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What is the Accelerator?
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<3 MV/m
(DC Kilpatrick criteria)
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RF Acceleration
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Prinzip einer Methode zur Herstellung von

Istrahlen hoher Voltzahl. . .
Kanalstrahlen hoher zah Wlderoe

(1928)

Von

GUSTAF ISING.

Mit 2 Figuren im Teate. i

Mitgeteilt am 12, Mire 1924 duech C. W, O=grx wnd M, Sigunanx,

The Rolf Wideroe Prize is awarded every third year by the
Die folgenden Zeilen beabsichtigen eine Methode zu skiz- 2 : =
i ot i (RS sk, st we Vesthiruns Accelerator Group_of the Eurfnpl%aﬁ Ph}fs_lcal Soae‘_t;f (EPS), In
stehenden miissigen  Spannung Kanalstrahlen (ev. Kathoden- memory of Rolf Widerge, to individuals in recognition of
stralilen) beliebirer Voltzahl zu erzeusen. Dies soll dwdurch

outstanding work in the field of accelerator physics.!"!
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Magnetic Fields due to Currents

- Permanent magnet (ex, Undulator)
- Electromagnet

Solenoid
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/00 of Accelerators
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Things Accelerators Can Do
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Things Accelerators Can Do
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Phys. Perspect. 13 (2011) 146-160

© 2011 Springer Basel AG (outside the USA)
1422-6944/11/020146-15

DOI 10.1007/500016-010-0049-y IPhysics in Perspective

The Influence of Accelerator Science on Physics
Research

Enzo F. Haussecker and Alexander W. Chao*

“It Is estimated that accelerator science has influenced almost 1/3 of
physicists and physics studies, and on average contributed to
physics Nobel Prize-winning research every 2.9 years.”
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Accelerators Are Big Business

Number of accelerators worldwide
~ 26,000

1% 49

1%

Annual growth is several percent

Sales >3.5 B$/yr
Value of treated good > 50 B$/yr **
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" Radiotherapy (>100.000 treatments/yr)*
M Medical Radioisotopes

Research (incl. biomedical)

e
e ,o—,
- —

M >1 GeV forresearch )

-
Industrial Processing and
Research

M Ion Implanters & Surface
Modification
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Accelerator Physics: From Wikipedia

-" WIKIPEDIA

W

Q, Createaccount Login ese

L The Free Encyelopedia
= Accelerator physics %A 18 languages
Article  Talk Read Edit Wiew history

From Wikipedia, the free encyclopedia

This article includes a list of general references, but it lacks sufficient
o] corresponding inline citations. Please help to improve this article by introducing
- more precise citations. (Januwary 2020) (Learn how and when to remove this template

message)

Accelerator physics is a branch of applied physics, concerned with designing, building and operating particle accelerators.
As such, it can be described as the study of motion, manipulation and cbservation of relativistic charged particle beams and
their interaction with accelerator structures by electromagnetic fields.

It is also related to other fields:

« Microwave engineering (for acceleration/deflection structures in the radio frequency range).

« Optics with an emphasis on geometrical opfics (beam focusing and bending) and laser physics (laser-particle interaction).

« Computer technology with an emphasis on digital signal processing; e.g., for automated manipulation of the particle
beam.

« Plasma physics, for the description of intense beams.
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Accelerator Physics: From chatGPT
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What is accelerator physics?

Accelerator physics is a branch of physics that deals with the design, construction, and
operation of particle accelerators. Particle accelerators are machines that accelerate
charged particles to high energies using electromagnetic fields. They are used for a wide
range of applications, including fundamental research in particle physics, matenals

science, and medical applications such as cancer treatment.

Accelerator physics involves the study of the behavior of particles as they are
accelerated, including their interactions with electromagnetic fields, their trajectories, and
the effects of relativistic motion. It also involves the design and optimization of the
accelerator structures, the control of the particle beams, and the development of

diagnostic technigues to measure beam parameters.

