
SLITS
standard
multipols
standard
multipole
standard
+55.0 *
standard
+55.0 *
standard
nultipole
standard
nultipole
standard
standard
standard

+2.

+2.

+2.

+1.

+1.

+2.

+2.

+1.

343

667

667

325

6l6

910

667

667

This settings list can be produced in LISE** using menu “Experimental
Settings -> Optics -> Optics settings: View and Print”

OT, 08/20/15, East Lansing

8 9
Br-corrsp Rapp(cm)
Br-dip* R(m)*
0.7999 5.00
0.7999 6.00
0.8000* 1.25*
0.8000* 1.25+*
0.8000 9.00
0.8000 12.00
0.7999 7.00
0.7999 5.00
0.8000* 1.25*
0.8000* 1.25+*
0.8000 5.00
0.8000 5.00

10
L eff(m)
Len (m) *

0.30
0.93*

0.93*

2 ERZ2—IDILSE

11 1213
2nd Calc EngAcc
order Mode mode
yes 1 ::
yes 1 ::
yes -
yes N
yes 1 ::
yes 1 ::
yes 1 ::
yes 1 ::
yes N
yes ::
yes 1 ::
yes 1 ::

14
slits
shaps

rectn
rectn
rectn
rectn
rectn
ractn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
rectn
ractn
rectn
rectn
rectn
ractn
rectn
rectn
rectn
rectn
rectn

15 le

17 18

¥min Xmax Ymin Ymax

slit

-150 +150

slit

slit slit

-100 +100

MICH

AN STATE
UNI R Y

1G
v S1TY

LIS K

o

20
¥min
limit
=50

-60

-90
-120

-110
=70

-30

-50

-50

21 22 23
¥max Ymin Yma
limit limit limif
+50 =50 +50
+60  -60  +&0
=30 +30
=30 +30
+90 =90 490
+120 -120 +120
+110 -35 435
+70 =70 470
+50  -30 430
=30 +30
=30 +30
+50 =50 +50
+50  -50 450

)

These aperture parameters are used to obtain angular
and momentum acceptances of the separator. 7



Configuration “SECAR phasel™

OT, 08/20/15, East Lansing

Table 3.13. SECAR Optimized Setup fora 1 VF system

Quadrupole | Radius (m) | Pole tip field | Gradient T/m
(T)

Q1 0.05 -0.36534 -7.3068000

Q2 0.068 0.21788 3.2041176

Q3 0.11 0.242644 2.2058545

Q4 0.08 -0.24501 -3.0626250

Q5 0.06 0.11128 1.8546667

Q6 0.14 0.181721 1.2980071

Q7 0.13 -0.0301475 -0.2319038

Q8

Q9

Q10

Q11

Q12 0.07 -0.22000 -3.1428571

Q13 0.05 0.20160 4.0320000

Q14 0.05 0.13147 2.6294000

Q15 0.05 -0.1450 -2.9000000

HEX(Q1) | 0.05 -0.0006

HEX1 0.11 0.008620

HEX2 0.12 0.01449

HEX3 0.11 -0.0435

OCT1 0.07 0.006225

@ LISE*




© o ] MICHIGAN STATE
@ LLISE*™" modifications for SECAR : Wk “bending’ direction AR

NSCL

v.9.10.165

SECAR Wien filter Up to v.9.10.164 only clockwise
in LISE+t bending direction VFL
—wien Velocity Filter zetting: r— Optical block properties and data
Angle s
H.O‘tat& 1 - Select constant field Section-Element construcion property
180 deg [0
v E E= | Kvém Sblock [Section] (& Eblock Element) 2|
IE VF1 E 2200 Kvim € Magnetic field B=[1142925 :+I Frnes
B 114283 G Setting Charge state 13 Calculate the Values using
- Dispersion for the Black [2-Q] the Setting fragment from
DL -3.83 mmi% )
3931 /% .I Cut{Slits) & Acceptances | B4 |
Rotate 2 i Filter sett dt
ilter sef Ings coimespond (o 4 .
180 de =] | Bhia-value for the setting Iragment U 4oog Tm & Optical matrix | 87 |
| - Separation velocity plane Bendlng direction @ General sefting of biock | TWEﬂk
& Horizontal [¥AMOS5] 7 Clockwise [default] Calculate other
(|  Vertical [LISE3) © Counlerclﬂckwm 1_-_;__( Calibration file | optic blocks
r Filter corstant Uit
SECA R W| en f| Iter n COSY Dispersion coefficient 9 1795 2.37 e Wiendier tmnsport matiix caloulation |
Electric & magnetic effective
(| lengths relation L_E /L_B) I 1 Bkl I s "Classical" solution for 33605 -
the Digperzion coefficient = H

CB r (| [~ Allow remote matrices caloulation
WF 7.0 7.0 2.365 0.11 ; {WE1} I L X | Nored | 2 i |
CB; Il
\4 E‘ VT E 2800 Kvim We do not need
- . B 114283 G ;
Elock matrix — T more rotation blocks
TR 09765 (232124 | 0 | 0 | 0 |393094 \
2 7|-004390 j0g47e6 | 0 | 0 | 0 | 32983 | _ Block matrix
vl 1 235 [0 o JE 1w [osases (23 [ 0 [ o [ 0 [agmw
sl o0 T o Jo |1 o ] o )l 2 7[00e05 [asee3 [ o | o0 | o0 [az98
BoL 032883 [03%:09 | o0 | 0 | 1 |-045185 av[o [0 [ 1 [zm [ 0 [ o
eol o | o | o | o | o | 1 |_ sr[ 0 [0 [0 [ 1 [0 [ @
#[mm] /rorad] Amm] Arrad] A[mm] %] gr E L I 0 I 0 I 0 I 0 I 1 I 0
Det= 033399  #B jmpo/ink COSYmap ,5@| @él [EEE]"l K Epl o | o [ o [ 0o | 0o | 1
. _ Link ta COSY map A[rmim] [rrad] ) Armrad] /[rmm] ]
Wien wvelocity filter E 1
% W THT Det= 1.00000 LB import/ink COSY map ,5@| E’,;l []'l

OT, 08/20/15, East Lansing 9
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© . : . MICHIGAN STATE
@ LLISE™ modifications for: SECARSAENINKONEOSYAmIA UL

v.9.10.168

» Wien filter dispersion is “floating” for each ion in LISE**, and is calculated based on the Dispersion coefficient.

* A new option has been developed for consistency in the case of COSY linked map

— Block matri —
LR|os47e6 [ 23124 | 0 | 0 | 0 [3330%4 |
) 2T |0nd391 jos47es | 0 | o0 | 0 | 32983 |
* Link a COSY map to LISE** block sv[o [0 [ 1 [2%s [ o | 0 |
apl 0 | o | o | 1 | o | 0o |_
\ 5 L[032983 03309 o | 0o | 1 [-045185 | _
TN

; ; | o 0 0 0 0 1
you will get the message later in i | | | ! ! ! i
wl Alrrad] ] Armrad] Hmirn] %] 2
al
the Wien filter dialog Det= 099398 ¢B imporvtink cOsYmap | £B[ B3 ||

Link ta COSY map

Wien welocity filker

[« ]

[ v WF1LT=T

i~ Wien YWelocity Filter setting \ r~ Optical block properties and data
Select constant field P H
. Section-E lement construcion property ° C||Ck the button
L]
Set correct Selection F-‘ Electic il E=§m =4 S E) ® © Bz B
 Magretic field B=[1142 :+I Giauss COS-link: . . ..
. . . : . -link; Get the Dizperzion Coefficient
Setting Charge state Calculate the ' al
and Bending directions || o e B 20 | 17 G aten reament e fram the Optic Matrix
\. 3931 mm% .I Cut(Slits) & Acceptances B4 |
™
ilter settings comespond to @

Ehro-v ! the sefling fragment | 08000 Tm i Optical matric £ | 1 1

\5’“\_ - — to calculate the dispersion

— Separation velocity P Bending dI[ECUUHﬁ General setting of block Tweakl 01 % L. )
N & Hoizorta vamos] 1] © Clockeise(deiza) N 5 oot | ot coefficient corresponding to the
I  Verical [LISE3) ¥ Counterclockwise \\ L,)_( Calibration file | optic block COSY m ap

! AN 7 .
~Fikerconston Lerae N\ [ Ut ¥ This coefficient will be valid for all
N\
D ffi t | 91785 “wien fil 237 COSY-link: Get the Di: ion Coeffi t 1 1
ispersion costicent [ 81765 en et ot ot a1 | fragments at different energies
Electric & magnetic effective |1— Block (total] 537
lengths relation [L_E /L_B) 2 “Classical" salution f
NG i | 955
v 0K | X Cancel ? Help | Mote: COSY-link map

OT, 08/20/15, East Lansing 10



MICHIGAN STATE

SECAR files location @ LISE* package KXRALTIAL

LISE** files
R e

TName
gl
e SECAR
e SECAR_p1_beam
e _SECAR p1_CO5Y
e SECAR p1_reaction

SECAR extended for primary beam (not optimized yet)
SECAR phasel extended for primary beam
SECAR phasel extended with COSY 51 order maps

