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http://dragon.triumf.ca/home.html

MICHIGAN STATE

DRAGON documentation SOURGES R

1. THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001
2. D.A. Hutcheon et al. / Nuclear Instruments and Methods in Physics Research A 498 (2003) 190-210

3. Fax by D.A. Hutcheon from 09/01/2003 with GIOSP input

4. Commissioning the DRAGON facility at ISAC by S.Engel et al. from 06/23/2005

5. On-line DRAGON tools http://dragon.triumf.ca/DragonTools.php#mdl

6. Unrike’s comments R S L Y

Finally, the DRAGON'’s extended configuration

_ ) DRAGON D1
has been created mainly based on the first very Q) -awdwoe = focal pone I
detail document (THE DRAGON Recoil Separator S s
FC = Faraday cup
Optics by The Recoil Group from January 3, 2001), SO let's B D O ol stoorer
call this configuration as DRAGONZ2000,
because there are some differences were found
. . . . Focal Plane F

with other sources which will be discussed. Final Sifs o &4 % --

FCF |

End Detector ED2 —

OT, 05/22/15, East Lansing Fig. 1. Schematic view of the DRAGON facility. 2


http://dragon.triumf.ca/DragonTools.php#md1

DRAGONZ000parameters (-l

Table 1.1: Important parameters of DRAGON dipoles.

[ dipole | p(cm) [ ¢(deg) | a(deg) [ gap(cm) | L. s¢(cm) |

MD; | 100
EDy | 200
MDsy | 81.3
EDy | 250

50
20
™

35

5.8

29

10
10
12
10

87.27
69.81
106.42
152.72

Table 1.2: Tmportant parameters and status of DRAGON quads(Q), sextupoles(S) an

steering magnets(SM).

| device | Lyss(cm) | Lyoi(cm) ‘ aperture(inch) | status |
Qe 25.23 315 4.25 mapped/placed
(o5 33.385 45(7) 6.25 mapped /placed
Q9,10 46.7 58.2 5.91 SMIT-ELMA quads
mapped
Qs 578 33.38 45(7) 6.25 mapped /placed
Sio 18.75 21.6 6.26 mapped
Ss.4 19.9 23.5 6.26(4.49) mapped
X(Y) asymmetric design
SMsy | 25.9(7) 16.3 6.25 mapped(7)
SM 5 25. 16.5 4.25 Chalk River
mapped(rough)

OT, 05/22/15, East Lansing

Table 2.1: First-order optics properties of magnetic and electrostatic dipoles (file

reso2000.dat 28 Sept 00).

Table 2.2: Separator backbone segment lengths (GIOS output file reso2000.dat 28 Sept

00).

MICHIGAN STATE
UNIVERSITY

Element | Radius | Bend | Direction | Gap | Entry pole Exit pole

(m) (deg) (m) | angle (deg) | angle (deg)
MD1 1.00 50 Right 0.10 5.8 58
ED1 2.00 20 Right 0.10 0.0 0.0
MD2 0.813 |75 Right 0.12 29.0 29.0
ED2 2.50 35 Right 0.10 0.0 0.0

Segment | Begins | Ends Length (m)
1 | Target | MD1 3.0163

2 | MD1 ED1 4.7819

3| ED1 MD2 4.4815

4| MD2 | ED2 4.1351

5| ED2 Final focus 4.2975

All | Target | Final focus 1021611 €rror?

(90.346%)




MICH

1G
DRAGONZ2000 parameters(p:2) LT

AN STATE
RSITY

LIS K

Table 2.3: E.M.S. element spacings in the first stage (file reso2000.dat 28 Sept 00).
Distances are between effective field boundaries. The positioning pf beam position
monitors (MON) and steering magnets (SM) could be modified slightly (i.e. a few cm
either way) without serious effect.

DRAGON 2000a Table 2.4: E.M.S. element spacings in the second stage (file reso2000.dat 28 Sept
00). Distances are between effective field boundaries. The positioning of beam position
Segment 1 Segment 2 Segment 3 . . . . .
Begin | End Len (m) | Begin End Len (m) || Begin Fnd Len (m) monitors (MON) and steering magnets (SM) could be modified slightly (i.e. a few cm
Target | QLlin T.06885 | Seg. beg. | MDI out | 0.4663 Seg. beg. | EDI out | 0.3527 either way) without serious effect. The quoted effective lengths of the steering magnets
Qlin Qlout | 0.2523 MD1 out | Ch. slit | 0.3079 ED1 out | Mass slit | 1.05 are not critical and could be reduced.

Qlout | Q2in 0.256925 || Ch. slit | SMlin 0.272
Q2 in Q2 out 0.33385 SMI in SMI out | 0.256

Q2out | MD1in | 0.638075 || SM1 out | S1in 0.1862 Segment 3 Segment 4 Segment 5
MD1 in | Seg. end | 0.4663 S1 in S1 out 0.1875 Begin End Len (m) || Begin End Len (m) || Begin End Len (m)
S1 out Q3 in 0.1614 Mass slit | SM2 in | 0.277 Seg. beg. | MD2 out | 0.6238 Seg. beg. ED2 out | 0.7883
Q3 in Q3 out 0.3338 SM2in | SM2 out | 0.256 MD2 out | MON3 0.56076 | ED2 out MONS5 in | 0.425
Q3 out Q4 in 0.2162 SM2 out | Q6 in 0.27085 || MON3 SM3 in 0.1205 MONS5 out | SM4 in 0.3155
Q4 in Q4 out 0.3338 Q6 in Q6 out 0.2523 SM3 in SM3 out | 0.259 SM4 in SM4 out | 0.259
Q5 in 0.2162 Q6 out Q7 in 0.25695 || SM3 out | Q81in 0.24084 || SM4 out Q9 in 0.12
Q5 out 0.3338 Q7 in Q7 out | 0.3338 Q8 in Q8 out 0.3338 Q9 in Q9 out 0.467
S2 in 0.1614 QT out S3 in 0.1581 Q8 out S4 in 0.1581 QY out Q10 in 0.199
52 out 0.1875 53 in S3 out 0.199 S4 in S4 out 0.199 Q10 in Q10 out | 0.467
MON1 0.3002 53 ont MON2 0.098 54 out MON4 0.15 Q10 out Final 1.176693
ED1 in 0.50 MON2 MD2in | 0.353 MON4 ED2 in 0.701
Seg. end | 0.3527 MD2 in | Seg. end | 0.6238 ED2 in Seg. end | 0.7883
Total 3.0163 Ttal 4.7819 (next table) Total 4.4815 Total 4.1351 Total 4.2975
Oleg’s check 3.0163 \ 4.7819 4.4815 4.1301 4.2175

DRAGON2000 |ength3 configurations

Corrections for Dipoles lengths:

segl seg2 seg3 segd segh
1.06885 0.43635 0.34905 05321  0.7636 DRAGOMN20004 DRAGOMN2000
0.2523 03079 1.05 0.56076  0.425 With Corrected
0256925 0272 0277 01205  0.3155 Document Check ;
| dipole | p(cm) | ¢(deg) | a(deg) | gap(cm) | Less(cm) | 033385 0256  0.256 0259  0.259 dipoles lengths
= = = 0.6380?5 0.1852 0.2?085 0.24084 0.12 segl 3.016 3.016 2.986
N 4 [=4 — . 5 . . L
MD, 100 50 5.8 10 87.27T —— 043635 01875 0.2523 03338  0.467 seg2 4.782 4.782 4.748
ED; 200 20 - 10 69.81 01614 0.25695 0.1581 0,199 seg3 4.482 4.482 4.386
£
MDs 81.3 75 29 12 106.42 g-ii:ﬁ g-i;:j 2-129 2-::;693 segd 4.135 4.130 4.019
=4 =4 . . . .
ED, 250 35 - 10 152.72 03338 0199  lo01 segs 4,798 4.217 4.193
0.2162  0.098 0.7636 Total 20.712 20.627 20.332
03338 0.353
01614 05321 _ _ _
0.1875 The configuration “DRAGON2000” is used for
0.3092 optimization and benchmarks.
2'24905 Lengths of drifts should be corrected for the
‘ new DRAGON2015 configuration!!!
OT, 05/22/15, East Lansing 29864 4.7483  4.3862  4.0187  4.1928 4
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Table 3.1: Limiting apertures and slit widths used
for "Ne acceptance calculations.

MICHIGAN STATE
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Table 2.5: Field strengths fo[ rigidities 0.5 T-m and 8 MV ]scaled from the GIOS

mput file reso2000.dat Tunes

reaction.Note that the sext
listed in table 1.2.

ust be obtained by scaling to the rigidities of a given

ole strengths have been scaled to the new L.f; values

components | apertures(cm)
Qlfﬁ 10 Elemg¢nt Gap | Effective Field
Q2.5, Q18 15 f or Diam. length
S1.4 15 01 108 cm | 2523 cm | -2.187 kG
Qo.10 15 Q 15.9 cm | 33.385 cm | +2.003 kG
Qo 10 15 S 15.9 cm | 33.385 cm | +0.106 kG
; ) D1 10 cm +4.991 kG
MD; 8(v) 1 15.9 cm | 18.75 cm | +0.425 kG
M D, 9(y) Q3 15.9 cm | 33.38 cm | +1.826 kG
ED, 10(x) Q4 159 cm | 33.38 cm | -2.412 kG
EDy 10(x) Q5 159 cm | 33.38 cm | +1.329 kG
gas target Tamoter S2 15.9 em | 18.75 cm | +0.089 kG
ollimators n cm ED1 10 cm +200. kv
co Q6 108 cm | 25.23 cm | -1.181 kG
entrance 0.8 Q7 15.9 cm | 33.38 em | +1.696 kG
exit 3.6 S3 6em | 19.9 cm | +0.047 kG
slit full width MD2 12 cm 6.139 kG
location x(y) in em Q8 159 cm | 33.38 cm | +1.257 kG
S4 16 cm 19.9 em | +0.360 kG
Q 2.32(2.2) ED2 10 cm +160. kV
M 0.48(2.4) Q9 15cm | 46.7cm | -0.972 kG
F 0.92(1.2) Q10 15cm | 46.7 cm | +1.087 kG
A Element 2 2]
In order to use these EM devices settings in ENENENE
LISE* an ion 3°Cal3* has been selected with ——2 | | & dey
energy 1.34161 MeV/u what corresponds to Ereray © [ T3HBT  MeVAs  Enery € [ 13008 AMev

Br=0.5 Tm and Er=8.047 MV Bho 5[ 05  Tm TKE € [ Bazial  Mev

Erha MJAC \Jelocityr‘| 160728 cming

OT, 05/22/15, East Lansing 5
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DRAGON settings in LISE TirTLs i

o LS B

—
1 2 2 4 |3 3 7 2 9 1in 11 12 12 14 15 16 17 12 19 20 21 22 23
1 Block name Kind of Start Iength DriftMode BO(kG) Br—corrsp Rapp{cn) L _effi{m) Znd Calc Angdcc Slits ¥min Xmax ¥min Ymax [ Appert Emin XEmax ¥Ymin YTnax
T Elock (m) {ml Anglel ™ )% Br-dip#* Rim)* Ien(m)* order Hode mode shape =lit =lit =lit =lit | shape limit limit limit limit
L tuning Dipole o.ooo 0.000 +0.0 = +1.667 0.5000= 3.00% 0.00%= - —_ rectn ellps
2 t—gl Drift a.oo00 1.069 standard —_— rectn ellps -E0 +50 —E0 +50
3.0 Drift 1.069 0.252 nultipole —-2.158 0.5000 £.40 025 ves 1 —_— rectn ellps -50 +50 -E0 +50
1. gl-g2 Drift 1.321 0.257 =tandard —_ rectn rectn
3 02 Drift 1.578 0.334 nultipole +1.965 0.5000 7.94 0.33 ves 1 - rectn ellps -7% +75 =75 +75
H d3-mdl Drift 1.912 0.638 standard —_ rectn ellps -75 +75 -75 +75
? HD1 Dipole 2.550 0.873 +50.0 = +1.667 0.5000% 1.00%= 0. 87= ves - rectn rectn —40 +40
1. mdl-slits Drift 34213 0.308 =standard — rectn rectn
1. Fit IT Fit 3.731 o.000 —_— rectn ellp=
0. Fit XX Fit 3.731 0.000 —_— rectn ellp=s
1. Fit YP Fit 3.731 0.0o0 - rectn ellps
L2, CHARGE slits Drift 3.731 0.000 SLITS - rectn rectn
L3. slts—=nl Drift 3.731 0.272 standard —_— rectn ellps -E0 +50 —E0 +50
L4. SH1 Drift 4.003 0.2568 standard —_— rectn ellps =G50 +50 -E0 +50
L5. sml-=1 Drift 4,289 0.186 =tandard —_ rectn ellps -50 +50 -50 +5&0
6. 51 Drift 4445 0.138 nultipole +0.000 0.5000 7.94 0.19 ves 1 —_— rectn ellps -75 +75 -75 +75
L?. =1-g3 Drift 4. 632 0.161 standard —_ rectn ellps -74 +74 —-74 +74
Le. Q3 Drift 4.794 0.334 nultipole +1.775 0.5000 7.94 0.33 vEs 1 —_— rectn ellps -75% +75 -75 +75
9. g3-g4 Drift £.127 0.21g standard —_— rectn ellps -74 +74 —-74 +74
M. Q4 Drift o344 0.334 nultipole —2.299% 0.5000 7.94 0.33 ves 1 —_— rectn ellps -7% +75 -75 +75
?1. gd—gh Drift 5 B77 0.218 =tandard —_ rectn ellps -74 +74 =74 +74
2. 05 Drift 5,894 0.334 nultipole +1.263 0.5000 7.94 0.33 ves 1 - rectn ellps -7% +75 =75 +75
23, gb-=2 Drift 6227 0.161 standard —_ rectn ellps -74 +74 —-74 +74
4. 52 Drift 6389 0.184 nultipoles +0.000 0.5000 7.94 .19 ves 1 — rectn ellps -75% +75 -75 +75
5. =2-monl Drift £ B7E 0.309 standard —_— rectn rectn
6. monl-edl Drift E.086 0.500 =tandard —_— rectn rectn
7. ED1 ElecDip 7.386 0.698 +20.0 = 0.0kV 0.5000% 2.00% 0.70% - —_— rectn rectn -50 +50
8. edl-=slts Drift 4.084 1.050 =tandard - rectn rectn  -50 +50
29, Hass_Hi Fit 9.134 o.000 —_— rectn ellps
0. Hass_ XD Fit 9.134 o.000 —_— rectn ellps
31. Ha==_FP Fit 9.134 o.000 —_— rectn ellp=
32 . Ma== TD Fit 9. 134 0.000 —_ rectn ellp=
33. Ha=s ¥V Fit 9.134 0.000 —_ rectn ellps
34, MASS Slits Drift 9.134 0.0o0 SLITS - rectn rectn
35. slts—=n2 Drift 9.134 0.277 standard —_— rectn ellps -E0 +50 —E0 +50
6. SH2 Drift 9,411 0.2568 standard —_— rectn ellps =G50 +50 -E0 +50
7. =m2-gb Drift 9. 667 0.271 =tandard —_ rectn ellps -50 +50 -50 +5&0
. Q6 Drift 9.938 0.252 nultipole —-1.455% 0.5000 5.40 0.25 ves 1 —_— rectn ellps -50 +50 -50 +50
i9. gb—g? Drift 10.190 0.257 standard —_ rectn ellps -50 +50 =50 +50
0. Q7 Drift 10.447 0.334 nultipoles +1.752 0.5000 7.94 0.33 ves 1 - rectn ellps 7% +75 =75 +75
i1. g7-=3 Drift i0.781 0.158 standard —_— rectn ellps -74 +74 —-74 +74
12, 53 Drift 10.939 0.199 nultipoles +0.000 0.5000 7.95 0.20 ves 1 —_— rectn ellps -7% +75 -75 +75
13, =3-non? Drift 11.138 0.0%98 =tandard —_ rectn ellps -74 +74 =74 +74
14, mon2-md2 Drift 11 236 0.3583 standard —_ rectn ellps -75 +75 =50 +50
15, HD2 Dipole 11.5589 1.064 +75.0 = +1.667 0.5000% 0.81= 1. 06= ves - rectn rectn —45 +45
16, nd2-mon3 Drift 12 653 0.561 standard —_— rectn ellps -100 +100 -G0 +50
17. Charge2 ET Fit 13.214 0.000 —_— rectn ellps
18. Charge2 FP Fit 13.214 0.000 —_ rectn ellp=
19. Fit XX Fit 13.214 0.000 —_— rectn ellp=s
30, mond-s=m3 Drift 13 214 0.120 standard —_ rectn ellps -75 +75 -75 +75
51. SH3 Drift 13.334 0.259 standard —_— rectn ellps -75% +75 -75 +75
32, sm3—gB Drift 13.593 0.241 standard —_— rectn ellps -74 +74 —-74 +74
33, Q8 Drift 13,834 0,334 nultipoles +1.238 0.5000 7.94 0.33 ves 1 —_— rectn ellps -7% +75 -75 +75
34, gf-=14 Drift 14 168 0.158 =tandard —_ rectn ellps -74 +74 =74 +74
5. 54 Drift 14 326 0.199 nultipole +0.000 0.5000 7.95 0.2n ves 1 - rectn ellps -7% +75 =75 +75
36. =d-mond Drift 14 525 0.150 standard —_ rectn ellps -75 +75 -75 +75
37, mond-esd2 Drift 14 675 0.701 =standard - rectn rectn
38, ElecDip 2 ElecDip 15,376 1.527 +35.0 = 0. 0kV 0.5000% 2 G0 1. 53 - —_— rectn rectn -50 +50
39, edZ-monS Drift 16.903 0.42% =tandard —_— rectn rectn
30, monS—=md Drift 17 328 0.316 =tandard —_ rectn ellps -74 +74 =74 +74
31. SH4 Drift 17 644 0.259 standard —_ rectn ellps -74 +74 —-74 +74
52, smd—g9 Drift 17.903 0.120 standard —_— rectn ellps -74 +74 —-74 +74
33, 09 Drift 18.023 0.467 nultipoles —0.958 0.5000 7.51 0.47 ves 1 — rectn ellps -7% +75 -75 +75
4. g9-glo Drift 18.490 0.199 standard —_— rectn ellps =75 +75 =75 +75
350 Q10 Drift 18 689 0.467 nultipole +1.066 0.5000 7.51 0. 47 ves 1 —_— rectn ellps -75 +75 -75 +75
36. gll-final Drift 19 156 1.177 standard —_ rectn ellps -75 +75 -75 +75
37. Fin AT Fit 20.332 0.000 —_ rectn ellps
8. Fin XD Fit 20,332 0.000 —_— rectn ellps
39. Fin YP Fit 20,332 0.000 —_— rectn ellps
0. Fit XX Fit 20.332 0.000 —_ rectn ellp=
71. Fin TD Fit 20 332 o0.000 —_ rectn ellp=
2. Final Slits Drift 20,332 0.000 SLITS - rectn =Chn

