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Diffraction Limited Storage Ring (DLSR)
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Ultimate Storage Ring (USR)
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Sub-nm.radIT3IVA R DEHE
R.Hettel, Proc. of IPAC2014, MOXBAO1.

Facility E (GeV € (pm.rad)
600

NSLS-II (USA) DBA + D.W.

(aAzyia=>th)

MAX IX (Sweden) 3 528 7BA 326 (&)
Sirius (Brazil) 3 518 5BA 280 (EE&H)
ESRF-Upgrade 6 844 7BA 150 (32ERIRTE)
(France)

APS-Upgrade (USA) 6 1104 7BA 147
SPring-8-ll (Japan) 6 1436 SBA 100
ALS-Upgrade (USA) 1.9 195 9BA 100
BAPS (China) 5 1500 51-100
TauUSR (USA) 9 6280 7BA 3

D.W.: Damping Wiggler
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Multi-bend Scheme for Emittance Reduction

Equation of natural emittance: Lattice design of multi-bend lattice
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Longitudinally varying dipole field® F FA
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Sub-nm.radIT3IVA R DEHE
R.Hettel, Proc. of IPAC2014, MOXBAO1.

Facility E (GeV € (pm.rad)
600

NSLS-II (USA) DBA + D.W.

(aAzyia=>th)

MAX IX (Sweden) 3 528 7BA 326 (&)
Sirius (Brazil) 3 518 5BA 280 (EE&H)
ESRF-Upgrade 6 844 7BA 150 (32ERIRTE)
(France)

APS-Upgrade (USA) 6 1104 7BA 147
SPring-8-ll (Japan) 6 1436 SBA 100
ALS-Upgrade (USA) 1.9 195 9BA 100
BAPS (China) 5 1500 51-100
TauUSR (USA) 9 6280 7BA 3

D.W.: Damping Wiggler
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Max IV (Sweden)
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ESRF-Il (France)
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SPring-8: FE3EHAXBI ST EHEER (8 GeV. 100 mA)
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SPring-8 Storage Ring Design Parameters @ 8 GeV

I
DBA-6.6 DB-3.5 DB-2.4
~ Nov. 2002 ~ May 2013 Present

Natural Emittance 6.67 nm.rad 3.49 nm.rad 2.41 nm.rad
Effective Emittance 6.67 nm.rad 3.77 nm.rad 2.79 nm.rad
Energy Spread o / E 0.11 %
Betatron Tune (40.15,18.35) | (40.14,1935)  (41.14,19.35)
Natural Chromaticity (-91, -42) (-88,-42) (117, -47)
(B, By) @ ID (244m,58m) (22.5m,5.6m) | (31.2m, 5.0 m)
Dispersion D @ ID 0.00 m 0.11m 0.15m

Lattice Function 3
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brilliance
(ph/simm?/mrad?/0.1%BW)
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SPring-8 Standard Undulator
(A,=32mm,L=4.5m,K,__, =2.5)
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brilliance
(ph/simm?/mrad?/0.1%BW)

BBEISVIREE

SPring-8 fRMEfEA (B2)
(p=39.2718 m, L = 2.804 m)

—Present optics —New optics ——Achromat optics

16 . 14
3X 10 Brllllance :;( 10" Flux Density @ 30 m
. 8GeV = | 8Gev
b sosma  sesma
| 2 e ......................... Kk=02%

SPECTRA
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T. Tanaka and H. Kitamura, SPECTRA code ver. 9.02 (2012).



6GeVEBEA T T4 IR R

H(RZ2T1H)

Beam Energy (GeV)

Emittance ¢ w/o emit. damp.
(nm.rad) w/ emit. damp.
Momentum w/o emit. damp.
Deviation 6 (%) \w/ emit. damp.

HFDEMISVEIVRX @ 10keV
(m?rad?) w/ emit. damp.
w/o emit. damp.: ID gap full open.

EBEFTT19R | A—YF—FTT1IR

6 8
1.78 2.41
1.33 2.27
0.082 0.109
0.087 0.110
25.6 x 10-%1 64.7 x 10-%

w/ emit. damp.: 21& Dstand. IDZmin. gap.

Ntrzs S

X-ray Beam Image at BL38B2 (Bending Magnet)
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SPring-8-llDEFREH
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Multi-bend Scheme for Emittance Reduction

Equation of natural emittance:

nat

= IO O

=C

V'(HIP) 16

: Lorentz factor
: Bending angle
: Bending radius
: H-function

" J1.(1/p7)

J

X

: Damping partition number

S1 1 _
g s ach{or@t( Achromat >
10° L .
= e . ~3e
= . ® T design min
210 . ¢ .
1 Q.
0 ] Ty
2100 ',
= 0 2 4 6 8 10 12

Evaluated emittance of multi-

0* Non bend lattice

No. of B/ Cell
Shimosaki, Soutome, Tanaka, @ Workshop on Diffraction Limited Storage Rings (2012).

