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e XEPOLPYIKN
* Ogpameio KopKivov
o Xnueia - Broloyia
* Amocteipwon Tpoeav
«  Alayn oty tev viukov (nuclear waste transmutation)
o Topaymyn evépyelog
» TloAamlaotic evépyelog
* Adpavelokn cOVINEN He emTayvvn Popiémv 10VImV
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-gg KO LEYEOM ETTAYVLVTOV

* EBEvepyela

H evépyeia petpeiton og electronVolt, 1eV=1.6022 x 10-1°J kot vyniotepeg
1a&eig avtov (m.y. keV, MeV, GeV, TeV)

Hopuncp=2E eivol Ko Kvntikn gvepyelo Ly, = £ — Eg . T
OYETIKIOTIKG copotidia ¢ p =~ B ~ Fyin  OAeg 01 T0OGOHTNTEC OVOQEPOVTOL
WG KEVEPYELOY.
H opun petpeitan oe eV/c
["o Bapéa 10vTa, 1 EVEPYELN AVOPEPETAL GE KIVITIKT] EVEPYELL VA VOLKAEOVIO
e Peduo oéounc
Metpnuévo oe Amperes (| kopimg o€ younAotepec tédEne, mAkot HA)
AVOQEPETAL KL (G «EVTOCT TNG 0EGUNG
o Ioyvc oéounc
Mertpeitar oe Watts (n o€ mapayoyo tov, KW kor MW)
 Maoaywntikn Exaywoyn

Avagpépetor d¢ poryvntikod medio ko petpeiton og Teslanp Gauss
(1Tesla=10000Gauss) .
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sE&icmon Lorentz
Glowaon dt

"E. . OAikn evepyela
T: Kontwkn evépyeia

/3. «KOVOVIKOTTOINUEVT TOYVTNTA
Y. KKOVOVIKOTOTNUEVT EVEPYELU

[y: «KOVOVIKOTTOIMUEVT)» OpuT)

= q(E + v x B)

By =p°c” +mpe’ = (T'+ moc”)”

v
g="
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Iotopuk) Avaopoun)

H koOpoa yio vynAOTEPEC EVEPYELES

————ty

A/ movistar:

’.
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-Tég OLVEYOVC TAUGEMC
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* O amAoDGTEPOC EMITOYVLVTNG
(koBodkoil cwAnvee, 000vec...)

[Inyn copotoiov 6To Prls
NAEKTPOOL0, EMTAYVVGT) GE
NAEKTPIKO TENI0 Ko ££000G GTO
KOKKIVO NAEKTPOO10

Evépyetec avaroyeg g
£PAPHOCONEVNG TAOTG

To pevpa avédveton exBeTikd yio
LEYOAAEC TAGELS ONULOVPYDVTOGC
oTVONPEC Ko AmMAELD, TNG TAOTG
(oyMUaTIoUOS KOPDVOC)

€e:
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I e
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lon current
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TloMamhoc106Tg Thong
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Hpopinua: onuiovpyio VYNANG TAGTC Yo ETLTELEN
VYNAOTEPNG EVEPYELOG

O Cockcroft ka1 Walton(1932) avénto&av pia yevvitpio
Baciouévn og moAAATAODS avopBmTEG

Apyn Aertovpyeiog Tov kukAopatog Greinacker

Tpogodotikd evaliaccouevng taons V = V1 Sin(wt)
2Ndiooot (pevua tpéxet o pio dievbvvon) wote oe kAbe 6HO
TUKVOTEG 1 pEYLoTN Thom eivan 2V, 4V, 6V, ,...,.2NV,

Tdon 4MV umopel va emitevyOet yio déouec 100a0mv MA

Ot Cockcroft ko Walton ypnoipomomcay Evay T€To10
emtoyvvn yio va, Boufapdicovv dropa Li pe mpmtovia,

TPOKOAMVTOG OTOUIKT] AVTIOPOGT] KOl TOPAYDYT 2 TUPT|VOV

(Bpafeio Nobel 1951)

H yevvitpro Marx (1932) amoteheitor amd GEpd avIoTACEDV

KO TUKVOTOV VO VYNAT GUVEXNG TAON V iparge

Otav onuovpyeite amo@option Ue omvOnpa, Ady® TS VYNANG

avtiotaong, ot N mncvoarég GUVOEDEUEVOL OEIVOVV OAIKT TGO
NV

charge RcIN RcrN HCJN

&

Fermilab cascadeysvwijtpla

Kvkhopa Greinacker

T ™

Jerorge \.EG T~ \. N “—

WWCHU(&?S

I el T

Tevvitpra Marx U Uysinot

ca pa citors
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Doptio oo TOPAYWYT] KOPOVAS LETAUPEPOVTOL

LEGOV LOVOTIKOV 1dvta o€ 00L0, poptiCovtac e b i

TOV e N uéylot taon (2MV)

Y ynAOTteEPEC TAGELS LTOPOVV VO, EXLTELYOOVV
uéoa oe dekapevn ue Lovotikd aépto (Ppéov)
AvvaToTNTa OUTANCTIOG OV TOV OVVAULKO
(Tandem)

