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This is the sixth OCPA Accelerator School in
its series.

The first School was held in Hsinchu,
Taiwan, August 3-12, 1998

The second in Yellow Mountain, Anhui, July
18-27, 2000

The third in Singapore, July 25 to August 3,
2002. The 2004 school was canceled due to
SARS.

The fourth School was held in Yangzhou,
Jiangsu, July 27-August 5, 2006 ,

The fifth in Nantou, Taiwan, September 1-10,
2008.

The purpose of this school is to provide the
students a basic training on modern
accelerators.

The themes of OCPA2010 are spallation
neutron sources and particle therapy
accelerator facilities.

The lectures involve basic accelerator
physics, technology systems and applications.

The curriculum for the school is designed as
basic topics (10 courses), topics on spallation
neutron sources (4 courses), topics on hadron
therapy (6 courses), technical topics (11
courses), and seminars (5 courses).

Professors form U.S., Mainland and Taiwan
are invited to give the lectures. 2
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Program of the Sixt

N OCPA Accelerator School

TIME July 29 July 30 July 31 August 1 August 2 August 3 August 4 August 5 August 6 August 7
08:00- | G1: Intro. to G3-Long. =k q G7-Hadron G8-Injection & | S1-New light JH5-IMP carbon | T10-Cryogenics | -S4-Targets &
-Impedance
09:00 § Accelerators Dynamics & synchrotrons extraction sources therapy & SC spectrometers
09:00-§ G1: Intro to G3-Long. A d G7-Hadron G8-Injection & | S2-Advanced H6-Taiwan || T10-Cryogenics | S5-Management
-Impedance
10:00 § Accelerators Dynamics . synchrotrons extraction acceleration J proton therapy & SC engineering
Break Break
10:15-§ G1: Intro. to G3-Long. G6-Hadron G7-Hadron G9-Beam H1-Hadron T7-RF for Gl S5-Management
-Cyclotron
11:15 § Accelerators Dynamics linacs synchrotrons transport therapy hadron linac g engineering
11:15- §G2-Transverse . G6-Hadron | N2-Spall. Neu. G9-Beam H1-Hadron T7-RF for X
i G4-Lattice . . G10-Cyclotron Closing
12:15 Dynamics linacs sources I-I-I transport therapy hadron linac
Lunch P-4 Lunch
14:00- §G2-Transverse A G6-Hadron N3-Design O N4-Design H2-Accel. for T8-RF for T11-Radiation
-Lattice
15:00 Dynamics linac CSNS linac C CSNS RCS hadron therapy | hadron rings protection o
15:00- §G2-Transverse call ati N1-High powerf N3-Design a N4-Design H2-Accel. for T8-RF for %
-Lattice
16:00 Dynamics accel. CSNS linac — CSNS RCS hadron therapy | hadron rings >
Break % Break 3
16:15- T3-Power T6-Beam H3-Beam Exam C
T2-Magnet | T1-lonsource | T5-Vacuum . . . T9-Control
17:15 supply Diagnostics delivery pu
17:15- T6-Beam H3-Beam m
T2-Magnet § T1-lonsource | T5-Vacuum | T4-Pulsed PS . . . T9-Control
18:15 Diagnostics delivery
Super Super
20:00- S3-Accel. Office hoursand || Office hours and Office hours and m . Office hours and  JOffice hours and
100 ibati HA4-APTF design i .
o applications discussion discussion discussion discussion Iscussion
il Banquet
21:00-§ S3-Accel.
o Homework Homework Homework Homework Homework Homework
22:00 § applications




G1l-A

An Introduction to
Particle Accelerators

Historical Evolution, Innovative Ideas and
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Preface

The human'’s curiosity on the universe has
always been the driven force behind the
development of telescopes and microscopes. As a
type of powerful microscope, particle accelerators
play an important role in discovery on the micro-
world, which provide a major stimulus for research
into the constituents and nature of matter.
Traced to its three roots, the history of
accelerators is a continuous upgrade towards
higher energy, better performance and wider
application. Innovative ideas, new methods, and
new technologies emerge in endlessly...



