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Part 1.

RAON Overview
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> Rare isotope RAO N L t
RAON s dyou

@ Accelerator System
@ RI producing System

@ Conventional Utilities

@ Experimental System
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€ Campus Area : 952,066’ (including the reservation area of 144,640m’)

€ Building Area : 76,259m’(11 bldgs) with total bldgs. Area of 116,252m°



"RAON 5t Science Goal of RAON

Orlgm of Matter

= Nuclear Astrophysics
= Nuclear Matter
= Super Heavy Element Search

= High-precision Mass Measurement |[°

Properties of Exotic Nuclei

= Nuclear Structure

= Electric Dipole Moment and Symmetry

= Nuclear Theory
= Hyperfine Structure Study

Applled Science

= Bio-Medical Science
= Material Science
= Neutron Science
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“RAON HEame Expected RIs from RAON
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@ RAON will provide access to unexplored regions of the nuclear chart
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.‘ Rare isotope
Accelerator complex for
ON-line experiments

ISOL system

Target ion
Source

Pre-Separator
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- ISOL beam lines including sub-systems are machine commissioned in 2021
. - Rl beam commissioning using SiC target (Dec 2022)
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> ?Ao Rare isotope
ON-line experiments

Accelerator complex for

Target ion
Source
(20 keV, 1¥25ntY)

ISOL system

Pre-Separator
{m/&m = 400) -

RFO Cooler
(3mmm mrad, < Sev)

EBIS
(10 keV/u, ¥*25n73)

Post linac
(Charge state n+)

=l
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RFQ-C/B
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—4 E _____Beamline-2 _
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i Test fi
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e Driver beam : proton 35<K<70 MeV, up to 70 kW
e Target : UCx, MgO, BN, CaO, BeO, SiC, etc

¢ lon Source : Surface, RILIS, Plasma
* RIB : 6< A < 250, 10<K< 80 keV, 1078 pps(Sn), >90% purity @Exp.
e incident to RFQ of Post accelerator 10 keV/u
e full remote maintenance system with TIS modularization

Tis=2 Pre-mass

L Separator-| 5

Electron Beam Ion Source

- ISOL beam lines including sub-systems are machine commissioned in 2021
- Rl beam commissioning using SiC target (Dec 2022)
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~AONE

tope
tor complex for
ON-line experiments

Rare iso
Accel

Target IS
(20 keV, 133Cs1*)

Pre-Separator
(m/ém
~ 300)

RFQ Cooler
(> 1x108
ions/bunch)

EBIS
(>15% Cs?™*
A/q<6)

A/q Separator
(m/ém
~ 250)

Post linac
(10 keV/u,

133 C52?+]

Beam emittance of TIS extracted Cs beam

X(20) : 15 pi mm mrad
Y(20) : 17 pi mm mrad
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beam current (nA)

-

20 im

40 mm

F1 beam viewer

2.9 f_ . T R, N R I
Lsb | 95 % transmission
L.8F |II |
1-4 = : e = .
12 68 % transmission
- I |
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0.85/| Horizontal beam size : 2mm (20)

4 e o | RN | R | |
{}0 2 4 1] 8 10
slit width {(mm)

Beam size measurement by using F2 slit
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.‘ Rare isotope
Accelerator complex for
-li i

ON-line experiments

ISOL SIB commissioning

Tarzet IS Pre-Separator RFQ Cooler EBIS A/q Separator Post linac
. oy 1530s1") B (m/5m (> 1x108 (>15% Cs?'* (m/6m (10 keV/u,
! ~ 300) ions/bunch) A/q<6) ~ 250) 133Cg27+)
L
9.20 1 A/a Spectrum - Charge State Distibution j"&
0.18 - Residual Gas -
0.16- [ I Cywor
. ] Electron beam 1A g
2 " o Breeding Time : 40 ms g g
8 012 SC magnet : 6T £ =
& 0.10- 3
- E 10,00 <
B o0e ; :
5 n_m_- é 500 4
0.04
0.02 1 oo ap 24 %
U.W- Charge State
e 2 p: s 8w Cs Total Number | Cs?™ Number (A/q=4.92)
q

A/q spectrum and the present resolving power(preliminary)

=
23
LERLY LR

a
[
|

Beam current (A)
2 = = = =
ka el . i [-]
III|IIII|III |IIII|IIII!II |IIII|IIII

=]