ApVNTIKA QOPTIGUEVA 1OVTO ETLTOYVVOVTUL OTTO
0 €mg ovvapkd V

\’ \ Ny t‘ N . L/ -
Emraoven Van der Graaff [aviv/"

pwa Van der Graaff (1930) [@

|

HAextpovia amoppopdvtor omd aéplo Kot Paris 6-7(Jussieu) |

O€uTEPM EMTAYVVOT UE OETIKE 10VTO OUTTO
ovvauikd V oe 0

Enitevin evépyetac émc 1GeV ya 16vta
TOALATTAOD 1OVIGLOD

+ negative ions

metal dome to 2
collect positive
charges

P _steel pressure tank

gradient rings

ion source

comb of needles— 4 charge exchange canal

metal terminal gas inlet

moving belt to
carry positive
charge to dome

-

|

|

|

| & 2

| positive particles

I accelerated down £ accelerating tube
; from source charged belt £ beam steering magnet
| -
|

comb of needles insulator

|
10 kilovolts —[_ ! i
|
charge source T l positive ions
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O R. Van der Graall“
EMOVKVUEL TN YEVVY
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Epupisoi emeagovics (linacs)
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DRIFT TUBE

‘v"’, J Y

ITpwtdTLTN 1OEN TOV ISIng(1924) KOTOGKELN
touWideroe(1928) kot mpmto linac vyning evépyetag
(1.3MeV) amd tovg Sloan kat Lawrence(1931)

Yepd and coinveg (drift tubes) cuvdedepévoug
EVOALUGGOUEVO LLE TPOPOJOTIKO VYNADV GLYVOTITOV
(Padiocvyvottec —RF)

XoUoTion ETLToyOVOVTOL GTO YACU Kot OV PAETOVY
nedio pésa oto cwAnva (0pd mc khoPog Faraday)
KaBng 10 niektpikd medio aAralel mpociuo, to,
copatiot Pyaivouv and T0 GOANVA Kol ETLTOYOVOVTOL
Eava. H el evépyeta eivan E,, = ngVy sin(¥y)
[ o6Ttabepn) GuYVOTNTA, TO UNKOC TOV COANVOV
av&avetan e mv taydmta [, = v, Trp /2 éog 10
GYETIOTIKO OP1O

[Tog emTuyyAveTol GUYYPOVIGUOS TOV COUATIOMV UE

T0 TTESIO > goTiaon @aong - phase focusing

O Beams (1933) kataockevace to mpmto linac ue A =4
Kupatoonyovg (waveguides). O Hansenkou ot | . W, s e b
aderpoi Varian (1937) avaxkdivyay 10 KAOGTPO T ranid 2

(klystron) pe cuyvotntes £og 10GHz. ' ’\ui‘ . r!i iy

O Alvarez(1946) avéntoée to mpwto DTL pe doun

GUVTOVICUEVAOV KVAOTITOV Y10 TPOTOVIA Kol Boapéa
ovta
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AoNC
Avakolvednke aveEdptnta and tovg McMillan ko
Veksler(1945)

H xoudmnta padiocvyvotitov (RF cavity)
puBpuiletar £161 OGTE TO COUATIOO GTO KEVIPO TOV
makérov (bunch) copatidiov (to emovopalopevo
oUYYPOVO GOLOTION) AauPdverl akpiBag tnv evépyela,
LoV YpeldleTal

To copatiow PAETOVLY duvapKo
V = Vosin(2rwgrpt) = Vo sin(¢(t))

Xopig emtdyvvon, 10 GOYYPOVo GOUATIO PpiokeTat
GTNV KLAOTNTO GE AOT @, =

[0 emtaypvon, 0 GOYYpOVO GOUATIOW TPEMEL VOl
ExeL paon 0<@<m, £101 OoTEVA ALEAGEL TV EVEPYELD

oV Kot AE = ¢V sin(¢s)

2opotio Tov eoavovy vapig £xovv edon @ <@,
dpa. moipvouv AMYOTEPN EVEPYELD OE OYECT UE TO
GUYYPOVO COUATION0

Zopatidw v eOavovy apyd, Exovv pacn @>@;, apa
MOipVOLV TEPLEGOTEPT EVEPYEWD OE GYECT HE TO
GUYYPOVO COUATION0

To copatiow opadomorovvTon

Synchrotron

l"
"
L7 2 -

,,'ICavIty A B

o+ = Lagging
Synchronous
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TPO
[oéa tov Lawrencexon Edlefsen(1930), mpmt
Katookevn Tov Lawrencexot Livingston(1932)
>tafepn poyvntikn enaymyn B and poyvitn oe
oynuo H pe KokAoTpovikr) GuyvOoTTO Kol 0OKTivo 7ToU
ALEAVETOL UE TV TOYVTNTA, YO [T GYETIKIGTIKA
copotiow (omelpoetdeic tpoyiEs) w, = ¢B /m

H tdon emttdyvvonc cuyypovn HE TO TEPAGLO TOV
cOMOTIBN0L 6T0 Xhopa wrp = (2n + 1)w,
Emtayvvon Bapémv copuatidiov o€ younAéc
evépyeleg ~ 20MeV