Accelerator physics is a highly interdisciplinary field that draws on concepts from
electromagnetism, gquantum mechanics, relativity, and engineering. It is a rapidly evolving
field, with new technologies and techniques constantly being developed to push the

limits of particle acceleration and advance our understanding of the universe.
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Accelerator Physics: ~Beam Physics

Particle beams are collections of charged particles all travelling in nearly the
same direction with nearly the same speed (possibly relativistic).
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Much of modern accelerator physics is concerned with intense beams that have
very strong self-forces, and display characteristics of plasmas (ionized gases).

| L}
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Intense Beams

 Macroscopic self-fields are most often termed space-charge when they arise
from the near-field of the beam’s charge distribution and wake-fields when they
arise from the beam'’s collectively radiated fields.

Dominant for low energy Dominant for high energy
Space charge effects == Pipe with Structure
Nonlinearity, resonance, coupling => Wakefields

?i-@i--.@’i_@f“-_ A o
X s .
(cf., scattering effect) (cf., plasma wakefield)
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Accelerator VS Plasma Physics

To a large degree, accelerator physics and plasma physics are quite similar.
Both involve nonlinear dynamics (single-particle effects) and collective instabil-
ities (multiparticle effects). However, there is an important difference,

beam self fields > external applied fields (plasma) ,

beam self fields < external applied fields (accelerators) .
This difference means perturbation techniques are applicable to accelerators with

unperturbed motion = external fields (magnets, RFcavities),

perturbation = self fields, wakefields.

In fact, in accelerator physics, a first order perturbation often suffices. This
makes accelerators much cleaner physical system to study compared to typical
plasma systems. although the mathematics and physics tools are quite similar.

[From A. Chao]
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Beam as a Nonneutral Plasma
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The Nobel Prize in Physics 1984
: Carle Rubbia, Simon van der Meer
Share this:

Simon van der Meer - Facts

Simon van der Meer

Born: 24 Movember 1925, the
Hague, the Netherlands

Died: 4 March 2011, Geneva,
Switzerland

Affiliation at the time of the
award: CERN, Geneva, Switzerland

Prize motivation: "for their decisive
contributions to the large project,
which led to the discovery of the
field particles W and 2,
communicators of weak interaction”

Field: experimental particle physics

Prize share: 1/2

Discovered the W and Z Particles

According to modern physics, there are four fundamental forces in nature.
The weak interaction, responsible for e.g. the beta-decay of nuclei is one of
them. According to the theory forces are mediated by particles: the weak
interaction by the so called heavy bosons W, Z, about 100 times more
massive than the proten. Simon van der Meer developed a method to
accumulate a large number of energetic antiprotons in an accelerator ring.
These were used in experiment where antiprotons and protons of high
energy were brought to collide. In these experiments W and Z particles were
discovered in 1983.
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“Accelerator physics—a field
where often work of the highest
quality is buried in lost technical

notes or even not published,;

one has only to think of Simon
van der Meer’s Nobel prize work
on stochastic cooling —
unpublished in any refereed
journal.”

attitude at some laboratories:

“..if you have time to write papers you
do not have enough real work to do...”

“We publish in concrete and steel!”, John B. Adams
(CERN director)
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Frontiers of Accelerator Physics

—> Science goals/Society needs push limits of accelerator performance

Beam Quality

How to control instability,
bunch length/size, charge state,
and emittance?

Diagnostics Manipulation

Accelerator
Physics

How to increase
accelerating
gradients &

dipole B-fields?,

Advanced
accelerators?

How to overcome
space-charge &
wakefields?

How to mitigate
halo & loss?