SECAR phasel extended : °O(a., y)°Ne

Vb

LISE** configurations

— SECAR extended configurations

— COSY file to generate SECAR maps for LISE**

SECAR segmented configurations will be done soon
OT, 08/20/15, East Lansing 11



SECAR phase 1 WithiCOSY maps

GivenMame | Starim) | Lengthim) | BOKG)#U | BiTmjcorsreal | DiitW“éngle | Rapplem)#AL.. | Lefiiml#Ldipim] | 2 nd orderl CalcMatr#Z-0 | Angdes AppsSlits | COSY [Fit | SE | »

turing 0.000 0.0000 +2BEE7 = 0.8000 = +0.0 *3.0000 *0.0000 *13 ~- H¥ - 5
d 3| drift di 0.000 0.8000 standard - HY - " 2
9 HlQuad: @ 0.800 0.2500 -3.6534 0.8000 MULT 5.0000 0.2500 yes (5] 1 ~ H¥ - cosy &
E dift di2 1.060 0.1300 standard - - - e
’E <Huad> 02 1.240 0.3000 +2.1788 0.8000 QuaD £.8000 0.3000 ves (5] 1 ~- HY - cozy e (=
,E dift di3 1.540 0.5200 standard e
’E =Dipole B 2120 0.4509 +6.4000  =0.8000 * +2285 *1.2500 *0.4509 vesz (5] “13 A cozy E
’E drift di4 261 1.0000 standard g
’E =Dipalz B2 361 0.4909 +6.4000  =0.8000 * 4225 #1.2500 *[0.4509 yes (5] “13 A coy E

=
0
L]
|

drift diS 4102 0.7700 skandard

’Edriﬂ dE 4872 0.4000 standard - - - e
’E(Quacb Hex1 5.272 0.2600 +0.0862 0.8000 SEXT 11.0000 0.2600 ves (5] 1 ~- HY - cozy e
’Edriﬂ di? 5.532 0.2700 standard - - - e
’§<Quad> a3 5.802 0.3500 +2. 4264 0.8000 QuasD 11.0000 0.3500 vesz (5] 1 - HY - cozy e
’Edriﬂ dig £.152 03500 standard = = = - g
@@uad) o4 E.&02 0.3500 -2 4501 0.8000 QuasD 8.0000 0.3500 yesz (5] 1 - HY - cozy e
’Edrift d3 £.852 0.2100 standard == - e
’E<Quad> G5 7.082 0.3500 +1.1128 0.8000 QUAD £.0000 0.3500 ves (5] 1 - HY - cosy e
’Edrift dio 7412 0.1450 standard = = = - e
’Edriﬂ di1 7557 01850 standard - - e
’ﬂ._slits_ zlitz FP1 7742 0.0000 SLITS ~ - HY¥ - e
’Edriﬂ diz 7.742 01700 standard = = = - g
,E:Dipole B3 7912 0.4909 +6.4000  =0.8000 * +228 *1.2500 *0.4509 yesz (5] “13 A cozy E -

—Selected block. —angular acceptance [mrad)—| — Inzside Aperture [mm) — Slits [mm] after thiz ELOCK. —— 1 Matriz Elernents —
— : Block : U i u i u
D M-dipal ] mir max  Usze i max ] )
I ispersive [M-dipole) Lenath [m] % Selected Block Edit Horsortal & r . I — I 5= - . I I - Matrix Plot
Bloc: Tam37 I 0 {&} Mutlipole Edit . h Beam-Sigma Plot
rA few Vertcal £ | [ [v-] s P\ v-] | ' (St
ength after |
this Black [m] .I Cuts (Acceptances) Shape Shape —Shape i View
I i : Fectangle & Ellipse Fectangle & (% Ellipse Fectangle = Elipée
Chargs Stats 23] = I—13 1] " Optical Matrix | q P q P g \/ Qui | ? Help |
\ /
R — —  — ————— ——————————————— ———————— .. = —

Blocks are linked with 51 order COSY maps

OT, 08/20/15, East Lansing 12



MICH

| S
SECAR phase 1 withi COSY-mapss S inks e

List of blocks with 5! order COSY maps

- ~
. [ Upload linked COSY matrices B
File: e SECAR_pl COSY.lpp o »
LISE++ [G:“~SECAR~SECAR phasel_COSY _o5.l1pp] rint
18-08-2015 11:31:59 -
Bloclk Hane Humber of Lines ~ Status Filename=
Drift QLT 242 G SECARNQD1 TXT
Drift "Gz 193 G SECARNQDZ TET
Dipale "1t 252 G:~SECARMED1 TXT
Dipole "B2" 252 G:“SECARNEDZ . TXT
Drift "Hexl" 208 G:“SECARNHO1 . TXT
Drift e 194 G ~SECAR~Q03 TXT
Drift "G4" 194 G ~SECAR~QD4 TET
Drift "QE" 193 G:~SECAR~QOS TET
Dipole "Ba" 252 G:~SECARNEOD . TET
Dipole "Bg" 252 G:“SECARNEO4 . TXT
Drift "Hexm2" 211 G:“SECARNHOZ . TXT
Drift "QE" 132 G:“SECAR~QODG TET
Drift "7 186 G:~SECAR~QOD7 TET
Wien “YFL" 247 G:“SECARMWF1 . TXT
Drift "Hew3" 220 G:“SECARNHO3 . TXT
Drift "Octl® 148 G:“SECAROCTL. TET
Drift "QLe” 193 GoSECARNQ12 TXT
Drift "Q13" 194 G SECARM(13 TXT
Dipole "B7" 252 G:“SECARNEDT . TXT
Dipole "Eg" 252 G:“SECARNEDS . TXT
Drift "Q14” 133 G ~SECAR~Q14 TXT
Drift "Q15" 193 G “SECAR~(15 TET
Humber of links: 22 Humber of good links: 22
4 1 3
o
MC RADIUS 22.5 0.030 BIN B151 Bl1S2 7; {B1}
PM_LISE 'BO1.TXT' ;
DL 1.0000 ; {DL4}
M;
“ ” - - 5 . oy
SECAR v6s.fox” can be used to MC RARDIUS 22.5 0.030 BIN B2S1 B2s2 7: {82}
« « PM_LISE 'BO2.TXT' ;
generate these “local “maps
DL 0.7700 ; {DL5}
DL 0.4000 ; {DL&}
M
MH 0.2600 0.008620 0.11; {HEX1}
FM LISE 'HO1.TXT' :

OT, 08/20/15, East Lansing 13



= O : . MICHIGAN STATE
SECAR phase 1 with: COSY maps 1>t ortermatrelenments ey

. 1 S EPe

File: e SECAR_phasel COSY_o5.lpp Will be zoomed on the next page

First order matrix elements

66Se (3.1 MeV/u); Settings on 66Se21+-21+: Config: DSSSSSDSDSSSSSS8SSSSSSDSDS..
dp/p=14.49% ; Brho(Tm): 0.8000, 0.8000, 0.8000, 0.8000,4.8000....

N ] f [ ' —— XX glob ¥ —— X/T glob  » j ] [ ’ —— XD glob  »
16/RIR — —Y/Y glob . RIA — — Y/P _glob -R/ID — —Y/D glob
12 -
8 T 2 =
o = 0 £
g ° £ E
E '
4 ‘&' 2 s
8 &
-4
12t
16+ -6 ]
0 4 8 12 16 20 A 0 4 8 12 16 20 A 0 4 8 12 16 20 4
Length [m] Length [m] Length [m]
i i 5 ] ] y i i —— 1T glob = 12F ] ; g i
g 4 AIA — —P/P_glob
6 gl
£ : di
E Y 2 2 o
5 S
g 2 < g 4
£ E 0 E 8l
K 5t -1 a 2t
< <
-2 16}
10}
-3 =20}
14t -4 24
0 4 8 12 16 20 A4 0 4 8 12 16 20 nA 0 4 8 12 16 20 4
Length-[m] Length [m] Length [m]
Almost zero

Non-zero

angular dispersion : .
angular d|sperS|on14

OT, 08/20/15, East Lansing



©@ ] . MICHIGAN STATE
@n SECAR phase 1 with: COSY-maps:: 1°- OrGeRmeatiX el Ements ey’

Ly 1 S5 LA

File: e SECAR_phasel COSY_o5.lpp

First order matrix elements

66Se (3.1 MeV/u); Settings on 66Se21+-21+: Config: DSSSSSDSDSSSSSSSSSS!
dp/p=14.49% ; Brho(Tm): 0.8000, 0.8000, 0.8000, 0.8000, 0.8000....

RIA %P o 36 | RID Yo ot
‘ 32}
o8 |
24|
20}
16}
12}

R/A (mm/mrad)
R/D (mm/%)

0 4 8 12 16
Length [m]

FP1- horizontal focus,
charge selection

FP2 — double focus, double achromat DL37 — double focus, achromat

OT, 08/20/15, East Lansing 15



MICHIGAN STATE

SECAR phase I with' COSY maps : Deamisigmas UNIVERSITY

Ly 1 5 s

File: e_SECAR_phasel_COSY_05.Ipp Beam Sigmas: spatial
66Se (3.1 MeV/u); Settings on 58Se21+-21*: Config: DSSSSSDSDSSSSSSSSS
dp/p=14.49% ; Brho(Tm): 0.8000, 0.8000, 0.8000, 0.8000, 0.8000..