Outline

From telescope to microscope

Historical evolution of accelerators
Frontiers of modern accelerators

Future science and accelerators

Summary



(1) From telescope to microscope

@ 400 years of telescopes and microscopes
@ The Glashow snake and universe
@ Fundamental particles and interaction

@ Methaeds to investigate the micro-world
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1.1 400 Years of Telescope

(zalileo's observation on
Jupiter & its satellites (1610)

Jan. 8 @:---

ard X-ray
Modulation
Telescope
(HXMT)
(2012)

Large Sky Area Multi-Object Fiber
Spectroscopic Telescope

1

Xinglong, Ch}:na


http://lwl.czyz.com.cn/jingguan/renwen/gongye/Index/gongye.htm
http://www.kuqin.com/shuoit/20081218/31214.html

g&Early Microscope

Robert Hookand & | ? (Cuff, 1740)
his microscope (¢ T et A E

M=40-140

400 Years of Microscopes

Sweep Electron
Microscope (1965)
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1.2 The Glashow Snake and Universe

i I'-. Cosmolog
Elementary / - 0 f gy ;

particles Mearest star

Particle Physics 10"

Astronimy

y:| Nuclear Physic Solar system
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Oalpental =g S gnC =l

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that summarizes our current knowledge of the physics of ful particles and by forces and by decay rates of unstable particles).
force carriers

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, BOSONS spin =0, 1, 2,
Leptons spin =1/2 I/Quarks spin =1/2 S{ructure within Unified Electroweak spin = 1 Strong (color} spin =1

Mass | Electric APPIOX. | E16ciric the Atom Name Mase | Elecric Mass | Electric

Fl 2 Name
GeVie? | charge aver Mi,?sz charge GaVic Jichargs GeVic? | charge
| GeVic? | Quark

Vs 0.13)x10-2 o 0.002 Size < 10-1m

Flavor

@) dscon  0.000511 ) dwn | 0.008

—

o LA/ Color Charge
Yy midde +(0.009-0.13)x10¢ &) cam 13 /3 NI_JCEEEJ“S : Gha < 40~18m Only quarks and gluons carry “strong charge”
: Si2a e 10TS RSN o ] . 1 {also called "color charge®) and can have strong
(s o interactions. Each quark camies three types of
g" it 0.106 '3 e 0.1 . color charge. These charges have nathing to do

haaviest . A B with the colors of visible light. Just as electrically-
,H o + (0.04-0.14)x 10-9 \y top 173 b charged pariicles interacl by exchanging photons,
L z in strong interactions, color-charged panticles

I} tau 1777 @ botiom 472 interact by exchanging gluons.
§ Quarks Confined in Mesons and Baryons
*Sea the neulnno paragraph batow. : Quarks and gluons cannot be Isolated — they are confined In color-neutral particles called
Spin is the intrinsic angular momentum of particies. Spin is given in units of h, which is the quantum :;::“;z';ﬁﬁr:ﬂzaﬁtxm:::g;’mg:‘:&":;f‘:r’:g:i‘uz'nﬁs‘;‘;’;::‘;aﬁs l:;‘(":
" = 28 - M g i i jes (qu :
SHI DE MG SO WA =i = . ST S CR Vi Das102a & energy in the color-force field betwoen them increases. This energy eventually is converted inta
Electric charges are given in units of the proton’s charge. In SI units the electric charge of the proton I E S is additional quark-antiquark pairs. The quarks and antiquarks then combine into hadrons; these
is 1.60x10" " coulombs. arks ¢ - are the particles seen lo emerge.
55 than 0,1 mm in size and the

The energy unit of particle physics is the electronvoll (eV), the energy gained by one antire alom would be about 10 km across. Twa types of hadrons have been cbserved in nature mesons qf and baryons qgqq. Among the
alectron in croes-ng a polential difference of one volt. Masses are given in GeVie® many types of baryons cbserved are the proton {uud), antipraton (0Gd), neutron (udd), lambda A
(remembaer E = mc?) whera 1 GeV = 107 sV =1.60x10""° joule, The mass of (uds), and omega £~ (sss). Quark charges add in such a way as to
the proton is 0.938 GeVic® = 1.67x107%7 . A . make the proton have charge 1 and the nautron charge 0. Among

Properties of the Interactions the many types of mesons are the pion 5 (ud), knon K- (s3),
Neutrinos

8" (db), and nc (cZ). Their charges are +1, -1, 0. 0 respectivel
Neutrinos are d in the sun, . reactors, (db), Tic (e8) il P ¥.