NS
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

22 Moses Chung | Accelerator Physics: Present and Future




Accelerators are Workhorses

Three main aspects in this talk:

o Particle/Nuclear physics: A powerful particle smasher
e Photon science: A bright photon source
e Neutron science: An intense neutron driver
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Important Figure of Merit

24

Particle collider: Energy & Luminosity

R=0c

Light source: Brightness

physics
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Neutron source: Power

PIMW] =1

pulse

duty=f T

oC

pulse

(E)[cm?]x L[cm?s™]
1:c NlN 2

4
d N photon

dtdSdQ(d A/ A)
N

ebeam

ExE,

[MA]x E[GeV]x duty[%]

Moses Chung | Accelerator Physics: Present and Future

10,000

THE ENERGY FRONTIER

g

E
R T=

sy LEP
A TRISTAN
PETRA, PEP

)
F RCESA
15 < W VEPRIV
ASPEART .t
w SPERAL DORIG  #
» ADONE s
# . eregoomatis®

BFRIN-STAN, VERF L ACC * A |
s |
L]

g

—
=]

-
T

= *

Constituent Canfer-of -Mass Enargy  (GeV)

R | P EE— S— —k —
1960 1970 1980 1980 2000 20 2020

Year of First Physics

- i
=] o
I

Peak Brightness (ph/simmeimr 0.1% BW)

10! 102 10° ot o
_ Energy (eV)
2 J{'“-_.""'"'__.'-'.""
.rF‘
20 4 J
. .;’
5. / Neutron yield

per unit energy &
per incident proton

|

Number of Neutrons ( GeV x Proton)

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5

[E OF
Proton Energy (GeV) IBY



Accelerator: A powerful particle smasher

The Tevatron Collider: p — pbar
(Both beams share the same beam pipe and magnet aperture)

s

Rutherford scattering
experiment using alpha
particles in 1909

-— i

Tevatron
(mm)

Chicago
ILLINOIS

fCoogIe search )( I'm Feeling Lucky 4
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Accelerator: A bright photon source
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Accelerator: An intense neutron driver

Reactor:

Neutron gcat ring:

M Clifford G. Shull

‘Bertram N. Brockhouse

Front-End Building

High power CW proton linac

Klystron Building

Linac Tunnel
_ Ring

1o > ’ Future Target
Central I Building
Helium

Liquefaction
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Accelerator ™

3 - SRR
Radio- g - Center for
Frequency , Nanophase
Facility . Materials

Reactor

Sciences

Support
| e
Tar g et core Buildings - Joint Institute for
Neutron Sciences
Central Laboratory
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Housing Facility ﬁ

—> Subcritical nuclear reactor - Intense pulsed neutron source
WUNisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

27 Moses Chung | Accelerator Physics: Present and Future



SEe U/ M7= ML
t=7|: Energy

WUNisT

NNNNNNNNNNNNNNNNNNNN
EEEEEEEEEEEEEEEEEEEE

28 Moses Chung | Accelerator Physics: Present and Future




Large Hadron Collider Upgrade

- Present LHC will reach its limits in the early 2020s

. LHC HL-LHC |
Run4-5...
- The HL-LHC
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oot | oz | zos | 2o | aors | 2o | o | avis | oo | o | et | e | oo | eues | oo | 2o | ey | zow | om ] y the
x nominal Lumi

51075 Council in June

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS l,,""’/_’4| 2014.

ipes . . . . HL il
peam pipe nominal Lumi 2 X nominal Lumi, ALICE - LHCb | 2xnominal Lumi e - 21 M EUR for
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY i€ PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. PHYSICS

Accelerator physics issues:
- Impedance, Electron cloud, Intra-beam scattering, Beam-Beam

- Crab cavities, Halo collimation, Magnet Diote Field for Hadron Collder
: Primary Shower 0
i collimator absorbers 18 HELHC
! 16 HTS -
Hollow E’ 1: N HL-LH!{"
e-lens E’ 10 Hbysn .
¢ g 8 = “__-""— L’HC
Secondary bee “ 2 Twali‘j:'""—":m’“ SHIC
+ hadronic showers 2 e
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| WJNIST
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Beyond LHC: Lord of the rings

COLLISION COURSE

Particle physicists around the world are designing colliders that are much larger in size
than the Large Hadron Collider at CERN, Europe’s particle-physics laboratory.

