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KoBRA Stagel Ay

Homogeneous or curved

) ] degrader in/out F 1
F1: Dispersive Focal Plane at F1 chamber L03 Lop DI | FO
F2, F3: Double Achromatic Focal Plane D2 LQs L4 l Q2 w Sl l SW2

H2 o g BARAN o / e I 0T sw

A ! 'L o
Lk it wrf
= 4 Stable beam
from SCL3
B-field of Dipolel, 2 and Swingerl, 2 can be measured
Scattering F3 by NMR probes with ~107 accuracy
Chamber - .
Magnets Type Gap Effective Length B Field Range
Swingerl (SW1) H-type 70 mm 550 mm 0.1-1.2 T (Bipolar)
Swinger2 (SW2) No Bending 60 mm 860 mm 0.125 - 1.5 T (Bipolar)
. H-type, Curved-edge . _
Dipole (D1, D2) Bending (45°) 180 mm 1,571 mm 0.125-15T
/ Magnets Aperture diameter PLheynS|(::I Effective Length B Field Range
For large acceptance and minimization of high order aberrations 9
Small
v" Angular acceptance = 80 mrad (H), 200 mrad (V : . -0.
g p (H) (V) Quadrupole(LO1-8) 210 mm 592 mm 668.5 mm 0.0027-0.8T
v' Momentum acceptance = 8% Large
v' Magnetic rigidity (Bp) =0.25-3.0 Tm Quadrupole(SQ1-7) 410 mm 496 mm 640.5 mm 0.009-0.7T
v High order correction = up to 5" order Sextupole(H1, H2) 410 mm 428 mm 527.5 mm 0.005-0.25T
*Effective length of dipole magnet is considered in optics tuning depending on B-field
I
3
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(First) Alpha Beam Commissioning at 2021.10.
. e —

/)

Q‘*‘Em AM

(a-source)
- 2L position : 12 50 F2 2D position (color) I F2 Backside PPAC Position Distribution {Brho = 0.3374 Tm)
T '"F . " : el . ! = Entries 6422 -
¢ F(PPAC) Measurement es el 7 LISE++ MG Calaulaion (5" order) E «f (PPAC) Measurement - Veanx -3573| E
§ e . Meany  -8.131 ~ K 1 U = 40
% ol : StdDevx 1385 1or g 1 5= e e E
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> 4= — 08} {1 8 30 Py
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£ : 10 E
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= ~40 C
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1050 50 =i 80 0 50 100 150 200 ° %% 50 50 100 " B0 0 - 002030 4o S
X hit position (mm) X position (mm)
F 2 SC PPAG Position Distribution (Brho = 0.3374 Tm)
= Entries 3874 5
F1 E .f (PPAC) Measurement . |Meanx -1sw| T E b
£ Meany  0.8002 = 4Di 3’
c 30 StdDevx 4834 E
o StdDevy 6034 305
E 20 Integral 3874 ;
o 20
Q 10 = 20 E 102
> e 10
0 E
15 o
-10 . E
-20 10 E 10
-30 E
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«f F3 2
—40-
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v The results of the position distributions were
consistent with each other
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KoBRA lon Optics Calculation
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KoBRA lon Optics Calculation (1st order)