=

" . = (e ] ol

g
Iﬂt\;n'

:'"\;.‘s*' i

A
L
v

i

i g EFILTT ET

Institute for Basic Science

Ll

1 il AL L
23 & E 20

Magnetic current (A)

Momentum dispersion of the A/q magnet: 1.244 m

1.50E+8

3.41E+7 (22.67%)

Beam size in 20 ~ =5 mm (from the slit width dependence of heam current)

- Resolving power ~

250 (20)

Our tuning is not finalized.
We may be able to obtain much higher resolving power (~¥400 in (20))

with careful tuning.
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“RAON %=

Beam current (Arb. unit)

mpr l

Cyclotron
(35~70MeV,

proton)

=

ISOL Rl Beam

Target IS

(20 keV, 133Cs'+) [ M

Efficiency~30%

Pre-Separator RFQ Cooler EBIS A/q Separator Post linac
(m/&m (> 1x108 ’ (>15% Cs27+ » (m/&m I* (10 keV/u,
~ 1,000) ions/bunch) A/q<6) ~ 250) 133Cg27+)

Target lon Source(22.4)

- Sn beam extraction using RILIS

and transports to A/q separator
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- SiC for Al isotopes on 2023 :
transports to MMS and CLS(e.g. 2%-24Na, 22-23Mg, 24-26Al and 8-2Li)
- UCx begin to employ on 2025

7|Z=BerAL 2l

Institute for Basic Science

a1
Current of magnet (A)

52 53 54 55

Cyclotron ready (22.8) then
- needs to finalized interface between Cyclotron and ISOL

- SiC to be used for Na isotopes(e.g. 2*Na~10%8pps/1kW@70MeV)
on Dec 2022

GWINSTEK cos-z15a Connection to ISOL target

TIS Module

ISOL target

Beam bunch
after RFQCB

| B
el

- 12087 with 10 pA injection | |
i i
~107 p'irtlcle/buneh

Proton beam module
- FC, WG, BPM, Collimator |~
/1 / {’, i

24-26mA| beam extraction using RILIS and

ISOL tunnel

Quadrupole doublet
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Preparation for user facility by 2024
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Exp. Systems

ISOL system installed in 2021 and RI beam test on 2022 & All Exp.
«i 7|x=nrereiiel | Systems are to be installed by 2022 and machine commissioned

Institute for Basic Science




Part 2.

Accelerator Systems
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Simple Diagram of RAON SRF Accelerator

"RAON L
Injector
0.5 MeV/u -
-
ECRIS o
@ | SCLINAC 1 (in future)
MEBT ~ 18 MeV/u
Cyclotron N
@)
\—Y—) Very low-energy & 2nd Phase
lon sources experiments
\
( \

.
SC LINAC 3 ra"l;rt SC LINAG 2
18 MeV/u 200 MeV/u

SCL21 | SCL22 | HEBT

SSR1 SSR2
B=0.3  B=0.51

QWR HWR
B=0.047  B=0.12

Low-energy High-energy
experiments experiments
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*** Phase 1(~2022)

> Injector, SCL3, ISOL beam

3 nlliblllllN”ﬂ““fﬂ!!l!!!"““w COmmiSSiOning

' » All experimental systems
including IF separator system
to be installed and machine
commissioned

Low energy Very Low energy
Experiment Hall Experiment Hall

i | High energy
¥ 177 Experiment Hall

I
= | lelloh

<i 7|=npereiel | SCL3 - installation done on 2021 & commissioning on Oct 2022 ISP oeiaaanee

Institute for Basic Science . Rare Isotope Science Project




*AAON 5

i

Rare isof
Accel

ON-line

Two ECR-IS on high voltage platforms

° 14.5 GHz ECR ion source
B 28 GHz superconducting ECR ion source

LEBT (E = 10 keV/u)

*  10keV/u, Dual bending magnet
*  Chopper & Electrostatic quads, Instrumentation
RFQ (E = 500 keV/u)

e 81.25 MHz, Transmission Eff. ~98%

*  CW RF Power 94 kW (SSPA: 150 kW) MEBT
MEBT (E = 500 keV/u) ‘

*  Four RF bunchers (SSPA: 20, 15, 4x2 kW)