CERN's Large

Hadron Collider
Circumference: 27 km
Energy: 14 TeV

US/European super
proton collider
100 km; 100 TeV

s
China’s electron—positron collider
52 km; 240 GeV

China’s super proton collider

52 km; =70 TeV

China-hosted international
electron-positron collider
80 km; 240 GeV
China-hosted international
figan TP e super proton collider
g 80 km; <100 TeV

International 2
Linear Collider i oo ' —— Existing =+ Proposed
Leng‘th::;l;n‘: ---------------------------------------------------- TeV, teraelectronvolt; GeV, gigaelectronvolt
I Proton collider
Possible scenarios of future colliders B Electron collider
[ Electron-Proton collider
] m=ss_Construction/Transformation
c 4 years ERLCLEN ILC: 250 Ge/ 500 GeV 1Tev Preparation
Q 20km tunnel 2ab? 4 ab1 =4-5.4 ab1
- m tunnel 40 km tunnel
||
© ENCEIEN CepC: 90/160;143@ L
—— : SppC aim similar to FCC-hh
;g { 100km tunnel 16/2.6/5.63b RE
@]
- = ———— SR FCC hh: 150 TeV ~20-30 ab't
FCC-ee:
EALL LML N ] 507250 Gev L7808
100km tunnel R Vs VLS o - 100 Tev 20-30 bt
8 years 5 years
E—— FCC hh: 100 TeV 20-30 ab-
= \J 8 years
T - HL-LHC: 13 TeV 3-4 ab HE-LHC: 27 TeV 10 ab
(W]
2years 6years |LHeC: 1.2TeV,
— ‘FCC-eh: 3.5Tev2ab+* |
5
years LALCICHN CLIC: 380 GeV [l 1.5 TeV - 3 TeV
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30 Moses Chung | Accelerator Physics: Present and Future

NS
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY




Future Circular Collider (FCC)

International FCC collaboration (CERN as
host lab) to study:

*  pp-collider (FCC-hh)

~16 T = 100 TeV pp in 100 km

 e*e collider (FCC-ee) as potential intermediate
step
Y Schematic of an
e p-e (FCC-he) option 4 80-100 km
‘ long tunnel
*  HE-LHC with FCC-hh technology

* CDR and cost review by 2018->2019

. o
...- ae®

https://fcc—cdr.web.cern.ch/ ‘
alaz

[F. Zimmermann]
~25 7= ¢
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China’s Proposal: CepC and SppC

LTAONING

[F Zimmermann]

anhuangdao
|ﬂ&9)

Circular Electron Positron Collider

=

S —— 2~ * F Supe proton prot

easy access
300 km east
from Beijing
3 h by car

1 h by train

A, GEBCO

Google earth
C
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International Linear Collider

2 b
C.M. Energy 500 GeV Damping Rings IR & detectors compressor
Peak luminosi ity 1.8 x10* cm2s1 \ III." |

Beam Rep. rate

e nature

Average

E gradient in SC

ace. caviy Explore content ¥  About the journal ¥  Publish with us v Subscribe

nature » news » article

NEWS | 07 March 2019

Plans for world’s next major particle to-
e COllider stuck in limbo

for hos

sing to
Japan delays decision on whether to host a US$7-billion linear accelerator — but competing

proposals are also in development.

- 1.3 GHz SCRF technology
WUrisT
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Muon Collider

Pros: Ccons:

e Muon is a lepton e The muon lifetime is 2.2 us at rest

» 200 time heavier than electron - less « Muon production, manipulation,
synchrotron radiation acceleration to high energy and into

* Muon collider is compact relative to e+e- collision within muon lifetime

colliders * Needs muon cooling by large factors

+ + - -, =
PROTON BUNCH T %ll’l +V/1’7z- _)lLl +Vy

Accelerator physics issues:
- lonization cooling
- RF cavity operation in strong

. magnetic fields
ABSORBER - RADIO-FREQUENCY CAVITY .

