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1.1. 19804F #JJ58 ~ 20004F

« Early days: AXERE ICHRE{t S /z=Chasman-Green, TBAS
T4 ADBIZ vy A{LDIEE

M. Sommer, “Optimization of the emittance of electrons (positrons) storage ring”,
Laboratoire de I'Accelerateur Lineaire, LAL/RT/83-15, 1983

Y. Kamiya and M. Kihara, "On the design guideline for the low emittance synchrotron
radiation source", National Laboratory for High Energy Physics, KEK 83-16, 1983

L. C. Teng, "Minimum emittance lattice for synchrotron radiation storage rings", Argonne
National Laboratory, LS-17, 1985

* Further emittance reduction based on CG and TBA.:
BNIZI VIV RZEALTSISRBIZI VYV ADERBILZBIET
L. Farvacque et al., “Possible retuning of the ESRF storage ring lattice for reducing the
beam emittance”, Proc. of EPAC’94, 1994, pp. 612-614

H. Tanaka and A. Ando, "Minimum effective emittance in synchrotron radiation sources
composed of modified Chasman Green lattice", NIMA 369 (1996) 312
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1.2 2000EE ~2011%

 Emittance reduction with MBA+EXxotic BM: 1nmrad%&TF
Bl 3B VILFANY RHEIS

R. Nagaoka and A. Wrulich, “Emittance minimisation with longitudinal dipole field
variation”, NIMA 575 (2007) 292

M. Eriksson et al., “Some small-emittance light-source lattices with multi-bend achromats
", NIMA 587 (2008) 221

Chun-xi Wang, “Minimum emittance in storage rings with uniform or nonuniform dipoles”,
PRSTAB 12, 061001 (2009)
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ISVAANDART—) 5

' (H/p') v
"1y,

y : Lorentz factor

0 : Bending angle

p : Bending radius

H : H-function

J,: Damping partition number

e =C

nat
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3.1. Linear Optics
HIREERZTHLTLS DT, DA REELTIZELIGLA: -

v—x= 75.600 op/p=0.000
= 27.600 1 period, C= 843.972 =
2 s e | ex= 130~160 pm.rad , —0.2

L. =844 m,Ez= 6 GeV

B [m]

o
dispersion [m]




3.2. B ZEiRAT=1

KoO3 T4 T14NDEH

Parameter

Existing Lattice

New Lattice

Energy, E [GeV]

6.03

6.03

Circumference, C [m]

844

844

Tune, v, , Vv, V,

X? )r,

36.44,13.39,0.0054

75.60, 25.60, 0.0034

‘ Emittance, €_, € [pm ‘rad] 4000, 5 160, 5
Bunch length, o, [ps] 15.6 11
Energy spread, o, 1.06 103 1.06 103
Momentum compaction 17.6 10-> 8.7 10>

‘ Natural chromaticity, Exo , Eyo -130, -58 -97,-79
Energy loss per turn, Uo [MeV] 4.9 3.05
RF voltage, Vrr [MV] 8 6
RF frequency, frr [MHZ] 352 352
Harmonic number 992 992
Beta at ID center, P« , By [m] 37.6, 3.0 (high 3) 3.35,2.79

0.35, 3.0 (low 3)

Beam size at ID center, Ox , Oy [pum] 413, 3.9 (high [3) 24, 3.7
50, 3.9 (low [3)

Beam div. at ID center, ox' , 0y’ [urad] 10, 1.3 (high ) 6.8,1.3

107, 1.3 (low f3)
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4.4. Ff-15 T2y A EREI1E R
[EhE&HtErgEINF—T—F

2 3
Equation of natural emittance: . _ - v <H/p >

SRS

Emittance reduction schemes:
1. Optimization of dipole field (o) in longitudinal

(inside dipole and / or inside unit cell)
2. Reduction of stored energy (y) with the help of advanced
undulator design
Damping partition number (J,) control
Damping enhancement by additional radiation
Sophisticated optimization to approach to the theoretical
minimum (g, / €in < 3)
6. Other reduction schemes

akho




4.5. Emittance Reduction Budget

In order to optimize the ring design by integrating several schemes, concept of
“emittance reduction budget” is useful especially for the upgrade of the existing rings

