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SPring-8 vs. UVSOR

SPring-8

UVSOR



15 MeV Linac

750 MeV
Booster
Synchrotron

Beam Transport

750 MeV
Electron
Storage Ring

UVSOR Synchrotron, Institute for Molecular Science
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Bremsstrahlung
Synchrotron Radiation

(Inverse) Compton 
Scattering



Synchrotron vs. Linac

Synchrotron

• Average Beam Current: Ib=Ne x e x frep
• Synchrotron

• Ib=~100mA = 1012 [e-/ring] x 1.6x10-19 [C] x ~106 [Hz]
• Linear Accelerator

• Ib=~0.1 µA = 1010 [e-/pulse] x 1.6x10-19 [C] x ~100 [Hz]

• Radiation: � dNe/dt
• Synchrotron

• dNe/dt =Ne/t  =~ 1012[e-/ring]/~10[hr] ~ 108 [e- /sec]
• Linear Accelerator

• dNe/dt = Nefrep = ~ 1010[e-/pulse] x ~100 [Hz] ~1012 [e-/sec]

Linear Accelerator



Synchrotron vs. Linac (2)

Synchrotron

Linear Accelerator



Typical Energy Ranges of Photon Beams from Synchrotrons

Synchrotron Radiation

Undulator Radiation

Laser Compton 
Scattering

UVSOR PF

SP8

1meV

Bremsstruhlung
THz
-IR

VUV

g



0.1 1 10
0.0

0.5

1.0

1.5

2.0

 

 

P
h
o
to

n
s
/s

/m
m

2
/0

.1
%

 B
W

Photon Energy [keV]

Energy = 8.0 GeV

Beam Current = 500 mA

Period Length = 100 mm

Number of Period = 44

K value = 4.84 (x), 9.65 (y)

x 10
14

0.1 1 10
0.0

0.5

1.0

1.5
x 1013

 

 

Ph
ot

on
s/

s/
m

m
2 /0

.1
%

 B
W

Photon Energy [keV]

Energy = 0.75 GeV
Beam Current = 500 mA
Period Length = 40 mm
Number of Period = 30
K value = 0.8

��	��������

100eV light from 
750MeV Ring

100eV light from 
8GeV Ring



9The First Light of UVSOR in 1983



Upgrade History of UVSOR

1983-2003 2003-2012 2012-

UVSOR-I UVSOR-II UVSOR-III



UVSOR-I ⇒ UVSOR-II
2nd Gen. ⇒ 3rd Gen.
�Brilliance Upgrade by improving Magnetic Lattice ( from 160nm-rad to 27nm-rad)
�Increase of Straight Sections and Undulators (from 2 to 4)
�Construction of Undulator Beam-lines (BL3U, BL6U, BL7U)

2 Undulators 4 Undulators

160 nm-rad
27 nm-rad



Upgrade of Magnetic Lattice
low-e, more straight sections, low-by at s.s.

UVSOR-II
27nm-rad

UVSOR-I
160nm-rad

UVSOR-I

UVSOR-II

Quadrupole/Sextupole
Combined-function 
Magnet for new Lattice
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UVSOR-II low-e  low-b  non-achromatic optics (e
x0

=27.4nm-rad): One quadrant of the ring
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UVSOR-I → UVSOR-II
�April, 2003�



UVSOR-II Electron Energy 750 MeV
Emittance 27nm-rad
Straight Sections          4mx4+1.5mx4
Filling Beam Current 350 mA (multi-bunch)
Injection Interval 6 hours

3rd Harmonic 
Cavity

Reserved for 
Future Undulator

Reserved for Future 
Undulator

1m In-vacuum 
Undulator

3m Variable 
Polarization 
Undulator 2m In-vacuum 

Undulator

2.3 m Variable 
Polarization 
Undulator

New RF Cavity 
installed in 2005



�Make all four long straight sections available for undulators (by moving 
the injection point) <2010>
�Further Brilliance Upgrade (by intoroducing combined function bending 
magnets) ; from 27nm-rad to ~15nm-rad <2012>
�Top-up operation (constant intensity operation) <2010>

UVSOR-II⇒UVSOR-III
3rd Gen. ⇒ 3.5th Gen.

4 Undulators 6 Undulators

27 nm-rad �15 nm-rad

Time Time

decay decay

InjectionInjection

constant 

B
eam

 C
urrent

B
eam

 C
urrent



Energy Upgrade of Booster Synchrotron 
and BT completed in 2006, 2007

Reinforcement of Radiation 
Shielding in 2006

Towards Top-Up Injection

Improvements in Beam Monitor 
System & Control System in 2008



Top-up Injection
at UVSOR

17

Decay Mode

Top-up Mode



New 4m Straight Section 
by moving Injection Point

18
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Further Emittance Upgrade 
by Combined-func. Bends.

��	��

��

���	��

��

Bending radius 2.2 m
Magnetic Length 1.728 m
Bending Angle 45 deg
Field Index (n) 3.36
K1(pole shape) -1.2 m-1

K2(edge shape) -2.43x2 m-2

Pole Gap (Min.) 48 mm

In 2012



Undulators in UVSOR-III



SR Spectra of UVSOR-III

Photon 
Factory

SPring-8
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Be B C N O F

Si
P

S
Cl

Ar
K

Ca
Sc

Ti
V

Cr
Mn

Fe

Li

Co

Ne

Ni
Cu

Fresnel Zone Plate

Central Stopper

Order Select Aperture
(Pinhole)

• Photo Diode
• CCD
• PMT

Sample

X-ray

• High spatial resolution (20 nm~)
• Local X-ray absorption spectroscopy

• High transmittance
• Non-destructive observation by CT (3D)
• Lower radiation dose than electron beam
• ��������������������

• ������������������������������������
���
• Used in soft X-ray region

• Absorption edges: light elements and transition 
metals

�
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Absorpti
on!