3 MucCool Test Area-!
(Fermilab/MAP)

- A

_ J‘I | g )
Wz, o O

Slow Beam Accelerate Forward Slow Beam Accelerate Forward Slow Beam Accelerate Forward

| L}
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Advanced Accelerators

Medium

Laser Pulse

Particle Bunch

Off L X|

AT

Dielectric

Dielectric Laser Accelerator

Structure Wakefield Accelerator

Plasma

Laser Wakefield Accelerator
LWFA

Plasma Wakefield Accelerator
PWFA

ANA  Energy Gain AE/E Charge Peak Gradient Efficiency! Ref.

'Quoted as bunch to bunch energy transfer efficiency.

2 eemans, Phys. Rev. Lett. 113, 245002 (2014)
3Blumenfeld, Nature 445, 741-744 (15 February 2007)

4Litos, Nature 515,92 (2014)
50Shea, Nat. Comm. 7, 12763 (2016)

®Wooton, Optics Letters 41(12), 2696 (2016)

% (pC) GeV/m %
LWFA  42GeV 3 6 47 z
PWFA  42GeV 100 - 53 - 3
1.6 GeV 0.7 74 44 30 4
SWFA  30MeV 07 944 0.32 80 5
DLA 24keV 100 - 0.69 6

- Good parameters achieved
individually, but not simultaneously

> oh=k LWFA 20RO M= M A X 2l Player
(GIST, IBS, UNIST, KAERI, KERI, PAL §)
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AWAKE successfully accelerates
electrons

Proton beams from the SPS at CERN were used to generate plasma waves upon which
the electrons “surfed”

29 AUGUST, 2018 | By Achintya Rao

AWAKE's electron beam line (Image: CERN)]

Transformer ratio limit > Proton-driven > AWAKE (CERN)
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Comparison of Particle Colliders

To reach higher and higher collision energies, scientists have built and proposed larger and larger machines.

Advanced

Accelerator

d=table top
FCC/CepC

C =100 km
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Ultimate (4th Generation) Storage Ring

\ L f s -,
. 2 < .'__ ] nature International weekly journal of seience

o B Home | N nent | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For
by 1012 -
2 D Issue 1455 ) ews ) Aice 2

o

@ APS

D_ .

0 upgrade Ultimate upgrade for US synchrotron

(o) Argonne lab banks on beam-bending magnets in bid for world’s most focused X-ray light
"5 source.

e

o 108} Eugenie Samuel Reich

10 September 2013
100 Hz 100 MHz
Rep rate

A Accelerator physics issues: Low emittance & High current
&y < &R —— . Multi-Bend Achromat (MBA) lattices with compact magnet

A design (MAX 1V, Sweden)

- Coupling control
ngtigtfroixggt::‘?” + Dispersion - Chromatic aberration and Non-linearity due stronger focusing
Pne - Intra Beam Scattering (IBS)

- Transverse and Longitudinal (cavity HOMs) beam instabilities
- Injection

| L}
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X-ray Free Electron Laser

s R Sy
Q10| (CW Linac) LHLCLS-II Linac . 5-15 Ge =)
2 W%i ==
EJ_ HL/BCL BC2 4 Gev Ve e e 1:%1:;3\/(5112_? llilflzl—)|z)
o - Replacing first kilometer of the normal conducting S-
% band linac by 4 GeV SCREF linac (ILC technology, 35 x 1.3
= il GHz CM and 3 x 3.9 GHz CM for HL)

100 Hz 100 MHz
Rep rate
- Seeding / Attosecond generation :
+ External seededgﬂ : HGHG & EEHG g limit at high harmonics. Limited to soft X-ray - XFEL OSCIllator:
L s ' ==

~ Diamend
S Crystal

— N
Seed laser  Masee = ~UV Seeded FEL ‘l oy = Muer /

Undulator

+  Self-seeded FEL ; Bearn
Soft X-ray
Dump
SASE FEL . Seeded FEL sase ,.-gt"{—’_j— Tunable X-ray (|
grating 2 / Optical Cavity
Hard X-ray Experiment ]
_ ./I7l\. — Full coherence with ultra-pure
SASE & FBD  SASE _ : ;::,TLT:Ln Spectrum (KWang'\]e Kim)

Single r\fl‘l seeded EEL BAsE = EUKFEL [DESY)

SASEFEL monochromator

FBD: Forward Braga Reflection
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5th Generation Light Source ?