collisions, and many other processes. Any produced neutring can be = = il ) 2 BWa ¥ q web feature Th le Ads e 2
described as one of three neutring flavor states va, vy, of ¥, labelied by the Gr ational Weak Electromagnetic Strong IE’AW-HU-:»"\E“:\,JKS-\ ature The Particle Adveniure at
type of charged leplon associated with its production. Each i a defined Interaction Interaction |mgmu°n

quantum mixture of the three definite mass neutrinos ¥, ¥y, and ¥y for Niadtrteaia, ! (Electroweak) ) article venture.o rg
which currently aliowed mass ranges are shown in the lable. Further Acts on:
axploration of the properties of neutrinos may yield powerful clues to puzzles 4
about matter and antimatier and the evolution of stars and galaxy structures. Particles experiencing: All Quarks, Leptons Electrically Charged Quarks, Gluons

" The strangths of the inleractions (forces) ane shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances.

Color C.harga Tl This chart has been made possible by the generous suppon of

U.S. Department of Energy

Matter and Antimatter Gravit U.S. National Science Foundation
raviton ey

For every particle type there is a comesponding antiparticle type, denoled by (nat yet obsorved) wt w- 2 Gluens Lawrence Berke\ey National La boratory

a bar aver the particle symbol (unless + or — charge is shown). Particle and 0% m 10-41 0.8 7 25 ¢ 0 tucation Pro

antiparticle have identical mass and spin but opposite charges. Some Strength at { T (. .

elecirically neutral bosons (e.9.. 2%, v, and 1), = ¢& but not K° = d5) are their 310" m 10- 41 10-4 50 CPEPweh.org

own antiparticies.
Particle Processes Unsolved Mysteries
Driven by new puzzies in our understanding of the physical world, particle physicists are following paths to new wonders and
These diagrams are an anist's Blue-green shaded areas the cloud of gluons. startling discoveries. Experimants may even find extra dimansions of space, mini-black holes, and/or avidance of string theary.

a Universe Accelerating? ' Why No Antimatter? ' Dark Matter? ' Origin of Mass? EN

n—=pe- v, e*e~ — BOBO e
\ VA _ %
5 2

The expansion of the universe appears to ba Matter and antimatter were created in the Big Invisible forms of matter make up much of the In the Standard Model, for fundamental particles
accelarati Is this due to Einstein's Cosmao- Bang. Why do we now see only mafter except mass observed in galaxies and clusters of 1o have masses, there must axist a pan
logical Constant? If not, will experiments for the tiny amounts of antimalter that we make galaxies. Does this dark matter consis! of new called the Higgs boson, ¥ be discovered
via a virtual (mediating) W boson. This e to produce . "
= 0 reveal a naw force of nature or even extra n the lab and observe in cosmic rays? types of particles thal interact very weakly soon? Is supersymmelry theory correct in
is neutron [ (beta) decay. and BY mesons via a virtual Z
{hidden) dimensions of space? with ordinary matter? 1ing more than one type of Higgs?

I boson or a virdual photon

Mass — Energy Flavor Electric Charge

Particles mediating:

-

Afree neutron (udd) decays to a prolon An electron and positron
(uud), an electron, and an antineutrino (antiglectron) colliding at high

S




1.4 Methods to investigate the micro-world
Ep

i
| A = e

Crista *sreennin,..Ohserved Size | Beam
hC : gg SU%.S}HF].C.e -------- (Qm 0 E_nergy Method
~1lcm J E=hc/AfS
Cell/Bacteria 3_105 Optical
MOIeCUIE ﬁ:} = Aggregate of molelule 10°~10 0.1~10eV microscope
4 10-7 Sl Molecule 7 Electron
= Aggregate of atoms | ~10 ~1keV microscope
Atom 4*'_:‘_1:\ J ex) Water = H:0
~ 108 cm fx Atom 10® | ~10keV Synchrotron
/ ‘ = MNucleus + Electrons radiation
Nucleus o Low-energy
s PR ) ONUCIeESS '8 ~10*? | >100MeV | electron or proton
~ 1012 cm %E S LR accelerators
Hadron High-energy
Proton ‘[ L.l = Aggregate of quarks ~1O-13 >1 GeV pll’oton
?-._; ex) p:u+u+d, J/\lj:C+9 accelerators
~ 1013 cm () 8
Quark, Lepton . G High_energy
L6pt0n, Quark (u,d) (s,¢) (b,t) <10 >1000 GeV | electron or proton
e Eve) (v, (Tve) colliders
<10**cm
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(2) Historical evolution of acceleratots