['o vymAdTEpES evEPYELEC (GYETIKIGTIKG COUOTIOW),
N GLYVOTNTO UELOVETAL LE TN Halol

Apyn ovyypoviepov kvkrotpov (McMillan kot
Veksler, 1945): n padtocuyvotnto Tpimel vo
neidveran pe v evépyeia (Lala) wrp o< 1 / Y

H nmapandveo apyn emAarel O10pOopETIKEG GUYVOTNTES
Y10, OLPOPETIKO E100C GOUATIOI®V

Apyf 160kOKAOTPOV: WRF X B / 7Y . Evépyeleg €m¢
600MeV emttvyydvovtal, OU®S 1 LETAPOATN TOV

LLOLY VI TIKOV TTESIOV QTOECTIALEL TOL GOUATIOW!
(Onuovpyic anwAELLV)

"ﬂ._-. -

Pole ‘-\chuum fﬂscilluiﬂr

Deflector Tank Coupling

,;—“ )M’”
X4 4 I

\orbits




0 100 200 300 400 500 mm

Mikpotpov Too MAMI o€ opna otaoiov

[0a Tov Veksler(1944), npotokata-
okevacHnKe amd TNV OUdO TOV
Kapitzaot dexaetio Tov 60.

Ta nAektpoOvia yivovtor ToAD ypryopa
GYETIKIOTIKO GOUOTIO0 KO TO
KOKAOTpO Elvol avETOPKOL

EmAoyn ¢ padtocuyvotntog n onoia
AVEAVEL TNV EVEPYELD OVEL GTPOPT) DGTE
N LEYOAVTEPT) TPOYIO VO GUVTOVILETAL UE
aKEPALo aplOud e cvyvotnTog (apyn
GUYYPOVIGLOV)

2
At:k/VRF: 7T

ec’B

Ta pikpotpa £xovv cuvndmc Gynua
OTOOLOV: TO COUATION GTPEPOVTOL
KT yovio 7T and 000 GUUUETPIKOVS
OUTOAMKOVG LOYVITEG, KO KIVOUVTOL GE

ev0vYpapa TUNUATE OTTOV KOIAOTNTEG
PAOLOGUYVOTITMOV TO ETLTOYVVOVV

AFE

12
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[0a. tov Widerde(1928)xou
Steenbeck(1935), tpmt KoTOoKELT OTO TOV
Kernst(1940) (evépyeia 20MeV)

Ev®d 610 KOKAOTPO TO poryvnTiko medio eivan
otafepod (Kot 1 axtiva aAAALEL), 6TO PriTaTpo
yiveton akpiag to avtifeto

>ouotiotn Brita (oyetikiotikd nhektpdvia)
EMITAYOVOVTOL OTTO NAEKTPIKO TTEOIO TOL
TOPAYETOL OO LETAPAAOUEVO LAYV TIKO
TENL0 B(t) = Bg sin(wt) and EnAyYMYN Magnetic flux,

@
[ va kpateitol  axtiva 6tadepn,

amorteiton 1 cuvOnkn evotddelng Tov
Wideroe

B(t)| = 5{IB(®)]) + |Bo|

ler—k

enerated E-field

13




£0TlLOON

¢  Xouotioln Tov gledyovTon
EYKAPOL0L GE OLLOYEVEC LAYV TIKO
EO10 aKOAOVOOVV KUKAKES TPOYLES

*  Mayvntikd ceaipata avaykaloov
TOL GOULOTIOWN VO TTAPAGOPOVTOL
(MOGTOV Vo O10pVYOVV “

N

\ \\\\‘ NN

o Xpetaletan pio SOVOUNETOVUPOPAS \
N «€oTlOCT O
m Mo t€t010 €0Tioon Umopél va TpoEpOel AOY® TNC AmOKAIONG TOL oYV TIKOV

TEOI0V OTIC TAPLPEC TOV LOYVITN

i
B O1 eyKAPOIEC GUVIGTMGES TOL HayvnTikoD ediov givar (Bz, By) = Bo(—n%, 1 - n;)
, ) r 0B, ) ) )
LE TO OgikTn edlov |n = — B x| Ta copoatioto EKTEAODY YPOLUIKES
0 X

APUOVIKEC TOAUVIWOGELS (TOAAVIOCELS PNTATPOV) LE GLYVOTNTEC

wx:%\/l—n , wyz%\/ﬁ

m [0 evotabeic Talavtmoelc TpEmeL va 1oyvEL 1) cuvOnkn tov Steenbeck

0 <n<lf 1
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Apyn mov epevpEdnke amo tov XpLoToPLio
(1950) ko ave&aptnra and toug Courant,
Livingstonkat Snyder (1953).

Aoy® ™G pvong Tov eélowcemv Maxwell
etvar advvarn 1 vapén nedimv eotioong Kot
o710, OV0 EMIMEDQ, T.Y. T TETPATOAN TOV
eotialovv oprovTia, amoecstidlovy KaOeTa
KOl TO QVTIGTPOPO.