v

This_settingslis_t can be produceq in LIS_E*+ using.menu “Experimental These aperture parameters are used to obtaln angular

Settings -> Optics -> Optics settings: View and Print”

OT, 05/22/15, East Lansing and momentum acceptances of the separator. 6
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DRAGON files location @ LISE  site AR

Index of /9 10/DRAGON httDI//liSG.ﬂSCl .msu.edu/9 10/DRAGON/
Name Last modified Size Description

aParmt Directory -

[Z3 Acceptances'  2015-07-22 1433 - D [9_] u]

(T3 CharceStates’  2015-07-22 14:33

DRAGON
DRAGON pdf 2015-07-22 1421 11M = ]

CaFw 2015-07-22 1433 - EIDHHEDH —  This document
(CJLISE package/ 2015-07-22 1433

[ [Acceptances]
AngAcc_fromChargeS_MassS Ipp —  Angular Acceptance analysis from the Charge Slits
AngAcc_fromMassS_Final S Ipp —  Angular Acceptance analysis from the Mass Slits
AngAcc_fromTarget Ipp —  Angular Acceptance analysis from the Target position
= MomemtumAcc lop —  Momentum Acceptance analysis
[_J [ChargeStates]
ﬁqe DRAGON2000_39Ca_beam_charge._Ipp —  Beam charge states after thin target
[JIFt]
e_DRAGON_fit_ part1 Ipp — DRAGON optics optimization : 1 sector
e_DRAGOMN_fit_ part2 Ipp — DRAGON optics optimization : 2™ sector
e_DRAGON_fit_ part3 Ipp —  DRAGON optics optimization : 3" sector
e_DRAGON_fit_ part4 Ipp —  DRAGON optics optimization : 41 sector
e_DRAGON_fit_ part 1-4 lpp — DRAGON optics optimization : ALL sector
[(JILISE_package] , . .
= ! — DRAGON files in the LISE*™ installation package
config
= e DRAGON2000 len — DRAGON extended configuration
E‘S_DHFEDHEBDD lem — DRAGON segmented configuration
[ Files]
e_DRAGON2000_reaction Ipp — DRAGON extended : *50(a., 7)*°*Ne
e_DRAGON2000_39Ca_beam Ipp — DRAGON extended : primary beam 3°Ca>*
e_DRAGON2000a_39Ca_beam Ipp — DRAGON extended alternative configuration
s_DRAGON2000_reaction Ipp  — DRAGON segmented : *5O(a., 7)1°Ne

OT, 05/22/15, East Lansing


http://lise.nscl.msu.edu/9_10/DRAGON/

MICHIGAN STATE

DRAGON optimization i [EISESPESTED UNIVERSITY

L 1S I

SettingS  FFe_DRAGON fi_pat1  Ibp

Fitting

Quads 1 & 2 constraints

Cptics fit

Blockz with paragmetersYo vary Active Constrain

#0 Position=005: | 01 #n @01 A12=0 Fit =T
H02 Position007: | 02 02 @012: R11 =044 Fitxx
#03 @013 R34=0 FitF

Miter = 100

Optics Settings
g fT ‘ £’ fast editting)

‘ £ Fit Settings

B )
é‘ Browse output file

Shiow initial conditions {fj__' Matrix Plot ‘

x = 1&. Beam-Sigma Flot
? Help

DRAGOM 39Ca 7_ part.fit

OT, 05/22/15, East Lansing 8



MICHIGAN STATE

P - < . UNIVERSITY
DRAGON optimization i SES R PESTED B
Results
THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

Table 2.6: GIOS First-order transfer matrix elements at the four horizontal image

points (file reso2000.dat 28 Sept 00): x is horizontal position (m); a is horizontal

angle (rad); y is vertical position (m); b is vertical angle (rad); d is fractional energy

difference; g 1s fractional mass difference; t is fractional difference in time-of-flight.
S

Charge : Mass | Charge | Final
-0.440 1 0.689 | -0.580 | 0.980
LISE*+ 0.000 [} 0.000 |  0.000 | 0.000
(x|g) 0.302 :—0.472 -0.472 | -1.828
_ ve correck 0.302 (1 0.000 0.684 | 0.000
Global matrix W S (alx) 1 -1.648 [} 1.147 | -2.122 | 0.052
T V] o [0 o] (aa) § -2.273 1 1451 | -1.725 | 1.020
m| 224881 [ 0 | 0 [ o 802329 [wad] (alg) 0401 §1-0.321 1 1.589 | 1.303
(ald) 0.401 |y 0.015 0.669 | -0.022
| 0 | 0 |3ewmss Qo000 0 | 0 [em (tx) § 0.072 1 0.002 | 0.161 | -0.002
| o | o0 |avemses|-n2rdsz| O [rarad] (tla) | 0.368 10.000 | 0.179 | 0.000
[oeeess [oasse [ o [ o [ 1 [00862 [em (tlg) § 0515 : 0.504| 0.462 | 0.515
y (t/d) | -0.485 1-0.492 | -0.482 | -0.477
ST | ST | NSSTAN | I | =l -3.554 I 0.980 3.487 | -1.767
Aom]  Amrad] Aem]  Amrad] Acm] %] 0.018 I‘U-430 0.227 | 0.000
-1.563 : 2307 | -3.336 | 1.657
-0.273 |1 0.008 0.070 | -0.566

Ay

-

OT, 05/22/15, East Lansing 9
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DRAGON optimization iniEISES=2008sten

Lo 1 S T
Seftings  fFle_DRAGON fit_pat2  Ipp

Quads 3,4,5

Optics fit

Blocks with parameters tohary Active Conztraint block s

01 Pogitiond@020; @03 RiZ=0 Mazs_ b
HO2 Pogition@022: @032 R1E=0 Mazs_¥D ..
H03 Positiont@024: @033 R4d4=0 Maszs PP F I ttl n g

@034 R26=0 Mazz TD
@035 A33=098 Massvy

constraints

@ Fit Settings

Optics Settings
‘ e’ fast editing)

B )
3, Browse output file

# FIT

Show initial conditions I MatrcPot
x Bt 1&_ Beam-Sigma Flot
? Help

DRAGOM 39Ca w7_ part2 fit

OT, 05/22/15, East Lansing 10



MICHIGAN STATE

P < < . UNIVERSITY
DRAGON optimizationin EISESS20C8STer o
Results
THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001
Table 2.6: GIOS First-order transfer matrix elements at the four horizontal image
points (file reso2000.dat 28 Sept 00): x is horizontal position (m); a is horizontal
angle (rad); y is vertical position (m); b is vertical angle (rad); d is fractional energy
difference; g 1s fractional mass difference; t is fractional difference in time-of-flight.
P st
Chargel| Mass :Cha;rge! Final
(x|x) 10 0.689 [1 -0.580 | 0.980
LISE*+ “(xa) | 19 0.000 |} 0.000 | 0.000
(xlg) | 0.3021) -0.472 |1 0.472 | -1.828
~ Global matrix—— MASS Slits (xd 0.000 11 0.684 1 0.000
e a/x) —1.848: 1.147 |y -2.122 | 0.052
0.6925 | 0 (ala) | -2.2731 1451 I 1725 | 1.020
1n3w52 144388 [ 0 [ 0O 0.33979 |lrrad] (alg) | 0.401y -0.321 : 1.580 | 1.303
1
o [ o i | 0 o (ald) 0.4013 0.015 |y 0.669 | -0.022
(t/x) 0.17211 0.002 : 0.161 | -0.002
| o | 0D izl (tla) | 0368} 0.000 |1 0.179 | 0.000
002353 | 0 | | T 013051 [em] (tlg) | 0515 0.504 |} 0.462 | 0515
Mo [ o [ o [ o [ o [T ® ~(tld)_| -0.4851| -0.492 |1 -0.482 | -0.477
f = = - \ (vly) | -3:5540 0,080 |1 3.487 | -1.767
fem} - Amad] - Sem] - Amad] - Aem] A7 y[b) | 0.0181/-0.430 |} 0.227 | 0.000
(bly -1.56311 2.307 : -3.336 | 1.657
(b/b) | -0.273y7 0.008 |1 0.070 | -0.566
\ U

-

OT, 05/22/15, East Lansing 11



MICHIGAN STATE

DRAGON optimization iniEISE= = SiCuster UNIVERSITY

. 1 S EPe

Settings

Optics fit

Blocks with paramste

Fe_DRAGON_fit_ part3 Ipp

Active Conztraint blocks

#01  Pozition@040;
#02  Position@i042;

H#O1 @043 R12=0 Charge2 =<1
#02 @050: R44=0 Charge2 PP

Miter= 100

#03 @051: R11=-088 Fitxx F|tt|ng
constrai

Optics Settings
‘ " {fast editting)

‘ @ Fit Settings

B )
2, Browse output file

£ FIT
X Ed
? Help

Show initial conditions b MatncPot

iﬂ.\' Beam-Sigma Flot

DRAGOM 33Ca w7_ part3.fit

OT, 05/22/15, East Lansing 12



MICHIGAN STATE

DRAGON optimizationin [LISE 5 8A8sten

Results

THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

Table 2.6: GIOS First-order transfer matrix elements at the four horizontal image
points (file reso2000.dat 28 Sept 00): x is horizontal position (m); a is horizontal
angle (rad); y is vertical position (m); b is vertical angle (rad); d is fractional energy
difference; g 1s fractional mass difference; t is fractional difference in time-of-flight.

-

Y4
Charge | Mass [1ICharge’

(xx) | -0.440 | 0,639y -0.580

LISE* (| 0.000 | 0.0004p 0.000
gy 0.302 | -0.472 1 -0.472

(x/d) | 0302 | 0.000-39 0.684

~ Global matrix "‘dz‘ﬂz"/ Eactor 2. it's correct ) | L64s | 1147 1 2122
oseiatfuooot [0 [ o [ 0 [1374s3 M (ala) | -2.273 | 14511 -1.725
[2ramx[17m01 [ 0 | 0 | 0 |33 I (alg) | 0401 )-0.321 ) 1589

(ald) | 0401 | 0.015 1 0.669

| 0 | 0 Jswrsfets]| 0 | 0 () | 0172 0002 i 0.161

| o | 0o |-249953] 0.0089 0 (t]a) 0368 | 0.000 0.179
|-226132 |024481 [ 0 | O (tlg) 0.515 | 0.504 0.462 [}

1
1
1
1
1
1
1
1
1
1
i
(E]d)—0.485 | -0.492 i -0.482
(vly) | -3.554 | 0.0%0{h 3.487
1
1
i
AY

| o | o | 0o | o0
Acm] Amrad)] Acm] A[mrad)]

Aeml /1] ~(¥lb) | 0018 |-0.430 | 0.227

(bly) | =1:563.| 2.307 1 -3.336
00084 0.070

—-——

.

