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Frontiers of particle accelerators in the world

ZHANG  Chuang’
Institute of High Energy Physics Chinese Academy of Sciences Beijing 100049  China

Abstract Human research on the microcosm is the motive force behind the development of particle accelera-
tors which have been advancing towards higher luminosity and better performance. Along with deeper progress in
research accelerators have moved step by step from low to high energy from weak to strong focusing and from
fixed target to beam collision. Higher energy and higher luminosity are two frontiers of accelerators for particle
physics. As multidiscipline platforms synchrotron radiation facilities free electron lasers and spallation neutron
sources have been developing rapidly. A variety of low-energy accelerators have been applied throughout a wide
range of the economy. New methods new technologies and new principles have emerged in an endless stream.
The international frontiers of particle accelerators are described in this paper.

Keywords particle accelerators energy luminosity multidiscipline platform application new principle for

particle acceleration

A E
20 N = o he
p EB
p B h = 4.14 x
107 GeV- s
10*'eV
2008 -01 -30

¥ Email Zhangc@ ihep. ac. cn
30

- 37 2008 5 http //www. wuli. ac. c¢n - 289



Al

1 .
1
/em
/ 1073—107° 0.1—10eV
~1077 ~1keV
~10°% ~ 10keV 1 LHC
~10-12 >100MeV
~1078 >1 GeV
<1071 >1TeV
1 2008 5
LHC 27km 1232
392
. 7TeV
ATLAS CMS LHCb  ALICE 4
2
LHC
4
CMS ATLAS LHC-B
Y- 38
2.1
2.2
2
FNAL - 4
Tevatron ' BNL
RHIC *
CERN LHC *
VLHC * . !
) 2004 8
ILC
Tevatron RHIC LHC VLHC
/TeV 1 0.1 TeV/u 7 20—100
p-P Au-Au | p-p p-p ILC 5
/km 6.3 3.8 27 233 ILC 40
/T 4.4 3.45 8.33 |2—11.2
/em~2s ! 2 x10% 5%x10% | 1x10%* | 2x10*
1983 1999 2007 250G6V SOOGGV
1995 ssC 1TeV
CERN  LHC . 67 2000
LHC 5 2 IILC
- 290- - 37 2008

http //www. wuli. ac. cn

5



WUH Ty
W EER Fars

LhF
spe ]
LB TFEENER MBH LR SRR I
2 ILC
5GeV
6. 7km
1
8000 12km
31.5 MV/m
250GeV . 150GeV
250GeV
.150GeV
Y
5GeV
250GeV.
200
6.4pm x5. 7nm 14000
500GeV
2 x10%*em s,
2.3 vy-v
y
L3 y-y
RERSE i AR B HG

TN
i e \l"\_ K jt 55
T

Y-y
Y-y
Y Y
Y
Y
v
bb 7z
24 p'-p
T
o T
v 200
.
2ps.
T
Y
1 B
TRSEST
4 E.
=4TeV  pn' -~
iy
T
2TeV
8km  p’ -
1 x10%em?s ™", v =
20000 . 40ms
E

- 37 2008 5 http //www. wuli. ac. c¢n

FEREL T AT

o =4TeV p® —p”

- 291-



N = 7,/T, ~1500

T, RTREE T e’
3
3
3.1
B
SLAC
-1 KEK
KEKB ® 1997

1 x10*em 2s™!

5 KEKB
PEP -11  KEKB
10°—10*em s ™'
B
LHC B LHC -B
P DE®NE 1997
2 x510MeV
6 x10%cm 7s ! 4
“ " crab waist
9
- 292

http //www. wuli. ac. cn

PEP

BEPC
1988
1.89GeV 1 x10% em s 7. 2004
CESRe. CESRc/CLEOc
BEPC BEPCII
BEPC
BEPC 1 x10%
cm 2s7! CESRc 3—7 . 3
BEPC  BEPCII 10 6
BEPCII
3 BEPC BEPCII
BEPCII BEPC
GeV 1.0-2.1 1.0-2.5
m 237.5 240.4
cm 100/1.5 120/5
93 1
mA 2 x910 2 x35
cm 2s ! 103 10%!

6 BEPCII
3.2
BAF
) J - PARC
400 MeV
RCS 50GeV
K cP
RCS IMW
CSR "
CSRm CSRe

- 37

CE-
3 GeV
.3GeV

HIRFL -
HIRFL

2008 5



408
i SFC

S —

L e .
o -
=y CSRe

u,
IBLLE " vas t sns w®

e,

-
.,
—

7 HIRFL -CSR

2.8GeV  2.0GeV

400—1100MeV/u

7  HIRFL - CSR
HIRFL - CSR

3.3

20—50 GeV
1021

keV

- 37 2008 5

400—770MeV/u

1020_

8 CERN

keV

22GeV HU D LT R i g

"“Bis 44/88MH{73K,
WO RHAmE

2RO =1 2X 100wy -
2—5GeVIRBIH .

