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2. KOTTOG - YAN

* 2KOTTOG

* Hyvwpipia kal HEAETN TWV BACIKWY APXWYV ETTITAXUVONG CWHATIOIWV KABWC Kal TWV
TUTTWV TWV ETTITAXUVTWV.

*  MeAETn TV BACIKWY APXWVY PUCIKNAC TTOU XPNOIUOTTOIOUVTAI OTAV QViXVEUOT], OTNV
TOUTOTTOINON KAl TN METPNON CWHATIOIWV

ME£Bodol diaxeipnong dedOUEVWY TTEIPUATWY TTUPNVIKAC KOl CWPATIOIOKAS PUOIKAG.

* YAn

«  Evepyog diatoun, d1aoTTACEIS KAl XPOvol (WG, KIVAUATIKI GAANAETTIOPATEWV.
«  EmMTaXUVTEG, IOTOPIKI avadpPON Kal EPAPUOYEG.

«  QuOIKA ETITAXUVTWYV, ETITAXUVOTN CWHATIOIWV.

*  MayvnTika 1redia, eoTtiaon 6E0UNS cwHaTIdiWY, Yutn dEoUNG.

*  ApxEcC avixveuong ocwuaTIdiwy Kal EQapPOYEC
—  ANNAeTIOPACEIS POPTIOUEVWY CWHATIDIWY.
—  AMnAemdpdoelg akTIVOBOAIQG Ye TNV UAN.

*  TPOXIEC QOPTIOCHEVWY CWHATIOIWV.

*  OgpuidoueTpia

o 2mMVOIPIOUOGS - AkTIVOPBoAia Cherenkov.
*  2KAaVOOAIONOC Kal Afjpn dedouévwv

*  AVOKOTOOKEUN QVTIKEIMEVWY QUOIKNG



http://accelerator.physics.auth.gr/

—

BiBAia

An Introduction to Physics of Particle Accelerators, Mario Conte — William W. MacKay
The Physics of Particle accelerators, Klaus Wille

Introduction to Physics of High Energy Accelerators, D. Edwards & M. Syphers
Particle Accelerator Physics: Volume | & Il (study edition) by H. Wiedemann
Fundamentals of Beam Physics, J. B. Rosenzweig

The Physics of Particle Detectors, D. Green, Cambridge U. Press, 2000.

Principles of Radiation Interaction in Matter and Detection, Claude Leroy, Pier-Giorgio
Rancoita.

On the Web (Papers, Lectures & Books)

Principles of Charged Particle Acceleration, S. Humphries

Charged Particle Beams, S. Humphries

Introduction to Microwave Linacs by D. Whittum (SLAC-PUB-8026)
Introduction To High Energy Linear Accelerators, (TETN95/16), H. Henke
High Energy Electron Linacs by P. Wilson (slac-pub-2884.pdf)

USPAS Course Materials (http://uspas.fnal.gov)
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ETITaxuvTEC

Mia duvapikn Trepioxny Epsuvag-Texvoloyiag

LHC 7+7 TeV hadron collider

O TTPWTOC ETTITAXUVTHC
700 keV (direct-voltage)
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ETITaXuVTEG

Electro technics Computers

Mathematics
Differential Equations
Probability theory -
Numerical methods Electronics
Stochastic diff. systems
Lie algebras

Mechanics ¢ / Microwave

/ technics

Analytical mechanics
Nonlinear mechanics
Stochastic mechanics

Vacuum
technics

Physics
Classical electrodynamics
Quantum electrodynamics
Optics

Plasma physics
Superconductivity

Yl High voltage

technics
Cybernetics
Control theory Electron
Al - expert systems optics
Cryogenics lon optics

2TOV KOOHO TWV ETTITAXUVTWYV 0 KaBEvag Ba PTropouae va BPEI yia TOV EAUTO
TOU JIa TTNyn €MTTVEUONG
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['1aTi XpelalOPJAOTE TOUG ETTITAXUVTEC
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MikpookOTTIa TNG UANG
The B 1': BANG 6
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Voo Lorce Cerens o LEP

Al
,,-'U._, HIGGS and SUSY pardces of LHC

"
e LEP
PARTICLE DEAVS - To pnko¢ KUWAToC TG akTivoPoAiac mpémel va
= . . ® o gival HIKPOTEPO TOU avTiKeIPévou o efeTaleTal
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Quarks » 1 GaVY (alactrons)

Padievepyéc mnyéc divouv evépyeleg Tng TaEng MeV

n Radas of (hmars i Unamet s

The Universe MNa peyaAUTepeg evépyeleg XpelalOHaAOTE EMITAXUVTEC.