@ A particle accelerator at your home
@ Historical roots of accelerators

@ Main development

@ Evolution of acceleration principle

@ Step up to modern accelerators

17



Television® A television set has almest all the basic features |
pik ,50 of CERMN's machines - a source of particles and ways
a particle accelerator of accelerating, guiding and detecting them

in your house

...electromagnetic fields =+
accelerate them... ]

=

| Accelerated electrons 5
make my picture :
|

T~
'




2.2 Historical Roots

The birth of an era

1919 Rutherford induced a nuclear reaction with natural
alphas.

1928 Gamov predicted tunnelling and 500 keV might be
suffice to split atom.

| have long hoped for a
source of positive particles
more energetic than those
emitted from natural
radioactive substances.

Ernest Rutherford, 1928

19



2.2 Historical Root 1

High-voltage acceleration

1928 Cockcroft & Walton started designing an 800 keV
generator encouraged by Rutherford.

1931 Van de Graff invented electrostatic generator.

1932 The rectifier generator reached 700 kV and Cockcroft &
Walton split lithium atom with 400 keV proton.




Historical Root 2 Slp g

T8 & | ) j
+ +V- +“— i

Resonant acceleration  w 1[I

1924 Gustav Ising proposed time-varying fields
across drift tube.

1928 Rolf Wideroe demonstrated Ising’s principle
with 1 MHz, 25 kV oscillator to make 50 keV
potassium ions.

Lur FPumpe

M
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Historical Root 2 (cont.)
Resonant acceleration

1929 Lawrence, inspired by Wideroe and Ising, conceived the
cyclotron.

1931 Livingston demonstrated the cyclotron by accelerating protons
to 80 keV;,

1932 Lawrence’s cyclotron produced 1.25 MeV protons and split
the atom just few weeks after Cockcroft & Walton.

'Tl M El .




Historical Root 3 Y,
Betatron acceleration T

1923 Wideroe, a young Norwegian student, drew in his laboratory
notebook the design of the betatron with 2-1 rule. Two years
later he added the condition for radial stability but not publish.

1927 Wideroe made a model betatron, but it did not work.
Discouraged he changed course and built a linear accelerator.

1940 Kerst re-invents the betatron and built the first working machine
for 2.2 MeV electron.

1950 Kerst built the world’s largest betatron of 300 MeV.

]
i Circular Coil
magnet
B i pole X
quide Ba erage e jl‘;.; -
= e | T
I Y 7\ ,I, f 0 1 I |
N —LEJ— ol I ‘:
’éecm i Va{uum ‘ LU VRN ’ /" /JI
B Pipe m B NI B A A
| Yoke Coil Re}(urn h
: . yoke
ver =< quide !
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1.3 Main @e'ae[opment

1944 V.Veksler & E.Mcmillan discovers | » Bt | -
principle of phase stability and ‘ !“’&’M\
invent the synchrotron.

1944 Veksler proposes an idea of
microtron.

1945 Energy loss due to synchrotron
radiation is measured in an
betatron;

1946 F.Goward & D.Barnes make a
synchratron works.

1946 Firstproton linear accelerator of
32 MeV is built at Berklay.

1946 First electron linear accelerators
are studied at Stanford and MIT.




1952 BNL builds 3 GeV Cosmitron.

1952 E.Courant, M.Livingston &
H.Snyder propose the principle of
strong focusing.

1959 CERN builds 28 GeV CPS;
BNL builds 33 GeV AGS (1960);

1960’s Several SR facilities are set up
on rings initially for HEP;

1962 First'single-ring e*-e-collider
AdA of 2x250 MeV is built at
Frascati.




1970 V. Teplyakov and I.Kapchinski invent
radio frequency quadrupole linac _t

(RFQ);

1971 J.Maday invented first free electron
laser;

1972 First double-ring proton collider ISR !
2x28 GeV is built at CERN;

Since 70’s A number of e*e” colliders
constructed;

