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http://hrs.lbl.gov/design

As input to the first HRS workshop, pre-conceptual, first-order ion-optical design studies
were performed to provide a basis for discussion of the technical needs and boundary

conditions, as well as scientific opportunities. Please refer to this document as a first
guide for the properties of the HRS.

http://lise.nscl.msu.edu/9 10/HRS/HRS v3.lpp

The HRS configuration in the LISE** code has been created based on the “HRS
Preconcept May 2014 #25” TRANSPORT file kindly presented by Th.Baumann.

Discussions with Th.Baumann are very appreciated.
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Blocks with parameters to vary Active Constraint blocks

H01-q Position@011: 204 @7 R12=0 Fock
#02-q Position(@013: 208 @01g R3d=0 Faoc
H#03q PostionE015: 20C @019 sx¢300  F2_sX
#04-q Poszition@023: 304 @020 s <400 FZ_gY
#05-q Position@026: 308 @025 s <280 30BY
HOE-q PositionE023; 30C @027 sxc180 30EX
@030 ax< 200 300k
@032 sx<300 D21

—
@033 01 [%] cvprogram files (xB6)\iseiresults\HRS_v3.fit_init
@03?: F_DzA chiZ: Initial 0.494243 LISE fit reduced values
ggig ';_%g\g chil: Initial 2.95852 LISE fit reduced wvalues
@42 F_D2><2 Paramnsters: Lef tBound Initial RightBound |
X = #01l-q: 204 +0.0=+00 < +1.900=+01 < +3.0=+01 |
@043 F_Dz2v2 #02-q 20B 23008401 < -2 883401 < +0.0e400 |
@051: F_Fock #03-g: 200 +0.0e+00 ¢ +2.427e+01 < +3.0e+01 |
@052 FEE / #04-q. 304 +0.0=+00 < +2.005e+01 ¢ +2.5e+01 |
@053 F_u>< o #05-q: 30B —-3.0e+01 < -=2.905=+01 < +0.0=+00 |
- - #06—g: 30C +0.0e+00 < +1.712e+01 < +3.0e+01 |
Miter= 100 4
R Constraint values: Initial Y—walue Preci=sion | (Init-Des)~F Desired
- Optics Settings {}3} Fit Settings #01: Focll +2.987e-08 +2.987e-08 1 Ne-04 | +2 987=—04 =
. 8 fast editting) #02: Foco¥ +5.885e-06 +5.885e-06 1.0=e-03 +5.885=-03 =10
Presiuos g B #03: F2_=X +3.972e+01 +3.000e+02 1.0e-02 < 300
values é‘ Browse output file #04: F2_s=Y +1.209e+00 +4.000e+02 1.0e-01 0 < 400
#05: 3I0BY +7.932e401 +2.500e+02 1.0e-01 0 < 250
#06: 30BXL +1.226e+02 +1.500e+02 1.0e-02 0 < 150
Show initial conditionsL i Matrix Plot | #07: 3QCK +2.000e+02 +2.000e+02 1.0e-01 | +1.164=-02 < 200
| Lo #08: D2H1 +2. 152402 +3.000e+02 1.0e-01 < ann
Qi D] +6.002=+01 +1.000=+02 1.0e-01 0 < 100
Bearn Sigma Edit [#2] | ﬁ Beam Sama Plot [#2] | #10: F_D2& Tt o +3 170e-01 1.0e+01 | +3.1222-02 =0
#11: F_D2¥Y +4 8eR8e+01 +5.000e+0T Te=iP | +2 . 671=—01 < 50
#12: F_D2B +8.955=-02 +8.958=-02 1.0=-01 +8.9558=-01 =10
HRS wafit #13: F_D2X2 +2.519e+02 +3.000e+02 1.0e+00 0 < 300
I S #14: F_D2Y2 +4.215e+01 +1.000e+02 1.0e-01 0 < 100
#15: F_FocX —2.254e-06 —2.254e-06 1.0=e-03 +2.2542-03 =10
#16: F_EBE +7.649=-02 +7.6492-02 1.0e-01 +7.649=-01 =10
(#17: F_uX +1.097=+00 +1.098=+00 1.0e-01 +9.785e-01 <« 1
:#18: F_dX +1.097=+00 —1.000=+00 1.0=-01 +1.2282-03 » -1
:==> "F_dX" : last fitting block global optical matriz and =sigmna vector
Format [mm—mrad]
GLOBAL ==== | Beamisigma) |
| +1.097e+00 -2.254e-06 0 1) —6.655e+01 | 3.33=+02 |
! +2 . 886e—-01 +9.117=-01 0 a o —6.367e+00 | 4. 84e+01 |
[ 0 1} +5.7282+00 -7 .4%6=-01 O 0 | 3.04e+01 |
1} 1) +7.536e-01 +7 . 649%-02 0 1} | 3.15=+00 |
-1.222e+00 -6.067=+00 0 o 1.0 -2.82%9=+01 | 2.81e+02 |
i] 1} 0 1} 1} +1.000e+00 | 5.00e+00 |
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Beam vector used for Optical Optimization & @Iﬂ Beam vector used for Optical Optimization & @Ig
~"OptBeam"——— —"Opt.Beam"
1% I 1 mm @ mm 1.8 I 1 mm & mm
27 [ 4@ wad  em 27 [ mead  em
&% I 1 mm &% I 1 mm
4. P I 40 mmrad 4 F I 40 mrad
5L 0 mm 5L 0 mm
[ R ] X Cancel | [ 60| 5 % ] X Cancel |