['1aTi XpelalOPJAOTE TOUG ETTITAXUVTEC

o

MIKpoOKOTTIO TNG UANG

QKTIVOBOAia y
Ma pikog kupatog A<10 -> E =hv=hc/A = 2x10"1° J (1.2 GeV)
Me akTivoBoAia médnong e: E.=eU (E.>E,) => U>E /e = 1.2x10° V

MnKog kKUpaTtog cwpaTidiwy (Pwrtoviou, HAekTpoviou, MNpwToviou, ...): (de
Broglie, 1923)

A=h/p=hc/E (=1.2fm/p[GeVic], 1fm =105 m)

MeyaAuTtepn opun -> MIKPOTEPO UNKOG KUMATOG -> MeyaAuTepn OIOKPITIKNA
IKAVOTNTA



['1aTi XpelalOPJAOTE TOUG ETTITAXUVTEC

Evépyela o€ YAN : Einstein (1905)
MeyaAuTepn Evépyela -> TTapaywyni cwpaTtidiwv peyalutepns palac.

HAekTpOVIO
MpwTdVIO
b quark
MTrol6vio

t quark

~ N T T O

Mapaywyn VEWV owPaTIdiwyv

E=mc?

.X. 6idupn yéveon: E >2m.c? =1.637 x 10"° J = 1.02 MeV

E, = 0.511 MeV
E,= 938 MeV
E, = 4735MeV
E,= 91190 MeV
E,= 174000 MeV

2WHaTidla -> ¢ -> dev aucaveTal N TaxutTnTa aAAdG n pala




EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

————

AcuTepoyeveic OEOUES

»I — M.X. BECUEC VETPOVIWY, BECUEC VETPIVWV KATT

Spallation Neutron Source

1 GeV, 35 mA of protons, 1 MW liquid Hg target
6% duty factor >10" n/sec



EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

GELINA neutron time-of-flight facility

ELECTRON
LINAC
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* (e, v) Bremsstrahlung in U-target (rotating
& cooled with liquied Hg)

* (y,n), (y,f)inU-target

* Low energy neutrons by water moderator
in Be-canning



EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

——

GELINA neutron time-of-flight facility

M (h,tot)
M| (h,p

M (nf> and (n,cp)
=

nh,n'y
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

déopec verpivwv  Cern Neutrino o Gran Sasso

Piemonte
Alessandria
Emilia-Romagna
Monte-Giovo
Toscana
Perugia

Umbria
Laboratory of Gran Sasso

732km
neutrino beam < o

Flight time : 2.4ms skm

ESPAGNE
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

——

AKTIVOBOAiIa 2UyxpoTpou

#* Science with X-rays
* Microscopy
* Spectroscopy

Synchrotron light source

<>
FOM: Brilliance v. A
B = ph/s/mm?/mrad?/0.1%BW
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

AKTIVOBOAia ZUyxpoTpou

Mo akOua JEYAAUTEPN QWTEIVOTNTA XPEIAZETAl
“OuVeKTIKA” eKTTOUTTH (coherent emission) => FEL

Free electron laser
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

——

Radiography

=) ;-— x »@wt
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

———

laTPIKEC EQAPUOYES

O¢partreia

Multi-axis exposure of tumor

Calculated Tumor Control Probability

4 (Laramore’s parameters)
2 _##=. | BNLBeam
S8l ]
2 ey
e =
@06l . -
° Dots indicate tumor
= doses near midline
8 041 - of brain for BMRR
- and LBNL Beams
g02] J (for specific head,
> treated to maximal
= N , BMRR Be . . | normal tissue dose)

0 10 20 30 40
Tumor RBE-Dose (Gy Eq)
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

————

laTPIKEC EQAPUOYES

Mapaywyr) Padioiocototrwy

target

18 MeV proton accelerator AN Oxygen-18
\ Y J (transmutation)
e Fluorine-18 (half-life time = 110 min.
. 4 ( )
OH
(@)
HO Fludeoxyglucose (8F)
HO
18F

~__ 7 on

Fluorine-18 &S

Annihilation
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EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

————

Hadron therapy

beam direction [__>

SOBP region

(12 proton beams)

Dose
20% 40% 60% 80% 100%

skin
tissues

tumor {

shallow

Heidelberg lon Therapy Centre
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deep

tissues



EmitaxuvTEG (yiaTi Toug XpelalOPaoTeE;)

—

Medical applications

Annihilation

detectors

Coincidence
Processing Unit

—

—»

Positron Emission

Tomography (PET)
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Emitaxuvtéc otov KOouo (2002)
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Emitaxuvtéc otov KOouo (2002)

————

Biopnxavikéc epappoyég

Application ]

TIon implantation ~ 9500
Electron cutting and welding ~ 4500
Electron beam and x-ray irradiators ~ 2000
Ion beam analysis (including AMS) ~ 200
Radioisotope production (including PET) ~ 900

Nondestructive testing (including security)  ~ 650
Neutron generators (including sealed tubes)  ~ 1000

approx. numbers from 2007 (worldwide)

with energies up to 15 MeV
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