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Koread4dGSR Outline

x Korea4GSR Project
- Period: 2021 July to 2027 (Expected extension for 2years)
- Budget:1.0454 Trillion KRW (USD 750M)
- Land: 540,000 / Building: 69,400

- Location:OchangChungcheongbuko

Specifications

- Beam Energy: 4 GeV

- Beam Emittance: less than 1pthrad (TDR: 62mrad)
- Circumference: 800m

- Beamlines : more than 40 \

- Accelerator: Gun, Injector LINAC, 4 GeV Booster PAL_;\?
- Lattice: Hybrid 7 Bendchromat(H7BA) - gl
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Project Timeline (draft)

>

Korea4GSR(Multipurpose Synchrotron Radiation Construction) Project >

Site Construction >
Building Design >

CDR TDR > Accelerator & Beamlines > Installation

£+ 4

Istdesign  2ddesign 3 design Commi
Review Review Review ssioning

Building & Facility Construction >

Operation

- As a total cost controlled project, this project requires official design reviews (with budget)
by the Government in 3 stages.

- Among 3 stages, the'8design review is expected to be finished in July 2024. After this the project budget and schedule will be
finalized
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Project Governance

Local
Ministry of Science and ICT 1+ (Chungchengbuk Korea Basic Science Institute (KBSI) is
_rolect -dofCheongju -1 responsible for the whole project and in
Council charge of Project Management and
| Facility Construction
Pohang Accelerator | Korea-4GSR Project
Laboratory (KBSI)
************************ Pohang Accelerator Laboratory (PAL) is
a joint partner and re  sponsible for
Accelerator Beamlines copahy Site Accelerators and Beamlines construction
(PAL) (PAL) (KBS)) Construction
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Construction Site

Accelerator
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Design Features of KoreédGSR

x High photon beam performance from storage ring
- The best performance in the range of 430 keV

- Capabillity to generate photon beam up to 100 keV

x Considering well demonstrated technologies for the design
- Off-axis injection with conventional injection scheme
- General technologies for magnet and vacuum systems

- On schedule user service and full performance

x Synergy with PL-8 and PAEXFEL

- Supporting full range of synchrotron radiation application

PAL,
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A 200 MeV, photocathodénac
A 773 m, booster ring (200 MeV to 4 GeV)
A 800 m- 4 GeV, storage ring
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Overall View of Accelerator Facility

Utility building
(Electricity, HVAC)
E__-I ) ———

REET
il

of — =
(21,
®%
o |
&5 in the same
%- Accelerator tunnel
.
%
e %.
e Y.
e « LT
e 5
©) 29 N
G ey,
©)

PAL2 poHANG ACCELERATOR



- AFAD 2024 Overview of Koread GSR Project

Main Parameters of KoredGSR Storage Ring

Energy [GeV]

Beam current [mA]
Nat. Emittancegmyrad]
Emittance coupling [%]
Energy spread
BunchLength(ms) [mm]

Lattice

Ring Circumference [m]
Length of StraighBections [m]
Tune (H/V)

(corrected) Chromaticity (H/V)
Momentum compaction factor
Numberof buckets
Injectionscheme

RF frequency [MHZz]

RF Voltage [MV]

Energy loss per turn [KeV]
Lifetime @flat mode [h]
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4.0
400
61.57 (without IDs), 52.55 (with 9 Ids)
10
1.26E3
3.6 (without HC) /14.4 (with HC)

Hybrid 7 Bend Achromat, 2&gular sectors,
with 24 regular straights and 2-Hstraights

799.297
6.06
68 / 23
5.8/3.5
7.8 x 10
1332
4 Kicker bumps, offixis, 2Hz

499.5935
3.5

1098 (with 9 IDs: 1449)
> 4
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Emittance vs. Circumference for Wordide Storage Rings

Drawn by Gyeongsu Jang (April 15 2024)
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Storage Ring Lattice (HybridBend Achromat, H7BA)