OT, 05/22/15, East Lansing 13



MICHIGAN STATE

DRAGON optimization iniEISE S 4UEsten UNIVERSITY

. 1 S EPe

Settings  [Fle_DRAGON fit_part4  Ipp

Quads 8,9,10

Optics fit

Blocks with parameters te Active Constraint blocks
H#01  Position2055; @0y A12=0 Fin=T

#02 Position(@0ES: @070: R1E=0 Fin =D
#03 Position@067: @071: R34=0 Fin P

qus fiom i Fitting
constraints

M iter= 100

% Fit Settings

Optice Settings
g FIT ‘ 69" et editting) By Browse output file

Show initial conditions l-l Matrix Plot ‘

x E l-l Beam-Sigma Plot
? Help

DRAGON 39Ca wi_ partd.fit

OT, 05/22/15, East Lansing 14



MICHIGAN STATE

A < < . UNIVERSITY
DRAGON optimization i EISES=4tSter o
Results
THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

Table 2.6: GIOS First-order transfer matrix elements at the four horizontal image

points (file reso2000.dat 28 Sept 00): x is horizontal position (m); a is horizontal

angle (rad); y is vertical position (m); b is vertical angle (rad); d is fractional energy

difference; g 1s fractional mass difference; t is fractional difference in time-of-flight.

st
Charge | Mass | Charge'l] Final :
(x[x) | -0.440 w -0. 0.980 (1
LISE* | (x|a) |—0-600 0.000 | 0.000% 0.000 |]
| (xlg){—0:3027-0472 | -0.4721) -1.828 :
ra—" — - (x|d) 0.302 | 0.000_| 06840 0.000 |1
. ——— 'r/—fmj—m 1147 | 21221 0.052 ||
[0em®@ 086 0 | o [ o [ o @K (ala) | -2.273 | 1451 | -1.7251 1.020 |
[21e241 [1oean [ 0 [ o [ o [osmereE b (alg) | 0.401 | -0.321 1-589= 1.303 1
: (ald) 0.401 | 0.015 0.6693| -0.022 |y
ST S 45 [ : . (t/x) 0.172 | 0.002 0.1611 -0.002:
| 0 | 0 |-036975 |-066ESE | O 0 (tla) | 0368 0.000-F—06-17910 0.000 |1
joosaos | 0 g 00—t |05T% [ (tlg) | 0515 0.504 | 0462} 0515 :
Mo o [ o [ o [ o [ 7 ¢ (t1d) [=0-485 | -0.402 | -0.4821| 0.477 ||
j o P 1 (vly) | -3.554 W%‘_wﬁ? I
[em] - fmad] - Som] - Amiad] - Sem] /%] (v[b) | 0.018 [-0.430 | 0.2271F 0.000 |}
(bly) | -1.563 | 2.307 | -3.3361| 1.657 :
(blb) | -0.273 | 0.008 U.O?[]: —0.566;

\-———'

OT, 05/22/15, East Lansing 15



MICHIGAN STATE

DRAGON optimization intEISE == final'step UNIVERSITY

L 1S I

Settings  fFle_DRAGON fit_part14 Ipp

Quads 1-10

Optics fit

Blocks with parameters to vary Active Constraint blocks

Pozition@005: @01 RA12=0 Fit =T

Pozition@007: @3 R34=0 Fit P it
Pasition@020 GOF: F2=0  Mass 4 Fittin g
Fozition(z022: @032 RI1E=0 tagz =D

Pozitioniea024: @033 R44=0 tazz PP H
Position@040; @034 RZ6=0 bazz TD ConStraI ntS
Pozitionizaid .2 @043 Ri1z2=0 Charge2 =T

Position(@055; @050, R44=0 Charge2 PP

Position@065: @0ES, RA1Z2=0 Fin =T

Paozition@0E7: @070 R16=0 Fin =D

@071 A34=0 Fin P

@07y R2E6=0 FinTD

M iter = 1000

{&} Fit Settings

o Optics Sta_ﬁings
{fast editing) B2 Browse output file

Shaw iriltial conditions I, watcPit

g FIT
x — 1::‘_\' Beam-Sigma PFlot
? Help

DRAGOM 33Ca v7_ part1-4.fit

OT, 05/22/15, East Lansing 16



MICHIGAN STATE

- - - - e UNIVERSITY
DRAGON optimizationin LISE S S hinalSstep ity
AR
Results ( ) ( )
Fitting wvalues: Initial Final Frecizion Init-De=)-F Dezired
#01: Fit XT -1 106e-05 1. 0=-03 +1 106e-02 =10
#02: Fit YP +6 . 658e—-04 1. 0=e-01 +6 . 658e-03 =10
#03: Ha=s=_XA —8.393e-06 1. 0=-03 +8.393e-03 =0
#04: Ha== XD +1 . 295e-04 1. 0=-03 +1 . 295e-01 =0
#05: MHas= FFP +3. 03604 1. 0=-01 +3.036e-03 =0
#0e: MHa=z= TD +3.174e-01 1. 0e+00 +3.174e-01 =0
#07 . Chargez XT +2.370e—-05 1. 0=e-03 +2.370e-02 =0
#08: Charge? FF -1 0A8e-03 1. 0=-01 +1 0A5e-02 =10
#09: Fin XT -2 . 912e-05 1. 0=-03 +7 . 912e-02 =10
#10: Fin XD +1 . 384e-04 1. 0=-03 +1 . 384e-01 =0
#11: Fin YP -1 . 670e-05 1. 0=-03 +1 . 670e-02 =0
#12: Fin TD -5 771le-01 1. 0=+00 \+5.771l=e-01 ) |= 0

|

First order matrix elements
39Ca (1.3 MeV/u); Settings on 2Ca’3*-13* Config: DSSSSSDSFFFSSSSSSSSSSSSSSS..

doo ot RIA — P am 32/ RID — %D dob
3 28
g £ 20
o £ E
@ E O —— (ol — — — ) o () — ) E
- aQ
g A \ i z 12
14 \ 1
2 \ 1 8
\ 1
3 ‘\ l' 7 4
\ \ 1 /
13 -4 \ + ! Vi 0 )
0 4 8 12 1€ on 0 4 \ 8 12 I3 =n 0 4 8y 12 ® o
Length [m] Length [m] / Length [m] //
\\ v /l \\ ,/
\\ \”l II \\ e
\ v /7 \ //
\ | \ s
. (13 ” H
Four X-Images Mass™ selection

OT, 05/22/15, East Lansing 17



MICHIGAN STATE

DRAGON final 15 order meatrixelements R ..
Results : :
First order matrix elements
3Ca (1.3 MeV/u); Settings on ¥Ca'3*-13*: Config: DSSSSSDSFFFSSSSSSSSSSSSSSS...
5 A A —T% 2[5 =
| |
1 § 2 :.‘3 24t
v - et 1 "é 201
5 E o £ 16}
St E 1 = 12}
71 E Q
9t : 2 Z 8
1t & 3 41
3l ; 4 . J : . - 0 b v
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Length [m] Length [m] Length [m]
14 —TX gob 7 5 m— T [ —TD gob
_ m_NR — PN gob s AIA —_ PP gob 12_ —-PD ggfcjm
£ 3 -~ 10}
--E. 2 E 6 L
: 1 £ 2
£ 0 E 2
v ; 9 ol
<. 2 <
145 3 -18
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Length [m] Length [m] Length [m]
0.2 S 0 . : :
o2 [ 7 | A ek o[BI —— I —— — Db
081 ~ 08 2
A 8 2 S 4
12 1.4+ g 18 £ 6}
- 18 E 5 5l
22 E 24 g
26 < 28 A0}
]! - 32 12|
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Length [m] Length [m] Length [m]

OT, 05/22/15, East Lansing 18



MICHIGAN STATE
UNIVERSITY

DRAGON E-Midevices) Settings

fF/e_DRAGON2000_39Ca_beam  Ipp
I5le_DRAGON2000 Icn
THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

Table 2.5: Field strengths for rigidities 0.5 T-m and 8 MV scaled from the GIOS
imput file reso2000.dat Tunes must be obtained by scaling to the rigidities of a given
reaction.Note that the sextupole strengths have been scaled to the new L.;; values

listed in table 1.2.

OT, 05/22/15, East Lansing

Element Gap | Effective Field DRAGON2000 in LISE**

or Diam. length
Q1 108 cm | 2593 cm | -2.187 kG HOL: 1 Qe kG
Q2 15.9 cm | 33.385 cm | +2.003 kG #02:Q2 1965 kG
S0 15.9 cm | 33.385 em | +0.106 kG s0 0106 |kG not modified
MDI1 10 cm 44,001 kG L 5.000 kG
St 15.9 cm | 18.75 cm | +0.425 kG 51 0425 kG not modified
Q3 159 cm | 33.38 cm | +1.826 kG #03: Q3 1775 kG
Q4 15.9cm | 33.3%8cm | -2.412 kG #04:Q4  -2.299 kG
Q5 159 cm | 33.38 cm | +1.320 kG #05:Q5  1.263 kG
52 15.9 cm | 18.75 cm | +0.089 kG 52 0.089 kG not modified
ED1 10 em +900. KV ED1 402.4 kv correspond to 39Cal3+
Q6 108 cm | 25.23 cm | -1.181 kG #06:Q6  -1.459 kG
Q7 15.9 cm | 33.38 cm | +1.696 kG #07:Q7 1752 kG
S3 16cm | 19.9 cm | +0.047 kG s3 0.047 kG not modified
MD2 12 cm 6.139 kG MD2 6.105 kG
Q8 159 cm | 33.38 cm | +1.257 kG #08:Q8  1.238 kG
S4 16 cm 19.9 cm | +0.360 kG 54 0.360 kG not modified
ED2 10 cm +160. kV ED2 321.900 kG correspond to 39Cal3+
Q9 15 em 46.7 cm | -0.972 kG #09: Q9 -0.956 kG
Q10 15em | 46.7 cm | +1.087 kG #10:Q10  1.066 kG

19



MICHIGAN STATE

DRAGONZ2000a (alternative configuration) R ..
See page 4 [Fe_DRAGON2000a_39Ca beam Ipp
DRAGON2000a — configuration with additional drift blocks around

dispersive elements corresponding to lengths in THE DRAGON Recoil
Separator Optics by The Recoil Group from January 3, 2001

' ™ (fzitting values: Final Precision | Fip -De=)-F Deair;;\
. - #01: Fit XT ~7.494e-05  1.0s-03  +7.494=—02 | = 0
poyometers: Binal #02° Fit ¥P 47 6615-02  1.0s-01  +7 661e-D1 | = 0
Y03, oo RRETTa #03: Mazs_JA ~3.167e-05  1.0e-03  +3.1672-02 | = O
05 o5 tlaasetan #04° Mas=_XD ~3.100e-05  1.0=-03  +3.100=-02 | =D
¥0a. o S eeaeton #05: Mass PP +8.482e-02  1.0s-01  +B.482e—01 | = O
hoc. e L1o3eget #06° Mass TD +2 04401  1.0s400  +2 044201 | =D
Y0e. of s #07: Charge2 ¥T  -3.320e-04 1 0e-03  +3.320e-01 | = O
k5. oo Tl oaaoton #0B: Charge2 PP -8.067e-02  1.0e-01  +B.D67e-01 | = 0
boe. o tlleaean #09° Fin IT ~1135e-04  1.0=-03  +1.1352-01 | =D
ke o9 AT #10: Fin D 1 669e-04  1.0s-03  +1.6692—01 | =0
10 o10 RACTL AT #11° Fin P ~5.317e-05  1.0s-03  +5.317=-02 | =D

i : y \\i12: Fin TD ~160Be+00  1.0e400  +1.608=+00 | = O ‘#)

"\\

==3 "Fin TD" : la=t fitting block global optical matriz and =igma wector
Format [mm-mrad]
===================== ; L 0 B A L ==== mnatriz =================== | Beam(=signa) |
+7 .928e-01 -1 .135=-04 1] n 1] -1.66%=—-04 | 1.59=+00 |
+5 . 936e-01 +1. 261e+00 1] n 1] -1.608=+00 | 1.91=+01 |
1] 1] —2 . 782e+01 -5 .317e-05 0O 1] | 4 17e+01 |
1] 1] +3.035=+00 -3.594e-02 0 1] | 4 57=+00 |
+1.274e-01 -4 .561=e-05 1] ] 1.0 -1.181e+01 | 1.77e+01 |
1] 1] 1] n 1] +1.000e+00 | 1.50e+00 |

OT, 05/22/15, East Lansing 20



DRAGONZ2000" X & Y.envelopes s dp/pr=05%

MICHIGAN STATE
UNIVERSITY

S T
s 1S b

—

— Emittance
P Beam CARD 10 - shape
H [zigma, semi-axis, (Diztribution
half-width...] methad)
1.5 mm I 2 IGauss.[cut (3 1=igma) ;I
2T mad | 15 |Gaussicut @ Tsiama) v
A% mm I 2 IGauss.[cut (3 1=igma) ;I
4 P mrad I 15 IGauss.[cut (2 1sigmal) j
5L mm | 0 Gauzsian j
[E. - Rectangle uniform ;I
,/
7 - - -
Four images

OT, 05/22/15, East Lansing

Y [mm]

X AngAccept: Off, Bounds: Off; "Final Slits" - last block for MC calc; no gates;

60

-100

39Ca : MC Transmission Plot - Envelope (only passed)
39Ca (1.3 MeV/u) + ; Transmitted Fragment 32Ca13+.13* (beam); Optics Order: 1

4 8 12 16 2n
Length [m] 21



MICHIGAN STATE

DRAGONZOOO X envelopes : dp/p — O & 2 % UNIVYERSITY

~ T
L 1 S5 AP

39Ca : MC Transmission Plot - Envelope (only passed)
39Ca (1.3 MeV/u) + ; Transmitted Fragment 32Ca13+ 13+ (beam); Optics Order: 1

— Emittance X AngAccept: Off, Bounds: Off; "Final Slits" - last block for MC calc; no gates;
,? Bearn CARD 1D - shape
H [zigrna, semi-asiz, [Digtribution
half-width...] rnethod)
1.5 mm I 2 IGauss.[cut (@ 1sigmal LI

27 mrad | 15 |Gauss.(cut @ Tsiama) v |
A% mm I 2 IGauss.[cut (= 1zigmal j
4 P mrad I 15 IGauss.[cut (2 1sigmal) ﬂ
5L mm | n IGaussian j
[ BD % I n JIHectangIe uniform ;I

AngAccept: Off; Bounds: Off; "Final Slits" - last block for MC calc; no gates;

— Emittance
- Beamn CARD 1D - shape
5 [zigma, semi-asiz, [Distribution ol
half-width...] method)
1.5 mm | 2 IGauss.[cut (2 1 zigma) ;I
2T mrad I 15 IGauss.[cut (3 1zigmal j 20 |1
3% mm I 2 IGauss.[cut (3 1zigmal j ,E, |
4 P rmrad I 15 IGauss.[cut (@ 1zigmal j >
20 H
5L mm I 1 IGaussian LI
B.D X I 2 JIHectangle uniform j
60
“charge” (momentum) slits
-100 |y

OT, 05/22/15, East Lansing 0 4 8 ! enath Fml 12 16 20 22



Emittance

2

ED %

Bieam C4RD
igma, semi-asis,
halfwicth..|

1% mm [ 2 Gawssicut @ lsioma) v
27 mad| 15 |Gaussfct @ Tsigma) v ]
3Y [ 2 [Gouss ot ® Tsigma) v L |SE++
4P mad| 15 |Gaussicwt @ Tsigna) v|
Sl owm [0 [Gaesen <]

X [mm]

Y [mm]

100 K

20

-20

-60 |

-100 |

60

-60

-100

DRAGONZ000'enVelopes Comparison

1D - shape
[Distribution
methad)

39Ca : MC Transmission Plot - Envelope (only passed)
%Ca (1.3 MeV/u) + ; Transmitted Fragment 3°Ca'*" 3" (beam); Optics Order: 1

AngAccept: Off, Bounds: Off; “Final Slits" - last block for MC calc;

no gates;

0

2 B Length (m, 12 6

AngAccept: Off, Bounds: ON; "Final Slits" - last block for MC calc; no gates;

12
Length [m]

OT, 05/22/15, East Lansing

2n

THE DRAGON Recoil Separator Optics by The Recoil
Group from January 3, 2001

Figure 3.6: X and Y projections of 250 “Ne trajectories from the full GEANT

simu-

23



CHIGAN §
@ 2 I I L L e C I d' 'b - f UNIVYERS
DRAGONZ2000 calculation comparison: s imitial cistraputions aite s target -
NSCL =
. . . . . r~ Emittanc
initial distributions after target 7| o e
Sl e meied
. 1% mm I 25 IGauss.[cul@1sigma] LI
THE DRAGON ReCOlI Sepal'atOl’ L ISE++ 2T mradl 20 IRactangIeunifDlm LI
Optics by The Recoil Group from AY @ I 2 Gauss-tcul@wgmaljl
4 P rmrad 18 Rectangle uriform -
January 3, 2001 5L mm I 1] IGausslan LI
BED X I 16 IHectangIeunlfDlm LI
Horizontal ®Ne distribution at target centre Vertical ®Ne distribution ot target centre
1 i T X’ Y
20 L 1 4 L -
xX’ Y’ g 1
20 _ E E
07 r 3 0 £ °
7" 3 £ £
0 F 8 S A
=20 X Y % 5 ﬁ 12!
-30 T T 1 -20 — 16
10 0s 00 05 10 0 10 v
: "YO-S-G—A-ZOZASX Mo 8 6 4 2 0 2 4 6
®Ne distribution at target centre after "Stripper": X [mm] after "Stripper”: Y, [mm]
T
| A dP/P
dE/E ,,
1
T 2
2 + ? e 2
= 5
w 0 oo &
. 2 o
g ;l: :
-4 ’HJ_‘ g E
X
6 T T 1 4
-10 -0.5 0.0 Q05 10
X [em
X
% s © 4 2 0 2 ¢ ¢©

Figure 3.1: X and Y phase space plots and a plot of relative energy versus horizontal afecStippec: X
position at the gas target centre for 10000 simulated *Ne ion trajectories.

