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What to Learn in This Course ?

Accelerator Science

(Generation of energetic particles/radiation)

Physics of charged particle beams Physics of accelerator systems
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Textbooks

e Main textbooks:
— J. B. Rosenzweig, Fundamentals of Beam Physics (Oxford, 2003)
— A. Seryi, Unifying Physics of Accelerators, Lasers and Plasma (CRC Press, 2015)

» References:

— M. Conte and W. M. MacKay, An Introduction to the Physics of Particle Accelerators
(World Scientific, 2008)

* All of the above books are available as ebook (pdf) in the UNIST library.
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Accelerator physics is a branch of applied physics that deals with all the physics
iIssues associated with accelerators.

The goal is the production of energetic particle beams for other applications
(~beam physics).

Particle beams are collections of charged particles all travelling in nearly the
same direction with nearly the same speed (possibly relativistic).

Accelerator physics encompasses broad disciplines, ranging from engineering
and technology to diagnostics/controls, to experimental physics, to computer
science, to computational and theoretical physics.

Accelerator physics assumes basic knowledge in electromagnetism, classical
mechanics, and special theory of relativity. Also basic understanding on
magnet/RF/microwave engineering would be helpful.

In general, charged particles are focused and bent by use of magnets, and
accelerated by use of electromagnetic waves in cavities.

Accelerator physics studies motions of charged particles under the influence of
electromagnetic fields within the context of classical physics.
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Intense Beams
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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).
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To a large degree, accelerator physics and plasma physics are quite similar. Both
involve nonlinear dynamics (single-particle effects) and collective instabilities
(multi-particle effects). However, there is an important difference:

(accelerators)

[From A. Chao (SLAC)]
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* 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.

Space charge effects ==> Nonlinearity, resonance, coupling

_______________________ I EJ Qi'@
B g B LY. . .
T oLy f_} -%jie e Pipe with Structure
el e 8 AP => Wakefields
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Overview Of Accelerators
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Influence of Accelerator Science R

Phys. Perspect. 13 (2011) 146-160

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

DOI 10.1007/s00016-010-0049-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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From Basic Science Research to Applications ™
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Accelerator

http://nautil.us/issue/14/mutation/10-reasons-why-you-cant-live-without-a-particle-accelerator

10 Reasons Why You Can’t Live Without

A Particle Accelerator

FParticle accelerators can make vou healthy and wealthy.

nnnnnnnnnnnnnnn
LLLLLLLLLLLLLLLLLLLLLLLLLL
;;;;;;;;;;;

1. Is your milk carton sealed? An accelerator did it.
2. Allot of natural gas is wasted. Accelerators can fix that problem.
3. Want your spinach E. coli free? Accelerators may have cleaned it.
4. Can coal be a clean fuel? Yes, if you attach an accelerator to the smokestack.
5. Antibiotics harm fish? Accelerators can turn pharmaceuticals into fertilizer.
6. Your new computer has arrived. Thank an accelerator for building it.
7. Accelerators make us live longer. They Kkill cancer.
8. Can nuclear reactors be accident-proof? Yes, if particle accelerators control them.
9. The world still runs on oil. Accelerators can find it.
10. Accelerators keep watch for weapons of mass destruction.
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Accelerators are Big Business s

Number of accelerators worldwide
~ 26,000

" Radiotherapy (>100.000 treatments/yr)*
M Medical Radioisotopes
Research (incl. biomedical)

Y e e o o e
e . o—,
- -—

"M >1GeV forresearch

- . -
._.-|_-—-—--'—

Industrial Processing and
1% Research

M Ion Implanters & Surface
Modification

1% 49

Annual growth is several percent

Sales >3.5 B$/yr
Value of treated good > 50 B$/yr **
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The Hottest Job in Physics ?

http://www.symmetrymagazine.org/article/the-hottest-job-in-physics

The hottest job in physics?

04726716 | By Troy Rummler

Accelerator scientists are in demand at labs and beyond.

While the supply of accelerator physicists in the United States has grown modestly over the last decade, it hasn't been able to
catch up with demand fueled by industry interest in medical particle accelerators and growing collaborations at the national
labs.