Mo aAAniovyio amd E0TIOKA KO
OTOECTIOKA TEOTOL UTOPEL VAL dDGEL
1oyvpotepN Kabapn ectiaon

H ovvapueic eivor avahoyec g omdGTooTG
amd ToV AEova NG 0EGUNG

Al0d0y1 avTIfETOV E0TIOKA GTOLYEI®V
EMTPENTOVYV GTO, GOUATIOW V
aKoAovOnGouvv :
evotadeic tpoylc,
EKTEADVTOG UKPES
Bnratpovikég
TOAOVTMOGELS YOP® OO
KUKAMKT] TEPTLOOIKT)
TPOYLA

Apyn EVOALAGGOUEVIG om()KMcmg




* H ovyvomta aALACEL pE TNV EVEPYELD OALG,
TOPAAAN A TO TTEOTIO EVEAVETAL GVYYPOVA
(MOTE 1 OKTIVOL TV TPOYIOV VoL pEVEL oTabept]. ¥

* To poyvntiko medio mapdyetot amd opKETONS
OLOAIKOUG LYV TEC KO OVEAVETAL LE TNV
OpPUT TOV GCOUATIOIOV. 2& VYNAEG EVEPYELEG:

Bp==~— and E|GeV]|~0.3Bp[T - m]

e IIpoktikOg TEPLOPICUOG TOV LAYV TIKOV
eIV, 1 WENCT TNC OKTIVOG TNG TPOYLAS Y10,
VYNAEC EVEPYELEG

e Xpnomn VTEPUYOYIUMV LAYV TOV, T.Y. Y10
tov Meyaro Adpovikd XvykpovoTiipo
(Large Hadron Collider- LHC),axtiva
KaumvAdtnTog 2.9Kmkat evépyeta 7TeV
yperalovron dimora 8T

*  AmoONKELTIKOL OUKVALOL: GLGCOPEDOVY
COUOTION KO TO KPATOOV Y10 LEYAAES
TEPLOO0VE (TNYES aKTIVOPOAiag GUYYPOTPOV)

¢ YUKPOVOTIPES: OVO OEGHEC KUKAOPOPOUV GE
avtifeteg KoTELONVGELS, KOl GLYKPOVOVTAL GE
CUYKEKPLUEVO ONUETD, DOTE VO ALEAVETOL 1
EVEPYELDL GTO GLGTNUO KEVTPOL HAL0C

Eicaywyn otn ®uoiki Twv EmiTaxuvtwy




Hlepiinym kokMKdY emtouvtoy (@)

, Padro- MayvnTiko AKTiva T .
Emtayvvtig , yvn’ . s Xy0A0
oVYVOTNTO meolo TPOYLAS
Yopotiot
Kvxhotpo otafepn otafepn AD&OWE,WI He T acvyxp(?va He
evépyeLnL padlocLYVOTNTA Y10
VYMNAEG EVEPYELEC
>opotiow
. GUYYPOVO ALY
Iso-KvkAotpo otafepn netofAnTo AD&OWE,WI He T dVGKOAN M
evépyela
gvotabelo TV
§ TPOYUDV
>
= Evotadnc
E , , , Av&aveton pe My | TOAAVIOGELS , OALG
LLl -
: Xvyypo-Kokiotpo uetTaPantm otafepo svépyeu TEPLOPIOIOE AGYE
g OYKOL
o
a Evéliktog
3 , , . , ETMLTOYVVTNG, OVVATY]
.; 20Y(POTPO uetaPantm LeTaPANTO otadepn 0 835,{‘581)1};1] Tohb L
3
g VYNADV EVEPYELDV
Ll
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-rng EVEPYELNC TOV ETLTAUYVVTOV

. ; * To owdypaoppa “Livingston”
1,000,000 TeV - A “Livingston plot” showing the evolution //_ 68{X\/81 SKOS’ClKﬁ alr)incn Tng

of accelerator laboratory energy from 1930 /

until 2005. Energy of colliders is plotted in /

100,000 TeV = | terms of the laboratory energy of particles ] SVép’YSl(X,g “8 TO Xpévo

colliding with a proton at rest to reach the

same center of mass energy.

10000 TeV |- 1+ H evépyela avéaveron pia taén
oo Tev |- 1 peyéboug kdbe 6-10 ypdvia
0TV |- ez | o NEEC TEYVOAOYiEC
orer | prton Sergerngs_—J/ | aviikafieTovV TIG TOMEC Yo
| e enneuﬁn Uq{nko?epa)v ,
. EVEPYELMV, EMC OTOL EMEPYETOL
g el e | KOPEOUOG KO OVTIKOTOOTOON
% 10GeV - Syﬁé?'crgggns Electron Linacs | l”l’g Véa Tngoxoy{a

1aev | 1 ¢ H owdkaoio cuveyiCetat...
100 ey o 1+ H evépyewa oev givon to povo

10 Mev 1 evolwapépov uéyebog
et ‘Evtaon 0éounc

l l Atatopn} TG 0€opung

1930 1950 1970 1990 2010

1 MeV
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m Me Bdaon 11g apyéc Aettovpyiog
Brrtatpa (betatrons), kbxhotpa (cyclotrons), uikpotpa (Microtrons), ypoypipkot
emrayvvteg (linacs), cuyypotpa (Synchrotrons), evioyvtéc (boosters),