OT, 05/22/15, East Lansing 24



DRAGONZ2000 calculation comparison:s Chargesiits

H H H H r~ Emittanc
distributions @ Charge slits o o
? [sigma, semi-axis, [Distribution
half-width...] method)
. 1% mm I 25 IGauss.[cul@1sigma] LI
THE DRAGON ReCOlI Sepal'atOI’ L IS E++ 2T rmrad I 20 IRactangIeunifDlm LI
Optics by The Recoil Group from 3 mm [ 2 [Gaussfeul @ 1signa)_v]
4P mradl 18 Rectangle uriform LI
January 3, 2001 5L mm I o IGausslan LI
1St Order ED X I 16 IHactangIe uniformn LI
Horizontal ®Ne distribution befare Q slits Vertical ®Ne distribution before Q slits
R
) S _“.*_k
Y k" 1 =! géo E 40
., 40 | = E E
h\l_r' 3 Y
- SRR - £ :
B | F S x
= Tl =0 . 2o £ o
o J o 3 £
) Cop I 4 g
/ 2 <
b —40 - F & 5
[ o %
s ]
-60 | — -80 T | — s S
5 -0 -05 00_ 05 1 X 5 5 -0 -05 00 05 19 Y £« i
% [em] [em] X Y
®Ne distribution before Q slits el -10 ] E] 2 2 [ 10 1 T -10 E] - 6 10 14
) b i after "CHARGE siits”: X [mm] after "CHARGE sits": Y [mm]
dpP/P
4
2
2 g
13 =
i o
w 04 F g 1
< ?
5] | i
L~ %0
4 ]
4
£
6 L T _0 "I X — g-l
X |em ]
E
2
Figure 3.2: X and Y phase space plots and a plot of relative energy versus horizon X
sosition at the charge slits for 10000 simulated “Ne ion trajectories. e
ol o after "CHARGE slits™: X [mm)]
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MICHI
UNIY

DRAGONZ2000 calculation comparison:s Chargesiits

 Emittan:

distributions @ Charge slits o o
? [sigma, semi-axis, [Distribution
half-width...] method)
. 1% mm I 25 IGauss.[cul@1sigma] LI
THE DRAGON ReCOlI Sepal'atOI’ L IS E++ 2T rmrad I 20 IRactangIeunifDlm LI
Optics by The Recoil Group from Yoo | 2 |G @ sign) v
4P mradl 18 Rectangle uriform LI
January 3, 2001 5L mm I o IGausslan LI
2nd Order BED X I 16 IHectangIe uriform LI
Horizontal ®Ne distribution befare Q slits Vertical ®Ne distribution before Q slits ol
4
. X, W Y - ) | Ew 8
H £
40 40 - = £
@ 20 =
20 20 + £ g€
B B 5 %
£ o E oo o B o P .
&—20— &_20- - é ‘u; i
& &
—40 - —40 - F 5 5
80 60 g g
N R SR S-S PR Ry SV te 2o
% [em] Y [em] X Y
®Ne distribution before Q slits ] -10 8 2 2 6 10 1 e -10 -8 2 2 6 10 14
_ after "CHARGE sits” X [mm] f aftor "CHARGE siits": Y [mm]
dE/E o/ T dP/P
4 A g
2+ B 3
K 5
vl I 2
21 i w o
[
i g <
I
U
3 ' o 1 X 5
X [em] %
2
Figure 3.2: X and Y phase space plots and a plot of relative energy versus horizon X
sosition at the charge slits for 10000 simulated “Ne ion trajectories Wo® & 40 i 5
: ) ’ D o after “CHARGE slits?; X fmm]
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MICHIGAN E

DRAGON2000 calculation comparison : MasssIits EEE

LIS K

H H H H r~ Emittanc
distributions @ Mass slits 7| o e
H [sigma, semi-axis, [Distribution
half-width...] methad)
. 1% mm I 25 IGauss.[cul@1sigma] LI
THE DRAGON ReCOlI Sepal'atOl’ L IS E++ 2T rmrad I 20 IHactangle unifarrm LI
Optics by The Recoil Group from Yoo | 2 |G @ sign) v
4P mradl 18 Rectangle uriform LI
January 3, 2001 5L mm I o IGausslan LI
1st Order BED X I 16 IHectangIe uriform LI
Horizontal ®Ne distribution at mass slits Vertical ®Ne distribution at mass slits X’ Y’
] "
3 %)
X H 7"
“” - e £
204 = ; 6
; H 81 T
7] ;
E 04 F = 0 :2
% =10 - 3_10 4
2 2 8
L = H
~30 i $
o
19 . X - ‘ v — §~3o / ‘ %10
06 -04 -02 00_ 02 us 06 5 -0 -05 00 _ 05 1 ; i X Y
% [cm] Y [em] | 14
) - ) - 5 4 2 0 PR G2 0 6 2 2 5 0 1
Ne distribution at mass slits o +-after "MASS Sits": X [mm] B after "MASS Slits": Y. mml
dE/E
: dP/P
34 b 2
2 L £
L Ly
— 14 L 2 a
S ! b
w 0+ oo g
o = % 0
-1 FooT @
i 2
2 Ly T 2,
A _L -
3 X 7 g
o
4 T \ f 2
06 -04 -02 00_ 02 04 08
X |em]
. X
. . . 4 6 4 2 0 2 4 A
Figure 3.3: X and Y phase space plots and a plot of relative energy versus horizon ¥ e mssnnaco o THASSSHS X [l
position at the mass slits for 10000 simulated " Ne ion trajectories.
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 Emittan:

distributions @ Mass slits 7| o e
H [sigma, semi-axis, [Distribution
half-wicth..) method]
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THE DRAGON ReCOlI Sepal'atOI’ L IS E++ 2T rmrad I 20 IRactangIeunifDlm LI
Optics by The Recoil Group from Yoo | 2 |G @ sign) v
4P mradl 18 Rectangle uriform LI
January 3, 2001 5L mm I o IGausslan LI
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THE DRAGON Recoil Separator
Optics by The Recoil Group from
January 3, 2001

distributions @ Final slits

LISE**

2nd order
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Figure 3.5: X and Y phase space plots and a plot of relative energy versus horizontal
position at the final slits for 10000 simulated *Ne ion trajectories.

OT, 05/22/15, East Lansing

8 -4 2 0 2 4

after "Final Siits"; X [mm]

after "Final Slits"; X mm]

 Emittan:

2 Beam CARD 1D - shape
5 [sigma, semi-axis, [DistribLtion
half-width...] method)

1% mm I 25 IGauss.[cul@1sigma] LI
2T mradl 20 IHectangIe uniform LI

3 mm I 2 Gauss. [cut @ 1sigma) LI
4 P rmrad I 18 Rectangle uriform LI
B L mm I 1] IGausslan LI
BED X I 16 IHectangIe uriform LI

after "Final Slits": Y'(Phi) [mrad]

W5 6 4 2 0 2z 4 6
¥ after “Final Slits": Y [mm]

Second order optics
(sextupoles field)
should be checked in
LISE** configuration!!

30



Angular Acceptance

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 Charge slits

~ Emittance

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

1.5 mm I 01 IGaussian

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

-
r 3Ca : Monte Carlo Transmission Plot

r 3Ca (1.3MeVfu) + ; Transmitted Fragment 39Cat3+.13+ (beam); Opfics Order. 1
-

-

-

4. P mrad I B0 Rectangle uniform pip=100.00% ; Brho(Tm): 0.5000, 05000, 0.5000

LedLedLeflefLefLe]

= Anghcesgt: OFF, Bounds: N "CHARGE sifs” - ast bock for NG cac; Gate 1 "ANDF (X [mm]); Config: DS3SSS059855555558555
5L mm I a IGausman
ED % | 0.m IHectangIe unifarm 0
60
| [ E
\ -
Angular Acceptance & Bounds £
™ Use fived angular acceptances f
Monte Carlo - . L
K = |Jze phyzical limits [aperture]_|n_3|de blocks ->
OptlonS to calculate fragment transmission !
Far black apertures LISE ++ uzes the slit limits E ————————
acceszible from the Block Cut & Acceptance o
dialog. [Pay attention there for the checkbox E
A 7
P —— o
]
E
]
Monte Carlo Transmission settings
0
i What isotope transmission to calculate? =zoned) —ecood
1+ (ne fragment of interest. Chose marually here e BLOCK e BLOCK seel =
- i Stripper j :/S ISmpper j ?(S 4 {a} Setlings |
‘s Group of Isotopes already calculated | TAND" 100, 100] E]

45 -5 25 -15 5 5 15 2% 3%
after "Stripper": X'{Theta) [mrad]

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

to produce inside target =

YR mrad YR mrad

< [mm]> after CHARGE slits
—nofile - x =
o drep Gale 2 |
7 Padial TS mm 7 Radial T mm |

OT, 05/22/15, East Lansing 31
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http://lise.nscl.msu.edu/9_8/SE_blocks.pdf#page=5

Angular Acceptance : Target=-Charge shits

MICHIGAN STATE
UNIVYERSITY

3Ca : Monte Carlo Transmission Plot
Ca (1.3 MeViu)+ ; Transmited Fraqment 34Cat3 13+ (beam), Opfics Orcer 1
d/p=100.008% : Brho{Tm)- 05000, 0 5000, 0,500
Anfcosgt OF, - Bounds: ON; "CHARGE sis” - st bouk for G cal, Gale 1. "AND" (X [, Corfi DSSSSSDS595559855555¢

=

Y*{(Phi) [mrad]
=]

after “Stripper”:

43 -3 -0 15 & H 1 % k3]
after "Siripper”: X'(Theta) [mrad]

¥ AngAcc_fromTarget Ipp

Angualr acceptance "Target - Charge slits"

1st arder

X! 24.6 mrad
A 41.8 mrad

OT, 05/22/15, East Lansing

39Ca : Monte Carlo Transmission Plot
after "Stripper”: X'(Theta) [mrad]: window projection — 29Ca (1.3 MeV/u) + ; Transmitted Fragment 29Ca13+.13+ (beam); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000, 0.5000
AngAccept: Off, Bounds: ON; "CHARGE slits" - last block for MC cale; Gate 1- "AND" (X [mm]); Config: DSSSSSDSSSSSSSSS8S8SSSSESS

o

Honte Carlo Transmission Plat

Stripper': ¥'(Theta) [nrad]: window projection ——— 39Ca (1.3 Me¥ou) + ; Transnitted Fragment 39Cal3+. .13+ (beam); Optics Order: 1

0.00% ; Erho(Tm): 0.5000, 0.5000, 0.5000

pt: Off: Bounds: ON.  "CHARGE slits’ - last block for MC calc: Gate 1: "AND" (X [nn]). Config: DSSSSSDSSSSSSSSSSSSSSSSESS
R

istribution | xmean |  z-mwax | y-max | deviation ||  FUHM ares  |SumOfCounts| LeftPsigua|RightPsignal

| +1.4528e-01 | +3.7814s-01 | 4.490e+02 | 1.370e+01 || 4.928e+01 1.8602e404 | 9.224e+04 | 2.115e+01 | 2.071e+01 |

=

400

300

200 |

100 |

1 [

-45 -35 -25 -15 -5 5 15 25 35
39Ca : Monte Carlo Transmission Plot
after "Stripper”: Y'(Phi) [mrad]: window projection — 32Ca (1.3 MeV/u) + ; Transmitted Fragment 39Cat3+.13+ (beam); Optics Order: 1
dp/p=100.00% : Brho(Tm): 0.5000, 0.5000, 0.5000
AngAccept: Off.  Bounds: ON; "CHARGE slits - last block for MC calc; Gate 1: "AND" (X [mm]); Config DSSSSSDSSSSSSSSSSSSSSSSESS.

srlo Tramsmission Flot
©". Y'(Phi) [nrad]: window projection ——- 33Ca (1.3 MeV,u) + . Tronsmitted Fragnent 39Cal3+. .13+ (bsam): Optics Order: 1
Brho(Tw): 0.50000 0.5000, 0. 5000

: Bounds: ON:  "CHARGE slits" - last block for MC cale: Gate 1: "AND" (X [mm]); Config: DSSSSSDSSSSSSSSSSSSSSSSESS

tion | wnean | wmemex | y-nax | deviation | FWHH | sres  |SwnOfCounts| LeftPsigna|RightPsignal

| -5.1243e-02 | —6.6352e+00 | 4.740e+02 | 2. 393e+01 |B 357e+01 I 3.4322e+04 | 9.224e+04 | 3.000e+01 | 4.098e+01 |

400

300

200

100

Y’

-80 -80 -40 -20 0 20 40 60
after "Stripper": Y'(Phi) [mrad]: window projection




Angular Acceptance: Target = REinaltsiits

MICHIGAN STATE
UNIVYERSITY

Ca : Monte Carlo Transmission Plot
Ca (1.3 MeV/u)+ - Transmite Fragmert Caf® (seam), Oplics Orcer 1
pp=100.00% - Biho{Tm: 0500, 0.5000, 05000
Aghccept O Bourds” ON: "q10-ine - st bock for WC cac; Gete 1 "AND" (X [}, Confiy DSSSSSDS3S555959385555

Y*'(Phi) [mrad]

after “Stripper™:

-35 25 15 5 5 15 2% 35
after "Stripper": X'(Theta) [mrad]

Angular acceptance "Target - Final slits”