"Accelerator [science] has many applications, ranging from high energy physics, nuclear physics, and material and medical
sciences,” Cai says, Both within the field of high-energy physics and beyond, the high demand illustrates the immense value of

accelerator scientists and of the institutions helping to train them.

“There are few universities offering disciplines in the field of accelerators,” Cai says, "Most importantly, many people think it is
[only] an engineering field." Similar concerns were raised in responses to a 2015 Request for Information posted by DOE on
the issue of too few accelerator physicists. Multiple respondents pointed out that many research awards don't include work

with accelerators,

“The real increase has been in medical accelerators, with a number of new companies getting into the proton therapy
business," says Robert Hamm, CEO of R&M Technical Enterprises, an accelerator consulting group. “This has been the most

significant factor in the industrial demand for accelerator physicists.”
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Pros VS Cons of Accelerators e
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Interactions of Accelerated Beams with Matters
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Various Actions of Accelerated Beams

> —

FIGURE 1.4

Uses of accelerated beams
— sending to target, collid-
ing with another beam, char-
acterization of the beam or
separation into species, gen-
eration of useful radiation.
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FIGURE 1.5
Actions  on
beams —  acceleration,
focusing,  generation  of
radiation, colliding.

accelerated
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FIGURE 4.13

Electrostatic and betatron ac-
celeration. RF cavity and RF
structure.

[From “Unifying Physics of Accelerators, Lasers and Plasma”]
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FIGURE 6.19
Light sources’ evolution.

FIGURE 1.15
Plasma acceleration con-
cept.
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Frontiers of Modern Accelerators

Beam Quality

How to control instabilities,
bunch length, and emittance?

Manipulatio
Control

Accelerator
Physics

High
Energy

How to increase
accelerating
gradients?

Intensity

How to overcome

Th
space-charge? eory

/ Modeling
How to mitigate

Moses Chung | Introduction to Beam Physics (Fall 2016) 17



1017 eV

“a

=

N 10"%ev

-~

N 1015 eV

LS

—

o

®™ 100 TeV

—

Q

Q

8 10 TeV

[1+]

ot

[4}]

g 1 TeV

(1]

=

=]

g 100 GeV

=

k]

> 10GeV

o

—

[+}]

S 1Gev

=

=

2

® 100 MeV

=

-

(=2

w40 Mev
1 MeV
100 KeV

NS
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Energy Frontier

Synchrotrons
(colliders)

Luminosity:
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Energy Frontier

Tevatron
(mm]

Chicago
ILLINOIS

LORD OF THE RINGS

Physicists are discussing a proton-colliding machine
that would dwarf the energy of its predecessors.

Very Large Hadron Collider (suggested)
100 km R
100 Tev*

Large Hadron Collider
27 km
14 TeV

Tevatron (closed)
Circumference: 6.3 km
Energy: 2 TeV

*TeV, teraelectronvolt.
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Future Circular Collider ™%

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

e pp-collider (FCC-hh)

- main emphasis, defining
Infrastructure requirements

~16 T = 100 TeV pp in 100 km

V]
']
| : Schematic of an

g4 80-100 km
g long tunnel

M)

 e*e collider (FCC-ee) as
potential intermediate step

¢ p-e (FCC-he) option ‘\
« HE-LHC with FCC-hh technology ‘oo
Sepguun®*
« CDR and cost review by 2018 ‘
alaz

[F. Zimmermann]
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CAS-IHEP’s 50 km (baseline) Proposal
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International Linear Collider

e+ bunch

o eE 200 GeV Damping Rings IR & detectors compressor
Peak luminosity 1.8 x10* ecm2st

Beam Rep. rate 5Hz

Pulse duration 0.73 ms €- source

Average current 5.8 mA (in pulse)
E gradient in SCRF 31.5 MV/m +/-20%
acc. cavity Q,=1E10
e- bunch e+ source - )
compressor pOSItron 2 km
main linac __—~