KoBRA lon Optics Design Parameters

v B Field Optical Tuning of SQ, LQ, SX for dipole Bp range (0.2 to 3.0 Tm) F1 F2 F3
: : : : X|x 0.96 2.7 3.2
v Optical tuning observes KoBRA optics design parameters E :e; - ; -
X
- F1: Dispersive Focal Plane (Momentum dispersion at F1 = 4.1 cm/%) oly) | 107 3.0 3.9
- F2, F3: Double Achromatic Focal Plane (Angle & momentum dispersion = 0) Ve |0 0 0
x5 |41 0 0
@®[B) |0 0 0
Horizontal Ray Plot Vertical Ray Plot X Degrader not use
Low p F1 Rays were segmented with Ap/p 2% steps from -4% to 4% F1
I | o
A pZ NN = NN 2N A a0 oo 1
A NN ///\ F2 F3
—/ /4{_;\\‘ AN :f// ——_ — : — — : -
h 7NN - i b a
= SR BN i ﬁ 2 : jv% aNS : £ S e || [ O 1 R S
S ~ /¥ Wb el N =1 S I —HE i ————
~ o ANe g - LN By Y T R
Sy S SN I 1 wEwF o I
Q ~ 72 A @ ! aaa aaa ! ) )
A\ _\Q_:;'/'.//_Z:%\\i;_@__ < ~138 > v L dug e by LU ) ~13.8m .
_J/ MQQ - QaMm QQ -om Q MQQ | Qam Q Q
Highp ' Dipole LQ
x,y=0 mm, 6=+40 mrad, ®=0 mrad, D,=4% x,y=0 mm, 6=0 mrad, ®=+100 mrad, D,=4% SQ SX
6
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KoBRA lon Optics Calculation (5t order) pam

v (SQ, LQ, SX) B Field Optical Tuning for dipole Bp range (0.2 to 3.0 Tm)

v Curved boundary bending magnet and sextupole magnets minimize high order aberrations

Horizontal Ray Plot Vertical Ray Plot
Rays were segmented with Ap/p 2% steps from -4% to 4%
Low p |::|_I F1
_ N B _
A @\/ %}4; A |
I
HEH § F3 { | 1] F2 F3
qie - N = - N M T I
£ < e 'E T g
el 4 . === ;S% E|CHHT e e =
o — ] o —— ] T ] L - - e
) ————0 ' |\ N e e
Al X é ATWEWE [ : D I T | Qaa ;
ié a 0@ a !
i ﬁ > [ < >
v v ,\; ~ ~13.8m M N L R ~13.8m
— Sl e = Q MQ Q QaMm QQ
Q MaQ I aawm QQ .
High p ! Dipole
X,y=0 mm, 6=+40 mrad, ®=0 mrad, D,=4% X,y=0 mm, 6=0 mrad, $=+100 mrad, D,=4% E’g
SX
s g
7
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KoBRA lon Optics Calculation — Degrader o
» —— Q‘(‘*@@ﬁg

v' Homogeneous(flat) or curved degrader can be installed in F1 chamber

v" Quadrupole (LQ6-8, SQ2) B Field Optical Tuning for dipole Bp range (0.2 to 3.0 Tm) and d/R range (0.01 to 0.2)

X (Ray plot) Optical component of F1 degrader does not considered

Horizontal Ray Plot — d/R=0.01 Horizontal Ray Plot — d/R=0.2
Optical Tuning for Degrader Optical Tuning for Degrader
B F1
A /ﬁ\\\; .j\.‘\ A
£ £ ?\/ Al @Z SN \N eV
£ El 4 Py )
3 | S o
N N A
I o\ =]
v LN~ 1
] p \JM

Rays were segmented with Ap/p 2% steps from -4% to 4%

X,y=0 mm, 6=+40 mrad, ®=+100 mrad, D,=4%
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KoBRA lon Optics Calculation — Degrader (Cont.) fomp
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- Data Points
. Fit Functi
v LQ6, LQ8, SQ2: surface function om| oo pams W Functer
v LQ7: linear function without Bp dependence 0
w
o
é'
o
—
KoBRA lon Optics Parameters (Degrader Use) 2
F1 F2 F3
(X[X) 0.96 27~36 3.2~43
xle) |o 0 0
vly) 10.7 1.8~3.0 2.3~3.9
® . Qata Poipts . D_ata Poi_nts
(y|®) 0 0 0 a0 [ Fit Function 0169 [ Fit Function
X|d 4.1 0 0
(x|0) o0 0,163
©5 |o 0 0
ot 0164
0! P
3 i 744
8 0
P = 41650
& o %'O
j.ﬂ- _/‘0‘1655
o — 016 S
’0,026§5’ JE 01 :
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KoBRA Magnet BH Curve

v" Fit functions were acquired from BH curve measurement
data and reflected in control software

v’ Fit function: 1(B) =a,B +a;B®+a;B>+a,B" +a,B® +y,
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Remote Magnet Control with CSS