Beam — X
B Elemert o EeememEm Enittance 140 1
10 - sh
ENENER Energy & | 312587 MeWiu ? [Sig,iinﬁﬁiig, [D\snj:uati';i
T TkE [ 208138 MeV baleicth..) method) -
z o e Tm 1% mm [ 075 |Rectangluwiom v 120
| Betar decay P sl 50265 Gevic 2T mrad 20 Rectangle unitorm - —
Tk u o[ ae W 3Y mm | 075 [Rectangleunitom = c -
Nuclides = 4P mad| 20 |Fectangleunfom = £ 100
'? Beam intensity ]
a = 5L mm 0 [Gaussian -
v = - a o 6D % 15 |Rectangle unit >
o % ectangle uniform R
> 80
s
= 60
1]
o
o
40~
20
L]
0
0 4 8 12 16 20 24
Length [m
SECAR Pre-Conceptual Design Report
15 e 5 )
B X WF1 [ y/an _ Y
10 g1 B2 10 F
: B idm i
m/ -
- i B3 -
r 1 ] 150 - -
s B B7 B8 - 5 | —
B FP1 - o Ll
- i n o
o o 600 B LMAA TR
LA [ 1 A ny N
msm I mm
U
al -, My |
Detl Det2 .
N
[ 08 -
Qi | L Qi3 o1 Qis | ]
\ Qs Qinz
) Oct1 B
2 -
@ Qs
Hex1 ™ Hex3
Q3 Hex2
Qe &= 97

_ 10 20 ) 30 10 20 10
OT, 08/20/15, East Lansing 16



SECAR phase 1 with COSY maps & LLISE R MIEEXEEMVEIope

File: e SECAR_phasel_COSY_05.lpp 5th order 66Se : MC Transmission Plot - Envelope

Beam - s T | AngAccept: Off, Bounds: Off, "dI38" -last block for MC calc; no gates;
160

B ol & Beam energy Enitiance

Beam CARD 10 - shape
B |5 |2 Eneigy | 312887  MeViu ? [sigma, semi-ais,  (Distibution

TKE O [omsi3  Mev gethod)
(an [l i | m [ 075 |Rectandeunfom 120
[ " Betar decay P 50385 | Gevic 27 med| 20 |Rectandeunfom
- Tk 3% mn [ 078 [Rectsngeunfom =
iEhs 5 o 4P mad| 20 [Rectangle uriform -
az = am intensity L o]
£ et | g 8

ED % 15 Rectanals uniform -

g 1 o

40

X [mm]

M
C

i

| Monte Carlo calcul.
_ 80

What isotope hansmission to calculate? #ecoordinate ‘¥-coordinate
|—teemione—, After BLOCK
* Ons hagment of interest. Choss manually here =
EE] t ol 1 || FE]
~ Group of Isatopes aheady calculsted 120
by the Distibution methad [MNeale =0) R i o i -
iy TR
- Lt solopes fomile 0B o Syl trsd U] (e
1o produce inside target Ciy mm iy mm
-~ Irputiors rays fomtle B P ad Y i Length [m]
| eitted fram target & imiE= " drp %  grF % -160
| © Riadial (1] mm © Riadial (1] mm 0 4 8 12 16 20 24
| [ Chese fragment of interest  Angle {104 mrad ol [ 7] mrsd
|
i A Element Z Table of  Energy Mebiu  Energy Mebiu
34 s  TKE Met/  TKE Metv | .
- T B N SECAR Pre-Conceptual Design Report
Betas decay " Biho T#m  Biho T#m o
" Etho MIiC  Eiho MJiC - X WF1
Charge states -
[o1e g =] set " Eneayloss  MeV " Eneayloss  MeV B _
" Range mm " Range mm 10 - B2
Reaction mechanism + Enyvelops m * Envelops m L
Projectils Fragmentation - Energy Eneigy He/mm | B4
| . 2 J b Depusmun /patticle b Deposition /particle = az midm
et " Time of fight  ns  Timeofflight  ns 5 : n 3
T " Length m " Length m B7 ‘5'9
- B8 -
| Stipper L I[f¢= St > [suipoer | - FP1 -
- —
|1 sterial 1 || e Stop > [sterial 1 B3| - — S00
Add in the 17 o H _
I previous MG 4  "Distribution" calculation
plot window
Welacity Welosity
Cfvelaciy 2 [emns] | ||| || velocy (emns] -]
E Morte Carlo caloulation Detl Det2
P~ 7 2Dplet Jon parameters [qu J Jon parameters [MZ.q..) .
Ol e | iz |
an L a3 Qla Q1S
W Qs Q12
Q2 Oct
Hex1 ™ J Hex3
Q3 Hex2
T
Qe &= Q
i 1 1 1 1 4=
OT, 08/20/15, East Lansing 7
10 20 30



&

File: e SECAR_phasel COSY_o5.lpp

Beam
A Element g+ ] | Beamenery Enitian
EEEEN IR e h B e e v
7 TRE [ 205133 Mev . rebad
z G- 08 Tm 1% mm [ 075 [Rectangieunifom v |
| Betar decap P © | G0l Gevie 27 mad | 20 [Rectangleuniom -]
= = u o[ e K 3Y mm [ 075 [Recwngeuniom x|
A Nucides 4P mad| 2@ |Rectangeunfom v
a IZ = EE::"'"‘E"SW SLoom [ 0 [Gausien -
a v = r'i;jj 60 % [ 15 [Rectongeuniom <)

\

5th order

SECAR phase 1 withi COSY-maps = LLISE S NMESYEEnVEel0pe

MICHIGAN STATE
UNIYERSITY
[SE

—d

66Se : MC Transmission Plot - Envelope
AngAccept: Off, Bounds: Off;, "dI38" - last block for MC calc; no gates;

Length [m]

12 16 20 24

OT, 08/20/15, East Lansing

15

10

]

<

T T T T T T T T T T T 1T

. SECAR Pre-Conceptual Design Report

RN
_5 '
r1A
Pl —-I‘;;'_:/ "
i
T
e it
PSR L
R
£ . -

10 20 30

18



MICHIGAN STATE
UNIVERSITY

SECAR phase 1 calculated by LLISE AR

R Rgn.

File: e SECAR_phasel.lpp Using fields from the SECAR Pre-Conceptual Design Report

First order matrix elements
66Se (3.1 MeV/u) + Be (1e-3 mg/cm?); Settings on 665e21+-21%: Config: DSSFSSFSFDSDFSSSFSSFSSFSSF...
dp/p=15.59% ; Brho(Tm): 0.8000, 0.8000, 0.6000, 0.8000, 0.8000.... il charge states separ

sum of reactions
[R/D

(%)
%]

Mo
oo

ma
o

]
o

(mm/%}

R/A (mm/mrad)
>

D
= N @ o

0 4 8 12 16 20 24 0 4 12 16 24
Length [m] Length [m]

FP2 — no double focus, small dispersion DL37 — no X-focus, small dispersion

Global matrix

Global ratrix
[rEs|[WpeEs || 0 ([ 0 [ U |OEfs|n] | 7239269 (246894 | 0O | 0 | 0 [511233 [mm]
(o7s7se (093241 [ 0 [ 0 | 0 [008002 [rad] ' ' ' |
T [EsrE R o |319314 (16336 | 0 | 0 | 0 |-249489 [mrad]

' ' 0 0 |1.95752 |-013856 | O o [om]
|0 | 0 |252905 (023087 | 0 | 0 [wead] l | l | | |
A TN R e | 0 | o |nagseF|o2s033 | 0 | 0 [mrad)
| - | - | | | |' ' o l2aezes [oeszer | o [ o [ 1 [-2418832 [mm]
0 0 0 0 0 1 %
| o [ o | o | o | o | 1 [
] Armrad] A[rmimn] Hrrad] ] AE] ] rad] ] rad] ] /%]

OT, 08/20/15, East Lansing



MICHIGAN STATE
UNIVERSITY

SECAR phase 1 calculated by LLISE AR

R Rgn.

File: e SECAR_phasel.lpp Using fields from the SECAR Pre-Conceptual Design Report

First order matrix elements
66Se (3.1 MeV/u) + Be (1e-3 mg/cm?); Settings on 665e21+-21%: Config: DSSFSSFSFDSDFSSSFSSFSSFSSF...
dp/p=15.59% ; Brho(Tm): 0.8000, 0.8000, 0.6000, 0.8000, 0.8000.... il charge states separ

sum of reactions
[R/D

(%)
%]

Mo
oo

ma
o

]
o

(mm/%}

R/A (mm/mrad)
>

D
= N @ o

0 4 8 12 16 20 24 0 4 12 16 24
Length [m] Length [m]

FP2 — no double focus, small dispersion DL37 — no X-focus, small dispersion

Global matrix

Global ratrix
[rEs|[WpeEs || 0 ([ 0 [ U |OEfs|n] | 7239269 (246894 | 0O | 0 | 0 [511233 [mm]
(o7s7se (093241 [ 0 [ 0 | 0 [008002 [rad] ' ' ' |
T [EsrE R o |319314 (16336 | 0 | 0 | 0 |-249489 [mrad]

' ' 0 0 |1.95752 |-013856 | O o [om]
|0 | 0 |252905 (023087 | 0 | 0 [wead] l | l | | |
A TN R e | 0 | o |nagseF|o2s033 | 0 | 0 [mrad)
| - | - | | | |' ' o l2aezes [oeszer | o [ o [ 1 [-2418832 [mm]
0 0 0 0 0 1 %
| o [ o | o | o | o | 1 [
] Armrad] A[rmimn] Hrrad] ] AE] ] rad] ] rad] ] /%]

OT, 08/20/15, East Lansing



MICHIGAN E

SECAR pahsel optimization iniEISE R ..