Measurable elements
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Diffraction Limit ?
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Diffraction-limited 
Undulator radiation

Undulator radiation 
from an electron bunch

Coherence of Synchrotron Radiation

Free Electron Laser

Undulator radiation 
from a single electron

Spatially incoherent
Temporally incoherent

Spatially coherent
Temporally incoherent

Spatially coherent
Temporally coherent

Spatially coherent
Temporally coherent



Double-slit Diffraction of Helical Undulator Radiation

SRW simulation
SRW simulation

355nm 355nm

1st 2nd

M.K. et al. Sci. Rep. 7, 6130 (2017)

Undulator Quartz 
Window

Double 
Slit

Bandpass 
Filter

CCD 
Camera



1,1;2#
0,1;1#
-=-=

=-=
LS
LS

2,1;2#
0,1;1#
-=-=

=-=
LS
LS

2,1;2#
0,1;1#
+=+=

=+=
LS
LS

1,1;2#
0,1;1#
+=+=

=+=
LS
LS

( )nmnm 3.1355

Interference between harmonic radiations 
from helical undulators in tandem

1st+3rd 1st+2nd 1st+2nd 1st+3rd

M.K. et al. Sci. Rep. 7, 6130 (2017)
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1st

2nd

3rd

1st

2nd
3rd

Harmonics of Helical Undulator Radiation
= Optical Vortex carrying Orbital Angular Momentum

O. Chubar et al., NIM A 435 (1999) 495
S. Sasaki & I. McNulty, PRL 100, 124801 (2008)
J. Bahrdt et al., PRL. 111, 034801 (2013)
M. K. et al., PRL 118, 094801 (2017)
M. K. et al., SREP 7, 6130 (2017)



Vector Beam from Undulator
S. Matsuba et al., Appl. Phys. Lett. 113, 021106 (2018)

+ =
S=-1, L=-1 S=+1, L=+1

Experimental Setup @ UVSOR-BL1U



Vector Beam from Tandem Undulator at UVSOR BL1U

0degfD =

S. Matsuba et al., Appl. Phys. Lett. 113, 021106 (2018)



L. Zhu et al., PRL 79 4108 (1997)

Brumer-Shapiro (3w1/w3) Scheme

K. Ohmori et al., 
PRL 91 243003 (2003)

Wave Packet Interferometry Scheme

Coherent Control



Tandem Undulator

N-period 

N-period
Phase Shifter

A pair of N-cycle wave packets 

“Double-pulse” structured light 
from Tandem Undulator 

Delay between two wave packets can be 

controlled by the phase shifter magnet

Incoherent Radiation from 
a bunch of electrons

?



Coherent Control of Atoms 
using “double-pulse” structured light from Tandem Undulator 

Pinhole

Phase 
shifter

Helium gas

Al filter

Photomultiplier 
tube

Electrons 

(~10 mA)

UVSOR-III Storage Ring

Bandpass 
filter
Polarizer

Fluorescence detector

Photodiode

Twin APPLE-II Undulators 
(l=88 mm, N = 10)

Y. Hikosaka et al., Nat. Commun. 10, 4988 (2019)
T. Kaneyasu et al., Phys. Rev. Lett. 123 233401 (2019)

Population Control

Orientation Control with 
LCP/RCP “double-pulse”

Attosecond control 
of delay time using 

Phase shifter magnet



Effect of e-Beam Emittance

Zero Emittance Design Emittance Design Emit x 10

Simulation

J. Synchrotron Rad. (2017). 24, 934-938



Diffraction-limited VUV LS ?
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Diffraction-Limited Light Sources ?

1st & 2nd Gen.

3rd Gen.

4th Gen.

UVSOR-III
PF

SPring-8
3GeV-1nm

Diffraction Limit

p
le
4

<

1GeV-1nm



KEK ATF Damping Ring
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1.28GeV-1nm

C~140m



ISSP VSX
(Plan)
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1GeV - 0.7nm - 230m



Construction Cost of Synchrotron Facility

• Total Cost = Building + Injector + Synchrotron + Beam-lines

• Building ≒ Injector ≒ Synchrotron � [Beam-lines]

• Eb~500MeV 
• Building � Injector � Synchrotron ~ 1B�

• Eb~1GeV 
• Building � Injector � Synchrotron ~ 2B�

• ���

• Cost ∝ Electron Energy



Full-energy Injector for VUV Ring

b e revI N ef=

19

8 6

300[ ]

1.6 10 [ ]

/ 3 10 [ / sec] / 53[ ] 5.6 10 [ ]

b

rev

I mA

e C

f c L m m Hz

-

=

= ´

= = ´ = ´

113 10eN = ´

Beam Filling Time ~ 1000 sec (0mA to 300 mA)

11 8 93 10 /1000 3 10 1 10 [electrons/sec]eN
T

D
= ´ = ´ Þ ´

D
(Considering efficiency)

9

3

750[ ]

100 10 [ ]

/ 10

E MeV

me

g g

-

-

=

< ´

D <

!

!

Number of  electrons
in the storage ring

Number of electrons in the storage ring

Requirements for the injector



Laser-based 
Accelerator?

Length of 750MeV Linac; 
750MeV / (10~100)MeV/m = 7.5~75 m

UVSOR Facility