CLGOMPEVTIKOT dakTOAL01 (Aaccumulator rings), amodnkevtikol doKTHALOL
(storage rings),emtayvvtég dapécov mAdcuatog (plasma driven accelerators)

m Mg Bdon v evépyeia
YynAnc (uepikd GeV), uéong (uepikd MeV), youning (kdtm arnd MeV)
m Mg Bdon v évtaon e 0EouNg
YynAnc (ueptkd Amps), uéong (nepid MA), yoaunAng (kdto omd MA)
m Mg Bdon 10 €100¢ TOV COUATIOI®V
Aemntovikol (nAexktpovimv, molitpoviov, pvoviov), Adpovikoi (tpotoviny,
BapEwv 10vTmV)
m Mg Bdon Tov TEPOUOTIKO GKOTTO

Xvykpovotnpec (colliders), epyootdcia copatidiov (factories), mnyég
aktvoBoAiag cvyypotpov (synchrotron light sources), mnyég vetpoviomv
ordiomoong (spallation neutron sources), wotpikoi (medical
accelerators),moAomlaciactég evépyetog (energy amplifiers)... 19
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m Emtoyvviéc vynAov evepyeimv
Adpovikoi ouykpovotpeg (TeVatron, RHIC, HERA, LHC, VLHC)
Aentovikoi cvykpovotipec (LEP,CESR, PEPII, KEKB, DAFNE, ILS, CLIC)

B 2VGOMPEVTEC KOl GUYYPOTPO VYNANG EVOTUOTG
IInyéc verpoviov kata dtdomaon (I1SIS, SNS, ESS, JAERI)
Epyootdoa mapaywyng verpiveov (Neutrino factories)

[ToAOTAOGIOGTEG EVEPYELOC, EYKATAGTAGELS OMEVEPYOTOINOTG TUPNVIKDV
aropintov (JAERI)

m [Inyéc axtivoPoAiac chyypotpov
IMpotncyevide (PETRA, SPEAR)
Agvtepnc yeviag (BESSY I, SPEAR II, NSLS)
Tpitng yewidg (ESRF, APS, SPRING-8, SLS, SOLEIL, DIAMOND, ALBA)
Téraptng yevidg — Aéilep elevbépwv niektpoviov (FEL — TESLA, LCLS)

m Emttayvviéc epoapuroymv
Iatpikoi emtayvvtéc (LLUMC, AUSTRON, HICAT, PSI, TERA)
Bilounyavikoi emtayvvtéc (CAT, Rhodotrons, VARIAN, ACSION) 20
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B O 6YedaGUOC EVOG EMTAYVVIN EGTIALETOL GTNV VYNAN awdooon
B 2UYKPOLGTNPEC
dotevotta (Luminosity), pududg mapoaymync yeyovotwy
m N, 0 0p1Ouoc tov copotidiov ava takéto (bunch)

m k,0 ap1Ouoc tov mokétmv L L N [32 k‘b’y
m v =E/(MyC2) 0 GYETIKIGTIKOC TOPAYOVTOG 4 TE, /8*
B g1 VOPUOAGUEVT EKTTEUTTIKOTNTO, (EMittance)
m * 1 cuvdpTNnoN TAATOVE GTO OMUEID AAANAETTIOPAOTG
m Enttoyuviég vyning Eviaong B B

Méon 1oy0c Séounc (average beam power) P=1IF = fyNeFE
m I n péon évroom Tov pEdIOTOS
m E nevépyela,
m f,0 ppOUdS emOVaAAYNC
m N o aptudc tov copatidinv ava maiuod (pulse)

m [Inyéc axtivoPoArioag cOyypotpov N
p

Exhoumpotnra (Brightness), mokvotnrto ¢otovimy B =
m N, 0 aplBuoc tov pmtoviov

Eicaywyn otn ®uoiki Twv EmiTaxuvtwy
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2VYKPOLOTIPOS TPWOTOVIMV KOl
OVTOV LOAVPO0V e gvépYELes Emc [
TeV

O emtoyLVTNG KATACKEVALETOL GTNV
moAld 6tod Tov LEPuE mepipeTpo

26.7km
H 8éopec meplotpépovtar pe avtiOetn e
@opa oonyovueveg and1232 *
VIEPUYDYINA OUTOAN, UKOVS
14.3mxa1 péyrotov nediov 8T
Yndpyovv 8 onueia aAinAieniopaonc,
oTO HGA 0o T 0TToin £ivor
tomofeTnuévol ot aviyvevtéc 4
Kuprov nepapatev (ATLAS, CMS, ;
ALICE, LHC-B) | “

W u | ,ii
O KVOP1OC GKOTOG TOV EMITAYVVTH A ‘L% sps L_%:’f’mf”ﬁ
14 L4 14 2 ; = = . ’
etvol N Topaymyn, aviyvevon Ko ALICE R E::}ﬂéj
ueA&n proosovimv Higgs(o J'—é"’/ < T ' LHCB
Imstallation shatt 18

!"l’nXaV]“Gl“’l’ég an(’)KTn Gng quag) I Fulure consliudlions ATLAS fﬂf(’CIJ'IOJ’?