Arc +1D straight section
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Reverse Bends (RB) | ongitudinal Gradient
Bends (LGB1/LGB2)
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Features

A The storage ring is800 m¢ 4 Ge\c 28-cellring with natural
emittance of 62 pm

A The unit cell is a H7BA withT2center bend

A It exploits longitudinal gradient bends (LGBMSs) and reverse ber
(RBs) to suppress emittance

A The storage ring design has been evolved from a circular ring tc
racetrack ring to achieve best compromise between dynamic
aperture, Touschellifetime and matching between photon beam
and electron beam

Arc + High-beta straight section

Reverse Bends (RB)
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Dynamic Aperture and Momentum Aperture

4
3l 0.05
0.04 -
2r 0.0
0.02 -
1 -
— w/o error 0.01
£ mean w/error o w/o error
E 0 . % 0 mean w/error
- Physical aperture limit for -0.01F
-r _ all elements (mm): . 002k
" X =12, 12] ' 20.03 L
26 |
-0.04 -
31 %% 35 40
s (m)
_4 1 1 1 1 1
0 h 0 ° 10 Momentum aperture
X (mm)

Dynamic aperture

- Results with 50 random error seeds
- Realistic correction chain (orbit correction, LOEID), is applied for each seed
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LINAC, 200 MeV

175 MW Modulator
& 70 MW Klystron

%

W8 © Drift space
for future energy upgrade

Gun
pumping
system

Solenoid _
Corrector
Prelnjector,
including photecathode electron gun
(Alternative designthermionic DC electron gun)

Prototype of 3GHz Acceleration tube

PAL,
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x LINAC parameters

Parameters Multi -bunch Singlebunch
Energy 200 MeV 200 MeV
Frequency 2997.56 0.1 MHz | 2997.56 0.1 MHz
Emittance (at 200 MeV) 10 nm 10 nm
Relative energy spread (rms) 0.3% 0.3%
Pulse to pulse energy jitter (rms) 0.2% 0.2%

Bunch charge (charge stability)

1 to 3nC(5%)

0.01 to 1InC(2%)

Pulse duration 128 ns (64 6-8 ps FWHM
bunches)
Repetition rate 2 Hz 2 Hz

x Electron gun parameters

Parameters Multi-bunch Singlebunch
Beam energy 4 MeV 4 MeV
Charge 1 3nC 0.01 1nC
Pulse length 128 ns (64 pulses) YKHps
Repetition rate 2 Hz 2 Hz
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Booster Ring

1. Same tunnel with SR.

2. Enough dynamic aperture: (AZ27~27 mm, Ay:14~ 14 mm).

3. Lattice

A 30 FODOFODO cells (length = 25.7631 m)
(with 60 combined bending magnets)

A 4.8 m & 5.6 m straight sections

A Slightly race track design (as is storage ring)

[3x

PAL,
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x Booster parameters

Booster Parameters

Cell Number 30 -
: Length 772.9 [m]
D
Paraerilgtr;rs Electron Energy 0.2-4 [GeV]
Natural Emittance (0.2/%Ge\) 20/ 7886 [pm rad]
Max. Beam Current 2 mA
Tune and | Tune (H/V) 19.208 /13.174 -
Chromaticiy [Natural Chromaticity (H/V) -27.1/-18.3 -
Energy Loss per Turn (0.2/4 GeV) 0/1671.3 keV
o Energy Sprea(D.2/4 GeV) 0.005/0.106 %
Ra?'?t'gn Horizontal Damping Tim@.2/4 GeV) 67937 /8.5 ms
LZ?tﬁies Vertical Damping Tim@.2/4 GeV) 98724 /12.3 ms
qat 4 GeV Longitudinal Damping Tin{@.2/4 GeV 63824 / 8.0 ms
Synchrotron Frequend.2/4 GeV) 20682 [ 4235 Hz
Synchrotron Tun€0.2/4 GeV) 0.017/0.0109
Bunch Lengtl(0.2/4 GeV) 0.36/11.1 mm
X Dynamic aperture
| dEE = | dHE = 1% =
15
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MPS scheme of booster magnets