10 15GeV ﬁ’,?ﬁ.
BRI _ L
i ;' :"‘*ﬂ;?z( 10211-'«")"1#“-*&,‘;‘ i I vy
| Ny L 100y Ay
1 " ™ T
[
.:"__g_"_.)\“’ X;,\,‘_} L .
IX10® v fyr™ Tl e e IXIOTy fyr
3X10M, /yr S IX10y Sy
v i L
8 CERN
4.1
. 1990
HLS a
SSRF
3.5GeV
2009
14
1993 1.3GeV SR-
3GeV
50
4
4
BEPC HLS SRRC SSRF
1988 1989 1993 2008
/GeV 2.5 0.8 1.5 3.5
/m 240 66. 1 120 432
/mA 250 300 200 300

http //www. wuli. ac. c¢n - 293



ﬁﬂﬁbﬂﬂ,}r ROpEE
!

aVaVavay

/
HHPIRHE . it

i TR Ay XTI
WA ML 1 SR A
11 ERL-X
FEL
X
GeV X X
.FEL
10
THz FEL
? X FEL .
10 12 LCLS lin-

ac coherent light source SLAC

3km 1km

15 GeV 112m
s SASE
ERL ' 1—154 X .
ERL X Euro - FEL
. ERL
KEK
5—6 GeV  ERL X
11 ERL X
4.2
FEL 20
12 LCLS
FEL * K
4.3
. 90
FEL .
X “

- 294 http //www. wuli. ac. cn - 37 2008 5



X
X
CSNS
7 5 MeV
18 13 CSNS
CT
13 CSNS
5
1GeV
/GeV /MW /Hz ADS 19 . 14

IPNS 1981 0.5 0.0075 30

ISIS 1985 0.8 0.16 50 ADS

SINQ 1996 | 0.590 <0.9
LANSCE 1977 0.8 0.08 20

SNS 2006 1.0 15 * 25
J - PARC 3.0 1 50

ESS 1.33 5 60 235

CSNS 1.6 |0.10.5 * 25 ADS

3
14 ADS 675MW
5 30MW ADS

ADS

- 37 2008 5 http //www. wuli. ac. cn - 295



(30 MW)

FiTFHIR

- 37

B
(675 MW)
IR R
BE B R
(I T R D)
BREHEISE _
¢ (276 1) = :
&\-—;"
HRELF AT PR . e
(W4 @471 BRRLT e agy HRE
Al P L [ A
PR R ﬂ”g’z’g i T S A v
14 ADS
6
6 20
1GeV/m
SSC 2006 LBNL
1GeV 2
6
n GeV/m
10°—10° MV/m ~GeV/m
50 MeV/m
100 MeV/m
500 MeV/m
40 MV/m
R
FEL ERL
WFA Wake Field Accelerator
- 296- http //www. wuli. ac. cn

2008 5



tion on a honeycomb lattice ’

21

Church M. Tevatron Runll Performance and Plans. Proc. EP-
AC'02 2002 11—14

Roser T. RHIC Status. Proc. APAC'07 2007 74—78
Evens L. LHC Status Proc. APAC'07 2007 46—50

Limon P. Very Large Hadron Collider. ICFA seminar on Future
Perspectives in High Energy Physics 2002

ILC Reference Design Report ISSN-0007-8328 ILC-REPORT-
2007-001 2007

Kim K J Sessler A. Beam Line 1996 26 1 16

Palmer R. w* — p~ Colliders. In Handbook of Accelerator
Physics and Engineering. edited by Chao A W Tigner M. Sin-
gapore World Scientific 1998 33—34

Oide K. Operation Experience and Performance Limitations in

e*e” Factories. Proc. EPAC'02 2002 1—5

2006CB921800
100

37 2008 5

2008

13

14

15

17

18

20

21
22

4

http //www. wuli. ac. c¢n

Bertolucei S. LNF Status and Outlook. ICFA seminar on Fu-

ture Perspectives in High Energy Physics 2002

Wang J Q et al. The BEPC II  Status and Early Commissio-

ning Proc. PAC'07 2007 53—57

Xia J] W et al. High Energy Physics and Nuclear Physics

2006 30 4 335

Hiibner K. Accelerator Based Neutrino Beams. Proc. EPAC’

02 2002 30—33

LiuZ P Li W M. Progress of the NSRL Phase II Project.

Proc. Apac’01 2001 235—238

Zhao Z T et al. Construction Status of the SSRF Project. Proc.

EPAC'06 2006 3389—3391

Tigner M. Nuovo Cimento 1965 37 1228

The LCSL Design Study Group. Linac Coherent Light Source
LCLS Design Study Report. SLAC-R-521 1998

Wei J et al. China Spallation Nutron Source Design. Proc.

APAC'07 2007 310—314

Lengeler H. Spallation sources. In Handbook of Accelerator

physics and Engineering. edited by Chao A W Tigner M. Si-

gapore world scientific 1998 40—42

Rubbia C et al. Conceptual Design of a Fast Neutron Operated

High Power Energy Amplifier. CERN/AT/9544 ET 1995

Simpson J. Wakefield Accelerators In  Handbook of Accelera-

tor Physics and Engineering. edited by Chao A W Tigner M.

Singapore world scientific 1998. 46—48

Tsung F S et al. Phys. Rev. Lett. 2004 93 185002

Leemans W P et al. Nature Physics 2006 2 696

11—13

16

“

Topological Mott insulator from interac-

297-





