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Particle Physics 0,5%
Nuclear Physics, solid state, materials 0.2 - 0.9%
Biology, Material Science, Chemistry, etc. 5%
E I T
Diagnostics/treatment with X-ray or electrons 33%
Radio-isotope production 2%
Proton or ion treatment 0.1%
g | <60%
lon implantation 34%
Cutting and welding with electron beams 16%
Polymerization 7%
Neutron testing 3.5%

Non destructive testing 2.3%
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A Century of Particle Accelerators
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\\b World Scientific
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= JX}:).). Thompson (1897'H)

Positively charged
+ metal plate

m, =9.109 x 103! kg
= 0.511 MeV/c?
HolZF =-1.602x1029 C

MNegatively charged
metal plate

= R X}SH: Ernest Rutherford (1908 ~1913H)

tiuorescent

radiaticn source (radium)
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H2 gas at low pressure

Perforated cathode

| Anode rays
-l L
O— e ____B__3 ZnS coating
__________ x
IV) To vaclu Jml pump k‘)@

Production of anode rays

= Ernest Rutherford &€ (19173):
Reaction: a N(&7|) - Op

m, =1.673 x 10’ kg
= 938.272 MeV/c?

Motk =+1.602x10%° C
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Polonium source
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'3 ]

Paraffin

1000 V

Discovery of neutron

m, = 1.675 x 10?7 kg
= 939.565 MeV/c?
HMolgk=0
Mean lifetime("38): 879.4(6) s (free neutron)



“it has long been my ambition to have
available for study a copious supply of atoms
and electrons which have an individual
energy far transcending that of the alpha- and
beta-particles from radioactive bodies”

Ernest Rutherford

Address to the Royal Society, 1927
AR S4 S0 2ot ) i = HIEFY XFECE
HYX| 7t &2
Mx} EE 0|20 Wy



History of Particle Accelerator

ILC/FCC/CEPC
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X ; LHC
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_’g’.‘_" A 714 7| (Electrostatic Accelerator)
15 |

 Van de Graaff Accelerator

high-voltage
terminal

tank /4 1\ 4\ positive
o 4 ion source

charge

belt

controllable
spray voltage

1933 -DC7 MV
E=7MeV



‘B 7% 7| (Electrostatic Accelerator)

e Cockcroft-Walton accelerator:

Voltage multiplier circuit

750 kV Cockcroft-Walton injector
at CERN from 1978 to 1992.




BHE 715719 2t

2 HMAH E o] 3l £ H7| 2 (breakdown) Ui
ol Z|=X 2 2 7}5 % DC voltage:
~10 MV ->E~10 MeV

==
e
o
=
L.

10 MeV O] 7}=5517| Sloll M{22 LEH EHR
- Cyclotron

- Linear Accelerator

- Syncrotron



RF(Radio Frequency): O0|3A £ {J|0| E

- XS47F 2F 300 MHz ~ 300 GHz ¥ MX}7|5n}
HHi = (Band) &S +(GH2) % (cm)
UHF 300 MHz ~ 3 GHz 100 ~10
L-band 1~2 30~ 15
S-band 2~4 15~7.5
C-band 4~ 8 7.5~ 3.75
X-band 8~12 3.75~2.5
WiFi: 2 ~6 GHz

MXIg|21X|: 2.45 GHz




Cyclotron(l)

Cyclotron dees

vacuum chamber. magnetic field

Accelerating ion source
Electric Field
+ S target
=]
Magnetic s
Field |
B% - \‘/ﬁj d - ‘
B electric field region © 2014 Encyclopaedia Britannlt;é, Inc.




