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Introduction of Korea-4GSR

% Multipurpose Synchrotron Radiation Construction Project
- Period : from July 2021 to June 2027 (6yrs)

- Budget : 1.0454 Trillion KRW (= USD 750 M)

- Land : 540,000 m? / Building : 69,400 m?

- Location : Ochang, Chungcheongbuk-do

» KOREA-4GSR specifications
- Beam energy : 4 GeV

\

- Beam emittance : less than 100 pm-rad (62 pm - rad) PI A'!JH?
- Circumference : 800 m POHANG ACCELERATOR LABGRATORY

- Beamlines : more than 40

- Accelerator : Gun, 200 MeV Injector LINAC, 4 GeV Booster
and Storage Ring

- Lattice : H7BA
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- The ring is composed of 28 cells
(28 identical arcs, 26 ID SS + 2 high-beta SS)
- It has 2-fold geometric symmetry
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Parameters Value

Energy (GeV) 4.0
Circumference (m) 799.297
Emittance (pm) 62
Tunes (H,V) 68.18, 23.26
Natural chromaticity (H,V) -112.2, -85.3

Chromaticity (corrected) (H,V) 5.8,35

Hor. Damping partition 1.84
Momentum compaction 7.8x107°
Energy spread (os) 1.26 x 1073
Energy loss per turn (MeV) 1.098
Beam current (mA) 400
Bunch length (o,) (mm) 3.66 / 14.66
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Linear Optics of the Storage Ring

30 ' ' v ' ' " 180
|

. M=29787x | < The ring is composed of 28 cells (28 identical arcs, 26 ID SS
el : 44,=0.9623 n : sz + 2 high-beta SS).

- | | : % Phase advance is matched to have identical phase advance
| = (A(px,A = Abe,B and A(lby,A = A(;by,B ).

0 % Though the ring has 2-fold geometric symmetry, it has 28-c
- E ell symmetry in terms of phase advance (on-momentum).
— % High-beta straight section provides larger DA than ID SS as

15.90

much as |—— = 1.58.
6.33

_ % One high-beta straight section is dedicated for off-axis injec
30 tion and the other one will be occupied by RF cavities.

< Each arc has a 2-T bending source.

< Phase advance between dispersion bumps
nearly satisfy —| transform which help to cancel
out nonlinear driving terms within a cell.
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Analytical Calculation of the ID Effects on the Ring Parameters

Ring parameters with synchrotron radiation integrals
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ID Effects on the Ring Parameters for Korea-4GSR

ID plan for KOREA-4GSR

Beamline Light source ID length [m] ID peak field [T] Period [mm] Minimum Gap [mm] pE:(tel:?x I[ﬁseil]
BioPharma-BioSAXS In-vacuum undulator 3.0000 1.0211 20.0000 5.0000 31.6785
Material Structure Analysis In-vacuum undulator 3.0000 1.2253 20.0000 5.0000 45.6155
Eilliptical polarized undulator (EPU78) 0.9540 36.6664
Soft X-ray Nano-probe EPU78 Circular Polarization 3.9780 0.6020 78.0000 15.0000 14.6004
EPU78 Max Horizontal Field 0.7760 24.2602
sl e semalves Eilliptical polarized undulator (EPU98) 1.0096 37.4311
photoemission spectroscopy EPU78 Circular Polarization (EPU98) 3.6260 0.6633 98.0000 15.0000 16.1568
EPU78 Max Horizontal Field (EPU98) 0.8799 28.4316
Coherent X-ray Diffraction In-vacuum undulator 3.0000 1.2253 24.0000 5.0000 45.6155
Coherent SAXS In-vacuum undulator 3.0000 1.0211 20.0000 5.0000 31.6785
Real-time X-ray Absorption Fine Structure In-vacuum undulator 3.0000 1.0211 24.0000 5.0000 31.6785
Bio Nano Crystallography In-vacuum undulator 3.0000 1.2253 20.0000 5.0000 45.6155
High Energy Microscopy Center bend Already considered
Nano-probe In-vacuum undulator 3.0000 1.2253 20.0000 5.0000 45.6155
Total 351.5950