*  Simple quadrupole magnets, Instrumentation

7|xBpereiel

Institute for Basic Science
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1456 E4R -
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i |
Fing I

Installation completed and beam commissioning from October, 2020
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BDCT(WS/BV) M-BOC3

= LEBT

= MEBT (Installed)

Rare isotope
Accelerator complex for
ON-line experiments

Beam Diagnostic System

ECR3I2+LEBT+MEBT
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Wire scanner - 5 sets (4 installed)
Beam Viewer — 3 sets (2 installed)
Bergoz ACCT — 1 set

Faraday Cup — 5 sets (4 installed)
beam Attenuator — 2 sets

2-D Allison Scanner — 2sets (1 installed)

E2=5HV1

E2-ES0T1 (o)

E2-BDCT (WE/FC/BY)
E2-ELT

E2-GV1

E2-DM

Wire scanner - 4 sets
Beam Viewer — 1 set
Bergoz ACCT — 2 sets
Faraday Cup — 2 sets
Stripline FFC—1 set
BPM —6 sets
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Rare Isotope Science Project

Ar8* 10uA @ Beam Viewer(21) 8% '



Rare isotope

“RAON

Accelerator complex for
ON-line experiments

RFQ and MEBT

PARAMETER

VALUE

LLRF OPI for RFQ

23/DEC/2021 14:25:53

Beam Properties:
Frequency
Particle

Input Energy
Input Current
Input Emittance
Output Energy
Output Emittance

Transmission
Duty Factor

81.250 MHz

H* to U, 43

10 keV/u

0.4 mA

0.012 .cm. mrad
0.507 MeV/u
0.0125 .cm. mrad
~26 keV/u-Degree
~98 %
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"RAON & SRF Cavity Development

* 1 onsite - 3 VT pits and 3 cavities per pit, 3 HT bunkers
« 1 offsite (15 Km from site) - 2 VT pits and 2 cavities per pit
« Cover all RAON cavities - QWR (82.125 MHz), HWR (162.5 MHz) and SSR1 & 2 (325 MHz)

[ ]
1 7| X Dpereiel 33,; e
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“RAON & SRF Cavity Development-QWR

Frequency Optimum Eacc # of
(MHz) - (MVIm) LA CU L) module

81.25 0.047 2.4 e+8

1.E+10

1.E+09

e
o
[=3
c °
. .t % @ .
A RS
Target: ° o.
1.E+08 2.4e8 @6.1MV/m '. ° °
1.E+07
0 2 4 6 8 10 12

Eacc (MV/m)

MOPOPA20 by Yoochul Jung
MOPOGE24 by Heetae Kim
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[ Rare isotope
Accelerator complex for
ON-line experiments

Frequency : Eacc
(MHz2) Optimum £ 1 \1vim)
0.12 6.6

162.5
1.0E+11

1.0E+10

o
e

1.0E+09
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1.0E+07

TS Zznsary

Institute for Basic Science

1.46 2.3e+9

SRF Cavity Development-HWR

Vacc # of # of
106 35 2

L ]
Target i L]

o

Eacc (MV/m)

MOPOPA20 by Yoochul Jung
MOPOGE24 by Heetae Kim
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R1

X-ray (uSv/h)
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Particle count
inside cavity “0”

Top loading to cryostat HWR B type

L]
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Rare iso
Accel

ON-line experiments

SRF Cavity Development

Thermal load of the HWR Cryo-module

B Dynamic thermal load

W Static thermal load

CMA#H2
CMAH

HWE CMA Requirement: 14

o W~ 00

s

CMAH
CMAH
ChAH
CMAH
CMAH

=

HWR CMB Requirement: 26 W

1
(1]
=
[
of

M~ 03 On

Cryomodule

3
CMB#4
CMB#5
CMB#6
CMB#

—
3t
o
=
@]

CMB#H2

CMB#

CMB#
CMB#H10

TUPOGEQ6 by Youngkwon Kim

THPOPA18 by Hyunik Kim

24

ChVB#H12 I
ot |

CMB#11

THPOPA17 by H. Jang
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Yo E=rrd SRF Linac Assembled and Installed

ON-line experiments

SCL3 and Cryo-plant Installation completed 2021 & Beam commissioning starts from Oct, 2022