1st order
X' 19.2
Y' 25.7

mrad

mrad

These values are recommended to use in
calculations by the Distribution method in

the case of use of one angular acceptance.
OT, 05/22/15, East Lansing

39Ca : Monte Carlo Transmission Plot
after "Stripper": X'(Theta) [mrad]: window projection — 29Ca (1.3 MeV/u) + ; Transmifted Fragment 39Ca13+.13+ (beam);, Oplics
dp/p=100.00% : Brho(Tm): 0.5000, 0.5000, 0.5000
AngAccept: Off, Bounds: ON; "g10-final” - last block for MC cale, Gate 1: "AND" (X [mm]); Config: DSSSSSDSSSSSSS8SSSS:

ripper’: K'(Theta) [wrad]  window projection ——— 39Ca (1.3 MeW/u) + Transmitted Fragment 33Cal3+ 13+ (beam): Optics Order: 1
005 : Brho(Tw): 0.5000, 0 5000, 0 5000
0ff; Bounds: ON:  "gi0-finsl® — last block for MC calc: Gate L: "AND" (X [mn]): Config: DSSSSSDSSSSSSSSSSSSSSISESS. . .
tribution mean | —— y-maz | dewiation ' FUHH \I area  |SunOfCounts| LeftPsigna|RightPsigna
| +4.7530e-02 | +3 3507e+00 | 2.330=+02 | 1.108e+01 | 3.839s+01 | 7.2907e403 | & 354m404 | 24280401 | 6.331=+00 |
P
200
-
160 |
.
o
120 |
80 |
40 | X, » o
0 T -
-35 -25 -15 -5 5 15 25

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

39Ca : Monte Carlo Transmission Plot
after "Stripper”: Y'(Phi) [mrad]: window projection — 32Ca (1.3 MeV/u) + ; Transmitted Fragment 22Ca13+.13+ (beam), Opflics Order: 1
dp/p=100.00% : Brho(Tm) 0.5000, 0.5000, 0.5000
AncAccept: Off:  Bounds: ON: "a10final" - last block for MC calc: Gate 1: "AND" (X [mml)Confia: D D E

Carla Transmission Plot

wer”: ¥'(Phi) [mrad]: window projection ——— 39Ca (1.3 MeV/u) + Transmitted Fragment 39Call+..13+ (beam); Optics Order: 1
- Brho(Tn): 0.5000. 0.5000. 0.5000

i; Bounds: ON;  "qli-final® - last block for MC cale; Gate 1: "AND' (X [mm]); Config: DSSSSSDSSSS555SSS55SSSSSESS

stion | x-mean |  w-max | y-max | deviation|| FWHM ares  |SunOfCounts| LeftPsigna|RightPsigual

| -1.2738e-01 | -2 .4186e+01 | 2.130=+02 | 1.490e+01 | 5.148e+01 9.2928e2+03 | 4.394s+04 | 1.282e+00 | 4.244e+01 |

200

160

120

80

L,
0 -45 -35 -25 -15 -5 5 15 25 35
after "Stripper”: Y'(Phi) [mrad]: window projection



39Ca : Monte Carlo Transmission Plot
29Ca (1.3 MeV/u) + ; Transmitted Fragment 29Ca13+.13+ (beam); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
AngAccept: Off, Bounds: ON; "MASS Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSSE
50

30

after "tuning”: Y'(Phi) [mrad]

-50 -30 -10 10 30 50 70 90
Aafter."tuning": X'(Theta) [mrad]

[F|AngAcc_fromChargeS_MassS Ipp

Angular acceptance "Charge Slits - Mass slits”

1st order
X 48.8 mrad
¥ 26.5 mrad

OT, 05/22/15, East Lansing

39Ca : Monte Carlo Transmission Plot
after "tuning”: X'(Theta) [mrad]: window projection — 38Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca13+.13+ (beam), Optics Order: 1
dp/p=100.00% : Brho(Tm): 0.5000, 0.5000

AngAccept: Off:  Bounds: ON: "MASS Slits” - last block for MC cale; Gate 1: "AND" (X [mm]); Config: D. E: .

%9 statistics [=[@] =]
33Cs : Homte Carlo Transmission Plot 3

1000 | |after "tuning": X'(Theta) [mrad]: window projection —— 39Ca (1.3 MeVou) + : Transnitted Fragment 39Cal3+ 13+ (beam); Optic: it
dp/p=100.00% ; Brho(Tn}: 0.5000. 0.5000 y—l
Anghccept: Off;  Bounds: ON;  "MASS Slits" — last block for C calc: Gate 1: "AND" (X [am]); Config: L ElelSave
Flot 1 =
N | distributien | xmean |  xmax | ynax | deviatioff | FUHM area  |SunOfCounts| LeftPsigna|RightPsignal
01 | +1.96945-01 | +2.0264s+00 | 7.780e402 | 2.721e+0f | 9.764+01 J] 6 36080404 | 14345405 | 4.2920401 | 4.001e+01 |

800 ||« ] C

600

400

200

-30 -10 10 30 50 70
after "tuning": X'(Theta) [mrad]: window projection

39Ca : Monte Carlo Transmission Plot
after "tuning”: Y'(Phi) [mrad]: window projection — 39Ca (1.3 MeV/u) + ; Transmitied Fragment 32Ca13+.13+ (beam), Opfic
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
AngAccept: Off; Bounds: ON; "MASS Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSSSS558S!

tics

Honte Carlo Transmission Plot

"tuning”: ¥'(Phi) [mrad]: windov projection —— 39Ca (1.3 Me¥ru) + Transmitted Fragment 39Cal3+. .13+ (beam): Optics Order: 1

00.00% ; Brho(Tm): 0.5000. 0.5000

spt: Off: Bounds: ON.  "MASS Slits" - last block for MC calc: Gate 1: "AND" (X [mm]). Config: DSSSSSSSSSSSSSSSESSSSSSSSS

distribution | m-mean | E-nax | y-maz | deviationlfl  FVHHM ] arsa  |SunOfCounts| LeftPsigna|RightPsignal
| -2.15662-02 | -2.7320e+00 | 7.350e+02 | 1.532s+01ffl 5.295c+01 [l 3.4004=+04 | 1.494s+05 | 2.048=+01 | 2.449=+01 |

]

-10 10
after "tuning": Y'(Phi) [mrad]: window projection



Off;

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

39Ca : Monte Carlo Transmission Plot '

39Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca13+.-13+ (beam); Optics Order
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000

Bounds: ON; "Final Slits" - last block for MC calc; Gate 1; "AND" (X [mm]); Config: DSSSS

35

I
|
|
I
25 I

-35

-50 -30 10 10 30 AQ

20-07-2015 13:50:06 il .
IR e 18 eecanmaconnnine o ATEER Htuning!: X Theta) [mrad]

F|AngAcc_fromMassS_FinalS  Ipp

Angular acceptance "Mass Slits - Final slits"

1st order

X' 27.3 mrad

w

There is not vertical focus at these slits!
It is impossible to use vertical angular acceptance here
OT, 05/22/15, East Lansing

39Ca : Monte Carlo Transmission Plot
after "tuning": X'(Theta) [mrad]: window projection --- 3%Ca (1.3 MeV/A) + ; Transmitted Fragment 39Ca13+ 13+ (L
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
\ccept: Off, Bounds: ON; "Final Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSS!

[5] statistics

39Ca : Monte Carlo Transmission Plot

after "tuning”: X' (Theta) [mrad] window projection —— 39Ca (1.3 MeVou) + : Transnitted Fragnment 39Cal3+. 13+ (beam): Optics Or
dp~p=100.00% ; Brho(Tn): 0.5000. 0.5000

Anghccept © Off Bounds: OH: “Final Slits" - last block for MC calc: Gate 1: "AND" (X [mm]): Config: DSSSSS5S5SSDSSSSSSSSSESSSS
Plot 1

M | distribution | x-mean | x-max | y-max | dewviatiom FHE | area  |SumOfCounts| LeftPsigna|RightPsign
01] | +1.82345-01 | —4.459%7e-01 | 2.090e+02 | 1 569e+01 5. 452e+01 ffl 9 5658e+03 | 3. 984s+04 | 2.263e+01 | 2 368e+07
<

ZUU

160

120

80

40

0

-50 -30 -10 10 30
l\.li4rnm\n':0-;‘-F\Pﬂﬁ(‘\l\l‘-h\nﬂl‘\"npﬂﬁﬂf.l 20raua annace wAEEENIUNING": X'(Theta) [mrad]l: window projection

39Ca : Monte Carlo Transmission Plot
after "tuning": Y'(Phi) [mrad]: window projection --- 3¥Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca13+..13* (bear
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
Accept Off; Bounds: ON; "Final Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSSS

Statistics.
‘= : Honte Carlo Trensmission Flot
‘er "tuning”: V'(Phi) [wrad]:@ windov projection ——— 39Ca (1.3 MeVru) + : Transuitted Fragment 39Cal3+. .13+ (bsam): Optics Order: 1
‘p=100.00% ; Brho(Tm): 0.5000, 0.5000
jhooept: Off:  Bounds: ON:  "Final Slits" - last block for MC calo; Gate 1: "AND" (X [mn]): Config: DSSSSSSSSSSDSSSSSSSSSESSSS
it 1
distribution | m-mean | E-nax | y-max | deviation FWHH arsa  |SunOfCounts| LeftPsigna|RightPsignal
| +1.3663s-01 | -1.9439+00 | 2.180=+02 | 1.157=+01 § 4.030=+01 § 6.9782e+03 | 3.984e+04 | 1.542=+01 | 1.880=+01 |

M

200

160 |

120 |

80 |

40

0
-35 25 15 5 5 15 25
1:26 [l 35

ISF remest= NRAGONNANNINRAGON 2004 w8 ancace v--ATtEE-duning”: Y'(Phi) [mrad]: window projection



MICHIGAN E
UNIVERSITY
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S I
T A

39Ca : Monte Carlo Transmission Plot ™

¥Ca (1.3 MeV/u) + ; Transmitted Fragment 32Ca’3+.13* (beam); Optics Or 3 —XT glob 47
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000 There is vertical — YIP glob
Bounds: ON; "Final Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DS¢
20 | focus before S3 \
16 :
| — e
=z " | E 1 A
I £ .
E ¢ £ B
: R 7 o
o ofp o
g -1
o -4
a
e 8 -2
(]
= 12 | 6 7 8 9 10 M 12 13 14 1R
| Length [m]
-16 :
|
-20 |

-20 -16 -12 -8 -4 0 4 8 12 16 20
P EIEE o snewnnnn after Strinper', X'(Theta) Imrad]
39Ca : Monte Carlo Transmission Plot
after "Stripper": Y'(Phi) [mrad]: window projection ---39Ca (1.3 MeV/u) + ; Transmitted Fragment 3°Ca13+ 13+ (beam); Optics Order:
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
Accept: Off, Bounds: ON; "Final Slits" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSDSSSSSSSSSESSSSSS!

%) Statistics [=[a] = ] T
39Cs : Honts Cawlo Transmission Flot o a
affer *Stripper’: ¥'(Fhi) (nrad]:  window projection —— 39Ca (1.3 He¥r/u) + : Tramsmitted Fragment 39Cali+. .13+ (bsan): i =
240 dp/p=100.00% : Erho(Tn): 0.5000. 0.5000 y—l
Anghccept: Off;  Bounds: ON:  “Final Slits" - last block for MC calc: Gate 1: "MD" (X [an]); Config: DSSSL File Save
Plat 1 E
N | distribution | xwean |  =max | ynax | deviation FUHM || area  |SunOfCounts| LeftPsigna|RightPsigus|
200 01l | +2.54180-02 | +3.6762=+00 | 1.920e+02 | 5.859e+00 [l 2. 0450401 [Jf3.26872+03 | 3.5690404 | 1.179e+01 | 5.583e+00 | -
< | ’
" . oom
Angular acceptance "S3 - Final slits
160
1st order
1
X mrad 120
1
Y 10.2 mrad
80

"Iy
. 0 -20 -16 -12 -8 -4 0 4 8 12 16 20
OT, 05/22/15, East Lansing ézrequests\.DRAGONHNDDD'\DRAGON 30048 angace v-After "Stripper”: Y'(Phi) [mrad]: window projection 36
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Length [m]
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OT, 05/22/15, East Lansing Length [m]
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OT, 05/22/15, East Lansing Length [m]



HIGAN ¢ E

Angular Acceptancesin theConhiguirationsile 4—

Angular acceptances are used in the DRAGON2000 configuration

Target- Chargeslit- MassSlits- 53-
Chargeslits MassSlits Finalslits Finalslits
X' 24.6 48.8 27.3 mrad
Y 41.8 26.5 10.2  mrad

Lén(mj*- order Hode 3 szhape =lit

o Bl (m) (m)” Angle(/

T

1. 4 Dipole 0.000  0.000 4@ +1.667 - HY | rectn
2. =g Drift 0.oon 1 andazrd — rectn
3.0 Drift 1.069 0 nultipole —-2.158 ves 1 — rectn
4. gl-g2 Drift 1.321 =tandard — rectn
5. 2 Drift 1 0.334 nultipole +1 . 965 ves 1 — rectn
[ d3-mdl Drift 1 0.638 standard —_— rectn
7 HD1 Dipole g 0.873 +50.0 = +5. I3 0.87% yes — rectn
2 ndl-=zlits= Drift 3. 0.308 standard —_— rectn
9. Fit T 3. 0.000 —_— rectn
10, Fit XX 3. 0.0oo — rectn
11. Fit YF 3. 0.0oo — rectn
12, HiE it 3. 0.000 —_— rectn
13 ) slts—=ml | Drift 3. n.z272 HY rectn
14. ; Drift 1. 0.256 —_— rectn
15. =nl-=1 Drift 1. 0.186 —_— rectn
16. 51 Drift 4. 0.188 ultipole 7.94 0.19 ves 1 — rectn
17, =1-g3 Drift 4. 0. standard — rectn
8. Q3 Drift 1. 0. nultipole +1.775 0.5000 7.94 0.33 ves 1 — rectn
19, g3-g4 Drift 5. 0, — rectn
20. Q4 Drift 5. i —-2.299 0.5000 794 n.33 ves 1 - rectn
21. gd-gb Drift 5. 0. - rectn
22 5 Drift 5. 0. +1. 263 0.5000 794 n.33 ves 1 - rectn
23. gb-=2 Drift 6. 0. - rectn
24 52 4 0. nultipole +0.000 0.5000 7.94 0.1% ves 1 - rectn
25, =Z-monl 0. standard - rectn
26, monl-e=dl 0. standard - rectn
27. EDL d +20.0 = 402 . 4kV 0.5000= 2.00% 0.70= - - rectn
28, edl-=slt= 1. standard - rectn
29, Ma==_ XA 0. - rectn
30. HMa==s_ XD 0. - rectn
31, Has= PP 0. - rectn
32, Ha==s TD 0. - rectn
33, Ha=s VY 0. - rectn
3 bl i 0. SLITS — rectn
35 0. standard H- rectn
36 0. standard — rectn
7. 0. standard — rectn
g, 0. nultipole -1.459 0.5000 5.40 0.25 ves 1 — rectn
39 0. standard —_— rectn
40, 0. nultipole +1. 752 0.5000 7.94 0.33 ves 1 — rectn
4 S Drift 10.781 0.158 standard —_— rectn
44 s3] Drift 10.939 0.199 multipole  +0.000 0.5000 7.45 0.20 yes 1 -7 | rectn
437 =T Drift 11.1358 0.098 standard — rectn
44 monZ-md2 Drift 11.236 0,353 standard \;;;/ rectn
45 HDZ Lipole 11.58% 1.0k4 +75.0 = +1 . B67  0.5000% 0.81% 1.06% ves rectn
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Angular Acceptances transSmissioNuENCAMEARKS