Cyclotron(ll)

E. Lawrence invented in 1929.

The first cyclotron

11 inch cyclotron

Oscillating electrode
Hydrogen

— ——

Vacuum pump

o |
£ By

window on source

Fig. 3. Tube for the multiplefacceleration of light ions—with cover remov ed.

collector
Protons spiral around 150 times
-> 300 increments of energy
- Acquire 1.2 MeV



Cyclotron(lil)

* Bigger...
27-inch (3.6 MeV ) rotons 1932 37-inch (8 MeV deutrons, 1937)

,4

B4-inch-completed in 1946 as

- ynchro.cyclotmn. (340Me¥ pr.otons)




M 714 7| (Linear Accelerator, LINAC)

* Drift Tube LINAC (DTL) by Rolf Wideroe (1927) :
proton & lons 7}

<L ~— L— L L
— ]"@ +\“ﬂ/ _ i@ i - L = ﬁﬁ'
RF “géu rce
Ve)—N\—— A} va =




M 714 7| (Linear Accelerator, LINAC)

« CERN LINAC 2 (Drift Tube LINAC):
- 200 MHz
-7 m x 3 tanks, 1 m diameter
- final energy 50 MeV.




Acceleration with RF Cavity

+ YXte] SVt =OIX|H 7150 2EHOX| 8.

.- Zt Cavity0] SRIXMOo 2 RF I9| I

RF Cavity
DTL (7H&E

—O —

European XFEL (Des y): electrons

l Input coupler

: 800 accelerating cavities
vomawer T 1.3 GHz / 23.6 MV/m
1283 4 mm HOM coupler




Stanford Linear Accelerator (SLAC):

» 20 GeV T MH 57| (1966'd): 3.2 km ZO
- GRS Y30 EXf L



HA71=%7]: Synchrotron

- YXte| of|{ X = ringE SHAM F7I.

» Ring2t0l| M| A2F= X157 fIsiA X4 2| X7|F 27| =

of| L xjofitct2f B S.: oL X[ S 7t -> XpI|E St

extracted }

N particles

) /¢

. 47| accelerating

+q Y| " Y B [
Y \ A cav'ty
S \

deflecting / evacuated
tube

injected
particles
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Strong Focusing Synchrotrons

,‘ ; = ! , i j l’;!‘

wagdipole

S@uadrupole
=2 Eomagnets

Image courtesy of ISIS, STFC



Strong Focusing Synchrotrons

«  CERN Proton Synchrotron (PS) (19594) -> LEP, LHCZ & ™
- 28 GeV ¥/dXt (Z2: & 628 m)
 Alternating Gradient Synchrotron (AGS) at BNL (1960 ).
- 33 GeV ¥’dXt (ZEl: 2F 807 m)
- Sl RHIC°| HMETt 7F57](Injector)
\

SPHENIX";

. ASSEMBY , iy
NDERWAY

LINAC

NSRL S i ¥
R NE EBIS oo roriwsss

BOégTER
— Y.

« =/ Kaon 21|E Soll CP wolatlon ”a*’d
. B2 =MO|x}p g
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Collider Accelerator (l)

« Collider VS. Fixed target experiment

Collider experiment Fixed Target experiment

E,.. =100 GeV

—><-

/

Eon =~ 2Epeam Eowm 2\/2]\4Ebecw’n
~ 200 GeV ~14 GeV

/- A=




Collider Accelerator (ll)

« SPEAR (Stanford Positron-Electron Asymmetric Ring)
- e* e collider (1972H): 3~ 4 GeV, E8: 24234 m
-Charm #H3 ¥4 (19741)

- Tau H= T (1975H)




Collider Accelerator (lil)

« LHC (Large Hadron Collider) at CERN
- proton-proton collider (2008 & ~):
7 TeV +7 TeV, =&: 2F 27 km
- Higgs 24X &4 (2012H)

CERN Accelerators

(not to scale)

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice Gran Sasso ()

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Encrgy Ion Ring Radolf LEY, ¥S Division, CERN, 020996 i

CNGS: Cern Neutrinos to Gran Sasso e bsatared { seie gl
208,
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27km circumference underground tunnel (cross-section diameter 4m)




UX=E EERS

1897d TXto| WA — 2F 100 71%7| 0|2 A A

— OrE LW 2+d(2012'3)
Standard Model of Elementary Particles

three generations of matter
(fermions)

mass | =2.2 Mev/c2 =1.28 GeV/c? =173.1 GeV/c2 0 %125.09 GeV/c?
@I @I @® | @ \ . H
up charm top gluon Higgs
=4.7 MeV/c2 =96 MeV/c? =4.18 GeV/c? 0
QO O|- O | @ |
down strange bottom photon

=0.511 MeV/c?
-1

™
electron

<2.2 eV/c?
0

1/2 Ve

electron
neutrino

=105.66 MeV/c?
%)

n (M

muon

<1.7 MeV/c?
0

1/2 V]J.

muon
neutrino

=1.7768 GeVj/c’
-1

T
tau
<15.5 MeV/c?
0
1/2 v’[
tau
neutrino

~91.19 GeV/c*

0

oL
Z boson

ﬁ

=80.39 GeV/c?