-Cryomodule(CM) & Warm section is clean
assembled in the clean booth@tunnel

-Total Particle counts(size=0.5um above/10 mins)
were less than 30 counts

[/ 28
LA

SCLILINAC installed on 2021

7| ADSHATY
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SElL3 1 EA 19 EA 13 EA 11 EA 1EA |
CBx
TBx VBx VBx VBx VBx EBx
SCL2 I - :
CBx i
Q Q
Cryo Plant (CP) p2DT | |HWRB| [HWRA | |[w || w
R R
' - “Cryo Module (CM)
\ J
|
SCL3 Cryogenic system
«i 7| X peteip el . IDP FlaaeE
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Y g Simple Diagram of the SCL3 Cryo-system

SCL3 structure

Cool-down return

b
2l
’Ii

=

Gho ST
Y S——
ommmmmmommmommeooeo e q
Warm supply
Normal state

TS return e 35K, 14.5 bar(1450 kPa)

TS supply —amp-22.K.15.0bar (1500 kPPa)

SHe —emp 2.5 K, 3 bar (300 kPa)

VLP —¢= SR

Warm supply — e 300 K, 3 bar (300 kPa)

IS 21z any

Institute for Basic Science

Fully ON
Regulate

OFF

Heater ON
OFF
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7o) == Cryo-system controls are ready

s

CMs and Valve boxes @ tunnel CMs and Valve boxes Control GUI

g

1' 7|xjerein el 5 5027147 1A ASMRIE
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a7 Yo =2 Cryo-plants are ready

o Plant configuration
SCL3 cryoplant (4.2 kW @4.5K) for SCL3
SCL2 cryoplant (13.5 kW @ 4.5 K) for SCL2

Two plants connected to the same distribution box. If one plant down, the other can
maintain cold condition for SCL 2&3 together or only one.

Cold box Warm compressors LHe distribution box

0 Plant status
Mechanical installation and commissioning was done in July, 2022
Cold box was connected to the Main distribution box
First cool down begins shortly

®
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Part 3.

Beam Commissioning Status

JbS Zzysany

=
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Injector Beam Commissioning

 Measurements for commissioning
- MEBT Bunchers RF set-point (phase scan, BPM)
- Beam energy (phase scan, TOF with BPMs)
- Beam current, transmission (ACCT, FC)
- Orbit correction (BPM / Wirescanner & dipole steerer)
- Beam transverse profile (wirescanner)
- Transverse matching (wirescanner)

- Beam emittance (X and Y) : Allison scanners, Beam size fitting, quad scan
methods

* Physics applications for commissioning
- BIPAM (Beam Input Parameters And Matching)
- CAPS (Cavity Amplitude and Phase Scan)
- Orbit correction application
- Emittance data analysis & wirescanner data analysis

@ -
7|Z=0porH 1A 31 j FolR7147 g IBARIE
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* Beam parameter measurements (Allison scanners, wirescanners)

- measuring initial beam parameters (fitting beam sizes of wirescanners)

- controlling optics when needed
- do matching to RFQ

* Emittance measurement (Allison scanner, quad scan

* Beams: Ar9+ (~30uA), Ar8+ (~47uA)

LEBT beam parameters

Select the Section LEBT (14.5 GHz) v

A wWs01x FAWS02x  [AWS03x [ WS04x [4 EmSx
ms size
[mm] 319 449 226 35 527 15|

mssEE Ewsotly WSy [WS0y WS04y HEmSy
03 399 253

o an 522 X beam size

ize [mm]
N
)
-r

ENC it
AN s
Energy Atomic Beam Current  Massiu 8 sl A -~ NP AV
[MeViu] number Charge [mA] MeViu] » e ~ )
0.01 40 0.032 931.494 E 0k Y beam size i
Fasnrnnes  coon | [ LEBT 1R,
20 L L L | L L
/ms emitance beta o5 0 2000 4000 sonoz . 8000 10000 12000 14000
X plane 0.034592 14713 041093
Y plane 0.033409 36 =
£,=0.035
Matching Quads Quad 1 Quad 2 Quad 3 Quad 4
Before Matching 0
After Matching 0 0 0 0

1'

Beam emittance
(Allison scanner)

0.01

0.038 mm-mrad

00 WO00 40000 G000 BOOKO

. Beam emittance
£
S (quad scan)
E-;'ao
%20

0-45 —4.0 -3.5 -3.0 -2.5 -2.0

Effective Quadrupole Strength [1/m]
emittance comparison
X Y
Allison 0.048 0.067

Quad Scan

0.041

MPHAE
0'038 Eﬂ\,l‘. Pr U‘T;