Lattice design of multi-bend lattice

20

S [m]
40 — . :

_ 30t 5BA J0.3 _ 30} 6BA {03
2 10} . ."‘ . {01 E210f | ...’.’... {oa =
0 'HAMHL o\ LA A Lo
0 10 20 30 0 10 20 30
s (m) s [m]

It seems that multi-bend scheme is

limited emittance (10pm.rad for 10 keV
photon). Howeuver, .... )

$ very attractive to achieve diffraction-



Risk of Multi-bend Scheme

. 0
Multi-bend scheme leads to - 10—
£ 10"f i
1 very strong magnets g) °.
because of = *
. . S:'N 107} ® o ° 7
- small dispersion v ° 1
]
- large natural e
chromaticity 2 4 6 8 10 12
No. of B/ Cell
- short spaces [
IE‘ I 1 1 1 1 ]
2 short space between S 3t o |
magnets 3 2l ¢ .
L . i
. : : o 1t © :
which can easily result in S Le* 1
a H s OT 1 1 1 1
catastrophe of ring-based = 54 6 8 10 12

light source”.

No. of B/ Cell

Nat. Chromaticity / Cell

Max. Sx (m)

T44 4  Ver
L . A A R _A
20k i
o
40 S
T Hor. ° ]
[ [ [ [ ?
2 4 6 8 10 12
No. of B / Cell
300 || || || ||
200} 1
100 | . -
~e ° B'L/Bp .
00 1 1 1 L
2 4 6 8 10 12

No. of B/ Cell

Shimosaki, Soutome, Tanaka, @ Workshop on Diffraction Limited Storage Rings (2012).



Catastrophe of Ring-based Light Source

Catastrophe of ring-based light source
from viewpoint of operation:
-1

n
n
offset ) —n kxoﬁ‘set‘x

Very strong magnets may cause k(x— X
» insufficient dynamic stability

due to strong magnetic error (= feed-down field),
» difficulty in designing vacuum system due to narrow bore,
» difficulty in extracting ID radiation due to narrow bore.

Very tight packing factor (= very short space) may cause
» difficulty in installing auxiliary magnets, monitors, etc
(steering, Skew Q, BPMs, Vacuum components).

We must avoid the catastrophe
in pursuing diffraction-limited emittance.

Shimosaki, Soutome, Tanaka, @ Workshop on Diffraction Limited Storage Rings (2012).



Integration of Emittance Reduction Schemes

What we do: To avoid catastrophe and achieve diffraction-
limited emittance, we should integrate emittance reduction

schemes to relax multi-bend lattice design.

y*(H/p*)
Equation of natural emittance: €. = C, 7 <1/p2>

Emittance reduction schemes:

1. Optimization of dipole field (p) in longitudinal

2. Reduction of stored energy (7)) with the help of
advanced undulator design

3. Sophisticated optimization to approach to the
theoretical minimum

4. Other reduction schemes

Shimosaki, Soutome, Tanaka, @ Workshop on Diffraction Limited Storage Rings (2012).
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B; By MAG B; By MAG
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1 Multi-bend scheme

+ Longitudinally varying dipole field

2 Low-beta & D =0 @ ID center

3 Low chromaticity (-3, -3) / unit cell
< (-2.7, -1) / unit cell @ SP8

4 Interleaved Sx + Oct
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SPring-8 v.s. SPring-8 Il
| SPring8 | SPring-81I(COR)

Electron energy 8 GeV 6 GeV
Stored current 100 mA 100 mA
Lattice Double Bend (2B) 5 Bend Achromat (5BA)

150 pm.rad (w/o ID)

Natural emittance 2400 pm.rad ~ 100 pm.rad (w/ IDs)
Energy deviation 0.109 % 0.095 %
(Jys Jdys Js) (1,1, 2) (1,1, 2)
Tune (41.14, 19.35) (109.135, 42.34)
Natural chrom. (-117, -47) (-151, -158)
Coupling ratio 0.2 % 10 %
Circumference 1435.9 m 1435.4 m

e SPring-8-NICDWT, BRI BEFEEZREL T, SBRN\IA—INEDLLAREENRH S,
Ff=. L TFTCIICOREYE T FT (2014/11/21) DSTARATHELTWWAEDE—EEENTLVS
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