Dependence | Value Reduction Gain
(Old—New) FH#E(X7 nm.rad

Beam Energy v 8 GeV — 6 GeV

Bend angle 6 63 2BA — 3BA 8.0
2BA — 4BA 27.0

Dipole field <H| p*>1<1] ~2.0

optimization %>

Damping Damping by 1.4

enhancement ID, D.W.

Damping partition 11J, J=1-J,=2 2.0

number control

Optics €gesign / Emin ~3 — ~2.57 1.2

optimization 78 pm.rad ~ 23 pm.rad

Total ..

BTSSR E ST B E R 90(3BA) ~ 300(4BA)
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Electron
energy

Stored current
Lattice

Natural
emittance

Tune

Natural
chromaticity

2013/6/1

8 GeV

100 mA
DB

3400 pm.rad

(40.14, 19.35)
(-88, -42)

BE TR RET BT D5t S

6 GeV

DBA x 2

274 pm.rad™
98 pm.rad™
(118.82, 47.71)

(-295, -223)

"1 w/o emitt. contr.
2w emitt. contr.

27
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5.3. Linear Optics (& &
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5.4. FFERT DL (FE)

PN o KTHAZEORT YN
IAFSVTPIN=F Y= | Gy (xpm,5=0

@B, By) =(14.4m, 1.8 m) oy

x' (mrad)
o

20 15 -10 -5 0 5 10 15 "rdsao = o+ 195
X (mm) X (mm)




HHE (m) | B (T/m) HHEm) | B (T/m)
Ql 0.30 25.5 SF 0.30 1611
Q2 0.60 41.6 SD 0.30 841
Q3 0.35 39.9 I
FEHR(m) B(T .
Q4 0.40 12.3 (m) | B(T) 4 GIEHRT
Q5 0.40 38.8 BP1 0.12 1.55 | =40 mm
Q6 0.35 44.0 BP2 0.14 1.16 B
BP3 0.18 0.80 RAIEHEA
Q7 0.80 45.8 a9 F=25 mm
Q8 0.50 46.1 BP4 0.25 0.49
Q9 1.00 395 BP5 0.41 0.24
vzl
D) =
Q1 Q2 Q3 B1 Q4 Q5 Q4 B2 Q6Q7 Q8 Q9/2
2.2588 (m) 0.32 0.05 0.050.05 0.05 0.215 0.84 !

I e —i ||

2013/6/1 0565 0.20 G20 FGT2T-# 07249020 020 0.315 ¥
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Touschek F&p (0.1mA//NF) INOFERIE ~ 0.1mA
Lattice-7 (E = 6GeV, VRF = 12MV) 73‘J 7 )Tt~ 10%

I I N B R EER T,

Mom Acceptance 3.0% |
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5.8. EFE—LANEELICEDISVI AN EE (EE)

"Emittance Reduction Budget" [Z&> T, SHGEHEII VA
VAt (~100pmrad) &1T>T#H. IBS [TLHIT=yF A1E
KIE 10% LLTF (N FERIE 0.1mA . Ay YT 10%),

Emittance Reduction
273 pmrad > 100 pmrad

Lattice-7 Lattice-7
1 — 120 e

1020 [ RE . B0 B0, ORETTETT _
[ g =273 pmrad | 1 115 |-¢) =100 pmrad ——p<

wons 5T [ k=10%

100 Lo

Ratio
Ratio

1010 Foii i

N A RS 105 [
1005 [t e I A B -

1000 Lo e 100 o ]
0 005 01 015 02 025 03 0 005 01 015 02 025 03

Bunch Current [mA] Bunch Current [mA]
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