11km

L
¥

central region

5 km . .
Accelerator physics issues:

electron _—
main linac___—~ - Damping ring studies for electron-

11 km

2k cloud mitigation

- Generation of small emittance
beams, preservation, and focusing to
nm-beamsize

Japan has expressed strong support
for hosting the ILC

site-A  KITAKAMI

_SEFURI___Site-B_ ‘
- S —

- =y - rHKUo‘:’sfﬁct - 13 GHZ SCRF teChnOIOgy

KYUSHU district
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Energy Frontier: Advanced Accelerators =~ ===

International weekly journal of science

Comment | Research | Careers & Jobs | Current Issue ‘ Audio & Video ‘ For Authors

Home | News & Comment ‘ Research ‘ Careers & Jobs ‘ ‘ Archive | Audio & Video ‘ For

NATURE | LETTER < B = i .
Current Issue Volume 515 Issue 7525 Editor's summary Al
SE =] ) ) )

Conventional particle accelerators, based on radio-

frequency , are large-scale ir
N - 1 1 i _ that are expensive to run. Micro-fabricated dielectric
CURRENT ISSUE o Bk | C ngons_trahon of glectron acceleration in a laser: patare e o un e o e
driven dielectric microstructure -

Volume 515 Number 7525 pp7-156 vember 2014 E. A. Peralta, K. Soong, R. J. England, E. R. Colby, Z. Wu, B. Montazeri, C. McGuinness, J.
McNeur, K. J. Leedle, D. Walz, E. B. Sozer, B. Cowan, B. Schwartz, G. Travish & R. L. Byer Bj

= Affiliations | Contributions | Corresponding author
I] I l ll‘e THIS WEEK COMMENT SPECIALS
Nature 503, 91-94 (07 November 2013) | doi:10.1038/nature12664
3 - Editorials ~ Comment - Insight Received 28 June 2013 | Accepted 16 September 2013 | Published online 06 November 2013 Click Here
« World View + Books and Arts « Toolbox | Corrected online 06 November 2013 ta find At more

~ Research Highlights ~ Correspondence

Bnhsh lnumal of Cancer

e — RESEARCH Micro-fabricatéd dlelectrlc laser (IR) accelerators
— CAREERS ~ News & Views
Focusing (£}
fr o4 Decelerating (£))
+_‘ b ¥ £ 5

+—|-++-_t++--+

- T - -

Focusing (£)

Decelerating (£
et T+
-y o+ o+ l '
- o -
+ 4+ + 4+ electron
= S, beam :
Accelerated Witness Bunch . . i " f 2 pum

Transformer ratio limit > Proton-driven > AWAKE (CERN)
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Intensity (Power) Frontier

Power:
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Intensity (Power) Frontier

Low energy applications: High energy applications:
<—— Medical Therapy 10% ¢ Materials,
107 r T T T T T T T T ESSA Life SCieﬂce i
: Lon Lmplantaton PSL(CW) A\ EOE 10 MW
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‘ s | 802 Physics
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Intensity Frontier: Neutron Sources

- Spallation Neutron Source (SNS/ORNL)

Front-End Systems
(Lawrence Berkeley)

e

e, -
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—% -
MI -
. - -I’t‘

BOCSC

-

e

Linac
(Los Alamos and
Jefferson)

Instrument Systems |

(Argonne and Oak Ridge)

Accumulator Ring

(Brookhaven)

Target
¥(Oak Ridge)

- European Spallation Source (ESS)

Brightness
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x1013

=
o
1

w
TN N N N TR T N (N |

3

@ ESS smw
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A stepping stone to other high power facilities

- 1 GeV superconducting H- linac

- 26 mA average linac macropulse current

- 1 ms long linac macropulse / 1 us ring revolution time

- Accumulator ring with ~1000 turn charge exchange injection

- A short-pulse neutron source (1.4 MW, 700 ns pulse on target)

W ol 70442 MHz s

€« 24m—>» €«<40m—> <« 36m—> € 324m> €—585mr—>» €—I113%m—>» €«—227%m—>» €«——I1598m—>

Source

75 keV

HEBT & Upgrade

78 MeV 200 MeV 628 MeV 2500 MeV

No ring - Proton beam

Parameter Unit Value

Energy GeV 2.5

Current mA 50 . . .
Pulse length ms 286 Accelerator physics issues:
Pulse repetition frequency  Hz 14 .

