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FMA'documentation SouUrces

1.
Nuclear Instruments and Methods in Physics Research B0 (1992) 358-365 NI] M B
North-Halland Beam Interactions
with Materials & Atoms

Startup of the Fragment Mass Analyzer at ATLAS

C.N. Davids, B.B. Back, K. Bindra, D.J. Henderson, W. Kutschera, T. Lauritsen, Y. Nagame ',
P. Sugathan 2, A.V. Ramayya * and W.B. Walters #
Physics Diviziom, Argonne Naticnal Laboraiory, Argonne, I 60439 USA

2. COSY file with FMA settings example kindly provided by Darek Seweryniak (ANL)
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FMAiles location @ LISE T package

LISE** file

~ Nise\files\examples\"*
Name

18

[ [efizsion]
[ [dubna]

[ IGANIL]

[ JIGSI-SFRS]
[JINSCL]

[ J[RESOLUT]
[ JIRIKEN]

[ JISECAR]

Y FMA ext ende3iisvéve iNiou lyed r e Req@nmenged

FMA extended configuratic
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EMAoptics Settings JUNELIERN

| Given Mame | Statim) | Lengthim) | BOKG)#U | BriTmjcortreal | Dritttd/ngle | Rapplem)RL.. | Leffm)#Ldipim] | 2 nd order | CalcMati 0 | Anghcc.ipps. smsl cosvIFit | SE |

tuning £.000 {00001 414533 ~0.4332 * 400 = 3,0000 = 11,0000 s =24 Hy - 5

Cimift 1 0.000 03000 standard e - =}
O&l0uad: @1 0.300 0.2390 +3.0201 04392 BUAD 5.0000 0.2990 yes 1R - Hy - fit - 0 &
d =3 drift Cimift 3 05393 0.01en gtandard - HW - - =
Q&) :0uad> Q2 0515 0.1300 36757 04392 BUAD 5.0000 0.1900 es 1R - Hy - fit - 0 &
d =3 drift Corift & 0.805 0.3000 ztandard =
EB| —FlecDip  ElecDip 1 1.105 1.3963 =35, 4k 0.4392 * 4200 = 4,0000 *1,3963 - “Z4R - Hy - E
d =3 drift [irift & 250 1.2015 standard &
Ty |=Dipole  Dipoles, 3703 03491 43916 *0.4392 * 20,0 =1.0000 * 11,3491 ez “Z24R - HY - E
5 TN slits_ dipslits 4.052 0.0000 5LITS - - HY &
Tly|- Dincle  DipoleB 4.052 03441 43916 *0.4392 *.20.0 =1.0000 * 11,3431 yes “Z4R - HY - E
d o3 drift [ift 8 4.4 1.2015 standard - HY - e
EB| -FlecDip  ElecDip 2 5.502 1.35963 =55, 4k 04352 = 4200 = 4.0000 *1.3963 s “Z4 R - HY - s E
d o | drift Dimift 9 £.993 03000 gtandard R - =
Q&) 0uad> Q3 7.299 0.2950 0702 04392 BUAD 7.5000 0.2950 yes 1R - Hy - fit - &
d o | drift Drift 11 7.594 0.0160 standard - Hy - - &
Q& :0uad> Q4 7.510 0.2340 +3E5F1 04392 BUAD 7.5000 0.2940 pes 1R - Hy - fit - 0 &
d o | drift Drift 13 7.904 0.3130 standard - Hy - - &
5 T slits_ FP slits 8.217 0.0000 SLITS - - H - &
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EMA aperture-andislit'setings A