+1

v W
W boson

ﬁ
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Muon magnetic moment:

i = g (i) S| g=2forspin ', particle (from Dirac’s eq.)

2m
T 2 i ”
& = a anomalous (due to radiative corrections)
2 H magnetic moment
H u
v
a,(SM) = a,(QED) + ayu(Electroweak) + +

Calculation: a, = (116591840+59)x10-"
a, (EXP) — a, (SM) = (286 + 80) x 10"
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Synchrotron Radiation Light Sources

1 AL

H
o o =

FX7| o o x| AHEH

Longer < Qh,)er
Wavelength 403 402 10t 1 10! 402 103 104 105 108 107 108 109 1010 101 4012
(meters) T | 1 | 1 | 1 p— | | | | | | |

i, ° ,\‘ ‘,’\"-, %
N - Apeiod 4! & |
House o Bacteria Vi Water
wavelength Soccer Baseball . Virus Broteir molecule
Field
e | 3 -)
name of wave RADIO WAVES INFRARED < ULTRAVIOLET HARD X-RAYS
n @
© |
MICROWAVES m SOFT X-RAYS GAMMA RAYS
SOURCES ’ @ b
5 = =T R
AM rf FM' Microwave \& ?ﬂﬁkiﬁ Light Tﬂ X-ray ——
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(waves/ | | | | | | | | | | | | | | |
second) 108 107 108 109 1010 10" 1012 10”8 10 10%5 1016 1017 10”8 101 1020
Energy of
1 photon —1 I I ] I I I I ] I ] I ] I I I
(electron volts) 10 108 107 106 0% 104 103 102 10t 1 10" 102 108 q04 105 108

Lower Higher



What is Synchrotron Radiation?

- Synchrotron Radiation2 X}7| & £0jA| 2hgko| HEP =
ot LXt7HOll: HA}) ESt= HXH7|mho| o,
(HX}7|E 715 2S5t Mot Xle MXp7|o W)

- X2 B2 E 2 st= XHq0]&:
- Bending magnet
- Wiggler or Undulator

H
F

, radiation
dipole fan




Wigglers and Undulators

K = eBA\,

2TmM,.C

o B:XP7|ZE M7
o Ay XM 37|

o K:ZTXo| Hx TE 37|

« Wiggler: K>> 1
e Undulator: K< 1




Forms of Synchrotron Radiation

Source

Bending magnet . [A\A

Free Electron Laser

—.-y;*‘

A,

Intensity Spectrum Aw

x N

electrons -
F

X Nelectronsx Npoles

2
X Nelectronsx (Npoles)

X (Nelectrons)2 X (Npoles)2 F

-
-\
.

10
hw
ho

ho



Major parts of Light Source (Synchrotron)
.

Electron

Storage
%

-4
—

Ring 8

Electrons stay in the storage ring for 4 —-12 hours.



Synchrotron Light Sources Evolution
s by Generation

First observation of manmade synchrotron radiation
@ General Electric in 1947

= 1st Generation: parasitic synchrotron radiation
source from the dipoles of an HEP collider storage
ring (SPEAR, 1975)

= 2nd Generation: dedicated storage ring for
synchrotron radiation, dipole radiation &
some undulators (NSLS, 1982)

= 3 Generation: dedicated storage ring optimized
for undulator radiation; very high brightness (ALS,
1993; APS, 1996;
SSRL, 2004; NSLS-II, 2014)

» 4th Generation: dedicated linac driven
free electron laser (LCLS, 2009 )




Brightness of source
45

25)