Average power MW 5 - Emlttance grOWth

Peak power MW 12 - Beam halo/Beam loss

- Space-charge resonances

Moses Chung | Introduction to Beam Physics (Fall 2016) 27



- IFMIF is an essential facility in the
world fusion program.

- It will become a fusion relevant
neutron source.
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" Prototype Accelerator

_—

Beam power (W)

— ES58
SMNSupgr
BNS

— JFARC | 7

—— Projectx

— LINACE | —

Deuterium-Lithium
stripping reactions

Accelerator Lithium Target

(125mAx2) 2521 mm thick, 15 m,_{s
RFQ

_________________ "III"',

5MeV 9 145 26 40MeV Sh/

gt oy 2 Beam shape:
AL R L 200x50
| RF Power System
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1 IFII
1000

10 100
Energy (MeV)
Accelerator physics issues:

- Significantly higher beam
currents than any existing or
planned machines (125 mA CW)
- Space-charge issues

High  (>20dpajy,051) - Deuterium beam operation
Medium  (>1 dpafy, 6)
Low {<1 dpafy, >81)
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Intensity Frontier: Accelerator Driven System =

High power CW proton linac
(~1 GeV, >20 mA, CW)

MYRRHA

Engineerin g ® SCK-CEN, the Belgian Nuclear Research Ce

Accelerators
for America’s
Future

R&D programme

Media gallery
MYRRHA, a flex i
accelerator driven system (ADS), able to operate in sub-critical and critical modes. It
contains a proton accelerator of 600 MeV, a spallation target and a multiplying core with
MOX fuel, cooled by liquid lead-bismuth (Pb-Bi).

Publications
ISOL@MYRRHA

# An accelerator-driven
subcritical system is
ideally suited to burn
the most problematic
isotopes in spent fuel.

L BE(Lead-Bismuth'}
Eutectic) target .
(~30 neutron/p)

Reactor core
(keff < 1, wide range of fuel)

http://www.acceleratorsamerica.org/

@ 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®, ¥. Gohar®, 5. Henderson®, G. Lawrence®, T. McManamy®, A. C. an d reacto r

Mueller®, 5. Nagaitsev’, J. Nolen®, E. Pitcher”, R. Rimmer', R. Sheffield’, M. Todosow”

- 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
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Intensity Frontier: Heavy lon Fusion
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ULSAN NATIONAL INSTITUTE OF
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- Heavy lon accelerator (~10 GeV) can NDCX-II GSI-SIs18 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 28) (p) (Pb¥)
_ i i i 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. could 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
10t - t AYKE (final) 5x 102 109 107 to 105
— nal transpor
—_ t lon range Low High Way too high IFE target
E-_ 10° | ] (~ 3 um foil) | (> WDM target) for IFE requirement
= buncher rings 0.0001 g/em? | 10g/lem? | 10,000 g/em? | 0.03 -1 glem?
o 10 | '
3 N Accelerator physics issues:
> B storage rings .
T ° } - Space-charge dominated beam
D source + injector .
+ 1 | : Europe transfer rings - Beam compression
O rf linac acegleration - Driver for high energy density physics
L 10N sournce , | : | . | I r " n
10-4 10-2 L 1{}2 | \baﬂggr-n:f:d-r:'rreseure < h{target
energy (GeV) 3.5 x70% cm)

magnet

final-focus
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i
25
plasma from ph_otoionization
of background gas by
hot target
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Quality Frontier e
Brightness (Brilliance):

d4Nphoton - Nbeam
dtdSAQ(AN/N) e,

Bl#/s/mm? /mr® /0.1%BW] =

—
<%
S

—

o
[]
(=]

“Ultimate™”
Storage Rings
and ERLs

—

o
8}
(2]

—
D
B

Peak Brightness (ph/s/mm2/mr? 0.1% BW)
o)
&

101 102 103 104 10°
Energy (eV)
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Quality Frontier