Since 80’s A number of SR facilities and
spallation neutron sources constructed;

1989 Firstlinear collider SLC of 2 x 508
GeV is built at SLAC

2008 First beam from LHC;
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(3) Frontiers of modern accelerators

@ High energy frontier

@ High luminosity frontier

@ Multidisciplinary platforms
@ Application of accelerators

@ Novel acceleration methods

29
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Fermi s Dream (1954)

Fermi’s Dream SSC (LHC)
Epean 5000 TeV 20 (7.0)
(14)
(8.3)
(4.3)
(5)
(10)
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ATLAS ALICE
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CATLAS Sy

High - Energy Collisions at 7 TeV
LHC @ CERN
30.03.2010
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DESY and HERA

HERA Halle West/
HERA Hall Wesi

wifmen Elpklranen’ Efecirans
s Poasironen Fosilrang
i ProtonenPrafons

== Synchrofronsirablurg:
Syncholron Rediahion
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e-ion Detector

Possible locations for
additional e-ion detectors
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y—y Collider

o i bz B A
EEDIIBLE

Beam Energy E 250 GeV
Particle per bunch 0.65x10%°
Overall Length ~10 km
Repitation 180Hz
Bunch Length 0.1 mm
Beam Size at IP 7lnmx9nm

Polarization

All and adjustable

Distance if X-e IP and y—y IP

5mm

e'e"Luminosity

~1x10%cm2s?

y—y Luminosity

~1x10%3c¢m2s?

N IE LT

HHE S q

o HMEMET
Bt a8

o e AdHmEL: |

}—.llll
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Exotic

Reasonable

Challengeable

Being studied

n* - n Colliders
Same as electron, m*is lepton, but unstable t_,~ 2ms
m,=105 MeV, *=2068

4 € .
pSRocl[E) Pru 109 which is negligible
P\Eo)  Psre

= m? storage ring = smaller and more effective
t. =gt E=2TeV, g=20000, t,, =40ms, N=t_ /T~ 1500

O +
a(uJ“,,u_ - Higgs)oc m? = " ~ 40000
o

+
e+

hadrons, m,n,K...= Chance for new physics discovery

t o~2ms,t =40ms @2TeV

= VreocdE/dt, difficulty, cost...

very fast cooling = lonzation cooling

m*Decay = Background, shielding issues......
neutrino pollution D oc E3=> very serious @E=2TeV

P.Chen (SLAC), Y.Cho(ANL) K.Y.Ng, Z.Qian (FNAL),

Y.Zhao, H.Wang, H.Ma (BNL), Q.S.Shu (CEBAF), D.Li (LBL) ......

39
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3.2 High luminosity frontier

| After discovery made with pioneer accelerators,
more detail and accurate investigation need to be
made In order to extend the discovery with
higher statistics, which needs higher luminosity
machines;

I Higher luminosity calls for higher performance
colliders with higher current, better final
focusing, and usually double-ring structure..

| Challenge to accelerator physics and technology
beam Instabilities and impedance, injection,
Interaction region, vacuum, accurate bunch
monitoring ...

41
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Daily integrated
luminosity
(1/pb/day)

Daily efficiency peak beam currents
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Super-B-Factories
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BEPCII: a double-ring e-e* collider for charm-t physics
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3.3 Multidisciplinary platforms

@ Synchrotron radiation sources
Q@ Free electron lasers
@ Energy Recovery Linac

@ Spallation neutron sources
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3.3.1 Synchrotron Radiation Sources

@ Energy loss per tern:
E(GeV)*
p(m)

BEPC: E=2.8GeV, r=10.345m,
U,=526keV

@ Critical energy:
u. (keV)=0.665E>(GeV)B(T)

Uo(keV)=885

@ Radiation damping

@ z: Higher the E more theU,

@ X&Y: AX', Ay'#0, (Ax', Ay)ge=0
@ The Damping time

C(m)p(m)
13.2J, , cE°(GeV)

Tx,y,e(m5)=
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Electromagnetic Radiation
How it relates to the world we know

Baseball Period Cell
House @ &/ T

Radio Waves Microwaves Infrared Ultraviolet X-Rays

Synchrotron radiation is
used for experiments
typically over this region
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http://www.nsrrc.org.tw/english/tps.aspx

3.3.2 Free Electron Lasers (FEL)
QFEL ( of rons of
accele ”//

@The “ I /  electrons
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XFELSs coming soon

X-Ray Free-Electron Laser Projected Parameters

SLAC Linac

LOLS S5 e, 0 km i
(LELT {lapan} 3 e . o

Pulse duration <2l is 1k 1s fid is ’ : T LELS’ |HjECt{H ]

Warvelength 164 A 1-15 A 1-50 A S e _-1.'_'__2 k&

Repetition rate 124 Hz 10 Hz 4 Hz .