) Qs Do T

I FILE: C:“userchlisze pp 910~fileshexanples~FHa_325 58Hi. lpp apertu res

1 2 3 4 5 b 7 8 9 10 11 12 13 ( 14 15 16 17 13 19 20 21 22 23
¥  Block name Kind of Start Length DriftMode BO(kG) Br-corrsp Rappicm) L eff(m) Znd Calc Angdlbc Slits Imin Emax Ymin Ymax | Appert Imin Xmax Ymin Ymax
or Block (m) (m) Anglei " )* Br-dip*®* R{n)* Len(n)* order Mode modsl =hape =lit =lit slit =lif| shape limit limit limit limit
1. tuning Dipole 0.000 0.000 40,0 = +1.464 0.4392¢ 3. 00+ 0.00% - HY rectn ellps
2. Drift 1 Drift 0.000 0.300 =tandard — rectn rectn
I.m Drift 0.300 0.299 multipole  +3.020 0.4392 L.oo 0.30 ves 1 — rectn ellps -50  +50 =50 450
4. Drift 3 Drift 0.599 0.016 =tandard — rectn ellps -850 450 -50  +50
Y] Drift 0615  0.190 multipole -3 676 0.4392 L.oo n.19 ves 1 — rectn ellps -50  +50 =50 450
6. Drift & Drift 0.805 0.300 s=standard — recth rectn
7. ElecDip 1 ElecDip 1,105  1.39%  +20.0 = 96 4kV 0.4392% 4 Q0= 1.40= - -— recth rectn =50 450  -100 +100
8. Drift & Drift 2,501 1.202 standard -— rectn rectn
9. Dipoled Dipole 3703 0,349 -20.0 = +4.392 0.4392% 1. 00= 0,35 yes -— rectn rectn -100 +100 -60  +&0
10, dip =lits Drift 4,052  0.000 SLITS -— rectn =100 +100 -60  +60| | rectn
11. DipoleB Dipole 4,052 0.349  -20.0 = +4.392 0.4392%  1.00% 0. 35x ves -— rectn rectn -100 +100 -60  +60
12, Drift 8 Drift 4,401  1.202 =tandard — rectn ellps -100 4100 -100 +100
13. ElecDip 2 ElecDip DoR02  1.39  +20.0 = 96 4LV 0.4392% 4 (0= 1.40% - -— rectn rectn =50 450  -100 +100
14 Drift 9 Drift £.999  0.300 =tandard — rectn rectn
15. 04 Drift 7.299  0.29% multipole -3.070 0.4392 7.50 n.29 ves 1 — rectn gllps -75 475 -70L 47§
16 Drift 11 Drift 7.6894 0.016 =tandard — rectn ellps -75 475 =75 +7%
17, 04 Drift 7.610  0.294%  multipole  +3.657 0.4392 7.50 n.29 yes 1 — recth ellps -75 475 -75 47§
18, Drift 13 Drift 7.904  0.313 =standard -— rectn gllps -75 475 =75 +7%
19. FP =lits Drift 8.217  0.000  SLITS -\ rectn -75 475 -7% +75 \rectn )

N N\ /

symnbol "#" after values denotes, that these values belongs to Dipole settings. where column names are found in the second row of titles, and alaf{marked by "%"

Column 08: "Br-corrsp" - quadrupole(sextupole) field iz scaled to this Brho-walue; "Br-dip*" - dipole magnetic rigidity [T#n]

Column 09: "Rapp(cm)" - radius{half-aperture) of quadrupole(sextupole) in cm; "RE(m)-dip*" - dipole raidus [m]

Column 10: "L_eff(m)" - effective length of guadrupole(sextupole) in m, wich is used for Optical matrix calcualtiuons; "Len(m)*" - dipole legGth at ther central axis [n]

Column 12: "Calc mode" - only for quadrupole({sextupole); 0 - no action=s; 1 - recalculate automatically B{field), keep matrix;
? - recalculate automatically the matriz, kesp B(field)

Column 13: "Angdcc mode" - "H(V)" : horizontal(wertical) angular acceptance will be applied for this block

Columns 15-18,20-23: =lits and aperture(limit) sizes in [mm]. If =lit or aperture(linit) does not have action, then itz size value i= absght

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

This settings list can be produced inLISE** usi ng menu fAExperi ment al
Settings -> Optics-> Optics settings: View and Printo
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A LISE** does not provide information for mass dispersion
A So, this value can not be used for optimization constraint
A Quad values have been taken from COSY optimization
A All matrices have been calculated inside LISE**

Final global matrices
obtained with

— Glabal matrix
182808 | o | o | o | o0 |-001757 [cm]
|Fe55995 065421 | 0 | 0 | 0 | 04313 [mrad]
| o | 0 |102387 |-000004 ) o | 0 [em]
LISE*+ [ 0o | 0 |8343027|09734 | 0 | 0 [wad]
|-005486 [0o011s | o | 0 | 1 | 07479 [em]
f o | o | o | o | o | 1 [#
fem) A[mrad) Azm) Amrad) Alom) AE]
-0.15280E+61 O.10402E-04 0.00000E+00 O.00000E+0D 0.000OOE+A8 -B.17620E- 01
8.68469E+02 -0.65493E+00 O.00AAGE+00 0.000PPE+00 O.00AABE+08 0.43196E+00
COSY 0.00606E+00 0.0POOPE+00 ©.10263E+01 0.92528E-05 0O.0060BE+00 ©0.0000PE+00
6.006ABE+00 0.0PPOPE+0A O.6B684E+02 0.97495E+00 ©.00AABE+H0 0.000OPE+0D
-0.54643E-81 B.11536E-02 0.0000OE+08 O.00OOBE+00 0.1000OE+61 B.74791E+00
0.0060BE+00 0.0PPOPE+00 ©.0GAOAE+00 ©0.0PPOOE+00 ©.06OOOE+00 0.10000E+01
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328 (3.6 MeV/u) + Ni (0.4 mg/cm?2)
dp/p=14.01% ; Brho(Tm): 0.4392, 0.4392, 0.4392
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Will be zoomed on the next page
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EMA15torder matrixelements: (zooim) Py

L WS A
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FP 1 double focus, double achromatic

OT, 09/14/15, East Lansing



Attempt to optimize EMA opticsimithoutimass dispersion, AN AR

keeping work after that with COSY-@uad values

Blocks with parameters to wary Active Conztraint blocks
#01-q Position®@008: Q1 #01 @012 R34=10 F_DipY
#02-q Position®@007: Q2 #02 @022 RI1E=0 F_R1E
#03-q Position®@018: Q3 #O3 @023 Ri1Z2=10 F_R12
#04-q Position®@020: 04 #04 @024 R2E=10 F_RZ2E

#05 @026 R34=10 F_R34

Optics fit was good. All constraints done!