1034 104
- 3rd-generation
1032 Light Sources
- .. 103 o
... 4th-generation A
30 - " th_ i
10 Light Sources E (4_ generation
Q - o .~ Light Sources
c = 102 - ’,-"
©
= 26
g 10 8 10-
e
o - = 4t-generation
1024 3rd-generation ‘g .+ Light Sources
- Light Sources g 1 - (low charge)
1022= / = .
1020 T T 1 10-1 T T T T T T T
10 102 103 104 105 102 101 1 10 102 10% 104 10° 106
Photon energy (eV) Repetition rate (kHz)

Undulator
Bending
Magnet

3rd generation
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Quality Frontier: Ultimate Storage Ring =~ ===

@ 100l Home | N ent | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For
Tgl D Issue 1455 ) ews ) Aice 2
GZJ' ungr)ane Ultimate upgrade for US synchrotron
-8 Argonne lab banks on beam-bending magnets in bid for world’s most focused X-ray light
o 10° | Eugenie Samuel Reich
10 September 2013
100 Hz 100 MHz
Rep rate
€, < €, Accelerator physics issues: Low emittance & High current
Y—="""Unr - Multi-Bend Achromat (MBA) lattices with compact magnet
design (MAX IV, Sweden)
- Coupling control
9;23?:3‘02?;;3?:” + Dispersion - Chromatic aberration and Non-linearity due stronger focusing
Pine - Intra Beam Scattering (IBS)

- Transverse (resistive wall, ion trapping, TMCI) and Longitudinal
(cavity HOMSs) beam instabilities

Moses Chung | Introduction to Beam Physics (Fall 2016) 33



|.|r||5 r

llllllllllllllllllllll

Quality Frontier: Advanced FEL'’s

LCLS I proposed LCLS-I Linac , " _
U q0u)- (CW Linac) L HLCLS-II Linac FACET-II 2.5-15 GeV '
= MMM SCRE. }_\W%
D— -
EJ_ HL/BCL BC2 4 Gev Linac-To-Undulator 1:g5kle($/\/(é112_? lIII/IZI—)|z)
o - Replacing first kilometer of the normal conducting S-
g band linac by 4 GeV SCREF linac (ILC technology, 35 x 1.3
= 105} GHz CM and 3 x 3.9 GHz CM for HL)

100 Hz 100 MHz
Rep rate
Di i - )

_ Seed FELS: Modulator %(?'zﬁ)rr?lon Radiator = XFEL OSC|”at0r.

A

e-beam

fiflf —
HGHG Beam
Dump
-

Tunable ¥-ray
Optical Cavity

Echo-Enabled HG psz R A

SASE #
ﬂﬂn Xperiment )
" iSe o880 MMM | - T Ful conerenceuith uirapure

seed 1 seed 2 e-beam spectrum (Kwang-Je Klm)
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* High average brilliance XFEL
* Full spatial coherence

o fstops pulses

* Many experiments

¥ * Ready tunability -
+ High flux Storage Ring
o Stability
" * High-energy x-rays
"‘ * Flexible pulse characteristics

e 10° pulses/s

* Narrow energy spread

* Flexible machine parameters

» Drive XFELO, high rep-rate XFEL

Main Linac

. 5-7GeV _I
= =
Injactor approx. 500m Dump ERL
® Accelerating Bunch
# Returning Bunch
Energy recovered during deceleration is used to [Joel D. Brock]

accelerate new bunches.
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Quality Frontier: Advanced FEL's ™%

- A compact light source driven by an LPWA.:

X-ray CCD
detector

Transmission
gratings

Movable
phosphor ... .
screen

Magnetic Phosphor
spectrometer screen

Gas cell

Laser:‘ beam .
- /

Challenges: Repetition rate (~ Hz yet), Energy spread, only a few GeV yet

UndLilator

Aluminium foil
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How to Pursue Accelerator/Beam
Physics at UNIST?
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- Mediated by Particle Accel. School

NS
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Accelerator/Beam Physics Education

I

Laboratories g Universities
Train Current USPAS
Jor the Program
USPAS sponsored by
Future University of New Mexico