“RAO

Rare isotope

ON-line experiments

Accelerator complex for

- orbit correction
- beam tracking (TRACK, DYNAC codes)

LEBT orbit correction

LEBT Orbit Correction

LEBT orbit correction
sM1 ws2 | vorress 1 [ 2 [ s 4 0834828
00566696 1 41203001 2183863 1103821 93391 6.259%
2 o 237aTs2 137244 1443054
sm2 Ws3 e 3 [ 2216103 -46.1480 2451425
0.0213042 4 [} 0 26.3802 2165023 9.82303
SM3 WS4
0.0266917
131472
- -
Steerng | 0.01
py— 2 T T T T T
Orbit read — g W |
15 v
T )
05 T
Orbit correction
0.0038952 of =
Tolerance | 0.001 o5k S ;. 4
0.00172192
ElS B
Reset SH
15[ 4
2t . -
25 " " s L "
1 15 2 25 3 35 4
- E|
bl e o = oo T Frea= 40525 MHz
oo We 10003 keViu
om0 om0 oo o- 9 .
A= a0 auu
Noart= 10001
omm Curent= 0010 ma
New32 Ny=32 New6d
2w 20 ams
ISC= 10000 ZRSC= 10000
< hiire 90 hyioy= 491 haiz= NeN
a0 ) 0 WARNING
P oo eom ome emo w0 w0 oow  ow s

b°
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2= 122805 em
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enter
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TRACK (beam dynamics code)
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=T = RFQ Beam Transmission

ON-line experiments

* RFQ RF set-point (Ar9+, Ar8+):

- beam transmission measured using MEBT ACCT2

- Fitting against model

* Measured transmission = 94 % (simulation = 98%)
 Cavity RF power: 51.5 kW (Design ~39.1 kW (20% margin))

RFQ RF set-point
(error bar: 30)

—— ACCT2
measurement T/m_m—_-
model j
| Lol
I | |1
0.2 0.4 0.6 0.8 1.0 1.2

Relative Amplitude
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Rare isotope
Accelerator complex for
ON-line experiments

“RAON

Select the Section MEBT

2 WS01x

FWS02x  FAWS03x  [JWS04x  [JEmSx

xrms size
[mm] 17 359 169 [} 8- b
6F 4
WS01: W
e MWS0ly  [AWS02y AWSD3y [Jws0dy [JEmSy T
[mm] 11 11 216 [) E 4 X beam size B
g ?M\/\/\M
N
>
E——— E O - ~ .
[ e . N TN o~
Energy Atomic Beam Current  Mass/u o 2+ ~— / e
MeVis]  number  Charge A [MeViu] - . ~ \/ ‘\\\/f \ /
05 40 9 0.032 931.494 E Y beam size
sk
e N — —
0 , \ . | | ,
rms emittance beta apha L] 2000 4000 SDMZ lmml 8000 10000 12000 14000
X plane 0.052 0.875 2616
¥ plane 0.059 0606 1.037
e €,=0.052
Matching Quads ~ Quad 1 Quad 2 Quad 3 Quad 4
R £,=0.059
After Matching 0 0 0
meo
Press Start button to initialize
150 Ve
_ Scaler Des_A0_9p. dat " . .
m- BPM1 phase
.
Cavity to scan MEBT-RF ‘Buncher1 v st .
.
— .
min stey max o .
: 2 Feiaant
RF phase [deg] 350 ‘ 0 10 350 =
=
a -50F .
| S i
<& .
IS e R wo0r - BPM2 phase
RF amplitude 2190 0 01 50 .
! 1501
T —— Rt JPUI
s . L . L L L |
BPMs to use for scan 50 100 150 200 250 300 350
BPM1 BPM2 RF phase [deg]
MEST-DIAG:BPMO02(BC1) v |MEBT-DIAG BPMO03(BC1)  ~
E At o E i w2 T T T ' .
nergy in Llglley ass/u nergy o
Mevi] number  CME® peviy  [MeVa) a0k . ]
’ N
0514802 40 9 93149 | | 0515902 - N |
' e
= anf 4
=
43% 20 4
Analysis mode BPM2 - BPM1 | [CJwo Energy Fit g
' 130 4
B ¢ ¢
= —
RF amplitude RF phase [deg] £ ot BPM2 BPM1 4
160 | . . .