A (DM) 4 coils per each dipole magnet
Series connection between magnets
4 MPSs for all dipole magnets (60 EA)

A (QM) Series connection between magnets
A (SM) Series connection between magnets

X Powering scheme of dipole magnets

Dipole Magnet #1 Oocle Magnet 2 Dipcke Magnet #3

]
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Cable Duct ~ Cable Duct

Cable Duct Cable Duct " Cale Duct

Ramping curve of magnet
Ramping cycle : 2Hz

Korea-4GSR Booster Ramping Cycle Stay 30 ms

/ before extraction

I\

A
0‘ 100 200 300 400 500

2%} w E= w

Electron Energy (GeV)

[EEY

Time (ns)
Stay 10 ms 250 ms ramping
with 200 MeV upto 4 GeV

i
xp

Booster MPS Prototype in progress
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x Baseline design: SRkitker bump, ofaxis injection
Alternative design: Notinear kickers

Injection to Storage Ring

X Booster extraction

Booster Extraction

oo0s
° Kicker
°F Bend
04 -
I I2 1A 25 38 3 32 34 3538 4 42 a4 45 48 5 52 54 5658 6 62 64 66 68 7
0.01
_ |

002

*  Extraction point (unit : mm)
003
004 Chamber inner radius 12
. Chamber thickness 1

Septum thickness 3

Extracted beam 3o 0.3

Tolerance 31

Total 19.4

+ At Kicker
x’ =0 mrad -> 3 mrad

+ 2 m Drift
®x=0mm->6 mm
x'=3 mrad

+ At Bending Magnet
(k=-0.149)

x=6 mm ->10.449 mm

+ Before Septa
x=19.372 mm
x'=4.461 mrad

X Boosterto-Storage ring beam transport line(BTS)

. BRBend .
- — — —
Ext. Septa  Quad

815 Bend——.
o

Ext.Kicker
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Inj. Septa

X

ol K1= K4 =-3.1 mrad
K2 =K3 =24 mrad
Bump height = - 7 mm
Injection point = -12 mm
Thick septum : 2.25 m, 5 deg
Thin septum : 0.9 m, 10 mrad
T 5T Thin septum wall : -9 ~ -10 mm 1
E
10 _ _
——Stored beam |
Injected beam|
0 2 AI, 6 fls 1|0 12
s (m)
- Pulse width 5.2 psec]
Pulse characteristics ol f i e
. ulse tlattop wiat nse
of SR kickers P
Pulse current 5 kA
Pulse current difference +/-0.2%
Repetition rate 2 [HZ]

17
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Beam Injection Efficiency (simulation)

X Footprint of injected beam after injection

0.4 |l |l 1 1 |l 1 1
Maximum dynamic aperture Minimum dynamic aperture . . * Injected beam
0.3} InJeCted Vs % o © After 10 turns | |
S s tars i itasim’ Ofpdessraerienfinn rpyl ' beam IR R At S After 1000 turns
.................................... PR L TRRR, C..s yide * After 2000 turns
PRS- E S R B g st il o feab e duhoadind TN 0.2 .!-':'.." srel e IR ST L T | - After 4000 turns
s | ® e e e e — e e e e @ e 8 6 e 8l 8 e 8 : F ¢ & '.'... ‘.:..'o * T o o . 1,&“
o o o T 2 |ee e e e e e e e ¢ e e s @ l’\:, : ~ W-; "
© (e e 00000 00000 © - ~s . .6‘“}» ' _1.!-‘:.~" . o
E i ; bp B |grZariuaiastl inn 08 3 01T S TRy
3 o Fobeiisdll IR R g _ LR "r400:oturns
go ® 6 0 o 5 + o o 0 0 0 0V o 04E % 0.4 E g 0 B 1 . .'._.:-::.‘. N lx?: .3;,‘:: . bx ‘ g
= St A W [Bssiass W - R { .
oooooooooooo o o . e 9 9 8 @ & 8 2 e e e\e o -— .:’.; d ~‘~. ‘-"-: i
b s R oo s mms: e S TN O g 0.1} S T T ""ZOOOt“mS
-05 oooooooooooooooo TLab iR AA L AR AL 0 0 2 ] ... 3 1000 turns
9 -8 7 -0.
x offset (mm) x offset (mm) o
03F /-
A% 10 turns
HP 0 04 r Y i e e
Good efficiency (~100 %) Sl
region Increase # of turns
_0.5 1 || 1 1 1 1 1
-8 6 4 2 0 2 4 6