#

Beam Tune | Magnet PS ” Interlock of magnet " NMR Probe|

‘ Magnet Remote/Local All ||| Remote Contrel All I HI Local Contrel All I‘ ‘ Magnet Power On/Off All ||| Magnet Power ON All I HI Magnet Power OFF All I‘

Auto Set B-field I Optics vlaue (Maunal) ‘

CoBRA

Korea Broad acceptance Receil Spectrometer & Apparatus .

Setting values | 000407 000297 -0.00427

| 000497 0.00407 -0.00497

| 000500 -0.00931 00195¢ | os0118] 00100 019755 0.18517

F3 :
""""""""""""
—
Local Local Remote Remote Remote Rermnote Local Local Local Local Local Local Local Local Local emote Local Local Local Local
— o] [ e
Magnetic Rigidity (Tn-.::| i” | Ramping u/D | Magnetic Rigidity [Tm}:l i”" Ramping U/D |‘ Thicnkness/Range (d/R): E ‘ Magnetic Rigidity [Tm}:l i” || Ramping /D |‘ Magnetic Rigidity (Tm): =
Ram.U/Dj
. . . Angle on Target (deg): = Y
ding Magnet G control | | swinger Magnet G Control | Real-time Measurement of B-field with NMR Probe
1 :l: Mode | AutoFlat Mode 1 :l: Mode | AutoFlat Mode \ Swinger NMR probe [UnLock]
o / \ oroesm 1 g
isplay Manual Disp. Display Manual Disp. I}
D2 NMR probe [ Lock | D1 NMR probe |UnLock| Swinger2 NMR probe [UnLock]
Magentic Flux Densities of Magnets (T) Manual | 020703 M D e M 1] In i T 1] In
Qis qQi4 Qi3 WF Qiz Qi Qio Q9 Qs ar D2 H2 Qe Qs Q4 Q3 H1 D1 Q2 Qi Swz SW1

| 01333¢| 010285 003344

[ o03000q | 016710 -0.00497

[ 004563 [ 0.04000)

Optics values:
(Auto/M "

-0.00500  0.00500 -0.00500

-0.00500  0.00500 -0.00500

-0.00500 -0.00923 001891 050116 001000 -0.19581 0.18352

013219 010103 0.03347

0.30000 016710 -0.00500

-0.04563 0.04000

|Ramp u/D| |Ramp /D] |Ramp U/D|

|Ramp U/D| [Ramp U/D| |Ramp u/D|

|Ramp U/D| [Ramp U/D| [Ramp u/D| |Ramp /D |Ramp U/D| [Ramp u/D| |Ramp U/D|

|Ramp U/D| [Ramp U/D| [Ramp u/D|

|Ramp u/D|  [Ramp u/D||Ramp /D)

|rRamp u/D| [Ramp u/D|

B-Field Correction Factors (manually corrected values)

Qis Qi4 Qiz

I Reset Al | | 099435 0.99435][ 0:9943F]

WF Qiz Qn Qio

[0.9942-5[ 0.9943-F[ 0.99402F]

g D2 Qe as

H1

D1 Q

@ s 7 H2
[ HposeH oo H | 1 FH 1 FH][100ee ][ 100sF]

Q4 Q3
[ 10005]| 10165 0seerE]

@ 1
L [ ] esesd]