“Distribution” method

“Monte Carlo ” method

MICHIG
UNIY

LIS

AN S
R

5

“Monte Carlo ” method

TAT

T

E
v

With set Angular Acceptances With set Angular Acceptances No Angular Acceptances
_ No bounds WITH bounds
-Emittance
Beamn CARD 1D - shape
? | e, senl s [Distribution —a&ngular Acceptance & Boundz —Angular Acceptance & Bounds
half-width... method] . ; - i
] W Usze fived angular acceptances [~ iz fived angular acceptances
1% mm I 0.1 IGaussian j T oy T a2
- r Iz phypsical lmits [aperture] inzide blocks v |Jze physical limits [aperture] inside block s
2T mrad | 60 |F“3'3tEInIgIIE unifom | to calculate fragment transmission to calculate fragment ransmizsion
3Y mm | 01 |Gaussian =l For block apertures LISE ++ uses the slit limits For block apertures LISE ++ uses the shit limits
4P mad | 60  |Rectangleunfom | accessible from the Block Cut & Acceptance accessible from the Black Cut & Acceptance
- dialog. [Pay attention there for the checkbox dialog. [Pay attention there for the checkbox
5L mm I 0 IGau&Slan j
BED X I 0.01 IHectangle unifarm j
39Ca (1.3 MeV/u) + Transmitted Fragment 3%Cal3+| 33Ca (1.3 MeV/u) + ; Transmitted Fragment 39Cal3+.
dp/p=12.16% ; Brho(Im): 0.5000, 0.5000, 0.5000 dp/p=12.16% ; Brhc(Im): 0.5000, 0.5000, 0.5000
Anghceept: ON: Bounds: Off; "gl0-final" - last I AnghAccept: OLL: Bounds: ON; "glD-final" - last b
39Ca Beta+ decay (Z=20, N=13) N of N of M oer Moot .
# Ion Passed Initial Transmission : Ton Fassed fnitial Transmission
6 saca 620445 2864560 16,29 )+/70.02%] ( 39Ca 393042 2416640 16.26% )+/—0.03%}
Q1 (tuning) 13
G2 (MD1) 13
Q3 tEDl] 13 Ce— TN Target 100.0%
Q4 (MD2) 13 tuning 100.0%
G5 (ElecDip 2) 13 tuning 34.26% — —
Reaction BEAM Angular aceeptance 34.26% Inside of bounds 57.28%
i wierAl el slts-sml 88.20% = 65 158
Total ion transmission (%) 16.382 Angular acceptance 2g.20% Tnside of bounds 65.15%
H CLOm 1853533 . 02e+s slts-sm2 87.08% Fp T00.0%
Total: All reactions (ppS=) 1.02e+8 Angular acceptance 87.08% e )
¥X-Section in target (mb ) beam 83 61.89% Q2 89.36%
Target (%) 100 Angular acceptance 61.89% Inside of bounds £89.36%
Q (Charge) ratio (%) 100 Aa3-mdl 100. 0%
tuni ng (%) 34.33 AngAccept: QN; Bounds: Off, "q10-final" - last block for MC calc._ no gaoes__“_
¥ angular transm:?.ss:?.on (%) 49.24 . “;ﬂ“ﬁm 40 ——
Y angular transmission (%) 689.72 o vl
slts-sml (%) 88.3 = 2 et
103
¥ angular transmission (%) 88.3 il ®
= =
¥ angular transmission (%) 100 z =
=
slts-sm2 (%) 87.22 = g
X angular transmission (%) 287.22 ‘_u o
. S
s3 (%) 61.95 §° e
Y angular transmission (%) 61.95 5, e
25 30
a5 -40
OT, 05/22/15, East Lansing 25 -5 5 5 15 ] E 2 15 5 5 15 B s 40

after."a10-final": X'(Theta) Imradl after "q10-final": X'(Theta) [mrad]
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Angular Acceptances transSmissioNuENCAMEARKS

“Distribution” method
With set Angular Acceptances

X' T FWHM (mrad) 41.50
¥ FWHM (mrad) 45.13
transmission  16.38%
2.6e+7
3Cafbeam] 13+ 13+ 13+ 13+ 13+

22e+7

1.8e+7
g
g
£
B 1.de+7
N
E 1e+7

Be+6

X
2e+6
-30 -20 -10 0 10 20
Angle (mrad)

2.6e+7 g

22e+7
T 18e+7)
E
§ 1.4e+7}
z
> e

Be+6] Y,

2e+B|
OT, 05722/15, Ealt Lansing® yue mrad) * ®

“Monte Carlo ” method
With set Angular Acceptances
No bounds

@ Final Slits

X' T FWHM [mrad) 41.82
¥Y' : FWHM [mrad) 4541
transmission  16.29%

X,

40

-30 -20 -10 0 10 2 £l
Wcaan  atter"g10inal”; X{Theta) [mrad): window projection

L > LA

“Monte Carlo ” method
No Angular Acceptances
WITH bounds

X' T FWHM (mrad) 42.16
¥ FWHM (mrad) 45.50
transmission  16.26%

2400
2000
1200

800

400 X )

=35 -25 -15 -5 5 15 25 w8
z <, After1q10-final™: X' Theta) [mrad]: window projection

-30 20 -10 0 10 20 30 an

after "q10-final”; Y'(Phi) [mrad]: window projection

2400
2000
1200
800
400 Y’
¥ 0 . -40 =30 =20 -10 1] 10 20 30 4an

sracounannnaften *a10-final: Y'(Phi) [mrad]: window projection



MomentumAcCcepLance

MICHIGAN E
UNIVERSITY

%mm Ipp

1st order

r— Emittance
- Beam CARD 10 - shape
o [sigma, semi-axis, [Dristribution
half-width..) method)
1.9 mm I 01 IGaussian

2T rmrad I 01 IGaussian
37 mm I 01 Gaussian
4 P mrad I 01 Gaussian

Lo edie

5L mm 1} (5 aussian

BED % I a3 Rectangle unifarrm -

2nd order

OT, 05/22/15, East Lansing

X [mm]

X [mm]

140 K

100 K

60 |

20 K

AngAccept: Off; Bounds: ON;

-100 |

-140 |

Optics Order: 1

4

12

16

20

80 |

40 |

AngAccept: Off, Bounds: ON;

-40 |

-80 K

-120 |

Optics Order: 2

Length [m]

12

16

20



MICHIGAN STATE

UNIYERSITY

1st order

dp/p vs. Final X

2nd order

OT, 05/22/15, East Lansing

after "Final Slits": dP/P [%]

after "Final Slits": dP/P [%)]

Optics Order: 1

4 6 8

Optics Order: 2

10

-8 -6 -4 -2 0 2 4 6 8
after "Final Slits™: X [mm]



MICHIGAN STATE

MomentumiAcCCEpLance ERRITITES

39Ca : Monte Carlo Transmission Plot
after "Final Shits": dP/P [%]: window projection —— 39Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca713+.13+ (beam), Optics Order: 1
dp/p=100.00% , Brho(Tm): 0.5000, 0.5000, 0.5000
AngAccept: Off:  Bounds: ON: "Final Slits" - last block for MC calc: no gates: Config: DSSSSSDSSSSSSSSSSSSSSSSESS.

o Transmission Plot

=*: dP-F [%]: window projection ——— 39Ca (1 3 Me¥-u) + : Transmitted Fragment 39Cali+ 13+ (bean); Optics Order: 1
ho(Tm): 0.5000, 0.5000, 0.5000

Bounds: ON; “Final Slits" - last block for MC calc: no gates: Config: DSS555DSSSSSS555555555SESS. |

n | z-mean | x—max | y-max | dewiation FWHM area  |SumOfCounts| LeftPsigna|RightPsigna

| +6.7892e-02 | -1.6886e+00 | 3.770e+02 | 1.877=+00 &.479e+00 2.12842403 | 6.933=+04 | 1.266e+00 | 4.237=+00 |

300 f

200 f

100 |

-7 -5 -3 -1 1 3 5
after "Final Slits": dP/P [%]: window projection

Momentum acceptance of the 15t half separator (Target - Mass Slits) is equal to = 4.27%,
that corresponds to the Charge slits size of = 26.0 mm.

Total momentum acceptance of the separator is equal to + 3.24 %,
that corresponds to the Charge slits size of £ 19.7 mm.

OT, 05/22/15, East Lansing 44



after "MASS Slits": X'(Theta) [mrad]

-100

18

o

140 |

100 |

[o2]
o

~
o

[*]
S

»
1<

Charge States Selections Monte Car o solttion

HE_DHHEGHEI]DI]_%_h&En_ngE-- Ipp

— Emittance
Beam CARD 1D - shape
? [sigma, semi-awis, [Distribution
half-width...] method)
1.3 mm I 2 IGaussian LI
2T mad | 10 [Gaussian =]
3% mm I 2 IGaussian LI
4. P mrad I 10 IGaussian LI
5L mm I 0 IGaussian LI
6D % I 1 IHectangIe urifarm LI
[Plrojectile  389cat3+
1.34 MeWiu 1 pnA
[Flragment 38Cat3+13+ _ ...
T Target “Be
|—.I £ 0.001 roicm2
Fal o
|h : Brho -
R2o]  uring 0.5000 Tm =

[ AngAccept: Off, Bounds: Off;

Optics Order: 1

Aafter "MASS Slits": X [mm]

3 Mass slits
X' vs X
120 -80 -40 0 40 80 120 160 2nn

after "CHARGE slits": X'(Theta) [mrad]

after “Final Slits": X'(Theta) [mrad]

400

300

-300

400 f

200 f

-200 |

400}

MICHIGAN STATE
UNIVERSITY

AngAccept: Off. Bounds: ON; "CHARGE slits" -
Optics Order: 1
Charge slits
X' vs X
-250 -150 -50 50 150 250
-after,"CHARGE slits": X [mm]
AngAccept: Off; Bounds: Off; Optics Order: 1
Final slits
X' vs X
i
]
I :
"
900 -700 -500 -300 -100 100 300 500 70n

after "Final Slits": X [mm]



MICHIGAN STATE

Charge States Selections Monte Carlorselttion

AngAccept: Off; -Bounds: Off; - - - Optics Order: 1
160

1st order

X [mm]

10} =13+
-200

0 4 8 12 16 20
Length [m]

500l AngAccept: Off, Bounds: Off; Optics Order: 1 AngAccept: Off;  Bounds: Off; Optics Order: 1
400

300 f
200 f

A
# ;f%;;\s

100 |

] ==

X [mm]
X [mm]

-100

-200

2300 -300 |

-400 |

-500 500l
0 4 8 12 16 n 0 4 8 12 16 n

Length [m] Length [m]




MICHIGAN STATE
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Charge States Selection: \Monte Carlorsoltinion

AngAccept: Off; -Bounds: Off; : . ' Optics Order: 2

160 |

2nd order

80

40

X [mm]
o

40

-80

120

-160

'2000 4 8 12 16 N

Length [m]

AngAccept: Off; Bounds: Off; Optics Order: 2 AnoAccept: Off, Bounds: Off Optics Order: 2

500 300 |

200 f

100 f

X [mm]

'g 0f=
X -100 |
-200 |
-300 |

-400 |

-500

0 4 8 12 16 20 0 4 8 12 18 20
Length [m] Length [m]




Charge States Selection:
CHARGE slits: Momentum OC

“Distribution® method

CHARGE slits: x space OU

MICHIGAN STATE
UNIVERSITY

~ s

1 Be+8 SSCa[beam] 145 14+ 14+ 14+ 14+ 100 0%
2e+11 1
1.6e+8 14+
14+
“pugueam] 1 1 18 130 13 1 4e+8 3Ca[bafn] 13+ 1313413+ 13+-400.0%
1.6e+11 E Ce[beam] ‘&5 15 i=fis 1 - BCa[beam] 15+ 15 15+ 15+ 154|100 0%
Ly 1.2e+8] E
] £ 15+ 1185
'}
12estt| & 15+ ] { 1es8} @
o 2
0 T
< 8e+7 o
ge+10 1 >
s(falheam] 12+ 12 12+ 12+ 12+ 6e+7 $Calbepm] 12 12+ 12+ 12+ 12::100.0%
HCalbeam] & 16: f 1 16+ Bafpeam] 16 e 16+ 164 16£-100, %
det]
de+10 |
2et7
SCafbean] T T - [ 9Calbeam] 11 1+ 11 1 i Calbearn] -7 7 7} 11100 0 falpeam] 111 T 1100.0% X
0 %Cafpeam] 15 16 B+ 1 ﬁ 3Cg[beam] 't 10+ 10+ 10+ 1 Brho (Tm) 0 %Ca[beam] 16+ 18+ 16+ 1f-Ye=-1P0.p% ssC[beam] 0+ 10+ 10¢ 10+ 10+100.09. (mm)
026 03 034 038 042 046 05 05 058 062 066 07 -350 -250 -150 N o 0 150 20
MASS Slits: x space OU Final Slits: x space OU
6e+8 5Cafeam] 1 - - 14 14100 0% 14,4648
35Ca[beam] 14 14+ 16+ 14+ 16+:100.0%
4e+8
5e+8 14+ |
BCa[heam] 13+ 13413+ 13+ 13100 3 .6e+8 ¥Calbeam] 1% 13¢ 13+ 13+ 13100, 09
- 14+
E 3.2e+8 A
4e+8} E 1
E’_ 13+ 9Ch[beam] 15+ 15+ 15+ 15+ 15+100.0% 2.8e+8 E
I}
a a
3e+8 E 15+ | 2.4e+8 ;& 13+ 390} [beam]15-15-I15-15-15-100 0%
0 S
; 2e+8 g 15+
,,,,, 1.6e+8
2e+8 *Cafbeam] 12+-12: 12 12+ 12100 0% 1 SCafbeam] 1 2 12 2 2100 0%
1.2e48
1Cafpeam] 16+ 16+ 16+ 16+ 16100 0%
1e+8 Be+7 5Cafam] 16+ 16+ 15+ 16+ 18+-100 0%
ECa[beam] 11 11+ 11+ 11+ 11+:100.0% det7 e e e et e 1
_____ Calbeam] 1+ 1= 11 11 11-:100.0%
0 e R Xom) [ B L L)
-160 -120 -80 -40 (1] 40 80 120 1AN -400 -200 0 200 400 60N
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Experiment “O(or, 7)) Ne ik

LIS K

LA utcneon el al. ucltear Instruments an ethods in sics Researc ) =
D.A. Hutch t al. | Nuclear Inst 1 d Method Ph R h A 498 (2003 ) 190-210 193
Table 1
Parameters of radiative reactions in the DRAGON program
Reaction E, FEieam Eecoil E, Recoil cone Required
(MeV) (MeV /u) (MeV/u) (MeV) (mrad) suppression
50(x, 7)""Ne 4.033 0.16 0.10 4.03 15.6 10713
Target
++ 1 r = =
LISE™ settings s densty ] (e
o -
I He These calcualtions are correct | He Demm 675697  g/emd - State - Dimension Al
[ e_DRAGONZ2000_reaction Ipp st for moleculr fom.a ¢ 5ot | | moemzimon| | _Ceeue |
* Gas % giem2 & mm 0 degrees
Parameter Walue Dimenzion I Z  Element Mass  Stoich
Thickness at 0 degrees—— Effective Thickness
z [he _PT|[ 400 1
= | l7|_|_e_| I_ ﬁ'| 123 i o 123 mm
Temperature (K] 2 K [  [10773447e5 giomz || | C [10773847e5 grem2
Pressure [Torr) 4 I 760 Tor '-IT
I r |T Thickness defect | Absorbed Dose |
0
o] 0.000876 0.166 kadm3 "
ensity [ooooere [Toes K =l KD N o1 ik ¢/ Fange (beam) [ 1028
Compound dictionary I “ 0K | xCancell Entsarrg;e\t_ubsoil[;(&e]lm
@ Units converter | o Fix I X Cancel I3 Lls‘e "’\‘ -state Atoms / emz2 IW.EEeHB
calculations
Beam
Beam ) )
& Element g+ EBeam energy r~ Emittanc: PrOd UCthﬂ meChan ISm
1D - shape
[0 75 | enew o [ o Mo | | 2| itlolle  Dhae o
IT TE O T4 My half-width...) method)
Z Bho O 01728 Tm 1R |2 IGaussian B
[ Bedwon | p O 0zm  Geve || | 27 mad] 1 [Gaussen = Settings | {* Fusion -» Residual ¥
- wrer u (s |0 K v mm |2 [Gaussian =l
" Nucides - 4P mad| 1 [Gaussian g
aljz = Beemmensty | 5L [T [Gaussian - .
a v = e o e - |5 - [ ¢ 158Mel] G.Schiwietz, P.Grande, MIM B175-177 [2001]125-131 j
(._ l'IT pnA o I I aussan ;I
X Conce o [oooE K e | Te=s Erergy Lozzes |1 - [H -base] J.F Fiegler et al, Pergarmon Press, WY [low enengy] v|