June 16-27, 2014
held in Albuquerque, New Mexico

View Details >>

APPLY NOW

International School

US-CERN-Japan-Russia Schoal on
Beam Loss & Accelerator Protection
November 5-14, 2014

held in Newport Beach, California

Prototype
Prot

250
30.0
B USPAS Enrollments (1999 - 2008)
Prof S.Y. Lee Average attendance in classes (1997 - 2009)
- B PhDs granted (1982 - 2005) e A
nd. s -
students each -]
Graduate students (2005) i % 20.0
2 [ E
2 150 Strong faculfy lines in accelerator physics o 15.0
-
Z AL 2
] T e o 10.0
5 3
2
= 100 i s.0
E]
A
0.0
Cl ) ) & & & A N %
50 ‘?\ t}d’ L4 'éo\ P 06\ Q\oq Q‘(’f\? :,'9 \0Q \Oq (oé? <&
F & @ F Y S 8
& & & =3 <« > *é & < & v & A
< & P &e "‘o"‘ < o"e' & &,5- y & o*w e_;.. \ed g &
& & L) 5 2 & > N o >
0 ‘,g? & &.5?-‘ (o“‘ e ‘s}m@ & "vo F é\c?
) K ¥ (% 2 LS
> > N > S > 2 3¢ & &° ¥ & >
& ‘i\c' (}?P _:_\GJ ge" S & o < ¢‘? q\’b‘r’
& - N S & v S & Gt
& 4 ¢ G’\" & @

+ U, Chicago/lIT/NIU [From William A. Barletta]
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Korea Particle

%ccelerator' School
(KoP7¥S 2015)
H35| 2T

__July 28(Tue) - 31(Fri), 2015
201544 78l 282l(3}) - 31€(3)

& O7E 7| =0pstep

Organizing Committee Lecturers
+ Dr. Sunchan Asang Micecksr, IRS/RISP, Horea! (i)
+ Or. Dang 0 Jeon NBS/R1SP: Kereal
« Prof. Do-Won Kim fangreng ML Use. Kersal
- Prof, Wiliam A Barletta [USPASMIT, Usa) L R
-Prof. Young-Kee Kim rm ol Cricsgn, U5Al | aconCelaen - O oha Byrd

Prot.
D Teweien Lo A2 LENL/ORP U‘ﬂmm

228 .29 7.0 VAR
Introduction to Introductionto ; . -
Accelerator Physics Accelerator Physics _Focus Topics Focus Topics
Basics of Ectromagratisrn Basics ol RF System Spae-tharge Effects Basies of Syncheptran

SYNR R ey  Hasics of RF Cavty  Baics of Intabisties e

Tramserrst Line: Oplics Longitiginal Phace Spice, aien M Supercendieting | B2 ol Bes

Phasa Space, Betatren Oscilatian Eimehreron Oscilatian & RF Caviy Dingnarstics

Tramsesrsa Emittance & Lengitudinal Seam Faramaters
Trarvers Beam Parameters Ktice Delgn d Travmwerse &
Longitudinal Beam Dymamizs

® Thert Is an reglsiration foe 10 ot participants. ® The schedeles lor Fcus Tapics'are TENTATIVE
* Duadline of registration : July 17, 2015 ® i findico gy kefindia fevenUkopin 1015

I/
ey i -m;‘-i?

N

42l j_ ey A s

1BS B0 M AEAIHE Tel: +82-42-878-8857 / E-miail : kopasibs,

5. Pariiehe Aceelrmss S

2 o kr
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[Example] Close connection between Universities (UC, NIU,

Accelerator labs. (Fermllab ANL) — FaC|I|ty/Manpower etc.