28 constraints,
11 variable fields

Optics fit

Blocks with parameters to vary Active Constraint blocks

#01-q Positiond@005: @036 =Y <50 B3 =¥
#02-g Position@008: @040: g% ¢80 B4_sY
#03-q Position@021: @04 X110 WFT_8x
#04-g Position@024: @00 Y (38 WF1_sY
#05-q Positiond@027: @053 =Y <80 Hexd s
#06-g Position@045: @0EE:  sx ¢80 Hewxd_s=
#07-q Positiond@047: @0E0. R16=0 FRZ_<D
#0589 Positiond@0ET: @m0El: R26=0 FRZ_TD
#03-q Position@0E3: @062 R12=0 FRZ_HT
#10-q Positiond@07E: @m0E3 R332 FFZ vrp
#11-q Position@078: @064 RA33>-11 FF2 %m
@m0Es R34=0 FRZ WP
@075 sRA<A0 014 =R
@073 sR<E0 315_sR
@082 R12=0 FP_=T
@033 R3=0 FR_YP
@08 RI1E=0 FP_=D

N iter = 20000

{&'} Fit Settings

i Optics Settings
ffast editting) By Browse output file

Show initial canditions [ Matrc Plot

ﬁ Beam-Sigma Plot

SECAR_phaszel_v7_orginal.fit

21



SECAR phasel optimization i LEISES

results

MICHIGAN STATE
UNIVERSITY

Initial +87 6086 and Finall+ﬂ.ﬂﬂ23?25| LISE fit reduced

RightBound

Parameters: LeftBound
#81-q: 01 -5.8e+88 <
#82-q: Q2 +B.8e+88 <
#83-q: Q3 -L.Be+B8 <
#84-q: Q4 -5.8e+88 <
#e5-q: 05 +B.Be+B80 <
#86-q: 06 +@.8e+88 <
#a87-q: 07 -L.Be+@@ <
#og-q: Q12 -L.Be+B8 <
#89-q: Q13 +B.Be+88 <
#18-q: 014 +@.8e+88 <
#11-q: Q15 -5 _Be+@@ <
Constaint values: Initial
#91: Q1_sX +2 _g02e+81
#82: 02_sX +5 _580e+81
#83: B1_sY +6.303e+088
#o4: B2_sY +0_2h1e+088
#85: Hex1_sR +§.225e+81
#86: 03_sX +6 .82 he+01
#87: Q4 _sX +2 _g8he+m1
He8 - N5 <X +2 233p 4
uﬂgt FP1 12 -5 _378e-01 ’
#1a: _5 +2. B+
#1: FP1_YY -7 .488e+08
#12: B3_sY +2_.95%9e+81
#13: B4 _sY +2_283e+M1
#14: UF1_sX +0_@55e+81
#15: UF1_s¥ +4 _GAJe+08
#16: Hex3_sY +1.2598+81
#17: Hexd s¥ +2_955e+81
#18:LFP2 XD +1.272e+88
#19: _EP2 1D + -
#2084 FP2 _XT +7 8959—% ’
#21: FP2_Y¥p +1.505e+81

+1.061e+080
+6G.911e+61

+3.46%e+088
-1.386e-81
+5_115e+88

OT, 08/20/15, East Lansing

-3
+2
+2
-2
+1
+1

-2

Initial

.653e+088
- 179e+00
4Z26e+808
45 Be+ 88
.113e+88
.817e+88
-3.
.2@80e+88
+2.
.315e+88
45 Be+ 88

g15e-01

16e+00

Final

5OCe+dd
.B56e+01
172e+808
.683e+080
.819e+82
.83%e+M
.A6Be+ @
fohe+ i
72he-09
261e+@
.A62e+ 00
.585e+01
198e+@1
.A61e+82
.018e+ 01
.5h3e+00
.G6he+ @]
472e-09
.284e-07
.69%e-18
.BG6e+ @1
.Bh6e+ 01
.49 Be- 86
0¥ Te+l
- 173e+01
.178e-89
5¥6e-07
.264e-08

finally all constraints

e e e e e e e e

+@_8e+00
+5 _Be+8A
+5_Be+88@
+@_8e+00
+5 _Be+8A
+5_Be+88@
+5_Be+80@
+B.Be+8A
+5 . Be+8A
+5_Be+80@
+0_8e+00

Precision
1.8e-81
1.08e+88
1.8e-81
1.8e-83
1.8e-81
1.08e+088
1.8e+88
1.8e+88
1_8e-83
1.8e-01
1.8e-81
1.0e+88
1.08e+88
1.8e-82
1.08e+88
1.08e+88
1.8e+88
1.8e-83
1.8e-81
1.8e-A3
1.8e+88
1.0e+88
1.8e-01
1.8e-81
1._8e-81
1.08e-A2
1.8e-81
1._8e-81

values

Final
-3.426e+88
+1.754e+88
+2_.387e+00
-2_424e+88
+1.148e+88
+1.835e+0808
-2.694e-81
-2.202e+88
+1.996e+88
+1.318e+88
-1.445e+88

(Fin-Des)/P

.262e-86

+
aooNoooo@

+2 . 724he-86
+3.069e-87
+5.299e-84

+1.975e-83

+3.472e-06
.2B4e-B6
+5.695e-87
+2.607e-04

+2._.490e-05
+7.938e-83
+2 . 568e-86
+5 . 178e-87
+3.576e-06
.2640-87

L I I o L I B O T I R AN

Desired

were positively done!!!

(Init-Des) /P

initial "bad"
values
+5 _378e+02

+0.1H8e-Ho
+8.113e-04

l+ 2?29+B3'

l+ 959132)
+3.950e+00
]

+1.067e+81
+1.911e+062
+3 . 469e+02

+1._.38Ge+080
+5 _115e+81

a
a
a
a
a
a
7 .8

RESULTS

— Global matrix FP1
fodz8s | o | o | o | 0 [1307058 [wm]
| 435 |21 | o | 0 | 0 |-650724 [wad]
[ o | o |708243|124088| o | 0 [vm]
[ o | o |ooooe2 [ 0a417 | o | 0 [rad]
|-214666 |308898 | 0 | 0 | 1 |-254043 [wm)
f o | o | o | o | o | 1 [
Amm] Jmrad] Amm]  Hmrad] Jmm] %]
- Global matrix F P2
fosgzoz | 0o | o [ o | o | 0 [wm
fogizae 1mEzs | o | o | o0 | 0 [mad
[ o | 0o Josssed| o | o0 | 0 (mm
[ o ] 0 |te4593 fopmes | o0 | 00 [wad)
[-oeia [d42307 | o | o | 1 [982722 [mm)
[ o | o | o [ o | o | 1 [
Alrnirn] Arrad] Amini] Arrad] Amirn] %]
— Global matrix DL37
43844 | o | o [ o | 0 |ooooo [om]
|165669 (024762 0 | 0 | 0 |4B3071 [wrad]
[ o | o frmaf o | o0 | o [ow]
[ o | 0o |&7i0e2 088434 | 0 | 0 [wad
[105793 [142307 | o0 [ 0 | 1 [-266422 [om]
[ o | o | o | o | o [ 1 [
{[rmm] /rrad] {[mm] Hmrad] fmm] %]
22



MICHIGAN STATE
UNIVERSITY

First order matrix elements
655e (3.1 MeV/u) + Be (1e-3 malcm?), Settings on 56Se21+21% Confia: DSSFSSFSFDSDFSSSFSSFSSFSSF...

36 |FRID
2r
28}
—_ 24
E —
£ £ o}
£ £
E E
oy a
<
E E 12 }
8 L
_4 -
4 .
N -
0 = — -——
kS
-8 4k 2
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Length [m] Length [m]
Beam Sigmas: spatial
86Se (3.1 MeV/u) + Be (1e-3 mg/cm?2); Settings on 86Se21+.21+; Config: DSSFSSFSFDSDFSSSFSSFSSFSSF...
180 |
element Initial LISE™ result  delta 160 |
Q1 -3.6534 -3.4260
Q2 2.1788 1.7540 = 1401
£
Q3 2.4264 2.3870 -0.0394 < 0l
Q4 -2.4501 -2.8240 0.0261
> 100 |
Qs 1.1128 1.1480 0.0352 o
Q6 1.8172 1.8350 0.0178 ‘_E ol
a7 -0.3015 -0.2694 0.0321 ‘g
Q12 -2.2000 -2.2020  -0.0020 @ e0f
Q13 2.0160 1.9960 -0.0200 "
Q14 1.3147 1.3100 -0.0047
Q15 -1.4500 -1.4450 0.0050 20
0 L
0 4 8 12 16 20 24

OT, 08/20/15, East Lansing Length [m] 3



MICHIGAN STATE

LIS K

Angular Acceptance YRS TRA

See details for anqular acceptance with the next link http:/lise.nscl.msu.edu/9 8/SE blocks.pdf#page=5

Settings Coming to the FP1

~ Emittance

2 Beam CARD 1D - shape )
H [sigma, semi-axis, [Distribution i
half-width...] method]

%Se : Monte Carlo Transmission Plot
AngAccept. Off, Bounds: ON; "di11" -last block for MC calc; Gate 1;"AND" (X [mm]);

1.5 mm I 01 IGaussian

Beam d|alog 2T mradl 50 IHectangIeuniform
Y mm I 0.1 Gaussian

LedLedLeflefLed]]
i lin i e e B

_ 0 Optics Order: 5
4 P mrad I B0 Rectangle uniform
5L mm I a IGaussian
ED % | 0o IHectangIe urifarmm

Angular Acceptance & Bounds

™ Use fived angular acceptances

Monte_ Carlo = |Jze phyzical limits [aperture) inside blocks
optlons

to calculate fragment transmission

Far black apertures LISE ++ uzes the slit limits
accessible from the Elock Cut & Acceptance
dialog. [Pay attention there for the checkbox

after ""tuning'': Y'(Phi) [mrad]

-10

0 40 0 20 -0 0 10 20 30 4
after "tuning"; X'(Theta) [mrad]

Monte Carlo Transmission settings

i What isotope transmission to calculate? oo T

Gate 1

i~ {g} Settings |

[ UAND" 100, 100]

< [mm]> after CHARGE slits
YR mrad YR mrad

~nofile -~  dpp = 5th order

© Gate 2—||
7 Padial TS mm 7 Radial T mm |

After BLOCK, After BLOCK
Stripper j :/S ISmpper j ?(S
‘s Group of Isotopes already calculated

by the: Distribution method [Mealc = 0] 1w mri
~ Listolisctopes from e pB 5 FRm mrad ’(: %) miad

to produce inside target =

+ One fragment of interest. Chose manually here

Angualr acceptance "Target - FP1"

Input ions rags from file B
emitted from target =

X' 26.4 mrad
¥ 43.4 mrad 24

OT, 08/20/15, East Lansing
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MICHIGAN STATE