The progression of x-ray source

o |
A XaayPulse 4" >
ool il
/:»] Tunable X-ray

1028 > X F E L_O Expe,.imem Optical Cavity

1026 |— OERERACE CRORLRER R B
electron 4

1024 = XFEL-SASE ™

UEOTLROR ARUAQR LN G L

1022 ey ————| i
102 . 31 GsR U

1018 ] |

10%|

sl — 2MGSR__

1012 }= 1% GSR

1010 [—

108 —

34 GSR ALS

106 f— 6 Sun

|——> .V‘

= Caﬁdle

Average brightness (photons / sec / mm?2 / mrad? / 0.1 % bandwidth)



Main Applications

Life Science

— Pharmaceuticals

— Protein, biomaterial

— Ultra dilute pollutants

High Energy Physics / Astrophysics
— Simulate high energy radiation

Engineering
— Material stress (polarization)

Even humanities... (Non-Destructive)
Art history, Archaeology
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Structural Study of Potent Peptidic Fusion Inhibitors of Influenza Virus
Hemagglutinin

March 2018

Influenza also called “Flu” is a disease of the human respiratory tract caused by influenza virus. Each year, seasonal influenza
can cause severe and widespread disease in the human population and cost billions of dollars to the world economy. Such a
problem occurred this year with the influenza A H3N2 virus. Currently available remedies to tackle influenza are the seasonal
trivalent or tetravalent vaccines or FDA-approved antiviral drugs, such as Tamiflu and Relenza. Since influenza viruses are
constantly mutating and circulating as new strains in the human population, influenza vaccines need to be updated each year.
Furthermore, the efficacy of these currently available front-line drugs are declining due to the relentless evolution in the
influenza virus strains (7-3). Therefore, there is an urgent need for universal influenza therapeutics with novel mechanisms of
action and novel targets to tackle the threats posed by influenza viruses.

A collaboration between a team of researchers from Janssen Research & Development (Janssen, Netherlands) led by Dr.
Maria van Dongen and The Scripps Research Institute led by Prof. lan A. Wilson developed potent peptidic molecules based
on broadly neutralizing antibodies (bnAbs) CR9114 and FI6v3 that target the highly conserved stem epitope on influenza virus
hemagglutinin (HA). The designed peptides show high affinity and neutralization against a broad set of group 1 influenza A
viruses (H1, H2, H5 and H6 subtypes), including the 2008 H1N1 pandemic and an avian H5N1 flu strain. The peptides are
non-toxic, show stability to proteolysis, and have drug-like properties when evaluated in mice.




Synchrotrons on the coronavirus frontline

24 March zozo

Tessa Charles describes the impressive progress being made by synchrotron X-

ray facilities to solve the structure of SARS-CoV-2.

At a time when many countries are locking
down borders, limiting public gatherings,
and encouraging isolation, the Diamond
Light Source in Oxfordshire, UK, has been
ramping up its intensity, albeit in an
organised and controlled manner. The
reason: these scientists are working
tirelessly on drug-discovery efforts to quell
COVID-19.

It is a story that requires fast detectors,
Representation of the 3D structure of the main
SARS-CoV-z protease, obtained using Diamond

Light Source. The coils represent *alpha” helices infrastructures, artificial intelligence, and
and the flatter arrows are “beta sheets™, with

loops connecting them together. The organisation ~ One of the brightest X-ray sources in the
of alpha helices and beta sheets is often referred
to as the secondary structure of the protein (with
the primary sequence being the amino acid international collaboration, dedication,
sequence and the tertiary structure being the
overall 3D shape of the protein). Credit: D
Owen/Diamond Light Source.

reliable robotics and powerful computing

world. And it is made possible by

determination and perseverance.

Synchrotron light sources are particle

accelerators capable of producing incredibly bright X-rays, by forcing relativistic



Primary beam

Accelerator

Secondary beam

r—> protons

# of operating accelerators
worldwide

proton therapy Hadron

—> ions therapy

Target

_,'_

(low 6/7; IORT Inter Operation 300
Radiation Thera >
—> electrons (h/gh en,) 2l
VHEE Very High Energy
Electron Therapy O

& > X-rays Radiation Therapy ~ 14’000

—> neutrons neutron therapy 7

— . PET Positron Emission ,
'maging Tomograph ~ 1500
y thera Targetd Alpha Therapy, 0
by others

Total: = 16,000 of accelerators operating for medicine.