0 50

" n
100 150 200 250 300
RF phase [deg]

350

MEBT beam parameter measurements

- using beam sizes from wirescanners

- measure initial beam emittances &
parameters

- can do matching to SCL3

MEBT buncher RF set-point

- using phase scan technique

- determines RF amplitude & phase

- RF set-points of 4 bunchers obtained

- Beam energy is 514 keV/u (design 507 keV/u)

Bol27147 | H S
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> ?AON Rare isotope
Accel

celerator co
ON-line experiments

mpl

™ Injector Transmission

- 10% beam duty operation: 96 minutes, 10Hz, 10msec
* Injector transmission > 94%
- MEBT beam emittance measurement based on quad scan

8 0. nms

Forward ———
Pickup —

Reflected —

100

(= LT =]
= =]

s
[=J

20

Beam Transmission [RFQ and MEBT, %]

=

1 | |

oG FRADT T

Zaom FoEHon: 10 2

10msec E

@
=

0

25

50 75 100 125 150 175
Time [Minute]

Injector beam transmission
i ES LR

Institute for Basic Science

36

MEBT quad scan

emittance measurement
0.059 mm-mrad

g, = 0.059 mm-mrad
g, = 0.081 mm-mrad

(=2} ~

w

w

N

Beam Size Squared [mm?]
S

=

(=3

1.6 1.8 2.0 2.2 24 2.6 2.8
Effective Quadrupole Strength [1/m]

=
'S

0.081 mm-mrad

w [=)]

FS

N

Beam Size Squared [mm?]
w

-
[

o

2 3 4 5 6 7

Magnitude of Effective Quadrupole Strength [1/m] 50| 7147 |HM IS
(8 =i
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Ta plate

Oscilloscope (4 GHz, 25 GSPS)

Frequency component < 3 GHz

. g;rgkr!gid IS|:/|A cable in vacuum With 0.13 ns bunch length « Ar8+, 50 UA, at the end of MEBT (4
° Insulator

_ bunchers)
+ Taplate in front of FFC 100 us macro pulse commissioning
« Bolting at irregular position beam

» Expected peak amplitude was ~ 4 mV
» RF amplifier and oscilloscope prepared,
considering frequency component

Amplifier (43 dB Gain)
Bandwidth 300 kHz ~ 14 GHz

. -
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sotope
ﬂc I \ J:urrlpl for
ON-lin eriments

Amplitude [V]

Bunch Length Measurement

» Measured bunch Length at MEBT

0.8 4

0.6 q

Amplitude [V]

0.2

0.0 4

— 0.297 ns

RERE

0.8

116

us

Time [ns]

2 122

0.6

04

0.2

0.0

100 110 120

7|Z=BerAL 2l

Institute for Basic Science

Rebuncher 4, 3.7 kW 0 deg

Phase scan of Buncher 4

147" bunching >
12
S10 Buncher phase scan at MEBT
i 0.38
EOG
E 04
0z 0361 o
I
=
Time [ns] o
£ 0.34
2 ]
Rel KW 180 deg 2
14 14 =
i 0.32
v debunching - § °
= 10 @
:Eua 0301 ® L]
£os
5 04
0z
0.28 T T i T T T T
—60 —40 =20 0 20 40 60

Phase [deg]

Measured single bunch length was 0.297 ns (10) with
Gaussian fit.

Shows good signal repeatability for measuring bunch
trains.

Overlapped signal of 325 bunches in 4 us is shown.
Bunching and debunching was observed by rebuncher
in MEBT.