AngularAcceptance Siarget =Pl SV

L S Iy

66Se : Monte Carlo Transmission Plot

®Se (3.1 MeV/u) + Be (1e-4 mg/cm?); Transmitted Fragment 865e21+-21* (heam);
dp/p=100.00% ; Brho(Tm): 0.7988, 0.7988, 0.7988
AngAccept: Off, Bounds: ON; "dI11" - last block for MC cale; Gate 1: "AND" (X [mm]);

| Opfics Order: 1

60 | |

after "tuning: Y'(Phi) [mrad]
R 8] Y
o o o o

A
o

60 |

-40 -30 -20 -10 0 10 20 30 40 50
after "tuning": X'(Theta) [mrad]

Angular acceptance "Target - FP1"

1st order
X' 26.3 mrad
Y' 45.8 mrad

OT, 08/20/15, East Lansing 25
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Angular Acceptance:

66Se : Monte Carlo Transmission Plot
883 (3.1 MeViu) + Be (1e-4 mg/em?); Transmitted Fragment 665e2'+-21* (heam): Optics Order: 1

larget = ERZ

66Se : Monte Carlo Transmission Plot

88Se (3.1 MeV/u) + Be (1e-4 mglem?); Transmitted Fragment 8682 +2™* (beam); Optics Order. 5
dp/p=14.49% ; Brho(Tm): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988.... dp/p=14.49% : Brho(Tm): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988....
AngAccept: Off; Bounds: ON; "di21" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSDSDSSSSSSSESE AngAccept: Off: Bounds: ON: "di21" - last block for MC cale; Gate 1: "AND" (X [mm]); Config: DSSSSSDSDSS5S55555¢

70 | 80 ‘

1st order

5th order

50

\
\
80 |
\
\

Y*(Phi) [mrad]

after ""tuning™: Y*'(Phi) [mrad]

after "tuning"':

-45 -3 -25 A5 -5 5 18 pid % 4 -50 -40 -30 -20 -10 0 10 20 30 40

after "tuning”: X'(Theta) [mrad]

Angular acceptance "Target - FP2"

after "tuning”: X'(Theta) [mrad]

Angular acceptance "Target - FP2"

1st order Sth order
X' 26.4 mrad X' 25.2 mrad
N4 40.6 mrad Y' 39.8 mrad

OT, 08/20/15, East Lansing
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MICHIGAN STATE

SECAR phasel AngularrAcCeptances Iarget=IDIESyAR Lot T

66Se : Monte Carlo Transmission Plot 66Se : Monte Carlo Transmission Plot
663 (3.1 MeV/u) + Be (1e-4 mglem?); Transmitted Fragment 88Se21*-21* (heam); Optics Order: 1 063 (3.1 MeV/u) + Be (1e-4 mg/em?); Transmitted Fragment 995e21+-21* (beam); Optics Order: 5
dp/p=14.49% ; Brho(Tm): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988.... dp/p=14.49% ; Brho(Tm); 0.7988, 0.7988, 0.7988, 0.7988, 0.7988....
AngAccept: Off; Bounds; ON; "dI37" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSDSDSSSSSSSSSS AngAccept: Off: Bounds: ON; "dI37" - last block for MC calc; Gate 1:"AND" (X [mm]); Config: DSSSSSDSDSSSSSSSSS.
|
70 |
50
|
|
50 |
g _ ey
: g 30 el
< 3
E :
:; 10 ?__’ 10
o >
5 P R Y - 5+ it " s i, Ty R
£ 2
£ -0 £ 10
£ ?
; 5
30
a € :
-30 |
-50 |
|
50 |
70 |
|
-50 -40 -30 -20 -10 0 10 20 30 40
after "tuning": X'(Theta) [mrad] after “tuning": X'(Theta) [mrad]
Angular acceptance "Target - DL37" Angular acceptance "Target - DL37"
1st order FiT e
1
X 26.5 mrad X! 2572 mrad
1
Y 31.4 mrad ¥! 40.0 mrad

OT, 08/20/15, East Lansing 27



© ST S
@ SECAP phasel Angular ACCEptance: SECLOKS P

66Se : Monte Carlo Transmission Plot 66Se : Monte Carlo Transmission Plot
%S¢ (3.1 MeViu) + Be (1e-4 mglem?); Transmitied Fragment %5e?'*-2* (beam); Optics Order: 1 66Se (3.1 MeV/u) + Be (1e-4 mglem?); Transmitied Fragment ©55¢?!* 21+ (beam); Optics Order: 1
tp/n=9.11% ; Brho(Tm): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988 dp/p=100.00% ; Brho(Tm): 0.7988, 0.7988, 0.7988
AngAccept: Off; Bounds: ON; "dI21" -last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSDSDSSSSSSSSNSSSSE AngAccept: Off, Bounds: ON; "dl37" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSDSDSSSS¢
] s
E E
i £
y >
? 2
.E g
3. P
:L ;
g -
¢ ‘“ 2
|
|
|
|
|
. 4 |
-90 -10 -50 30 -10 10 30 50 0 o 40 A0 2 0 20 4 60
after "tuning™; X'(Theta) [mrad] after "tuning": X'(Theta) [mrad]
1st order
Angular acceptance "FP2 - DL37"
X' 47.9 mrad
1st order
mrad .
X 36.8 mrad
There is not vertical focus at FP1! Y 5.24 mrad

It is impossible to use vertical angular acceptance here
OT, 08/20/15, East Lansing 28
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b IS E

—t Ly "1

Optics Order: 5
180

140

100

s0

20

X mm]

X!

-100 K

-140 K

-180 H

-120 K
o a 8 12 16 20 24

70x70 mrad Length [m]

1.5e+5

1 3a+5

1. 1ers

Intensity lost o

Fgeleisln]

26.3x45.8 mrad 25.2x40.0 mrad

30000

2 =] 10 14 18 22 =
Length [M]: window projection

OT, 08/20/15, East Lansing 2Y



MICHIGAN E

Angular Acceptancesinthe SECARIPIIasE]Nile RS

Angular acceptances used in the SECAR phasel configurations

Target-
FF1- FP2 FP2-DL37
FP1
26.3 47.9 36.8 mrad
45.8 5.24 mrad
! DLLD. Al SOLCAR SO AGT L Ilese ] LD 1D WLLIL BE . L
1 2 3 4 5 3 7 8 9 10 11 12 13 14
H Block na Kind of Start Length iftHode BO{LG) Br—corr=p Rappicm) L _eff{m) 2nd Calcflingicg Slits
or EBlocl {m} {m) nglel " j* Br—dip= Eimj* ILenim)* order Hodefnode =hape
l.l tuning I Dipole 0.00n 0.004 +0.0 = 663 0. .7988=% 3.00% 0.00= - HY rectn
2. Drift 0.oo0 0. M0 =tandard - rectn
3. 001 Drift 0.&00 W 2EN nultipole LG6E3 0.8000 c.0an 0.25 ves 1 — rectn
4. dlz Drift 1.050 0.190 standard = rectn
5. Q2 Drift 1.240 0,300 nultipole +2.179 0.8000 6. 80 0.30 ves 1 - rectn
6. dl3 Drift 1.544 0.580 standard —_— rectn
7. Bl Dipole 2. y2n 0.491 . +6.390 0.7985= 1.25%= 0.49% ves —_— rectn
a. dld Drift 7611 1.000 2 - rectn
9. B2 Dipole 3.611 0.4%91 +22/ +6.390 0.7935= 1.25%= 0.49% ves —_— rectn
a. = = recth
a. Ftandard = rectn
a. multipole +0.000 0.8000 11.00 0.26 ves 1 —_ rectn
a. standard = recth
a. multipole +2.426 0.8000 11.00 0.35 ves 1 —_— rectn
a. =tandard —_— rectn
i] multipole —2.450 0.8000 8.00 0.35 ves 1 — rectn
W standard = rectn
a. multipole +1.113 0.8000 6.00 0.35 ves 1 —_ rectn
o. standard —_— rectn
a. standard = recth
a. SLITS —_— rectn
o. standard H- rectn
o. +22.5 = +6.390 0.7985= 1.25%= 0.49% ves —_— rectn
a. standard = rectn
0. +22.5 = +6.390 0.7985= 1.25%= 0.49% ves - rectn
a. standard = recth
a. multipole +0.000 0.8000 12.00 0.26 ves 1 —_— rectn
a. =tandard —_— rectn
o. standard —_— rectn
a. multipole +1.81%7 0.8000 14 .00 0.34 ves 1 —_— rectn
a. =tandard —_— rectn
a. multipole —0.301 0.8000 13.00 0.34 ves 1 — rectn
a. standard = recth
2. —_— rectn
o. standard —_— rectn
0. nultipole +0.000 0O.7999 11.00 0.26 ves 1 —_ recth
a. standard = rectn
o. bean—line - rectn
1. standard = recth
a. SLITS = rectn
a. =tandard HY rectn
a. multipole —2.200 0.7999 7.00 0.30 ves 1 — rectn
a. standard = rectn
a. multipole +2.016 0.7999 5.00 0.30 ves 1 —_ rectn
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Angular Acceptances transSmissioNuENCAMEARKS

“Distribution” method
With set Angular Acceptances

-Emittance
” Beamn CARD 1D - shape
H [sigma, semi-axis. [Distribution
half-width...] method)
1% mm I 01 IGaussian j
2T mrad | E0 IFle-:tangIe unifarm j
A% mm I 01 IGaussian j
4 P mrad I B0 IHectangle uniform j
5L mm I 0 IGau&Sian j
BED X I 0.01 IHectangle unifarm j

E‘ statistics: 66Se

665e Beta+ decay (Z=34, N=32)
Q1 (tuning) 21
Q2 (B1) 21
Q3(B2) 21
Q4(B3) 21
QS (B4) 21
QB (VEFL) 21
QT(BT) 21
Q8 (B8) 21
Reaction

tal ion transmission (%)

Total: All reactions (pps=) 1.8%=+9
¥-5ection in target {mz ) beam
Target (%) 100