X (mm)
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Magnet Systent, Storage ring

Half-cell Layout of Korea-4GSR Storage Ring Qi1 X52 Magnets Required Number Remark
s di 3 Center BM (2T) 28 1*28
LGBM1 x56 (x2) _gd
Qa1 X56 = LR Long. BM 112 4*28
31 X
e DQs1 X56 "“ | Reverse Bend 168 2*3*28 (should have B, B 0)
rDQs2 x56
Photon beam from Center Bend Ol X56Q " Qx x16 Quad Bend 56 2*28 ( shoul d h a
LGBM2 x56 (x2) Sa1x56 Quadrupoles 344 6*2*28+8(QH)
6*28 (s houl dColrskea
T Sextupoles 168 Quad)
rDQs; x56 Fast Corr. 112 4*28 (H/V combined corrector)
Qs2 x56 Octupole 56 2*28
SUM 1044 Total number of SR magnets

Sextupole

Dipole-Quadrupole ~ Quadrupole
(DQXX, 56ea) (QXX, 344ea) SXX, 168ea)

Octupole H/V Corrector
(OXX, 56ea) (CXX, 112ea)

, LGBM
PALI2 pOHANG ACCELERATOR LABORATORY 19
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Magnet Systent Booster ring

Number of Magnets for Kored GSR

1044 for storage ring

456 for booster ring
(60dipoles 66quadrupoles 60sextupoles 30skewquads 240corrector9

56 magnetsfor transferlinegLTB, BT@nd injection/extraction
41 magnets folinac

Total number of Korea4dGSRnagnets= 1344 + 456 156 + 41=1597

Combined Bending Magnet Quadrupole Sextupole Corrector

. (60ea) (66€ea)
PALI2 pOHANG ACCELERATOR LABORATORY 20
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RF Systenq Storage ring

x Characteristics of SR RF System

A Cavity : HOM-damped normal conducting cavity
EnergylGev ol G2 A HPRF : 150 kW solid state amplifier per unit
Current [mA] 400 mA A LLRE digital type
Circumference [m] 799.297 m . :

o A RF Transmission : WR1800 Waveguide
Revolution time [sec] 2.67E-6 sec _ _ _ _
Harmonic number 1332 ) A Independent 10 RF circuit, occupying 2.5 straights
Electron energy loss/turn (keV) with 1877 65 keV/
IDs
Beam loss power by synchrotron o T b =S
radiation [KW] 75106 KW - — ie — oms
RF frequency [MHz] 499.593 MHz §3 ol & | ES W A

ES E G £

Accelerating Voltage [MV] 3.5 MV 2 £ j\ § £ B
Numberf RF g ';sé- 1L 22 o i % E 10 i AAQ ‘i%f 2 m;gwauser

) § o 8, B% L8 BW 2

. .AE 8@; s a A ALSU 1

1 1 1 1 1
1500 2000 2500 3000 3500
Frequency [MHz]

1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 500 1000
Frequency [MHz]

Longitudinal HOM impedance Transverse HOM impedance

Theauxiliarysystemsuchas TFS/LF&nd/or harmoniccavityto suppress
coupledbunchinstability (CBI)s necessaryor storing>300mA.

.,_\\\\ L e e l 1t A ®,
High beta section
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Configuration of SR RF circuit

(10 stations)

SSPA power Combiner Prototype

34 Harmonic Cavity Prototype
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