1 50| 27147 2 TR

Rare Isotope Science Project



SRF Linac Commissioning Plan

* Measurements to perform
- QWR/HWR RF set-point (phase scan, BPM)
- Beam energy (phase scan, TOF with BPMs)
- Beam current, transmission (ACCT, FC)
- Orbit correction (BPM & dipole steerer)
- Beam transverse profile (wirescanner)
- Transverse matching (wirescanner)

- Beam emittance (X and Y) : beam size fitting, quad scan

* Physics applications for commissioning
- BIPAM (Beam Input Parameters And Matching)
- CAPS (Cavity Amplitude and Phase Scan)
- Orbit correction application

- Emittance data analysis & wirescanner data analysis

®
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cryomodule guadrupole beam box

1_
bil

e e,

>
I
—

l
IR
RIRIRIE
RIRIRIET
RRIRL

0BCM L BPM «BLM BFC WS

cC
meias i ﬁ s
—— B B B
c =
meias el ﬁ s

* Halo Collimators(aperture 36 mm) installed at beam boxes

. _
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> ?Ao N Rare isotope

Accelerator complex for
ON-line experiments

7|E T oAl
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BPM1 BPM2 BPM3 BPM4 BPM5
D = l - l = l - l =

Cryomodule 1

Cryomodule 2

Phase scan with BPMs (Time of Flight measurement)

M acers

Press Start button to initialize

- |Scaler_Des_Ar40_gp dat v

Cavitytoscan — MEBT-RF:Bunchert ~
min step max
RF phase [deg] ‘-119,58‘ ‘.m ‘ ‘ 10 ‘ ‘ 180 ‘
s = — -
min step max
RF amplitude ‘2.148‘ ‘ 0 ‘ ‘ 01 ‘ ‘ 50 ‘

. [ o

BPMs to use for scan

BN BPM2
|MEBTDIAGEPMO02BC1) | MEBT-DIAGBPMUO3ECT) |

Energy in  Atomic Charge Mass/u Energy out
[MeViu]  number g [MeVAu] [MeViu]
‘ 0.501077 ‘ ‘ 40 ‘ ‘ 9 ‘ ‘ 93149 ‘ ‘ 0.501077 ‘
Analysis mode ‘BPMZ - BPM1 v|

RF amplitude RF phase [deg]

dgpy [deg]

depuz - Pepwn [de€]

160 -

120

100

80

60

-200

-25

RF phase [deg]

1
100

L
150

1
200

35

1
-150

41

L
-100

RF phase [deg]

1
100

1
150

200
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Rare isotope
Accelerator complex for
ON-line experiments

“RAO

» 4 wirescanners are installed in MEBT and in the SCL3.
« With 4 wirescanners, beam parameters are measured and used to

match to the following section.

oo _
Select the Section MEBT 5
WS01x  EIWS02x HWS03x  [JWS04x  [JEmSx i
XIms size . o ) _
[mm] 1.71 3.59 1.69 0 0 8 .
 EIWS0ly EIWS02y HAWS03y [Jwsody  [JEmSy or |
yrmssize ; : o ) T
[mm 173 111 216 0 0 S X beam size -
g2 M/\/W
N
 Load beam size cata 2 ol : N
[
Energy Atomic Beam Current  Mass/u 2 a2 E
[MeV/u] number Charge [mA] MeV/u] e
s | 40 e ] 0.032 931494 E Y beam size
| . A i
EEE oo | N S — g
10 1 1 1 1 1 1
} 0 2000 2000 6000 8000 10000 12000 14000
ms emittance  beta alpha
: Z [mm]
X plane 0.052 0.875 | 2616
Y plane 0.059 | 0608 | 1.037
.. . -
s Beam transmission: 92%
Matching Quads  Quad 1 Quad 2 Quad 3 Quad 4 8)( - 005 2
Before Matching 0 0 0 0 Sy: 0059
After Matching 0 0 0 0
. - =
7|Z=0jor L ] FOI7I47 I M FAARIE
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Part 4.

Summary & Outlook
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Summary & Outlook

. SAON installation and system integration was successfully
one:

- Progress rate is more than 95% for Phase 1

* Injector beam commissioning was carried out, achieving
machine setting and key measurements :

- me;asured beam parameters (energy, emittance, Twiss parameters, beam sizes
etc

- capable of controlling LEBT and MEBT beam optics freely as needed
- achieved beam transmission of 95% max (routinely > 90%)
- machine verification including diagnostics devices

* Commissioning team is readY for the superconducting linac
beam commissioning this fall :

- physics applications are ready and tested

® &
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Summary & Outlook

September : Cool-down of QWR/RF conditioning
First Beam injection to first five modules

* October : Cool-down of HWR/RF conditioning
Beam commissioning for QWR

* November : 2 K pumping for HWR section/RF conditioning
 December : 2 K stabilization for HWR section/RF conditioning

e January-March : Beam commissioning for whole SCL3

®
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