2 (Charge) ratio (%) 100
tuning (%) 33.45
¥ angular transmission (%) 43.83
¥ angular transmission (%) 76.32
=lits FP1 (%) 90.6
¥ space transmission (%) 100
Y space transmission (%) 80.6
dii2 (%) 99,78
¥ angular transmission (%) 93.78
d130 (%) 100
¥ angular transmission (%) 100
¥ angular transmission (%) 100

OT, 08/20/15, East Lansing

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

“Monte Carlo ” method
With set Angular Acceptances
No bounds

—a&ngular Acceptance & Boundz
W Usze fived angular acceptances

r Iz phypsical lmits [aperture] inzide blocks
to calculate fragment transmizsion

For block apertures LISE ++ uses the slit limits
acceszible from the Block Cut & Acceptance
dialog. [Pay attention there for the checkbox

-30

-50

-70

665e : Monte Carlo Transmission Flot

665e (3.1 MeV/u) + ; Transmitted Fragment 665e2l+...
dp/p=14.49% ; Brho(Tm): 0.7988, 0.7988, 0.7988, 0.798i
Anghccept: ON; Bounds: Off; "dl37" - last block i

H of N of

# Ion Passed Initial Transmission
All 24821 82070 30.24%

4] 665e 24772 81920 30.24% (+/-0.19%)
Target 100.0%

tuning 33.43%

Angular acceptance 33.43%

=lits FP1 90.46%

5lits 90.46%

AngAccept: ON; Bounds: Off; Optics Order: 1

"dI37" - last block for MC calc; Gate 1:

-45 -35 -25 -15 -5 5 15 25 35 a5
after "Stripper": X'(Theta) [mrad]

after "Stripper”: Y'(Phi) [mrad]

-30

-50

-70

MICHIGA ;

UNIYE

“Monte Carlo ” method
No Angular Acceptances
WITH bounds

— Angular &cceptance & Bounds

[T Usze fived angular acceptances

Ilze physical imitz [aperture] inside block s
v T
to calculate fragment tranzmizzion

For block apertures LISE++ uzes the slit limitz
acceszzible from the Block Cut & Acceptance
dialog. [Pay attention there for the checkbox

66Se : Monte Carlo Transmission Plot

665e (3.1 MeV/u) +
dp/p=14.49%

Transmitted Fragment 665e2l+..:
: Brho(Tm): 0.7988, 0.7938, 0.7988, 0.793¢

Anghccept: Off: Bounds: ON: "dl37" - last block fc
H of H of
# Ion Passed Initial
All 26874 98253 27.350%
0 6&5e 26824 88080 27.35%  (+/-0.17%)
Target 100.0%
tuning 100.0%
dll B83.65%
Inside of bounds 83.65%
o1 59.38%
Inside of bounds 59.38%
Q2 79.60%
Inside of bounds 79.60%
Q4 B8.46%
Inside of bounds BB.46%

AngAccept: Off; Bounds: ON;

Optics Order: 5

-40 -30 -20 -10 0 10 20 30
after "Stripper™: X'(Theta) [mrad]



MICHIGAN STATE

Angular Acceptances transmission ENCAMEAIEKS IR

[11 b2 11 7
“Distribution” method Monte Carlo ” method Monte Carlo ” method
. With set Angular Acceptances No Angular Acceptances
With set Angular Acceptances
J P No bounds WITH bounds
@ DL38
= 160 160 =
X'output
1.88+8 140 140
g 120 120
[
g 14e+8 100 100
]
% 1e+8 80 80
; 60 60
0 fe+] ©
>_ X, 40
%47 2 20
g 5 -3 -1 1 3 i 01& 8 -6 -4 -2 0 2 4 6 8 . 4»_9]:’;0 8 5 -4 -2 0 2 4 6 [
Angle (mrad) 16 secarsecan srAftef AN Foetah [miad]: window projection & Seomseon oo after"dI3T": Xi(Theta) [mrad]: window projection
- - 60— . - e
3 gee71Y OUERUL 160
~ 3de+T 0 h
E 347 120 120
..E., 26et7 100 100
']
0 20847 . .
2 18647
T 14e+ 80 %0
0
2 e , @ ®
>
Be+0 Y ” 20
2et6
'30 20 '10 0 10 20 e N U . -40 -30 -20 -10 0 10 20 30 4an Al .;0.7 m-30 -20 -10 0 10 20 30
Angle (mrad) i eimezoin mrece: ARter “dI3T% Y(Phi) [mrad]: window projection 16 stcarseonr onafterdI3TT: Y(PhI) Imrad]: window projection
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MICHIGAN STATE

MomentumiAcCCEpLance ERRITITES

AngAccept Off, Bounds: ON; "dI38" - last block for MC calc; no gates; Optics Order: 1

180
140
100
St 60
1St order _
g 20
E
< .20
-60
—Emittance -100
| Beam CARD 1D - shape
? [zsigma, semi-axis, [Dristributior [
half-width...] methad) =140
1.5 mm I 01 Iﬁaussian ;I
2. T mrad I 01 IGaussian ;I -1 800 71 3 n T > 7
37 mm I 01 IGaussian LI Length [m]
4P rnradl 01 IGaussian -
5L mm 1] [5auzzian -
ED = I 5 Rectangle unifarm - so00
dP/P=25%
5000
= )
| dP/P = £ 3.75 %
a000 | Corresponds to FP1 slits £51.8 mm
+1.1%
2000 |
1000 |
) 00 4 8 12 16 20 24
CARISECAR chase1 COSY 08 Momace feo Length [m]: window projection
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MomentumAcCcepLance

MICHIGAN STATE
UNIVERSITY

L |y H

PV

5th order

— Emittance
P Beam CARD 1D - shape
H [zsigma, semi-axis, [Distributict
half-width...] method)

1.5 mm I 01 I Gaussian ;I
2. T mrad I 01 IGaussian ;I
37 mm I 01 IGaussian LI
4 P mrad I 01 IGaussian -
5L mm 1] [5auzzian -

6D %

I 5 Rectangle unifarm -

OT, 08/20/15, East Lansing

X [mm]

160

120

80

40

-120

-160

AngAccept Off; Bounds: ON; "dI38" - last block for MC calc; no gates; Optics Order: 5

e o o 1

fanplt

4 8 12 16 20
Length [m]

D
N

24

o
Y
)
i

I+
i
N

(=l

10000 |

9000 |

8000 |

7000 |

6000 |

5000 |

4000 |

3000 |

2000 |

dP/IP=%23.77%

+2.06 % |

2 6 10 14 18
Length [m]: window projection
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UNIY
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Al eI s

1 No slits, no apertures

File: e_SECAR_phasel COSY_o5.lpp =

FP1 |

) A 23400 0% ]
seqpeam) = = = 4 - H o \ N
R 3
E 20+ ey e e e e 11100 05
I
=} -
2 . < B 100 0%
- .
3
> ot e s e e g g 3
.
sssgbaam] - 16 14 1 16 18- 16100400 0% 3
.
.
ofsaean] - ot 12 50 e - g0 0 ]
.
e g0 g5
E .
o -700 -500 -300 -100 0 100 300 500 700 1100
X (mm)
slits FP2 : Beam & SetFragment Charge States dI37 : Beam & SetFragment Charge States
Se (3.1 MeV/u) + Be (1e-4 mglem?); Settings on ©Se?'* ?'"; Config: DSSSSSDSDSSSSSSSSSSSSSDSDS... ¥Se (3.1 MeV/u) + Be (1e-4 mg/cm?); Settings on ®Se?!™-?'"; Config: DSSSSSDSDSSSSSSSSSSSSSDSDS...
dp/p=100.00% ; Brho(Tm): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988 dp/p=100.00% ; Brho(Tm}: 0.7988, 0.7988, 0.7988, 0.7986, 0.7988....
2 e
leHi0F 1esg |
ol : “I DL37
lesB F P 2 - 1l |
leTE a1 23 o vl 3 1e46 |
Tes6 f 22+ E Tets | : s 22
tessf asapaam o e R ] asguean 5 0 o h e 22H
Tesd 21+ e 21+
i ] #Sefpeam] % 15 1012 w2 12+ v 100 3 1e3f SiSapaam] 1158 1 .1 ‘=,20+ i
_ lessf 20+ 3 let2 |
g 1e+2|’ t5gg[pagm] 1+ 17+ 17 1111+ 11 S b+ 4 4 - s 203535100, g E 1e# i S g[beam] 1+ 11+ 11+ 11+ 1+ 1T+ 7 400 Of EJE g -ne. ' 33 33+ 3344 D) (A3
g1e+1g 3 E e . i ———
2 e f FSalpeam] 1% - 11 ['1-100.0% ( 1 E et Safpeam] 15 ¥ 16 16 5 1 %l 100, 0%
z -—
3 Telf 3 T e2f
> 1e-2 B -00.0% 2 #5a[beam] ™ 00 0%
e2f 3 > fedf
te3f 1 3 tedf
1e-4 1 gelbeam] 14 14 s 1t dbe iss 14 1, 0% 1 165 a HGefbeam] 14 1 1 11k 1 4 1100.0%
feS 3 1%
le6 Sefbeam] - 1 1 11315 10 - gho 0%y 3 167k egfpagm] 5 3 e 13 13-
1e-Tk E ted f
le8f L 1%
16-9 frseivoam) 1= o 4 1e-10 ;Es»u:y.m e i 6
et 5000 4000 3000 2000 1000 100 2000
= i 4 E 4 00 E E E E 0
ot ofFoits, EBiLans®g W W g W™ @ s 0 35



MICHIGAN STATE

UNIYERSITY

Charge States Selection: \Monte Carlorsoltinion
No slits, no apertures

Isotope Group : MC Yield Plot - Envelope (only passed)

st d
1st order
66Se (3.1 MeV/u) + Be (1e-4 mg/cm?); Transmitted Fragment ®8Se?'*2"* (beam); Optics Order: 1

dp/p=100.00% ; Brho('I:m): 0.7988, 0.7988, 0.7988, 0.7988, 0.7988....
AngAccept: Off, Bounds: Off, "dI37" - last block for MC calc; no gates; Config: DSSSSSDSDSSSSSSSSSSSSSDSD!
600 | ;
3
ki
bl
200 |
E
|§| 5 ~—— |
>
-200
-600 |
-1000 |
-1400 |-
0 ) 8 12 16 20 ' 24
s Length [m]

OT, 08/20/15, East Lansing
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1.5 mm I 0.75 IHectangIe uniform j
2T mrad | 25 IHectangIe unifarm j
3% mm I 0.75 IFIec:tangIe unifarm ;I
4 P mrad I 25 IHectangIe unifarm j
5L mm I 0 IGaussian LI
ED % I 15 IHectangIe uniform j

1st order

OT, 08/20/15, East Lansing

300 K

100 |

X [mm]

-100 |

-300 |

=An

300

100 |

X [mm]

-100 |

-300 |

_ENnn

300

100

X [mm]

-100

-300

-500

12
Length [m]

16

20

24




Experiment 0(ar, ) NE

Table 3.14. Transmission results for a set of crucial reactions from the target to the final focus in

the smgle VF system.