0 Esisting undlergraundd b ildings
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mpoc Bapéov Iovtov (RHIC — BN

2UYKPOLOTHPOS LOVI®V YPLGOV,
YOAKOU KOl TOADUEVDV
npoToviov pe evépyeteg €mg 100
GeV/vovkieovio

H oéouec meprotpépovtan e
ovtifeTn Popd 6’ éva SaKTOAL0 S <7
amofnkevong 2.4 mAiov =l TN
(~4km)odnyobdueveg amd 1740 Booster | AN Sinchrotcon
vEpAyOYIN dimola AR

e
Ot 6éoueg cuykpovovVTaL GE 6 Linac jondern L
onueia ota 4 and To omoia gival ;/
tomofeTnuévol ot aviyvevtéc 4 Ferdermte-—

Koprov nepapdrov (BRAHMS, 1

PHENIX, PHOBOS, STAR) o

O K0P10C OKOTTOC TOL EMITAYVVIN
elval 1 TOPAYWYT), AVIYVELGT) Kol
ueAén mAdopatog quark -
YAOVOVI®V




-rdcwcm AxtivoBoAiag Xvyypotpov (ESRF) F@:Aq

m H npotn ko mo Aapmpn nnyn axtivoPoiiog
cUYYPOTPOV 3NG Yeviag otnv Evponn

m 50 TEPopoTIKES YPOUNES OEGUE®Y TTOV
YPNOLOTOLOVV KOKANPESD) aKTiveS X
TOPUYOUEVES OO TOUPEUPOMKEC oYV TIKEC
OLTAENS (LOYVNTIKOVG EVIGYVTEC Kol
KUUUOTIGTES) KOl OUTOAMKOVG LYV TEG

m 3500 ypiotec/ypovo and 14 kpatn péin
EKTEAOVV TEPALOTU QOCUOTOCKOTIOC AKTIVE®
X Y10 EMOTNUN TOV DAIKOV, ynueia, Proloyia,
YEMAOYIQ, 1TPIKT], OPYOOUETPIO, K.OL.

m To cOumieyua meptlapuPavetl Evo yPORULKO
emtoyvvT NiekTpoviov, Eva 300 pétpov
EVIGYVTIKO GUYYPOTPO KOl EVA OOKTUALO
aroOnkevone, 844 uétpwv.

m O daktoMoc amofnkevoncrapovcidlel
owfconotnTo peKOp TS TaEems Tov 98% e
HEGO YPOVO HETAED OLUKOTAOV AV TOV 2
NHEPAV 24
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m Emotuoviko €pyo cuvepyaciog 6
epyaotnpiov (LBNL, LANL, JLAB,
BNL, ANL, ORNL)

m H IInyn Netpoviov kata dbdemoon
ue 1.oyv 1.4 MW(8 @opég
ueyaAvtepn amd v ISIS)

m To cvykpotnua teprrauPaver pio
anyn H', éva 300mypoppiko
EMTUYVVTI], LLE VTEPAYDYLUES
KOIAOTNTEG POOTOGLYVOTITOV, VOl
0 UKTOALOGVGGMOPEVGIS TPWOTOVIDV
ue mepiperpo 248mxat évo 6TOY0
VYPOV VOPAPYVPOYL Y TNV
TOPUYWYT TOV VETPOVIDV. e

Liquefaction - e

Building

m O KOplog oKOmOG eivorl TEPGpoTo  EEEREES

Facility

(POGUOTOCKOTIOG LEGH GKEDOOT|G Support

Buildings

veTpoviov o€ 24 otaOpovg
(LoryvnTikn 00U VAIKOV,
vovoteYvoroYia, K.AT.)

Front-End Systems
(Lawrence Berkeley)

(Los Alamos and

Jefferson)

- and Office Complex

@V Atdomaong(SNS - ORNL) @

Accumulator Ring
(Brookhaven)

! Target

- ’J . (Oak Ridge)
e 2

-~

Instrument Systems |
(Argonne and Oak Ridge)

Front-End Building
-

Klystron Bﬁilding
Linac Tunnel

N Genterfor” -

Nanophase
S Materials

~Sciences
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LHC

Jgu

CMS

vidv Tov CERN

—

North Area
ALICE LHCb
b
SPS
neutrinos
TIE ) TT10
I\ ATLAS CNGS
s TTE0 Gran Sasso
b
AD
s BOOSTER
. L. y ISOLDE
=% - BT East Area
LI
!’]_TOF g ]95'78 ] -------------
S :
LINAC 2 ] p CTF3
neutrons 3 Q ..
LINAC : Leir
oS 3
» p(proton) P ion » neutrons » p(antiproton) === proton/antiproton conversion » neutrinos P electron

LHC Large Hadron Collider SPS Super Proton Synchrotron

AD Antiproton Decelerator CTF3 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso
LEIR Low Energylon Bing LINAC LINear ACcelerator