Electric current of Magnet Power Supply (&) Manual |
Qs Qs Qiz WE Qiz Qi Qo Qo Qs a7 D2 H2 Qs as Qs @3 H1 D1 @ al sw2 SWi1
Presentvalues:  0.0000  0.0000 -0.0400 [ -vosod] -oos00| -0040q | ooood] ooood| ocood| ooood| ooood| ooood[ o.0000 [ ooood ooooo] ocood [ ooted [ ooood| o.000q [ -ootod [ coo0q
Setting values: 31682 30682 31682 31679 31682 3.1679 31874 66882 151445 1730628 63628 161.2310 151.088% 1086264 834044 205941 1032169 1362811 35237 180542 10.203%
Door
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KoBRA LISE++ MC Calculation Nr
Optical matrix(up to 5" order) were reflected

For 241Am alpha beam commissioning / from COSY INFINITY

Projectile ‘He 2* T "
1.37 MeViu 327Be+3pps |WEP PP HTERK BREKWIE BW % 6 Beam En\{eIODQ © O'rder) ‘

|

4 He 2+, 2+

Fragment

~ Emittance [#1]

Beam CARD 1D - shape

PR 2D - shape L
R (sigma, semi-axis, (Distribution mﬁe (Monte Carlo C”::f“‘:‘“ 200

A Element ?
halfwidth...) method) method)
z
C= Eb 7 25 Ellipse uniform (proj.. N v Ellipse uniform «

orint-0.85 am || |'$‘ . 100 Rectangle uniform - ¥/ | Rectangle unifc ~ E 100 |-

ses:3959en | © = P ~ Boam intensity m 25 Ellipse uniform (proi) ~ | [V |Ellipse uniform =

slits = —_— 5
E”“’gy' E3052% MEW“ | 12000 |ena m 200 Rectangle uniform - Rectangle unifc - ’ ol

std:38.24 om

QUAD: 3469840 g Saussian 4T 0| e

Gaussian dP| 0 | cwres

it 3655 cm Camaena | :
e+ — L g
QUAD 29654 T e 2 100
amm3882em [ | 00329 | KW Power Loss in the target box 0 W
e Beam Sigma Vector [#2]
sania0:32.18 om RF frequency used in the "Optics 3
‘Optimization™ L [ - 5
Buneh tengih piimization” procedure 200 -
=
Bp=29668 Tm 7 8 9 < ! s : - - i | | =
i Horizontal Plane
-300 . . " . . H
siits 0 4 8 12 16 20 24 28 32 36
Z-axis [m]

=20 om £ T

—ree g Fi F2 F3

SEXT: 20668 Tm | ° HH

it e | 200

QUAD : 2.9668 Tm

=nied:22.95 om

QUAD : 2.9668 Tm

smed:6197om (= 10 g 2g

mBe il

| ™ U | -
S !
(@} Vertical Plane
NSCL 0 4 8 12 16 24 28 32 36

z.axs o
KoBRA_F3+SNACK_2022_05.Ipp
© T
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(Second) Beam Commissioning at 2022.04
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v' The experimental results were more consistent to MC calculation

with consistent correction of magnet B-field
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B-Field Difference between lon Optics Calculation and Experiment

Dipoles

Large

Quadrupoles

Small
Quadrupoles

Sextupoles

<0.01%
with NMR probe

0.9%

0.57%

0.03%

e F2 Downstream PPAC
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Current Issues for Magnet Control
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Summary & Future Plan

(Summary)

Effective length of the bending magnet is changed as a function of magnetic rigidity (0.2 to 3.0 Tm) of ion beam

The variation of the effective length was reflected in the ion optics calculation

If we use the homogeneous degrader at F1, additional optical tuning is required due to the change of the dispersion at F1
Since the additional optical tuning depends on the d/R, we obtained all of the B-field values in the range of d/R (0.01 to 0.2)
We obtained the B-fields as a function of the current for all magnets, from the measurement of the BH curve

Such effects were reflected in the control software thereby giving an automatic optical tuning

X X X X X X

We improved the optics tuning program by reflecting the above effects, and confirmed that the position distribution of alpha

particle is consistent with that of the Monte Carlo calculation

(Future plan)

v" Several issues such as B-field measurement are still remained, which will be addressed in the near future

v" We have a plan to perform third alpha beam commissioning at Oct. 2022 for debugging all the devices
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