Reaction

Transnussion

PO(a,y)"Ne

Energy (MeV/u)
03

05

MICHIGAN
UNIVYERSI

LIS K

STAT
Ty

LISE** settings
File: e SECAR_phasel_reaction.lpp

Target

Gas density -

——

]

These calcualtions are comect
just for malecular formula 11

Parameter

Walue Dimension

Temperature [K)
Preszure [Tor)

Dengity

I 10
0.00219 0168 kg/m3
[omzs” [Toies
g/l

K
Tarr

5
I 7E0

mg/cm3

@ Units converter |

v Fix I X Cancel

[
i
[
I

P2 W Pl [hes [T

Compaund dictionary |

| He Density| 2189726 g/em3
I Use in O-state Calculate density
calculations
Z  Element Mazs Stoich

— Stab — Dimensior
" Salid " mg/emZ & micron
* Gas * g/ocm2 & mm

—Anal

Calculate |
0 degees

i Thickness at 0 degrees

" I 100 mn

] 2189728 glemZ

Effective Thickness

i I 100 mm

| 21897e5

alem?

Thickness defect |

Absorbed Dose |

&7 Cut (Sits)

W OK I xt‘ancal

d / Fange [beam) l 0.042
Energy Loss in the I—
291e8

target box [Kiw]

Atoms 4 cm? l 3.29e+18

E
™

Beam
Beam
e —— Production mechanism
10 - sh
IT IT Energy (* IT Meliu ?_I [slgB;:Tnsin-‘agls, [Dis”‘TﬂU?iDD:'
[ TRE € 45 Mev halfwidth..] et
| z Bho ¢ [ 0z#E  Tm 1% mm | 075 [Rectangleuniom ¥
I Beta+ decay P [l 03547 GeWic 27 mra\:ll 1 Rectangle uniform SEttlngS | F FuS“:lrl - HESIdUEd IF
e Table of u o[ sm Ry 3% mm | 075 |Rectangeuniform v
huclides S 4P mradl 1 FRectangle uniform A
Beam intersit —]
az = = —
T o G w0 e oL mm |0 [maussian = IE - [ ¢ 158Mel] G.Schiwietz, P.Grande, MIM B175-177 [2001]125-131 j
— P IT - 6D X I 1 IHeclangle uriform =
v Ok © [62e1  pos
X owcs | [ o000 Enem Lo ntbe [~ 25105 Erergy Losses |1 - [H -base] J.F Ziegler et al, Pergamon Press, MY [low energy] v|
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Fusiocn information window

| 150[0.3 Mev/u] + He > 19Ne * > 19Me

[J-value of reaction = 3528 b

( Fusion max.barier= 280 =
Fuzion radius = 715 frin

— Depending on a place of reaction in the target

beginning  middle end
Bear energy (Lab] [Meviu] 030 0.29 028
Beam energy [Lab] [Mev] 45 43 42

[ Center of mass energy [Mey] 095 0.9z 0.8a ]
Excitation energy [MeV] 4,48 4.44 4.41
Compound recail energy [Met] 36 34 33
Fuzion cross zection [mb] 130 130 129

Fuzion- 1zt Fizgzion C5 [mb] 0 0

Fuzion-Breakup C5 [mb] 0 0

— faor zetting residue after the stripper

Energy diapazon [Mew/u) 0170 -i- 0174
Canezponding ioh charge state 331 -- 335

Plot the excitation function I

&l fusion charactenistics are E

I._D . .
@ Fusion-Residue calculator

Probability

calculated with BASS -model
&  Cuit |

OT, 08/20/15, East Lansing

Partial cross section [mb]

06|

0.4

Partial cross sections

150(0.3 MeViu) + #He -> 19Ne* (Ec=0.9 MeV);
Cross Sections[mb] : Intr=3.61e+02; Comp=1.07e+02; QE=2.54e+02;
Lerit=17; L maxCr@2=0.0; L ma'SE=0.0; Lp fis=0=19; Verticallines correspond to Lesit & Lmax

[no Py, Penetration@ M]

AN

— Interaction
— Compound
— Direct+QE
— Hlasfic

2 4 6
Angular momentum [hbar]

Probabilities as f (L.): Pcn, T(LD)

——F_CN(L) - compund formation
——TiL} - penetration

Angular, Momentum, hbar
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MICHIGAN STATE

Experiment =0(a, 7)) Ne S Kinematics

[ S B

Please check the kinematics discussion for the DRAGON separator
http://lise.nscl.msu.edu/9 10/DRAGON/DRAGON.pdf#page=51

OT, 08/20/15, East Lansing 40
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MICHIGAN STATE

Experiment =0(or, y)*Ne:s two=Dody Kinematics SR -

Lo
. . 1 9 . .
19Ne fragment kinematics (expected final) Ne fragment kinematics (expected final)
Ax [Lab-mrad]: window projection — 150 + “He => 19Ne + gamma  (Projectile Energy : 0.30 MeV/u) 120 + 4He => 19Ne + gamma (Projectile Energy : 0.30 MeV/u)
Target: He (100 mm);  Qreaction: 3.53 MeV (Excitations 0.0+0.0=>0.0+0.0) Target: He (100 mm);  Qreaction: 3.53 MeV (Excitations 0.0+0.0=>0.0+0.0)
Angular Distribution (CM): Isofropic; Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5), V = 3000.0(0.5) Angular Distribution (CM): Isotropic; Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); V = 3C
- - - - 8 - -
1200
25
1000
15
800
)
s
600 £ 5
¥ statistics %
ST R U e e s g fermistile Gy 00 mebn = 5
ol MR o TRSIESN T SRR Casea {athd] 6% s000.000.5): v+ 3000.000.5) w -
H %
W1 aimrimation 1 e T wman 1 yon T aeviavion | R T ares Jiowatconntsl TaiFesam FignEriana]

ol

| 41 18088-02 | -z 41018400 | 10126403 | 6 6098400 | 2. 4178401 | 2 I04z8404 'I 29508405 | §.1530400 | 1 236ee01 |

—_ ~

-35 -25 -15 15 25 35

13108

3
-25
FPARISECAR nhaset rtion o Ax [Lab-mrad]: window projection =l

) 8 0.162 0.166 0.17 0.174 0.178 0.182
1|9‘—0QS—:2111+3 réﬁ‘ggglp‘ctmp phaced reaction Innl E [Lab-MeV/u]

19Ne fragment kinematics (expected final)
E [Lab-MeV/u]: window projection — 150 + 4He => 19Ne + gamma (Projectile Energy : 0.30 MeViu)
Target: He (100 mm);  Qreaction: 3.53 MeV (Excitations 0.0+0.0=>0.0+0.0)
Angular Distribution (CM): Isotropic; Rectangle Ang Acceptance (mrad): H = 3000.0(0.5); V = 3000.0(0.5)

1200

1000

800

600

stics

|
frsgnent kinenstics (expscted final)
ke Projecticn —— 150 + iz <> 19l + gaaaz ¢
i He (100 an) reaction: 3.53 He¥ (Escitations 0 0+0.0=30.0+0
3= Distribution (O0): Isotzopic;  Fectangle dn o

Projectile Energy | 0.30 HeV/u)
5 heceptance (arad)

)
H - 3000.0(0.5); V - 3000.0(0.5)

It's corresponds to initial e e RN B e
rectangle emittance <«

dp/p= +/-1.8% ; Z

0.162 0.166 017 0.174
(AR ahacat reactinn innl E [Lab-MeV/ul: window projection

0.178 0.182
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MICHIGAN STATE

Experiment ~O(or, )= Ne = KInematics

In order to obtain distributions corresponding to two-boy kinematics HI+gamma
it is possible to change the initial beam emittance as

~ Emittance - CARD 1D - shape — Emittance
‘Beam CARD 2 ] 10 - sh
? | ls'ﬂr":‘; S’im‘“ﬁ' [D'::rmn ' ? | [sigErﬁ:TnsiﬁaD:-:is, [Distriiu?iﬂi
width...) half-width...) method]
1.% 2 i
mm I IE"L”"""‘!"'I 1.5 mm I 075 IGaussian
2T mad | | Gaussian

1
2T mrad | a8 IEau&sian
3Y mm | 2 |Gaussian .
: I mm | 075 IEau&slan
4P Il'ladl 1 |Gausslan
. 4 P rmrad I a3 IEaussian
. 5L mm I ] IGaussian

S.Lmrnl
6D % |

|Gaussian

% |||

LefLefLefledled]e]

|Gaussian

6D X . Rectangle uniform
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MICHIGAN STATE