15 %86)\ise\re: F| 5_58Ni_fit.fit_init
Initial +0.273762 LISE fit reduced walues

Paramsters: Lef tBound Initial RightBound

|
#01-g: Q1 +0.0e+00 <« +4.001=+00 < +5.0e+00 |
#02-q: Q2 —5.0=+00 < -4.09%91le+00 < +0.0=+00 |
#03—q: Q3 —5.0=+00 ¢ -3.525=+00 < +5.0=+00 |
H04-q: Q4 —5.0=+00 < +45.59%93=+00 < +5.0=+00 | 6}
1] 1 2 3 4 5 5] 7 A
Constraint values: Initial Final Precizion (Init-De=s)-F| Desired Length [m]
#01: F_Dip¥ +4.415=-03 1.0e-02 +4.415=-01 | =10
#02: F_R16 +5.741le-06 1.0e-03 +5.741=-03 | =10
#03: F_R12 +1.084=-05 1.0e-03 +1.084e-02 | =10
#04: F_R26 +8.541=-01 1. 0e+01 +8.541e-02 | =10 a7 T T T T T T e
#05° F_R34 -2.093=-03 1.0e-01 +2.0932-02 | =1 R/A il
16}
(== "F_R34" : last fitting block global optical matriz and signa vector
|
| Format [mm—mrad]
|[s==================== G L OB A L ==== matrim ==s================= | Bean(sigma) |
| +9.696=—01 +1.084=-05 0 0 a +5.741e-06 | 9.70e-01 |
+1.721=e+01 +1.032=+00 ] 1] 0 +8.541=-01 | 1.74e+01 |
1] 0 +1.097=+00 -2.093e-03 0 1} | 1.10e+00 |
0 a +7.140e+00 +85.979=-01 0 i] | 7.36e+00 |
-8.281e-02 -5.705e-07 0 0 1.0 +7.479=+00 | 7.48e+00 |
0 a 0 a +1.000e+00 | 1.00e+00 |

R/A (mm/mrad)

B u t @ more any dispersion in the final focal
plane including charge dispersion L

See right plots for this optics, and compare with the previous page

0 1 2 3 4 5 [ 7 A
Length [m]
OT, 09/14/15, East Lansing 9
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Angular/Acceptance

LIS K

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 FP

~Emittance Initial emittance gated on the
Beam CARD 1D - sh ;
? | (ome semiaie,  Distibuton final focal plane
half-width...] method)
. 1% mm I 0 IGaussian ;I
Beam dlalog 2T mrad | 50 IHectangIe uniform LI
3y 0 |Gaussi - ‘ «
e I — IHaUSS'anl ) j $7Mo : Monte Carlo Transmission Plot
bl (I |Restangle unifom 87Mo (0.4 MeVi/u) + ; Transmitted Fragment 87Mo'8* 18 (beam); Optics Order: 1
EL omm | DO IGaussian | dp/p=14.01% ; Brho(Tm): 0.4495, 0.4485, 0.4495
80 % [ 0 IHectangIe witom v AngAccept: Off, Bounds: ON; "FP slifs" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSESDSDSESE
80
60

Angular Acceptance & Bounds

™ Use fived angular acceptances
Monte Carlo - -
K = |Jze phyzical limits [aperture]_|n_3|de 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]

Monte Carlo Transmission settings

OT, 09/14/15, East Lansing

" Radial TEYT  mm

7 Radial THY%1  mm

Gate 2
|

e

that corresponds to 5.36 msr

0
i What isotope transmission to calculate? =1 — oo
& Oret ¢ of et Ch i After BLOCK After BLOCK Gael -80
+ ne fragment of Interes| 03e manual ere o |
G gr| topes already caloulated - Sl =l ] oo = ¥ “ & " -50 o fit t.]O " XU Th t1a0 ! B "
roup of lsotopes aleady calculates n, m X arter ning : 3 mra
e i [Nealc = 0) ix - [* "AND" [-100.100] 0" X ) {mrad]
~ Listof sctopes fram fle pB o rem = f: Ul miad <% [mml> after CHARGE sits .
e e Angular acceptance is equal
Input ions rays from file B CYIR) = ) el +41 2 +41 4 d
Emitted from target g ~nofie - Codpp % to +41.2 x +41.4 mrad,

10


http://lise.nscl.msu.edu/9_8/SE_blocks.pdf#page=5
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Angular Acceptance : Results

http://lise.nscl.msu.edu/9 10/FMA beam.lpp
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