Beam Sigmas [#2]: spatial Beam Sigmas [#2]: spatial
TH (1624.93 MeV/u); Settings on 'H; Config: DSSDSDSSSSSSSSFFFFSSSSFS (1624.93 MeV/u); Settings on 'H; Config: DSSDSDSSSSSSSSFFFFSS
dp/p=100.00% ; Brho(Tm): 7.9989, 7.9989, 7.9989, 7.9989, 7.9989 dp/p=100.00% ; Brho(Tm): 7.9989, 7.9989, 7.9989, 7.9989, 7.998
Optimization Beam Sigmas ase used [#2] without charge sistes Optimization Beam Sigmas ase used [#2]tnout charge state
360 — 700 —
320
500
280
500
T 240 =
£ £
= 200 — 400
> >
o <
= 160 _
8 .8 300
® ®
=3 o
@ 120 7
200
80
100
40
0 0
0 4 B 12 16 20 24 28 0 4 8 12 16 20 24 2t
ength [m] Jength [m]
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1St order: matrices

First order matrix elements

H (1624.93 MeV/u); Settings on H; Config: DSSDSDSSSSSSSSFFFFSSSSFSFS...
dp/p=100.00% ; Brho(Tm): 7.9989, 7.9989, 7.9989, 7.9989, 7.9989

R/R

267
22¢
18}

14}

A/R (mrad/mm)

2.2
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without chamge states

sum of reaction
j XX glob 47 j —XT glob 5 30F XD glob A
RIR va alob g tRIA —Y/P glob RID ;wn glob
focus ol
10k
%‘ —
@ £l
- N 30
E E
“E‘ E
£ a
< 2
--<.. 70}
[
a0
I 10 |
0 12 16 20 o4 78 0 4 8 12 16 20 22 23 0 12 16 20 o4 28
Length [m] Length [m] Length [m]
;T.-X glab [===T/T glob } ;T.-D glab
NR PIY glob NA [=——=P/P glob 18 ‘ND P/D glob
3
9
1 -
T
g
< £
< —
-1 Q
<
-3
0 12 16 20 24 28 0 4 8 12 16 20 24 28 0 12 16 20 24 28
Length [m] Length [m] Length [m]
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Angular Acceptance (1> Orcer) CNIVERS T
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Initial emittance

—Emittance [H#1]

- Beam CARD 10 - shape
5 [zigrma, semi-asis, (Dristribution
half-width...] methiod] 18F

1.5 mm I 1] IGaussian

2T mrad I &0 IFlec:tangle unifarm 147

3% mm I 1] IGaussian

4 P mrad I 40 IHectangIe unifarm 10

5L mm I 0 IGaussian
BED X% I 0 IGaussian

Ll L fLedLefLe] Lo

—Angular Acceptance & Bounds
[T Use fixed angular acceptances

v |lze phygical imitz [aperture] inzide blocks
ko calculate fragment tranzmizzion