LIS K

Experiment 20(a, y)~*Ne Sselection D s

slits FP1-Xspace: output after slits
150 (0.3 MeV/u) + He (100 mm); Settings on "®Ne3*-3+; Config: DSSFSSFSFDSDFSSSFSSFSSFSSF. ..
dp/p=100.00% ; Brho(Tm): 0.3783, 0.3783, 0.3783
r — \ al charge states separ

um of rﬂartlnn:
1e+10 150[bea::?!9??gl 5?&%&221[ ‘3.: ::\.: ::\.: 3‘+ 3+ 3+ 3+ 3
1e+9 | 50[beam] & &+ 5+ gfe- e8] 4 I \‘ I 150 [beam] 2+ 2+ 2+ 2+ 26 24 202 _;
7] E
1e+8 | I I -
—_ 150[beam] 7+ 7+ |- [} 7+ 7+ I I 150[beam] 1+ 1+ 1+ 1+ 1o 10 1o e E
=
c 1e+7} | |
7]
% 1e+6 I I =
-] 50[beam] & & 3{e-H- 8- f{ &= I I E
=4
3] 1e+5 I I 3
-
le+d | I I .
LY SR § éﬁl%ri 3+ 5—' 33
1e+3 | glf N | I I 19Ng 2% 2% 25 24252+ 22 2= ]
REN | o e I | S I
Te+2 I 1Bpg 1+ 1= 1= 1= 1= 1= 1= 1= E
lerf n ! [
-1000 -600 -2oi Foo 600 1000 1400 1800 2200 2600
X (mm . .
0 I {mm) slits FP1-Xspace: output before slits
150 (0.3 MeV/u) + He (100 mm); Settings on 1°Ne3+-3+; Config: DSSFSSFSFDSDFSSSFSSFSSF
I I dp/p=7.65% ; Brho(Tm): 0.3783, 0.3783, 0.3783
N | o charge g Sepa
1e+10} | ; |
| 15Q[beam] 3+ 2+ 3+ 3+ 3+ 3+ - 3100 0% i
| |
1e+9E | |
| |
| |
1e+8 | |
_ | |
£ | |
E 1e+TE \ \
a | |
. a | |
@ FP1slits — 3§ =t |
g \ |
> 1e+5F } }
| |
le+4 | } }
| 15Ng 3 3+ 3+ 3+ 3+ 3+ 3+ 3100 0% |
1e+3 | } / \ }
l l
-60 -40 -20 0 20 40
0082015 18:3037 X (mm)
OT, 08/20/15Y East Lansing LISE IGA\SECAR\SECAR phase1 reaction.lool 43



MICHIGAN STATE

Experiment ©0(a, v)**Ne S Selection@ ER2 et

L1 S P

dI21-Xspace: output after slits
150 (0.3 MeV/u) + He (100 mm); Settings on ®Ne?*-3*; Config: DSSFSSFSFDSDFSSSFSSF:
dp/p=7.65% ; Brho(Tm): 0.3783, 0.3783, 0.3783, 0.3783, 0.3783

all charge states separ
um_of reactiop

1e+1 0 é 15D[beam] 3+ 3+ 3+ 3+ 3+ 3+ 3 3+_:
1e+9%
E 1e+8;
E i
4 [
& 13"'75
>
Q -
> le+B|
In front of the Mass Slits (FP2) 1e+5]
. i Fopg 3+ 3+ 343+ 3+ 3+ 3+ 3+
with the Charge slits and Angular ;
acceptances lerdr ;
-40 0 40 80 120 160 200 240 280 320 360 4on 44(
X (mm)
Pay attention for The Wien filter parameters!!!
: . E 300 KVim
The purpose qf E(or B) ch0|ce_ IS to VIE| A 5 ea0eT o
compensate dispersion after dipoles! DL 3.81 mrmi%
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MICHIGAN STATE

Experiment 20(a, y)~*Ne Sselection D s

19Ne3* after the Mass Slits (FP2)

shits FP2

150 (0.3 MeV/u) + He (100 mm); Settings on '®Ne3*-3*; Config: DSSFSSFSFDSDFSSSFSSFSSFSSF...
dp/p=7.65% ; Brho(Tm): 0.3783, 0.3783, 0.3783, 0.3783, 0.3783....

all charge states separ
sum of reactions

4600 rx'angular| ' ' : : o X SP'ace ou | Momentum OC |
4200 |SNe 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3*1000[5/0 42000 ‘SNE 3+ 3+ 3+:3+ 3+ 3+ 3+ 3*1000% | 759+6 | 15Ne 3+ 3+ 3+ 3+ 3+ 3+ 3% 3+ |
3800 38000 } I 8.5e+6 I I
el 3400 £ 340001 | - | |
£ 3000 £ 30000f | E ssess| | |
= \ | B | |
E & 26000 2
g %0 g | ]2 asess| | |
2 2200 = 22000 | - | |
L] — —
. 1400 > 14000 1> 25e+8| | |
1000 10000 [ | | |
| | 1.5e+6 | |
800 6000 ‘ | | |
200 2000 | | Setbr |
35 25 15 5 5 15 25 35 180 -140 -100 -60 -20 20 60 100 140 12 -08 -04 0 04 08 12 16 2
Angle (mrad) X (mm) Brho (Tm)
26000 fy'angularl LA 5500 fy space QU ' ' LA Energy OC ' '
18\|g 3+ 3% 3+ 3+ 3+ 3+ 3+ 341 ()0 0% 19|\ 3+ 3+ 3+ 3+ 34 3+ 3+ 3+1 () 0% | 8.5e+6 19N B 343+ I+ Jede Gu-3e
\ |
22000 4500 ‘ | = 7.5e+6
T = \ | 3
S 18000 E \ |2 6.5e+6
_E 7 38001 ]2 ssess
14000 o | | %
e 2 \ | & 4Bess
= = 2500 i o
2 10000 ] | | T 3ses
> > 1500} 2 25
6000 \ |
\ | 1.56+6
2000 500 } I Se+5
oesos 00 8 6 4 2 0 2 4 6 8 120 -80 40 0 40 80 0.16 0164 0.168 0.172 0.176 0.18 0.18
1S E ++ [G\SFCARSECAR phase! Angle{mrad) Y (mm) Energy (MeV/u)
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MICHIGAN STATE
UNIVERSITY

| ey

L_.._J'_I.v

19Ne Beta+ decay (Z=10, N=39)
9Ne3* after the DL37
Q1 (tuning) 3
i Beaction FusRes
Only 1°Ne3* passing through the separator ! Lon Production Rate  (pps) 9.9e+4
Total ion transmission (%) 37.077
Total: A1l reactlions {pES) S5.9%=+4
X-Section in target {mk ) 1.3e42
Target (%) 35.09
[-gn-?;lmﬂd}—m—m?f”m ::; 100 ] 19Ne3* transmission 94.8%
arge) ratio . .
Unstopped in material (%) 100 / Main cut by the 2'nd
tuning o 99.32 horizontal angular
X angular transmission (%) 99.32
¥ angular transmission (%) 100 acceptance
dliz (%) 95.59

di37

150 (0.3 MeV/u) + He (100 mm); Settings on 19Ne3+.3+; Config: DSSFSSFSFDSDFSSSFSSFSSFSSF...
dp/p=7.65% ; Brho(Tm): 0.3783, 0.3783,0.3783,0.3783,0.3783....

al cherge states sapar
sum of reaction:

11000

x'angular | e x space OU o Momentum OC
5500 | T TR R 60 0% 18e 3 3+ 3 30 34 3 3 B 400005 B I+ I+ 2303 20 324 30
7.5e+6
9000 i
— 5 R1-34
3 4500 £ =
E E 7000 E 5 5a+6
= 3500 - =
2 o S 4546
o -3 =
2 = 5000
= 2500 | k-] % 3.50+6
- -
D — —
= =
= a0l - 3000 2 5e+6
1.5e+6
500 1000 Feth
25 15 5 5 15 B3 24 20 16 12 B8 4 0 4 8 12 1F N 0366 037 0374 0378 0382 038 N30
Angle (mrad) X (mm) Brho (Tm)
y'angular | & ¥ space OU b Energy OC
1o 334 3 3+ 34 3+ 3+ 3.100.0% 36000 1oa 3 3 3 3 H W W H00.0% §.5e+6 o 33+ 35 3 3 3 e 38
4500 34000 —
- _ =
3 £ 30000 3 —
I 3500
£ £ 26000 (]
= B = 5.5e+6
2 -3 22000 5
2 2500 | = B 45e+6
- = 18000 =
= = = 3.5e+6
o £ 14000 2
- 1500 | 2
10000 s 208
6000 15046
500
2000 5e+5

L -30 ED 10 30 an T 3 2 4 0 1 2 1 1 016 0164 0168 0172 0176 01»  nin:
OT, 08/20/15, East Lansir."g_;:——"“- ramarran shaest e ADGIE (mrad) Y (mm) Energy (MeV/u) 46



© ) ] MICHIGAN STATE
@ Segmented configuiration: == shoulc e CIoNESOoN

NSCL

Extended Segmented
Detail configuration for experts “Easy” configuration for regular users
90 blocks 11 blocks (5 sectors, 3 material blocks and 3 slits)
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MICHIGAN STATE

Segmented!configuration LI

———/

Pay attention for cut settings: 5 sectors
4 angular acceptances, 3 slits  (segments)
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MICHIGAN STATE

Summealry. SR

" :
— —_—

Open Questions:

1. Develop the two-body kinematics mechanism in the case HI & y
2. Primary beam scattering (large angles)
3. Wien characteristics utility to compensate dipole dispersion

Acknowledgement:

to Hendrik Schatz and Fernando Motes for documents and files providing,
to Mauricio Portillo with COSY actions

AngAccept: Off, Bounds: ON; Optics Order: 5 for MC calc; no gates;

after "dI137": Y'(Phi) [mrad]
N

20 16 2 3 2 0 2 8 1
OT, 08/20/15, East Lansing after "dI37": X'(Theta) [mrad] 49