Energy Recovery Linac (ERL)

FEL/UnduIator

* High average brilliance XFEL
* Full spatial coherence

o fstops pulses

* Many experiments

Energy efficient / Little beam loading
/ Not cyclic / High average current

» - e  Ready tunability :
/\ . High flux Storage Ring
o Stability
" * High-energy x-rays
"‘ * Flexible pulse characteristics

e 10° pulses/s
e Narrow energy spread

ol XT™YS  «  Flexible machine parameters
f . 5-7 GeV _| N » Drive XFELO, high rep-rate XFEL
/f r i
Injer.':tnr approx. 500m Dump ERL
@ Accelerating Bunch

L Fietumlng Bunch

Energy recovered during deceleration is used to [Joel D. Brock]
accelerate new bunches.

WUNisT

ULSAN NATIONAL INSTITUTE OF
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Advanced FEL’s

- A compact light source driven by a Laser Plasma Wakefield Accelerator:

X-ray CCD
detector

Transmission
gratings ~

Movable
phosphor ... .
screen

Magnetic Phosphor
spectrometer screen

Gas cell

Laser\beam V
7
-

Challenges: Repetition rate, Energy spread, Higher electron energy?

Aluminium foil
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Plasma-based acceleration
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Flow charts
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Intensity (Power) Frontier

Low energy applications:

High energy applications:

10 MeV A R
LeAc i A Design
. 4—— DMledical Therapy - Material S, Life £
107 ( ] T T T T T T T T 105 = I-EDA' — SCEEHCE ADS . AChIEVEd
| Ion Implantation '-=_' \ ey
10¢ B Neutron S ) i / \ / F CA[Q
Meutron source I
. \ . N g s sPiRL24 / X\ MRS \ Beam Power
10° 1 Aﬁlaj."?g Py / FRIB 4 | O psi | AESS
e L Sl)uﬂel‘i].lg- &d SLRAF | | ‘I| SHS
= 10t AT, 0L t 10° | @V LANSCE |
2 S 10 MW
% = \' Wisis /
ERCES - E 102 '| IRACRCS gy High Energy,
4
b I'l KDM‘M: \g‘RS\.R ESN// _N'ldf.'(lr Physics
10? |- ) . m \ T o O
Spectroscopy Jon B @ \ | "'TO'O kW PIP-I e
Ar, O* pon Beam & 10 \ RIKE / .i J-PARC/MR A \
100 | - S AGS ' Numi
. = /
) High current < 10° / CNGS (0
0 N 1 kW ™ ~
10 ] 1 ] ] ] ] 1 ] ] S —— e
108 106 10+ 102 10? 10° Rare lsoto pe BECIITIS e AR
Current (A) 1A 10_.1 - LU ] Iliihllill 1 llllillI | lllIL!J‘.} 1 1HI:I1I|
108 102 1071 10° 10 10° 10°
geam Kinetic Energy (E/ A) [GeV/u]
10 MeV
| L}
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Spallation Neutron Source

- Spallation Neutron Source (SNS/ORNL)
o sl A stepping stone to other high power facilities

(Lawrence Berkeley) (Brookhaven)

e . Target - 1 GeV superconducting H- linac
= o = > (Oak Ridge) .
gy ") - 26 mA average linac macropulse current

Linac J7 S (4 =\ - 1 ms long linac macropulse / 1 us ring revolution time

(Los Alamos and Ly

il - Accumulator ring with ~1000 turn charge exchange injection
instrument Systems [ |- - A short-pulse neutron source (1.4 MW,700 ns pulse on target)
e = &% - Power upgrade by 2025 (= 2.8 MW)