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

For block apertures LISE++ uses the glit limitz
acceszible fram the Block Cut & Acceptance

dialog. [Pay attention there for the checkbox 14
— only for the EMVELOPE mode
Show trajectaries of all f includi 18t
r ow trajectonies of all fragments (including -90 .70 -50 -30 -10 10 30 50 70

unzelected by fragment-separator]

\after PStripper”: X'(Theta) [mrad]

f-coordinate
After BLOCK, After BLOCK, - Gate 1

IStripper LI ?(S IStlipper LI ;S I {g} el |

[ VAND™  [-100, 100]

#-coordinate

R mm CE m
o % [T mrad IR mrad ‘ <% [mm] > after F5
Oy mm ooy m
NP rirad YR rirad
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AngularrAcceptancey(d> oreery) ek

= 18

14
—
£

—
o

10
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Optice Order. 1

[=2]

19.04 mrad

Treseaitted Frasment 10 (besn)

el +
2
'
(38

]
[s}]

: Monte Carlo Transmission Plot

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

FWHM

1H
after "Stripper': Y'(Phi) [mrad]
(3]

18

'
e
[e5]

g - -90 70 50 30 10 10 30 50 70
\after "Stripper”: X'(Theta) [mrad]

500

00
300
200

1H : Monte Carlo Transmission Plot
after "Stripper": X'(Theta) [mrad]: window projection --- 1H (1624.93 MeV/u) + ; Transmitted Fragment H (beam); Optics Order:

=
[ statistics (=[] = J
ANGACCEP| [ 1  Yonte Carlo Transnission Flot - ~[SDS!
after "Stripper": ¥'{Theta) [nrad]: window projection ——— 1H (1624.93 MeV/a) + : Transmitted Fragment 1H (bean); Opf it Ml
dp/p=100.00% ; Brho(Tn): 7.9989, 7.9983, 7.9383, 7.9983, 7.9989 | FileSave |
nghocept: Off . Bounds: ON.  "F5" - last block for HC calc: Gate 1: "AND (X [am]). Config: DSSI File Save |2
t 1
600 W | distribution | =-nean | Hmax | y-max | devistion | FWHM | area  |SunOfCounts| LeftPsigma|RightPsigma|
o1 | +1.66392-01 | —4.111Ge401 | 4.870e402 | 2.782e+01 | 9.633e+01 | 4.0924e+04 | 9.626e+04 | 5.812e400 | 7.601e+01 |
a i ] v

500

400

Angular acceptance:

300
Horizontal = + 48.2 mrad (rectangle)
Vertical = + 9.5 mrad (rectangle) 0 FWHM=96.33 mrad

100

-90 -70 -50 -30 -10 10 30 50 70
after "Stripper": X'(Theta) [mrad]: window projection

OT, 24-May-2016, East Lansing 7
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Momentum Acceptance (1>t order) UNTVERSITY

1y 1 o I

Initial emittance

— Emittance [#1]
» Beam CARD 1D - shape a0 12
H [zigrma, semi-axis, [Distribution pover
half-width...] method)
8
1% mm I ] IGaussian ;I r N
2. T rrad I 0 IHectangIe uniform ;I r g . .
3% mm I a IGausxian LI r o -
4. P mrad I a IHectangIe unifarm LI r % 0 T
5L mm I 0 IGaussian ;I r i ~
BED % I 1na IHectangIe uniform ;I r _§ 4 -~
%
8
-12
—Angular Acceptance & Bounds
. -80 60 -40 -20 0 20 40 60 an
[T Use fixed angular acceptances after "F6": X'(Theta) [mrad]
[ Use physical limits [aperture] inside blocks In the current concept it is limited by apertures of the last quadrupoles
ko calculate fragment tranzmizzion
For block apertures LISE++ uses the glit limitz
acceszible fram the Block Cut & Acceptance
dialog. [Pay attention there far the checkbox 1H : Monte Carlo Transmission Plot
. . wi jecti 624.93 MeV/u) +
B I:lnl-lrl I:I:lr the ENIII‘IIIELI:I PE deE i = 1H (1624 93 HaV/u) + T itted F x—IH (be J: Opt Order: 1 |:
r Shaow trajectanies of all fragments [including FT T . .7 - Tm . Mk..:j p:H. .Em:.:, nsg:sm;gmstjim‘ (P e—" L
unzelected by fragment-zeparator] B I T e e o e i R TR ot sy
120
»-coordingl “f-coordinal
After BLOCK, After BLOCK, 80
Ire =l | e -] 2 Momentum acceptance:
L] mm IR mm
&M mrad TR miad 40
iy mm iy rm
TR mrad TP miad i 7.4 %
PP % ~ PP %
0