Ring parameter change from IDs

X/
°e

The initial ID specification is determined (9 ID beamlines). With the

Ring parameters Without IDs With 9 IDs With 24 IDs simple scaling the full ID (24 ID beamlines) effects is estimated.
Energy loss per turn [keV] 1098 1449 2035 < From the IDs, the energy loss per turn is increased and the rf
Emittance [pm] 61.57 52.55 42.28 voltage is also changed to have the same rf acceptance (next page).
Energy spread [%] 0.1264 0.1038 0.0886 < Emittance can be reduced with the IDs by 14.6 (31.3) %.

Damping time [ms]
(horizontal/vertical/longitudinal)

X/
L X4

10.54/19.43/16.79)8.98/14.72/10.81) 7.21/10.48/6.78 Energy spread and damping time also can be reduced with IDs.
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Required rf Voltage from ID Effects

RF voltage with IDs

% Synchronous phase in the storage ring is determined

by rf voltage and energy loss per turn.

o= s (Ut )
where

P, is synchronous phase,

Uy is energy loss per turn,

V, is rf voltage and the rf bucket is

2el A
6B = J_ T[thoa COS(IIJS) + (lps - E) Sln(lps)]

where

e is electron charge,

E,is electron energy,

h is harmonic number,

a is momentum compaction factor,

ép is RF acceptance.

Required rf voltage with IDs
Without IDs With 9 IDs With 24 IDs
RF voltage [MV] 3.00 3.52 4.24
RF acceptance [%)] 4762 4.760 4.760

Required rf power

% Required rf power is the product of energy loss per turn and the beam current.

P=1-Ug+Up+ Uyan)

Energy loss per turn

from bending magnet [MeV] Without ID With 9 beamlines | With 24 beamlines
1.098

from Erl:ir?gsil:t?\iigl e:v:lillrr[‘MeV] Energy loss per turn from ID [MeV]
0.060 0.000 0.352 0.938

Current [mA] Required rf power [kW]
100.0 115.763 150.963 209.563
200.0 231.525 301.925 419.125
300.0 347.288 452.888 628.688
400.0 463.050 603.850 838.250
500.0 578.813 754.813 1047.813
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Further Emittance Reduction from Damping Wiggler

pm pm pm
% The volume shows the all solutions of damping ¢ ————" T et Fm R B
wiggler specification (4,,, B,,, L,,) that satisfy the ° o o 1| | a0
emittance reduce below the 40 pm. & | //_.__- ) ;& | ) s & | %/_____j— )
0 2 Awé(lcm) 6 8 \;10 0 2 Awé(lcm) 6 8 \;10 0 2 /\Wﬁ(lcm) 6 8 L o
€01 (OM) < These are horizontal section of the left graph.
x0,w
40 <+ Black lines are feasible wiggler specification obtained
30 through Halbach formula with 2, 4, 6 mm gap.
?g < Total wiggler length 18(/20/22) m means four wigglers with
0 each length is 4.5(/5.0/5.5) m
2 .' < The result tells that using four damping wiggler can reduce
6 the emittance to 40 pm or below.
8
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Summary

“ KOREA-4GSR is H7BA type lattice with 62 pm. The electron energy is 4 GeV and

the circumference of the ring is 800 m.

< Emittance reduction is expected from initial 9 ID beamlines by 14.6% and the final
24 ID beamlines by 31.3 %.

“ It is expected that the required rf voltage is 3.00 MV for commissioning stage,

3.52 MV for initial 9 ID beamlines and 4.24 MV for full ID beamlines.

“ Using damping wiggler option is studied to reduce the emittance to below 40 pm.
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Thank you!
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