- European Spallation Source (ESS)

352.21 MH: <l 70442 MHz sl
Bfightness €“24m—> € 40m> € 36m—> € 3N4Am> €—BST—> €—1139m—> €—227%9m—> €——1598m—>
i (""!:;”ZISISTEUA] @ ESS smw Source HEBT & Upgrade
10710 ® ISIS TS1
| . ISIS TSZ 75 keV 3 MeV 78 MeV 200 MeV 628 MeV 2500 MeV
7 ® SNS 1MW N ;
| i o ring - Proton beam
] ® J-PARC 1MW Parameter Unit Value 9
3 | —ILL Energy GeV 2.5
i Current mA 50 . . .
] Pulse length ms 286 Accelerator physics issues:
i Pulse repetition frequency  Hz 14 .
Average power MW 5 - Emlttance grOWth
0 1 2 3 time(ms) _Peak power MW 125 - Beam halo/Beam loss
- Space-charge resonances
n n
WANST
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International Fusion Material Irradiation Facility

g

10
10 Prototype Accelerator 7]
10°
- IFMIF is an essential facility in the £, —
. ]
world fusion program. 3 10 _
- It will become a fusion relevant E o _
neutron source. @ 5 -
10' —
Deuterium-Lithium N ”;'1 | 1 | En;?gi_.r {ME.,;:};M 1r{lm
stripping reactions
Accelerator Lithium Target Test Cell Accelerator physics issues:
(125mAx2) 25 mm thick, 15 m/s - Significantly higher beam
LEBT ——ra currents than any existing or
"""""""" il ; planned machines (125 mA CW)
100 keV 5MeV 9 145 26 40MeV f ~ | - Space-charge iIssues
Beam shape:

Medium  (>1 dpafy, 6)
Low (<1 dpafy, >8 L)

UU U zL U U L 200x50mm” Migh  (>20dpafy, 051) - Deuterium beam operation
|

NS
ULSAN NATIONAL INSTITUTE OF
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Accelerator Driven System (ADS)

SCKCEN Science Towards Sustainability:
H Ig h powe r CW p rOtO n I I n ac Enter a search term a4 MYRRH:Q Multi-purpose hybrid research reactor for high-tech
(~ 1 G eV’ > 2 0 mA’ CW) ZVRRHA ES SIC:('EEN the Ee\g\an MNuclear Research Centre in Mol has been wnrkmgmr several years
Accelerators

R&D programme , | onthe design ofa multi-purpose irradiation facility in order to replace the ageing BR2
i

for America’s
Future

Media gallery

e fast spectrum resear

accelerator d system (ADS), able to
acce

Publications
ISOL@MYRRHA

MOX fuel, cooled by liquid lead-bismuth (Pb-Bi).
¢ An accelerator-driven
subcritical system is

ideally suited to burn
the most problematic .
isotopes in spent fuel. EUteCtIC) target
(~30 n)

http://www.acceleratorsamerica.org/ '& i

LBE(Lead-Bismuth'} Reactor core

(keff < 1, wide range of fuel)

@ ERERGY

Accelerator physics issues:
Accelerator and Target Technology for Accelerator Driven - Mlnlmlze beam trlps (<50/year for t>5 mln)
Transmutation and Energy Production to reduce thermo-mechanical stresses on target

H. Ait Abderrahim’”, J. Galambos®, Y. Gohar®, 5. Henderson®', G. Lawrence®, T. McManamy®, A. C.

Mueller®, 5. Nagaitsev’, J. Nolen®, E. Pitcher”, R. Rimmer', R. Sheffield’, M. Todosow” and reaCtor
- Long-term operation of high-power CW
front-end

- Beam halo/Beam loss (<1 W/m)
- High dynamic range (>1069), high-resolution
measurement of beam particle distributions

| L}
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Heavy lon Fusion (HIF)