AALTS TMHYS I —13en0a —. Hampshire FArington
Kirkland (,__p) \: Hen;lhts (27 .|
.Hoﬁmau e Pl Glenvlen{_
(@) Burlington Estates | * (m f
g ey B e
tsmond Schaumburg -} g Skokie
@ Clare Park Ridge
Sycamore @ =2 r
@
(54) Campton Hills
Northern lllinois ~
University i
Cortland St. Charles Caral Stream
— -
@ Elburn Geneva

“Lombard

Wheaton

LIRS

IIT) and

Prof. Daniel Kaplan
(CAPP Director)
FhD, SUNY at Stony

Brook
148D Life Sciences Bidg
(312} 567-338%
kaplani®it edu

Elva
Ny, @@ FERMI National s
Kaneville i Accelerator Laboratory
McGirr § h J
North Auroralf. - =
Lee > . .
. &= 2 h 8 min
Shabhona _fm.'.-i Hinckley. M Bank. § 2t s 47 5 miles Prof. Pavel Snopok Prof. Linda Spentzouris
e PhD, Michigan State Univ ~ PhD, Northwestern
[P] ) 106 Life Bldg U y
- (312) 567-3378 1458 Life Stience Bldg
s : | Y snopok @it ecu 1213 s67-2577
N I l | Philippe Piot 4 %rgonne National spentzouris @it.edu
Professor aboratary
Swapan Chattopadhyay Ph.D, Universite Joseph Fourier,
Professor, Director of Accelerator Science Grenoble, France
E-mail: swapan@fnal.gov NIL: (815) 753 6473 =
George Coutrakon ENI:I;il'[BS'?t@S:::I‘SBoi Orland Park
Professor FUELEL &
Ph.D., SUNY - Stony Brook Micholas Pohlman
NIU: (815) 753-753-1772 Associate Professor, Mech. Engineering Tinley Park | Mirsta
E-mail: gcoutrakon@niu.edu E-mail: npohlman@niu.edu - " ' — e I
Mary Anne Cummings [R]
Adjunct Professor, Muon, Inc ;‘g ;ﬁ{'v““t-rm
Ph.D. University of Michigan : Brm«a
E-mail: macc@fnal.gov [s] e et
Vladimir Shiltsev U C
Adjunct Professor, Fermilab Fa cu Ity
E-mail: shiltsev@fnal.gov
L Kwang-Je Kim Young-Kee Kim Sergei Nagaitsev
Young-Min Shin X 1 5 E f
Argonne lab / U.Chicago (Physics) Fermilab /

Assistant Professor
Ph.D., Seoul National University, Korea (2005) U.Chicago (Physics)
NIU: (815) 753 6456
FNAL: (630) 840 8478
E-mail: yshin@niu.edu

Yuri Smirnov
research scientist

Mike Syphers
Research Professor
E-mail: syphers@fnal.gov
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: UNiST
[Example] Close connection between UNIST and Accelerator labs. (PAI_,—I

KOMAC, KHIMA) — Facility/Manpower etc.

PAL XFEL

&5 (Pohang Light Source) (Pohang Accelerator Lab.
| o X-ray Free Electron Laser)

|||||||||||||||||||||||

RISP KHIMA KOMAC

(Rare Isotope Science Project)  (Korea Heavy-lon Medical Accelerator) (Korea Multi-purpose Accelerator Complex)
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Species

Energy

Beam
current

Rep. Rate

Accelerator
Structure

Research
Areas

Proton

100 MeV

20 mA (1.33 ms)

60 Hz

Vane-type RFQ
+ 350 MHz DTL

Nano, Bio, IT, Space,
Radiation, Medical etc.

Beam Parameters

KOMAC PAL-XFEL RISP KHIMA

Electron

10 GeV

3 kA (0.2 nC/100 fs)

60 Hz

S-band Linac
(2.856 GHz)
+ 3 Bunch Compressor

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

Proton ~ Heavy ion

200 MeV/u
for U9+

8 puA
For U7®*

CW

RFQ +
SCRF Linac:
QWR (81.25 MHz),
HWR (162.5 MH2z),
SSR (325 MH2z)

+ Cyclotron for ISOL

Nuclear physics,
Bio-medical science,
Material science,
Neutron science
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Proton & Carbon

110 ~ 430 Mev/u
for 12C

100 ~ 235 epA
for 12C
(before injection)

4~ 5 Hz

RFQ+ IH-DTL +
Synchrotron
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