OT, 05/22/15, East Lansing 49



-
Fusion information window

I 150(0.2 Mev/u] + He > 19Ne * -» 19Me

Q-value of reaction = 3528 et
(Fusion maxbamier= 280 ]  Me¥

Fusion radiuz = 715 fm
— Depending on a place of reaction in the target
beginning  middle end
Bearm energy (Lab) [Metiiu] 01ie 016 0is
Beam energy [Lab)] [MeY] 24 2.3 23
Center of mass energy [MeY] 051 0.43 048
Excitation energy [Mel] 403 4.02 40
Compound recoil energy [MeV] 1.9 1.8 1.8
Fuszion crozs zection [mb] 143 144 146
Fusion- 1t Fizzion C5 [mb] 1] 0 i}
Fuzion-Breakup C5 [mb] 1] 0 i}
|
— for zetting residue after the stipper
Energy diapazon [Meliiu) 0.094 0094
Corezponding ion charge state 241 242
hl Plot the excitation function I

All fugion characternistics are &

=0
F] Fusion-Residue calculator

caleulated with BASS-model

OT, 05/22/15, East Lansing

¢0un|

Partial cross section [mb]

Partial cross sections

180(0.2 MeV/u) + 4He -> 19Ne* (Ecm=0.5 MeV); [no Pcn, Penetration@M]
Cross Sections[mb] : Intr=4.03e+02; Comp=1.21e+02; QE=2.82e+02;
Lert=17; Lmax®2=0.0; Lmax"'SF=0.0; Lg_fie=0=19; Verticalical lines correspond to L¢it & Lmax

FT Interaction
2t | Compound
| Direct+QE
| Elastic
1le+4 d ]
5
LI
2t
1e+3 ;I ]
o
S
Sl
[
1e+2 ;: ]
ol
5 [l
2L
2 4 6 8 10 12 14
J/Angulay momentum [hbar]
Probabilities as f (L.): Pcn, T(LD)
| ——P_CHN(L) - compund formation
Ww— - —_— ——T(L) - penetration
| |
| |
| |
| \
0.8 ‘
| |
| |
| \
=  osll |
3 l |
3 | |
3 I !
a i \
0.4} |
|
| |
| \
| \
0.z| I
| |
|
I w
ol |
[5) 2 4 6 8 10 12 14 16
Angular, Momentum, hbar 50
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Experiment 0o, y)Ne S Kinematics

At so low energy the compound de-excitation should be considered as two-body kinematics.

But in LISE** two-body kinematics is used only for two nuclei. No yet option for HI & gamma

19Ne compound distribution from fusion kinematics without gamma-emission taking into account are narrow, Gaussian-shape!!

Stripper: x'angular I Stripper: Energy OC
150 (0.2 MeV/u) + He (123 mm); Settings on '®Ne®*-3*; Config: DSSSSSDSFFFSSSSSSSSSSSS 150 (0.2 MeV/u) + He (123 mm); Settings on 19Ne33+ Config: DSSSSSDSFFFSS5555555555958...
dp/p=12.16% ; Brho(Tm): 0.2795, 0.2795, 0.2795 dplp=12.16% ; Brho(Tm}: 02795, 0.2795, 02795
2200 . e s e
‘ENE 3+ 3+ 3+ 3+ J*Z‘IUU.U%

1800 1.8e+7
A

= 1400f = 1de+T
E 3
s 2
@ U
g g

<o 1ooof = et
5 z
= g
>

800} feth

200} 2etb

=Y =0 = > 5 G 0 0.0926 0.093 0.0934 0.0938 00942 0.0946 0.095 nna:
.Angle (mrad) Energy (MeV/u)
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Experiment 0O(ar, 1) Ne:s tWo=Docy KINEMatics JA

2D fragment plot (Monte Carlo)
e ——— —
l T/l EODY reantion —Excitations ——— | Acceptances (in caze of C_final fragment
ke f —Angular Acceptance
o ¢ take from
Projectile l 150 [0.2 Me\'/u) systematics Angular acceptance shape————
Target l 4He [1e-2 mgfcmZ)

zet manually in .
* Kinematics caloulator Elipse " Rectangle

Ex.energy

Fragrient [C "]I 19Me l 0 h., TKE plot | Walue  Wariance
Residual (D =) l garnma I a0

Harizantal + I 3000 I 05 rmrad
Q-valus [MeW] l 353 Med Yertical £ | 3000 I 05 mrad
— Expected final fragments—————————— Fragment to plot
AX '_Eﬁﬁﬁ____T C_final | 19Me o © Ewited (€] Take into account a target thickness —
——————————— D_finall gamma <dn I i Moffast]) (¢ Yes
| 3.133e+01 | ) P\
. | | TEEICM] from spstematics I
or the cone Is TEE[CH] from caloulations I Energy lozz and energy
straggling inclusion
equal to 15.6 mrad
y . . I9Ne fragment kinematics (expected final)*
Ne fragment kinematics (expected final)

150 + 4He => 12Ne + gamma (Projectile Energy : 0.16 MeV/u)

150 + 4He => 19Ne + gamma (Projectile Energy : 0.16 MeV/u) Target: He (1e-2 mg/cm?2);  Q reaction: 3.53 MeV (Excitations 0.0+0.0=>0.0-

Q reaction: 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);
Angular Distribution (CM): Isotropic; Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); " 30— T — T T T
12 20
8
10

Ax [Lab-mrad]
o
Ax [Lab-mrad]
o

-4 -10
-8
-20
-12
16 ’ ) -30
0.0955 0.0965 0.0975 0.0985 0.0995 0.1005 0.1015 0.1025 0.1035 0.089 0.091 0.093 0.095 0.097 0.090
JE[Lab:MeV/u] .E [Lab-MeV/u]
OT, 05/22/15, East Lansing
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Experiment =0 (e, v)-*Nes tWo=hoay KinematiCs

19Ne fragment kinematics (expected final)
Ax [Lab-mrad]: window projection —- 120 + 4He => 19Ne + gamma (Projectile Energy : 0.16 MeV/u)

Target: He (1e-2 mg/cm?2);

=7

I9Ne fragment kinematics (expected final)®
150 + 4He => 19Ne + gamma (Projectile Energy : 0.16 MeV/u)
Q reaction: 3.53 MeV (Excitations 0.0+0.0=>0.0-

Ang%.lgr Distribution (CM): Isotropic; Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5);

Target: He (1e-2 mg/cm?);  Q reaction: 3.53 MeV (Excitations 0.0+0.0=>0.0+0.0)
Angular Disfribution (CM): Isofropic; Rectangle Ang.Acceptance (mrad): H = 3000.0(0.5); V = 3000.0(0.5)
ematics (expected final) [
ndow projection — 150 + dfie =5 19He + ganma (Projectile Energy - 0 16 MeVru) | 20
g-cm2) Q reacti 3 53 HeV (Excitations 0 040 0=:0 0+0 0) r
on (CM): Isotropic, Rectsngle Ang. Acceptance (wrad): H = 3000.0(0.5): ¥ = 3000.0(0.5) |
| x-mesn | x-max | yomax | m..uunl\ FVHN I ares  |SunOfCounts| leftPsigns|RightPsignal
| +8 708703 | +5 1320e+00 | 7 164e+03 | 9 ?B[Ieﬂl[ll\ 3 uzﬂn1| 2.2018e+05 | 3 135e+06 | 1.767e+01 | 9.017=+00 | 10
. =
ud
£
6000 / a 0
[}
-
5000 —_
x
<
4000 -10
3000
-20
2000
1000
-30
0l—s5 =5 = 5 5 55 0.089 0.091 0.097 0.000
Ax [Lab-mrad]: window projecti
19Ne fragment kinematics (expected final)
E [Lab-MeV/u]: window projection - 150 + 4He => 1°Ne + gamma (Projectile Energy : 0.16 MeV/u)
Target: He (1e-2 mg/em?);  Q reaction: 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)
13000 f d - - - - - - -
59 statistics (=[] = ]
E}[{ibfﬁgﬂff]‘t L el ey . LT Y ganna _(Projectile Enexgy : 0.16 MeUru) Print =
Ml i I H ,
W | distribution | =-mean |  s=-nax | y-max | dev)atmnl FUHN \I sres  |Sun0fCounts| LeftPsigna|RightPsignal
01 | +9.44072-02 | +9.3772e-02 | 7.235=+03 | 1.787=c 6.012e-03 | 4.1990=+01 | 3. 135=+06 | 2. 007=-03 | 3.100=-03 |
IR— /l l H
7000

It's corresponds to initial
rectangle emittance
dp/p = +/- 1.5%

OT, 05/22/15, East Lansing

3000

1000

0.0905

0.0915 0.0925 0.0935 0.0945 0.0955

,E [Lab-MeV/u]: window projection

0.0965 0.0975 0.0985
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In order to obtain distributions corresponding to two-boy kinematics HI+gamma
it is possible to change the initial beam emittance as

— Emittance — Emittance
| Beam CARD 1D - shape | Beam CARD 10 - shape
? [sigma, squi-anis, [Dlstl'h.llnn | ? [zigma, semi-axiz, [Digtribution
half-width...] methad) half-width...] methad)
1% mm I 2 Iﬁaussian 1% mm I 2 I G aussian

2T mad |
Y mm | Iﬁaussian

1 IGaussian
2

4P miad| 1 IGau&sian
0
1

2T mradl 155 IHectangIe unifarm
2.7 mm I 2 IGaussian

4 P mrad I 155 IFiectangle unifarm

5L mm | | Gaussian

LeflefLedLefLedLe
Lol L Lol L L L

5L mm | 1] IGaussian
6D X% i - ;
I |':‘ha“5hs'é'n ED % I 1.5 IFiectangle unifarm
ﬂ Fe_DRAGON2000_reaction Ipp
1 . ” .
Stripper-Angle: x'input Stripper-Energy: output
650 38046 : : : .
19Ne 3+ 3+ 3+ 3+ 37100 0%
3.4e+6 19pjg 3+ 3+ 3+ 3+ 3+
550
3e+6
T 450 Zo6es| )
- Y A S % FUHM |
2 350 g 2.2¢%6 | 5.637e-03 |
a | @ meeeme———— ]
5 | 3.08%+01 | g 1.8e+6
o o
s 20 T 1.4e+6
>
150 1e+6
Be+5
50
2e+5
25 5 5 5 15 25 - 0089 0.091 0.093 0.095 0.007 n nag
Anglg,(mrad) Eneray.(MeV/u),..,
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[i--

I -
s A wI AT

md1-slits : Beam & SetFragment Charge States
130 (0.2 MeV/u) + He (123 mm); Settings on 1®Ne3*-3*: Config: DSSSSSDSA
App=100.00%  Bio(Tm} 0275, 0275

le+11f ' 1 I ]
1e+10 _ 150]beam] 4*13(&]@9@1;3{03;]31;01 3*:1150(9[-890/21111]2* 2+ 2+ 2+ 2+100.0% ]
i 150[peam] 5 5+ 5+ 5+ 100 Jo |
1e+9 | 1 50]beam] 1+ 1+ 11+ 4+100.0% |
ol |
£ 1e+8 -+ 150[beam] 6+ &+ &+ 51104 9% | | 3
'g 1e+7 | | I ]
-1 ; | |
& 1e+6 ;150[beam]7* 7+ 7+J1 74400.09 I I ]
3 f I
T fes5k I ]
> i ([
let4 | 1 1 5
te+3| el = 4 ooy oz e 1000 ]
E 19N€|4+ 4+ AF 4+ 4+ 00.0
i [ ﬁ . g 1+ 1+ 1f 1+ 1100,0%
1e+2 3 15 5] 5 5 Qu/l I E
i |
fetl} I : | E
$00 30 @ qi0 300 0 700 %0 {100 1300 CHARGE slits-Xspace: output after slits
e X(mm) 150 (0.2 MeV/u) + He (123 mm); Settings on 1®Ne?*-3* Config: DSSSSSDSFFFS/

dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795

all charge states separ
um of roactian

1e+11
18Q)| beam] 3+ 3+ 3+ 3+ 3+

1e+10E
1e+9E
1e+8E
Te+TE

1e+6

@ Charge Slits —

Yield (pps/imm)

1e+5E
letd

19| 3+ 3+ 3+ 3+ 3+
1e+3L e

1e+2 ! / \

-18 -14 -10 -6 -2 2 6 10 14 12
OT, 05/22/15, East Lansing X (mm) 55
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Experiment 2O(ar, y)*Ne : Selection oy

4
ol ¥
R Ly I Ca

ed1-slts : Beam & SetFragment Charge States
150 (0.2 MeV/u) + He (123 mm); Settings on 1°Ne3*3*; Config: DSSSSSDSFFFSSSSSSSSSSSSE

In front of the Mass Slits dp/p=100.00% ; Brho(Tm): 0.2795, 0.2795

all charge states separ.
Siim nf raantiang

assuming there are not the :
. 1e+11} 150beam] 2+ 2+ 2+ PQlbRgEpEL, ¥+ 3 * 3:100.0% .
Charge slits and Angular esrol Folpey ¢4 o0
acceptances tevo | Folbeam ¥ L 000% ]
£ i
1e+8 L E
E
a tle+7| 4
2 ]
o 1e+6 E E
f 1e+5k
1e+4 | i 1988 3+ 3+ 3+ 3+ 3+ oclllhos i
Ne 24 242+ 2+ 2+:100.
REIN| SEEEEE - ERETS 1 [s
1e+3 3 15Ne 1+ 1+ 1+ 1+ ‘H:100.0% 3
Te+2} Ne ™ [
1e+1
-1300 -1100 -900 -700 -500 -300 -100 100
X (mm)

ed1-slts : Beam & SetFragment Charge States
150 (0.2 MeV/u) + He (123 mm); Settings on ®Ne3*+3*; Config: DSSSSSDSFFFSSSSSSSSSSSSE
dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795

all charge states separ.
Sum ~f ragastinn

le+11g 150 [beam] 3 3 3+ 3+ 3+100.0% §
1e+10 ]

Te+9 | 4

In front of the Mass Slits with the
Charge slits and Angular
acceptances

Te+8 | ]

1e+7E 4

Yield {pps/mm)

1e+6 ]
Te+5F .