Electron bunches per pulse 1 1M |

Elzctran beam enempy i-14 Gev - o2 3} el B Gl - Beam Lines

Fholons per pulse (=10 1.2t 1.5 8 1.2iat1 A .76 |af 1 A ! -

Lmac length 1 km X ki 150 m

Estimated cos* 2179 million %1 hillion %3530 milleon

Estimated start date 2004 X2 200

*Extimates anclode vargng armousts al instresmentalion and dillerent rethods of aooountmg




3.3.3 Energy Recovery LINAC (ERL)

Very high average brilliance »
~10% ph./mm?/mrad?/0.1%/s ;

Many beamlines ® more users;

Femto-second pulse with high
repetition " molecular
dynamics...

Coherence #® Imaging of non-
crystalline materials ...

Jafferson Lab 14kW IR FEL OMeV: g

| FEL 1ns En:imlll

Rfcmf'ﬂﬂumpb Encrgy-recovered beamy, /b
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Existing and planned spallation neutron sources

Beam Energy | Ave.Beam Repetition Proton per |J Pulse length
Name Status (GeV) Power (MW) | rate (Hz) pulse (10%) (us)
SINQ PSI | Operat. 1981 0.59
perat. Cyclotron <0.9 CW
LANCE
LanL | Operat 1%

LANCE |1 _
LANL Plan 0.8 linac 1.0 30 1200
) 0.4 linac
1.33 linac
ESS Europe Plan 5.0 50 47 1
AR.
CSNS 0.08 linac 1.6
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3.4 Application of accelerators

Although accelerators were developed for particle
physics, many thousands of them are put to practical
uses in other branches of scientific research as well
as in industry, agriculture, medicine and many other
fields of our society.

@ Accelerator Driven Sub-critical reactor
@ Nuclear waste transmutation

@ Medical accelerators

@ lrradiation

@ Non-destructive inspection
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3.4.1 Accelerator Driven Sub-critical reactor (ADS)

' (30 MW )
i Injectors Booster
Generator
@ Turbine
o
S -
5 & .
fover - i x §| Power Generation
ccelerator Complex ‘ | pump % g (675 MW)
Energy | ‘ @ <—T 2
Amplifier f || i
e ®|Pumo
Fuel Discharge 3 Fuel Loadin
s 1)1 & >
¢ (27.6 1) Corell
R . Actinid Fresh
— eprocessing e | Fuel fabrication |q— Thorium
(Partition) (24.7 1) (291 Supply
Spent fuel
_ Fission Fragments ,.| Waste Packaging To Secular
Reprocessing Complex (291 (Vitrification) Repository
(every 5 years)
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China’s Roadmap for_ ADS

N,

e ™.

ADS Exp. Facility
Reactor: 80~100MW
' Accelerator: ~600MeV/ > 10mA

~2017 ADS Demo Facility
ADS Testing Reactor: ~1000MW
Setup e Accelerator:
Reactor: ~4MW @& T
Accelerator: sc "
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40MeV/ > 1r§-
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July 7, 2010



3.4.2 Nuclear waste transmutation

The concept of
energy amplifier is
extended to the
transmutation of long-
lived nuclear waste. The
Idea Is to mix nuclear
plutonium waste with
the thorium fuel so that
it also undergoes fission S~ ] __.
and breaks up into e ' —[_
harmless elements. L s

Lo - L )
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3.4.3 I\/Iedlcal accelerators
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SW 20MeV
!_ln =

65



HIMAC

Heavy lon Medical Accelerator in Chiba

Physics experimental rooms Treatment rooms
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3.4.4 lrradiation
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3.5 New methods and Technologies

The novel acceleration methods proposed so far can be
classified into two catalogs;

To transfer energy from photons to particle beams; laser
accelerators of different kinds, such as beat-wave accelerators,
grating accelerator, inverse Cherenkov effect accelerator, inverse
FEL accelerators and others. The maximum electric field in laser
can be as high as key issue 10°~10° MV/m, while the key issue is
how to obtain the E, component at the beam direction.