-12 -8 -4 0 4 8 12
after "F6": dP/P [%]: window projection

OT, 24-May-2016, East Lansing 8
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15 orcer-envelopes, dR/P==7:40%4 ey

b IS E

Initial emittance

— Emittance [#1]

2 Beam CARD 1D - shape
H [sigma, semi-axis, [Distribution

Limitation of vertical
acceptance

OT, 24-May-2016, East Lansing

half-width...] method]
1.5 mm I 1 Iﬁaussian LI
2T mrad I 432 IHectangIe unifarm LI
37 mm I 1 IGaussian LI
4F mad| 95 IHectangIe uniform |
5L mm | il IGaussian ﬂ
50 % | 74 [Rectangleunfom |

— -— ot
900 : Optics Order: 1
AngAccept: Off, Bounds: ON; p :
700
500
300
'E' 100 i
£ —
> -100
-300
-500
-700
—900_ H - - =
—#
12 16 20

Length [m]



MICHIGAN STATE

1°t oraerrenvelope; s aR/RP=0 IR

Initial emittance

—Emittance [H#1]
” Beam CARD 1D - shape
4 | [sigrna, semi-axis. [Distribution
half-width...] method)
1.5 mm I 1 IGaussian LI
2T mrau:ll 432 IHectangIe uriform ;I
A mm I 1 IGaussian ;I
4. P mrad I 35 IHectangIe unifarm ;I
5 L rmm I 0 IGaussian ;I
BED % I I IHectangIe unifarrm LI
400 § AngAccept: Off; Bounds: ON,; Optics Order: 1
300
200
100
£
E o0
<
-100
-200
-300
-400
0 4 8 12 16 20

Length [m]
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MICHIGAN STATE

1°t oraerrenvelope; s aR/RP=0 IR

Initial emittance

—Emittance [H#1]
” Beam CARD 1D - shape
4 | [sigrna, semi-axis. [Distribution
half-width...] method)
1.5 mm I 1 IGaussian LI
2T mrau:ll 432 IHectangIe uriform ;I
A mm I 1 IGaussian ;I
4. P mrad I 35 IHectangIe unifarm ;I
5 L rmm I 0 IGaussian ;I
BED % I I IHectangIe unifarrm LI
400 § AngAccept: Off; Bounds: ON,; Optics Order: 1
300
200
100
£
E o0
<
-100
-200
-300
-400
0 4 8 12 16 20

Length [m]
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24 order: effects

FdX - i e
p— -

[ This constiaint s ACTIVE | r Select EIemer\IJFtt 1 ng_cons.t[alm_@_EG—

(will be used in the minimization process)
- Global Block matiz : Tst order - "OptBeam’” at this point

1% o[Tose [z o 0 o o o[ o cfese ||,
1 cfame cfusnw o o o[ 0 o[ 0 c[emes ||,
vy o[ 0 o[ 0 o5 cfoms o0 o 0 ||,
P[0 [ o cfosw cfows o ¢ o 0 ||,
L 5
o 3

7

~Disited parameters of element ta fit

Constraint: | Lavwer limit is <
Desired Yalue = i

Desired Acouracy = ]
Constraint name = F_d¥

TRANSPORT notation

01 4. 1. 4 01 "Fde Det = 1.00005 By ]! Inital Beam (*Opt Beam’| - - - -om! R——— =
| for Optical Dptimization @ Block: "F_ dX" Aberraticns (Elements n ized on Phase Space)
; . ~Gilabal Black maliix © 2nd order D
Typical TRANSPORT constrsints Moz Element Value  PAberation  ond order maps

cr ==~ 8113605 +BT1e05
v oK | XK Cancel b I I

% [327AT [mm]
T ¢ [8A08 [mad)
v [3037 [mm]
PO [ 315 mad)

c[qzz c[emwn o[ 0 o[ o o 1 c[z5zm% L

T el o oo oo oo e 7 ||eo

R

Amm] Jmiad] #[mm] Amrad] Amm] %)

| 280916 [mm]

s} 5 &

 [33473 [mm]

oo oe oW

T © @ & Block: "F_dX* Aberrations (Elements normalized on Phase Space)
1st order : {a-b)*bean(b). 2nd order: {(a-bsci*bean{b)*bsam{c)