PS Proton Synchrotron

n-ToF Neutrons Time Of Flight

ISOLDE Isotope Separator OnLine DEvice



]

BuoG1IKEC apyES OVVUUIKNG TOV
EMTAYVVTOV
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‘EGiohoeic Maxwell

dvokn TV sntraxuvrcov TEPLYPAPT| 6vvauu<ng POPTICUEVAOV
COUATIOIOV TOPOLGTO NAEKTOUAYVITIKOV TENIWDV

« E&iomnoeic Maxwell oyetifovv ta nAekTpikd Kot poryvntikd,
TEOLO TOV TOPAYOVTALUTOPOPTIO KOl KOTOVOUES PEVUOTOC

P 0
V-E=— VxE=—-—B

€0 ot
Nopog Gauss: amoxhon Népog erayoyig Tov Faraday:

n?»empucov nediov Swver v METOPOAOpEVO poyvnTIKO Tedio Tpokalet
. moKkvOTTO YDV @optiov  NAEKTPIKO medio

1 0

vV B =0 V x B = poj+ = —FE
3 c® Ot
'§< Népog Gauss yuo Noépog Ampere-Maxwell: oloxAnpopa Tov
E LOYVITIGRG: Bev vGpyovy  MOYVNTIKOD Mediov o8 KAELOTH KaumOAN giva
L HOYVITUKG. LOVOTTOAD avAAOYN TOV PEVUOTOG TTOV TPEXEL GTNV
2 KopumOAn(ototikd nAekTpikd medio)
§ E =nAextpicd nedio  [V/m] Lo(nayvntikh dwamepototea) = 4 107 [ C Viml]
E, B =payvntikn enayoyn [T] go(Mhextpikn dromepatdtnta) = 8.854 1012 [V s Almt]
% p=nvkvotnta eoptio[C/mi] ¢ (tayvtnto mTog) = 2.99792458 108m/s
|_|_J:

: j=mokvétnta pevpatog [A/m?] 1/c?= g4 g



- Abvopn Lorentz ©)]

e AVvoun mévom 6€ POPTICUEVO COUATION TOL KIVOOUVTOL DTTO TNV
EMLOPOGT] NAEKTPOLOLYVITIKDV TEOIWDV g g
F:q(E—I—VXB) dIZ:dt<me>ZQ(E+VXB>
e XTOVC EMTAYVVTEG: NAEKTPIKA TEDIO YPTGLLOTOIOVVTL Y10,
EMITAYLVGT] GOUATIOIMV KOl LOYVNTIKA TTEdia Y10, KaBoonynon
OAOKANp®GN TNG OVVOUNG (G TPOC TO UNKOC TNG TPOYLACS Y10, TOV VITOAOYIGLO
NG KIVNTIKNG EVEPYELNS (1] VTOAOYIGUOG TOV PLOUOV LETOPOANG TNG EVEPYELOC)

AT:/FdS:q/EdS—l—Mth Cii—f:v-quv-(E+v><B):qv-E

Kwnrtwkn evépyeta aAldlel amo NAEKTPIKE 0AAQ Oyl O poyviTIKG TEdia,

Eiocmon Lorentz yio tnv opildvTio GLUVIGTMOGO TNG OVVOUNG EVOC COUATLOI0
OV KIVELTOL GTNV €munkn oevbuvon Z

dps
E =Fx = Q(E:c — Usz)

[0 oxetikioTikd copatiow v, ~ ¢ ko v,B >> E,
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- Kafodriynon déoung ©]

e QOuoyevéc payvntiko meoio B, kdbeto otnv kivinon tov
couatotov. Ta couatioln EKTEAOVY KLKMKN Kivnon O0mov 1
OKTIVO KOUTUAOTNTOG Elvot

k|l = |=B| =
| | |’p;"‘“’|(ﬁEtot» ’

* H xvkhotpovikn cvyvétnra (Larmor) w; = |

B
Etot ‘

*  Opilovue o¢ payvntikn axepyia |Bp| = P

- In more practical units [GF;,:[GeV] = 0.2998] Bp|[T'm]

e [ wvta pe moAlomAotnta eoptiov Z Kot atoukd aptopd Am
EVEPYELQ aVA VOLKAEOVLO glval

BE i [GeV /u] = 0.2998 — \Bp|[Tm]

Eicaywyn otn ®uoiki Twv EmiTaxuvtwy

30



¢ OempPOVUE KUKAIKO EMITAYLVIN
couatolmv evépyelog E neN
dimoAda, unkoug L 9

 Tovio kapyng —
e AKTIVO KAUWYNS p =

* OLOKANPOUEVO OTOMKO

neolo or BE
3 N ¢
§< 14 |4 |4 /4 14 m B
5 m Emiléyovrtog £va dumoAko payvntikd meodio, \
" g ' | ©
& kabopileTan Kot TO UMKOG TOV, Ko ' ’
2 avVTIOTPOPOG . ,
53 , , r \
s M [l vymAoTeEpa TEdial, LKPOTEPQ KO \ 0 /
2 Myotepa dimoio HTOpPOLV Vo I ;S P
% YpNoLomodovv N T T TN
s m H meprpépro tov dokTuAiov (k66T0C) NS
W emmpedleTol amd TNV ETA0YT TOL TEOIOV ‘' 31
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‘Eoctom copatioto oty 10eatn TpoyLd