1e+4 F 19N 3+ 3+ 3+ 3+ 3+.400.0% E

1e+3 E E
-10 10 30 50 70 20 110 130
X (mm)
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Experiment 20(a, y)**Ne Sselection D s

19Ne3* after the Mass Slits

MASS Slits

150 (0.2 MeV/u) + He (123 mm); Settings on ®Ne*-3*; Config: DSSSSSDSFFFSSSSSSSSSSSSSSS...
dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795, 0.2795

all charge states separ

; ; ] ; ; ] ; 2 6e+6 : _ ) _ _sum of reactions
460 | ¥'angular | 8 X s‘aace ou | : Momentum OC |~
420 18Ng 3 22 3 3 3100 0% 5500 o 3= 23331100 0% | | 19Ng 3+ 3+ 31 3+ 3+ |
| | 2.2e+6 | |
g %80 4500 | | | |
B 340 T | ! T 18e+6 | |
Y £ | | = | |
-g. 300 "‘ﬁ 3500 | | '_m" ‘ ‘
8 260 o | | Q. fdess| |
a 220 & | | e | |
o
: 2 = | |E o :
> 140 > el | ke | |
100 : : Be+5 } }
80 500} | | 2e45} |
20 | | | |
-50 -30 -10 10 30 EN -12 -8 -4 0 4 2 2 15 1 05 0 05 1 15 =~ =~k
Angle (mrad) X (mm) Brho (Tm)
y'angular| ' ' ' ' : yspaceOU = | | 38e+6fEhergyoC | | |
1800 Bl 3 B 2 2 3+ 100.0% 1300 | Ne =200 0% | | 34646
\ |
1100 | | — 3e+6
= — =]
B 1400 = } I S 28e+6
£ 900 o
£ @ | | S 2246
2 o ! | %
e 1000 = 700 | | 2 18e+6
T | | flar]
el T
o 2 500 | | T 14e+6
s 600 > \ | 5 1e+6
300 | |
\ | Be+5
200 100 | l 2e+5
| | e+
_ _ =14 -10 -6 -2 2 5] n 14, -18 14 10 6 -2 2 6 10 14 18 727 75 0.0896.0906.0916.0928.0936.0846.0956.08¢8 na7A nort
JApgle(mrad)-. vo 15c Y (mm) Energy (MeV/u)
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Experiment =0/(or, y)*Ne = Selection

19Ne Beta+ decay (Z=10, NH=9)

19Ne3+ after the Final Slits

Q1 (tuning) 3
Q2 (MD1) 3
- Q3 (ED1) 3
Only 1°Ne3* passing through the separator ! 4 (1D2) :
Q5(ElecDip 2) 3
REeaction FusRez
Jon Production Rate (pps) 1.62e+4
|Total ion cransmission (%) 30.863 |
Total: this reaction (pps) 1.62e+4
Total: 411 reactions (pp=) l1.682e+4 + . .
X-Section in target {mb) 5.19e+1 19Ne3* transmission 86.2%

Target (%) 3279 Main cut by the vertical

i terial (%) 100 /
(2 (crazge) zario (%) 35.70 | angular acceptance @ S3
Terial TE] o0

Final Slits

150 (0.2 MeV/u) + He (123 mm); Settings on 1°Ne®-3+; Config: DSSSSSDSFFFSSSSSSSSSSSSSSS...
dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795, 0.2795

all charge states separ
sum of reaction:

550 fx'angular-| x:space OU i : : i 2.2e+6 FMomentum OC
19NE B3+ 3+ 3+ 30 3800 ‘SNE 3+ 3+ 3+ B+ 3*:1 00.0% HN 3+ 3+ 3+ 34+
3400
450 1.8e+6
=] —_ 3000 —_
g E E
£ 350 E 2600 = 1.4e+6
] 2 a
2 o 2200 o
a 2 R
z 250 o 1800 > 1e+6
g 2 1400 2
= b =
150 1000 Ge+5
600
50 2e+5
200
-30 -20 -10 0 10 on 2n -6 -4 -2 0 2 A & 0.273 0.275 0.277 0.279 0.281 0.282 n7=E
Angle (mrad) X (mm) Brho (Tm)
yangular | i : i : S 3400 |Y. SPace OU i : : i : - Energy OC Lo
650 Ne * 2= 2= 2 *=100.0% T*Ne 2222 22:100.0% 3e+6
3000
= 2.6e+6
a 550 — 2600 3
@ £ =
= £ ) 2.2e+6
£ 450 £ 2200 =
@ 2 = 1.8e+6
8 .
o 350 2 1800 2
5 o© 2 14e+6
3 - 1400 = :
2 250 = s 1046
= o e+
1000 s
150 600 Ge+5
50 200 2e+45
40 30 20 -0 O 10 20 =0 8 6 -4 2 0 2 4 = E 0.0896.0908.0916.0926.093B.0946.0956 0967 NG7A no”
Angale (mrad)-- o 15 Y (mm) Eneray (MeV/u)
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after "Final Slits": Y [mm]

MICHIGAN STATE

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

19Ne3+ after the Final Slits

Monte Carlo solution :
With bounds, no Angular Acceptances

1st order 2nd order
19Ne3* transmission 90.8% 19Ne3* transmission 77.5%

. * e Continue . . . Continue
19Ne : Monte Carlo Transmission Plot =™ 19Ne : Monte Carlo Transmission Plot =™
350 (0.2 MeV/u) + He (123 mm); Transmitted Fragment 19Ne3+-3+ (FusRes); Optics Order: 1 150 (0.2 MeV/u) + He (123 mm); Transmitted Fragment 1®Ne3+-3* (FusRes); Optics Order: 2
dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795, 0.2795 dp/p=9.93% ; Brho(Tm): 0.2795, 0.2795, 0.2795
} Contour I Contour
| Sum  2.67e+( | Sum 6.27e+
M 15 M; 191
18 : <)?i 0.84531 18 : <)a(i 1.81367
<Y> 0010642 <Y>-0.00031
12 | dx 19917 12 | X 253958
| dY 247991 — | dy 275038
| XY 6.475e-0; £ | XY S—L.S‘%e—
| IEI 8 6.274e+05
> CPU speed
- 4 0.00e+00 pps
a2 Rate (pps)
o ojb——— - erilERd aEEs aeddeme ! 0 4.076e+04
®
s 4
® | g |
15 &
12 | — 12 |
| 4 |
-16 | 16 |
| 2 |
i 1 . I
-2920 -16 -12 -8 -4 0 4 8 12 1A 2920 -16 -12 -8 -4 0 4 8 12 16
after;"Ringl $lits": X [mm] after"\Final Slits": X [mm]
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Experiment ©0O(ar, v)*Ne & transmissionoss

1St order 100 | AngAccept: Off;, Bounds: ON; Optics Order: 1 |

0 4 8 12 16 >0
Length [m]

14000

12000

10000 L -
8000
6000
4000

2000

0 4 8 12 16 50
L th : wind jecti
OT, 05/22/15, East Lansing Length [m]: window projection 60
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Experiment ©0O(ar, v)*Ne & transmissionoss

2nd order AngAccept: Off; Bounds: ON; Optics Order: 2

100 |

Y [mm]

0 4 8 12 16 20

e al F__ 7

14000

12000

10000

8000

L
Mass ssj

6000

4000

2000

0 4 8 12 16 20

OT, 05/22/15, East Lansing Length [m]: window projection 61



Segmented configuraton

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

[F/s_DRAGON2000 lcn

62



Segmented configuiration
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» I S EPF

— il
Block | Given Name | Startfm) | Lengthim] | BOKG)#U | Br(Trmjcorreal | Dritt#tngle | Rapplem)#RL.. | Leffm)#Ldipim) | 2 nd order | CalcMat#Z-0 a’-‘«ngﬁ.cc,ﬂ.pps,SIilSHEDSYlFih| SE |
Bly|-Dipdle  MD1 0ooa 3730 #7948 *0.27%5 5 4500 *1,0000 *0.8727 *7 HY - - . 5
8 Tl sits.  CHARGE sits 3731 0.0000 SLITS - HY . e
Eq|=E|e.:Dip ED1 3731 54030 596KV 0.2795 5 4200 = 2.0000 *[,6381 *7 HY - - . 5
5 ]Il_slits_ MASS Slits 9134 0.0000 5LITS - Hy . B
d 0| beamlne  ED7 9134 1.80580 bean-line H- - %
Bly|-Dipol=  MD2 10933 44370 #3476 0279 5 4750 *0.8130 *1.0642 *7 Yo 5
Eml|-i.cDip  ED2 15376 4950 477k 0.2795 5 4350 = 2 5000 *15272 *7 5
O™  rrasi: 232 oo 5LITS - HY .
Pay attention for cut settings: 5 sectors
4 angular acceptances, 3 slits  (segments)
First order matrix elements Config: DSESSDESM
45 RIR Y e s g i 14 -RID — Yo S
35
12
25
— 10 -
-u —
E 15 2 gl
& £ £
o £ 05 E 4l
> | . Q
& 05 e 4l
15 2
-45 25 0
0 4 8 12 16 0 4 8 12 16 n 0 8 12 16 an
Length [m] Length [m] Length [m]
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Segmented configuration:: 2O, 7)) INE CASE

iecti 1505+ us - — — —
[Elrojectile 150 H 1sme Betat decay (I=10, N=9) In front of MD1 : Beam & SetFragment Charge States
] 160 KeWViu 5‘1': enA — the Ch Slit 150 (0.2 MeViu) + He (123 mm); Seffings on 9Nes=3+ Config: DA
[Clompound - 5 The same transmission as for the e Lharge Slits Gp/p=6.13% ; Biho{T): 0.2105 —
[Rlesidual e extended configuration (see page 58) terti | 4
Target 1;';':_”1 Feaction FasRes ) “Oppesm ™ = 1000%
Ton Production Rate (pps) 1.62e+4 1e+10 jbeam] ¢ ¢ 4 4100 0% “Ofpeam 5 10005 ,
@ Stripper [ Total ion transmission (%) 30.868 |
Total: this reaction (pps) 1.62e+4 0Mpeam] 5 5 5 5100 ;
MD1 q Q?Eg's"“f[’ Total: All reactions (pp=) 1.62e+4 Terd | I Dibeam 1+ 1000% 3
2= X-Section in target {mb) 5.1%e+1
[F_TfHarcEsits slits Target (%) 35.79 el o ]
Unreacted in material (%) 100 Fofpean "
@ (Charge) ratio (%) 35.78
Unstopped in material (%) 100 = letl | E
E 585.7 KMim E
IE‘ 2 596 KV D1 (=) 100 E
Er 1.19 MLC X angular transmission (%) 100 g_
) slils Y angular transmission (%) 100 a letb Sofpean ™77 {1000k 3
MASS Sits CHARGE slits (%) 99.67 k-]
-10 E X space transmission (%) 100 >;': te+s5 | i
-12| 7 |+12 ¥ space transmission (%) 99.67
d o 7 beam-line ED1 (%) 96.27
j e 18m ¥ angular transmission (%) 98.27 ferd | 3
Brho Y angular transmission (%) 100 . .
IS MD2 .
0.2785 Tm MASS Slits (%) 100 el e : 1o o i
IE ED2 E 476.68 K\vum ¥ space transmission (%) 100 P - H
u 47.7 KV ¥ space transmission (%) 100 ﬂ Y B
Er 149MC Y] () 37.97 el e S el ]
Enial Sitz slits X angular transmission (%) 97.97 "
MD2 (%) 89.88 1
Iﬂ Material 1 Si Y angular transmission (%) £9.88 leti 3
(ol ED2 (%) 100 300 500 700 900 1100 1300
[F/=_DRAGON2000_reaction Ipp X fmmi
In front of ED1 : Beam & SetFragment Charge States In front of ED2 : Beam & SetFragment Charge States
H 150 (0.2 MeV/u) + He (123 mm); Seffings on 19Ne+3+; Config: DEA H H 150 (0.2 MeV/u) + He (123 mm); Seftings on 13Ne3+.3+; Config: DESDEA
the Mass Slits s 3% . BTy 02795 the Final Slits dplp=5.13% ; Brbo(Tm)’ 0.27%5, 0.2706 st
- without the Charge slits sl . . |
il a5 100 4 i without the Charge and Mass slits
E bear] * ¢ 4+ -100.0% 5
1e+10 E 4
3 0jbeam] = 100.0% “Ofbeghy = ¥ 5:100.0%
tesg | | 2
i tess | :
‘é‘ 1e+3; Tefupar 100.0% 3
E F E 5
W letT | ] E
- E @
e E o
T .l s
s 1e6F Pbefrlf [ 000§ z
= F 2
[ > tesa | E
Te+d E E
i 5
e+ 3 S . g 3 33 2100.0%
F 340005
3 g+ ¢ 44 100z Fqpefele] = o 100.0%
143 E He 0.0% ] 2
r g+ 0 100.0% o e i
fer2 b i o 4
3 J n 5
fet1 & ]
© -1300 -1100 -900 -700 -500 -300 -100 100 300 -450 -400 -350 -300 -250 -200 -150 -100 -50 0
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Open QUEeStIonNs

1. Differences between DRAGON 2000 and DRAGON 2015, Drifts?
Create extended DRAGONZ2015 configuration

2. Define sextupole field values for LISE** configuration

3. Develop the two-body kinematics mechanism in the case HI & vy

4. Difference in Quad fields between DRAGON 2000 and DRAGON 2015 :

Table 2.5: Field strengths for rigidities 0.5 T-m and 8 MV scaled from the GIOS .
mput file reso2000.dat Tunes must be obtained by scaling to the rigidities of a given http//dragontrlumfca/Dl’agonT00|Sph p#mdl

reaction.Note that the sextupole strengths have been scaled to the new L.;; values

listed in table 1.2. D RAGO N 2000 MD1 field [G}: 5000 MD1 setpoint [A]: 1

Mass number: 39 Charge state: 13

Element Gap | Effective Field EDI setpoint voltage [kV]:
or Diam. length
Q1 108 cm | 2523 e[ -2.187 kG
02 15.9 cm | 33.385 cm | +2.003 kG E=1339.72 keViu = 52.249 MeV
S0 15.9 cm | 33.385 cm | 20.100 kG ED1=205.67kV. ED2 = 164.34 kV
MD1 10 em +4.991 kG Please insert B and ED1 to calculate the mass-to-charge ratio (and q for mass).
s1 159 cm | 18.75 cm | +0.425 kG
Q3 159 cm | 33.38 cm [ +1.826 kG Magnet[Field
Q4 15.9 em 3338 cm | -2.412 kG ’) QL 3545
Q5 159 cm | 33.38 cm | +1.329 kG : Q@ 3385
S2 15.9 cm | 18.75 em | 20.080 kG3 DL 15000
ED1 10 em +200. kV (s 76| Miaguet|Setpoint
Q6 108 cm | 2523 cm | -1.181 kG W{& 0.0528
Q7 159 cm | 33.38 cm | +1.696 kG s 05 [sx2 [ ooin2
S3 16 cm | 19.9 cm | +0.047 kG o |iso (o1 1
g;j ’ 1?% om | 33.38 %ig Eg CE == |—CL01
2.4 cm 3. cm | +1. SX4 0.0974

S4 16cm | 19.9 cm | +0.360 kG M2 [6150
ED2 10 cm +£160. kV Qs [1935
Qo 15cm | 467 cm | -0.972 kG Q0 [1s0

1 Q1o 15cm | 467 cm | +1.087 kG Q1o 1330
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