7 b |

transport format [mm-mrad]

* TRANSFORM 1 =

o1 o[El: +1.09682+00 -9.0000e-08 @ ] ] —3.32752+02
2 [T]: +2.8860e-01 +3.6468=+01 0 ] ] —3.1835=+01
3 [¥]: i i +5.7283e+00 -2 9874e+01 0 i
4 [F]: i i +7.5360e-01 +3.0600=+00 0 i
& [L]: —1.2221e+00 -2 .4269e+02 0 ] ] —1.41472+07
& [D]: i o i i i +5.0000e+00
* TRANSFORM 2 =
A
11 +8.1128=-05 x/02
1z +6.76622-03
1 3 i 0 —2 . 46872-04
14 0 0 -3.54192-02 X182
i 5 i ] i 0 ]
1 & +3.3002e-02 +1.2150e+00 0 ] ] | +1.6?D?e+ﬂl|
2 1: +3.5658e-06
2 2 +9.1623e-03 +8.9118e—-01
2 3 0 i —4.77982-05
2 4 i ] —3.0191e-03 +3.8031e-01
2 & i ] i i ]
. . 2 6 -1.8941e-03 -9 8444e-01 0 ] ] +1.60782+00
Beam sigma vector used for aberrations — -
- 32 i i
Beam wecter used for Optical Optimization &u ] kR —0 (944=—04 -2 0 =—[] u]
3 4 —2.3619e-02 ] ]
T 3 &: i g i i i
- 3 6 i ] y/9(p —4.0531e-02 -7.3020e+00 0 0
1.4 I 1 mrm & mm 4 1 0
21 [ 40 mad  om 4 2 0 a
1 4 3 —1.4465=-04 -3.21992-02 0
v [ i 4 4 +8.48745-04 -5.2316e-01 0 ]
4 5 i ] i i ]
4P [0 mad 1 & 0 0 _7.8027e-03 -6.19842-01 D 0
5L I i} ]
) 5 1: +4 . 8844206
8D [ 5 % g 2 —2.52692-02 +1.0208=+00
g 3 i ] +1.0680=-04
g 4 i a +9.6359=-04 +2.1641e+00
5 &: i i i i i
5 6 +3.80432-02 +5.6963=+00 0 ] ] +6. 64272400
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29" order effects & X Vs dP

X /52

MICHIGAN STATE

UNIYERSITY

1 14
Optics Order. 2
Optics Order. 1
10 10
E ", E
X ™ o
L ™, g
2t g X 0k
T N S
2 |:-|- Tx’-a. Y, :L
- \\ 0
0 oy, £
& b [
5" RN :
S
A0 -0
14 4
Q0 700 500 30 100 100 300 500 700 ann 900 700 500 -300 -100 100 300 500 700 ann

OT, 24-May-2016, East Lansing

after "F6"; X [mm]

after "F6"; X [mm]
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MICHIGAN STATE

209" order: effects & X Vs BifordBP=0 UNIVERSITY
27 mad| 40 2
3 mm I 1 X/G
4 P mrad IT
5L mm I a
6D % I a
O O l O 70 = * i ' = i =
Opts Orger. Opties Order.2

N 50
1} § 0 |

3 :

T ~
0} % 0} &

= z

R F

X X
A0p & Ap

0 0

; ;
- £ -0 %
) A0
-10 -10

9 -4 ) 0 2 4 6 § n 4 4 ) 0 2 4 6 8 0

after "F6" X [mm] after "F6"; X [mm]
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214 order: effects s YAVs 0 IRALT IR

0 ———
Optcs Orcer 1 0 Opfics Order. 2
50
4
il g g
i o
) T
i £
- 0 us
s .
; LI
4} ;
b b
® 1]
40
30
80
10 .
40 )] 20 10 0 10 2 L) i -3 -2 -15 5 5 15 25 g

after "F6" Y [mm] after "F6". Y [mm]