S 8%t

S8xt/



UK =: XA 715 7| (X-ray)

Electron Linac (linear accelerator) for radioth
erapy (X-ray treatment of cancer)

electrons

IModdatorl-u

Power
supply

Treatment head
‘|" (straight beam) l

Magnetron Bending magnet

or b

Treatment head
(bent beam)

5 - 25 MeV e-beam
Tungsten target

14,000 in operation
worldwide!
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The 1st director of Fermilab

< /
1946'H Robert R. WilsonO| E2{ 1 G|3 & 0| 8¢t XdX} & x| = |t
1956'd Lawrence Berkeley National LaboratoryO|A] X| X x| & A|SH
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The Bragg peak

Bethe-Bloch equation:
ionization energy loss by charged particles

_dE_ 41 nzt [ & \2 ln( 2meczﬂ2\_ﬁ2
dx _mecz',ﬁ2 .L47Z'80J ' kl.(l—,ﬁ’z)J

100

6 MV
Photons

Qo
o
1

- Bragg peak at 15 cm:
S dxt H: ~ 150 MeV
Bt Hl:  ~ 285 MeV/u

% of Maximum Dose

Carbon ions

0 & 10 15
Tissue Depth (cm)



Particle therapy centers worldwide
55

Marburg Heidelberg _
(2015-) (2009- ) Wiener Neustat
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Clinical research has been carried out at Shanqhal Proton

the physics institute. (20 14- )
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Particle therapy centers Iin Korea

o O
« EblA: Synchrotron, 430 MeV/u,

A2 A3 ()

\J

= B ME{ (& 4h IBA Proteus plus 2007

QM X} HaMEEH Sumitomo Proton 2005

HHC| SAH2  ProTom Radiance 330 2029 ?
(Synchrotron)

2SESMUE ? 2030 ?

M| B 2tAE R (AE) Toshiba Carbon 2023

EtA MEC 7| F3EH Toshiba Carbon 2027 ?

I
Of At SiCHHH & Toshiba Carbon ? 2030 ?
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Electron accelerator at KU

« U BESSY HAIRII=7| A A 7|5 RTM50 (Race Track Microtron)
- 9z AKX FAZ(OMEM =2 Tl CHAX|H)

* Mainh_system

) == W,
Specification

Electron Beam Energy 10.6 MeV ~ 53.0 MeV
(Ol X| 5.3 MeV step2 2 H3l7}5
Beam Pulse length ~ 50 ns
Pulse repetition frequency 10 Hz
Pulse current at 50 MeV ~27 mA (=1.35 nC/pulse)

RF frequency 2,999 MHz



My Dream: e- —«< Laser

. ‘njector: RTM50 electron microtron
 Build Booster ring and Storage ring

- Major parameters
- Ar+ laser: CW, 1 Watt
- Injector: 50 MeV, 10 Hz of 1.3 nC/bunch
- Booster ring: 50 MeV to 620 MeV electron beam acceleration
- Storage ring: 620 MeV electron beam storage
No. of bunches in the ring: 60 (0.1 nC/bunch, beam current: ~36 mA)

« ~ 20 MeV of Gamma-ray flux: 2.5x10° — 5x10® photons/sec

Electron beam IP Target
4 or
Detector
Booster ring injection
Laser
10 m beam

R Cavity

Storage ring injection

A

> 25 m



My Dream: e- —« Laser

. ‘njector: RTMS50 electron microtron
 Build Booster ring and Storage ring

* Major parameters
- Ar+ laser: CW, 1 Watt
- Injector: 50 MeV, 10 Hz of 1.3 nC/bunch
- Booster ring: 50 MeV to 620 MeV electron beam acceleration
- Storage ring: 620 MeV electron beam storage

This will be the first collider in Korea!

Electron beam IP Target
4 or
Detector
Booster ring injection
Laser
beam

10 m

R Cavity

Storage ring injection

N
n
=
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