design orbit

270 OPLLOVTIO ETITEDO, EKTEAEL APLOVIKEC
TAAAVIOGEGLT = 2 cos(wt + ¢)

\ /

H , , , . d?x d?x 1
op1LOVTIO ETLTAYLVON TTEPLYPAPETAL AT — = — g
S v

Yndpyelr aoc0eviig eotiaoen oto oplloOvTio €Mimedo

270 KGOETO £mimedo, | LOVY OVVOUN TOV aGKEITOL ETVAL T
Bapvtnto. Ta copatiown kivoovtal kabeto ¢ Ay = §a9At2

OéTwvtag a,= 10m/s?,1a y -

owHaTIdIO PETaTOTTICOVTa | B tdeal orbit

Kata 18mm (avoiyua ‘—i = -

diméhou Tou LHC) oe ~ *''r — / partcle rjectory
-

60ms (uepikEég 100adeg
OTPOPEC TOlHC)
XPEIadeTal oTidon _ /




£0TIOIONC @)

¢  MoayvnTtikO GTOLYEID TOV EKTPEMEL OEGLEC LE YWOVIA avAAOYT NG ATOGTOCTC AT
TO KEVTPO TOL (1000VVOALUO LE TOV ECTIOKO (POKO GTNV OMTIKT)) TOPEYEL EGTIOGT

 Hyovia extponnc opileton g, = — L e UNKOG €0Tiog Ko pikpn

LLETOTOTTION Y.

«  Maywntiké otoryeio pfkovg | kot andriiong g amodider medio B, = gy, 1ot
(MOOTE 1 YOViO EKTPOTNG VA Elvor PN
TS - _,( f‘l \
b ap, {4, Y-
T T, T T BE T T BE7Y
mH kovovikomomuevn €otiokn 16y0¢
opiletal ¢

mTo soTioKd pfKog stvar f~1 =k I
N YOVia EKTPOTNG a=—kuyl

k=2 =
IE g
U mXE 0 TPOKTIKEG LOVOOES

3

5 . glT/m|

= k[m™?%] =0.2998

2 m] BE|GeV]

s




* Ta tetpdnola eoTiAlOVV GTO £val ETIMEOO KOl A
amoecTIALOVV 6TO GALO

* Tomnedio eivar (B, By) = g(y, )

*  H dovaun ypaoeton (F,, Fy) = k(y, —x)

«  Xpewaletor EVOALOGOOLEVT E6TIOGCT KO R
AmOECTIOOT MOTE Vo eAeYyDel N ~N ’;}’
OEGUN,EVAALAGOONEVT] EGTIOKT OTOKALGG ¢

e Amo v ontikt] Yvopilovue 0Tl 0 GLVOVAGUOC O
POKOV UE EGTIOKES 0mooTdoelg Optics fxan fomov
oe amootoon d 61vel OAIKO €0TIAKI] ATTOOTAOT)

L_1,1
fh 2 Kk
« Eavf; = -f,,umapyet éva kobapd 1 d
PUIVONEVO £0TLOONG f = | 7l f2|
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-lKéL KTTOAVTTOAOLY

* 2N-mOAQ

OIMOAO  TETPATOAD  €EATOAO OKTATOA
N S
S N

n 1 2 3 4

e Kavovika: to ydouo epeaviCeton 6To opllovTlo EMITEONO

e AOCA: oTpon YOPp® amd TOV AEOVO TNC OECUNG KATA
yovia 772n

e YUUETPi: GTPOPN YUP® atd TOV AEOVA TNG 0EGUNG KOTA
yovia 77N, 1o tedio aviiotpépetal (aAldlel mokdTNTA) =
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| Hiex/mukd otogeio emrayovtadv (@)

m Kupuo otoryeia

Aimolo («KOUTTIKOD HOoyvVNTE)) ——p  OTTOKAION

Tetpdmolo (eotiaxol payvireg) —>  (amo)eotioon
E&dmolo (ypopatikol poyvireg) ——  (poOUOTIKN 010pOmon

Kowdmra padiocvuyvotitov . — EMLTAYLVON
m BonOntikd octoryeia
Extpoméag (Kkicker), dtaympiotg (septum) ——— >  sicaywyn, eaywyn
XOMVOEEG — EMKOELONG TPOY LA
Moayvntikog evioyvtig (wiggler) akTivoPBoAio,
—
Koppatiotég (undulator) anocfeon
[ToAdmoAAo (okTdmolo, dekdmoro, K.0.K.) —  d10pHmwon
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- Hlektpopayvntikd otoryeio

Superconducting Coils

Helium-II Vessel
Superconducting Bus
Iron Yoke
Non-Magnetic Collars
Vacuum Vessel
Radiation Screen

Thermal Shield

The

Y nepay®@yuun Koot ta ::
PaOLOGVYVOTHTOV TOV SNS Aitolo Tov daktuAiiov Tov SNS 27
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