To transfer energy from one beam to another beam:

@ A high-speed moving beam directly drives the accelerated beam:
smoke-ring accelerator, linear beam accelerator, etc.

& Wake field accelerators (WFA): laser WFA, plasma WFA,
dielectric WFA, coupled wake tube accelerator and two beam
accelerator.
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Various wake field acceleration approaches

WEF Device | Max. Drad.

LWFA
Laser WFA

multi-GV/m

PWFA
Plasma WFA

Iris loaded
WFA

DWFA
Dielectric
WFA

100MV/m

CWTA
Coupled
Wake Tube

500MV/m

Advantages

High-gradient

High-gradient

Simple and well
understood

Very simple; Deflection
modes damped

Stepped up gradients;
beam-beam effects
small. Simple extension
of acceleration possible.

Disadvantages

Requires powerful
short pulse laser. Poor
efficiency.

Requires difficult drive
beam, alignments. Same
focus problem as
LWFA

Low gradient, requires
good beam-beam
alignment.

Requires difficult drive
beam, good beam-beam
alignment.

Requires efficient
coupling of RF power,.

Experimental Status

Preliminary
experiments underway;
electrons are captured
and accelerated

Acceleration of injected
beam at 5-7MeV/m
using few nC drive
beam

Similar to PWFA

Similar to PWFA

Experiment under

Drive beam less difficult § construction

than DWFA
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Laser plasma accelerators produced “Dream beam
followed up by worldwide experiments

ICL/RAL, UK

“Monoenergetic beams of relativistic
electrons

from intense laser-plasma interactions”
S. P. D. Mangles et al., NATURE, 431, 535, 2004.

LBNL, US
“High-quality electron beams from a laser
wakefield accelerator using plasma-channel
guiding”
C. G. R. Geddes et al., NATURE, 431, 538, 2004.

LLOA, France

“A laser-plasma accelerator producing
monoenergetic electron beams”
J. Faure et al., NATURE, 431, 541, 2004

Thomas Katsouleas, NATURE, 431, 515, 2004




Beam Energy
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History of Accelerators - Livingston chart
Advanced Accelerators gear up to TeV
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International collaboration on High-energy Laser-plasma
Acceleration at CAEP, China

H /M \au

_c.e‘t Phase-I:

e 1 _GeV monoe_nergetig: electron accelerati_on
Y minghua University with 10 mm size gas jet and a long focusing

optics

Phase-11:

Multi-GeV monoenergetic electron
acceleration with a long-range discharge

[ plasma channel
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O APR,

i X L — I TR R Advanced Photon Reserach Center

;{;;:;I University for Advanced Studies (SOKENDAI) “ l J SC
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(4) Future science and accelerators

@ Higher beam energy
@ Higher beam intensity
@ Higher time resolution

@ Higher spatial resolution
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Future science calls for
innovative ideas for
new generation of

accelerators
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Summary

@ As an powerful tool for acceleration of charged
particle beams, particle accelerators have been
rapidly developed since it was invented in 1930's
aiming at the researches on the micro-world;

@ Traced to its three roots, the history of
accelerators is a continuous upgrade for higher
energy and better performance:

@ The higher energy and higher luminosity are two
frontiers of the accelerators for high energy physics:

& Synchrotron radiation sources, free electron lasers
and spallation neutron sources and etc. are in
vigorously growing:
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Summary (cont)

@Variety of low energy accelerators are widely
applied in all aspects of our society;

@New methods, and new technologies emerge in
endlessly and will present a entirely new
appearance of accelerators;

JFuture science calls for innovative ideas for
new generation of accelerators.

@ As "microscope” for micro-world, the
accelerators will be further developed in 215t
century in the world as well as in Asia.
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Question

To line up the following types of accelerators
with the characters listed in the right side:

Synch rot@ B=const., f=h{,
BetatroD B=const., f=const.
CyclotroD B__PC  dBy(t) _1dB(t)
Zep dt 2 dt
Synch ro-cyc@ B= Zp—e‘; . f.=hf,

an

HYA
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