-
o

10

10

total current (A)
o

-

—
©

50

Heavy |On accelerator (~1O GeV) can NDCX-II GSI-S1S18 LHC HIF driver
deposit enough energy (>10 keV) for lon energy 1.2 6 MeV 70 GeV 14 TeV 10 GeV
D-T fusion (Li+) (U 2) (p) (Pb¥)

; ; P Beam power 0.1to 1 GW 350 MW 1TW 4 TW/ beam
ngh rep_' rate and hlgh eﬁ:ICIGnCy (50Ax2MeV (in130ns) | (100 pus dump) | X100 beams
Robust final optics >150Ax6MeV) (in 8.2 ns)
But COUId be Very expensive Beam energy | 0.08t00.25J 45 100 MJ 6 MJ

’ (total dump)
"~ HIF regime Space charge High Very Low Negligible High to low
. - t AY/KE (final) 5 x 102 109 101 to 105
B nal transpor
t lon range Low High Way too high IFE target
3 ) (~ 3 um foil) | (> WDM target) for IFE requirement
buncher rings 0.0001 g/em? | 10g/lem? | 10,000 g/em? | 0.03 -1 glem?
N Accelerator physics issues:
i storage rings .
¢ - Space-charge dominated beam

[ source + injector EUrope | transfer rings - Beam compression
1 | rf linac acegleration - Driver for high energy density physics

L ion source . I | | . | | F .

10-4 10-2 L 1{}2 | \bacL@:SE:dT::;swre \ h{target
EI"IEFEY {GEU] {~3.5 x10% cm?)
injected ;ﬁasma plasma from photoionization
final-focus {~10"-10" cm?) of background gas by
magnet hot target
| L}
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Accelerator Projects in Korea

2.5 > 3GeV
NC - SC

PAL XFEL

(Pohang Light Source) (Pohang Accelerator Lab.
X-ray Free Electron Laser)

RISP SGCC-HITS KOMAC

(Rare Isotope Science Project) (SNUH Gijang Cancer Center of korea Multi-purpose Accelerator Complex)

Heavy lon Therapy and Study) '_I I_I i E .I_

ULSAN NATIONAL INSTITUTE OF
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Beam Parameters

PLS-II KOMAC PAL-XEEL RAON

Species Electron Proton
Energy 3 GeV 100 MeV
Beam 400 mA 20 mA (1.33 ms)
current

Rep. Rate 499'9.73 Sl 60 Hz
(ring)
NC S-band
Accelerating (linac) Vane-type RFQ
Structure SCRF 350 MHz DTL
(ring)
Condensed matter,
Research surface/Cluster, .o Bio, IT, Space,
Material science, ) .
Areas Chemistry/Biology, Radiation, Medical etc.
Energy/Medicine
~Typical ~ front end of
3GSR SNS/ORNL
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Electron

10 GeV

3 kA (0.2 nC/100 fs)

120 Hz

3 Bunch
Compressor
2.856 GHz (S-band)

Atomic/Molecular,
Condensed matter,
Surface/cluster,
Material science,
Chemistry/Biology,
Non-equilibrium plasma,
Warm-dense plasma

~ LCLS/SLAC

Proton ~ Heavy ion

200 MeV/u for U7+

8 pHA U79+
CwW

SCREF:
QWR (81.25 MHz),
HWR (162.5 MHZz),

SSR (325 MHz)

Nuclear physics,
Bio-medical science,
Material science,
Neutron science

~ FRIB/MSU
WJNIST
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Conclusions

mature field of applied physics.

talented accelerator physicists.

Number of accelerators worldwide
~ 26,000

1%
Annual growth is several percent

Sales >3.5 B$/yr
Value of treated good > 50 B$/yr **

4%
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Over the decades, accelerator physics has grown into a unique and

Many exciting and challenging accelerator projects await young and

I Radiotherapy (>100.000 treatments/yr)*
M Medical Radioisotopes

Research (incl. biomedical)

—— -
- .

"M >1GeV forresearch 'Y

- -
~ - S g

Industrial Processing and
Research

M Ion Implanters & Surface
Modification
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