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IATPIKOI EMITAXYNTEZ ~20°000

MYPHNIKH OTKOAOTIA: AKtLvoBo)\non KokonBwv OyKwv e
deopec pwtoviwv N PoPTIOUEVWY CWHATLOLWV

MYPHNIKH IATPIKH: latpwka Padlo-lootoma yia tnv €ykatpn
dlayvwon kat Beparmeia coBapwv aocBevelwyv

EPEYNHTIKOI EMITAXYNTE2 ~1000

Epeuva otnv NMupnvikn kot Zwpatidlakn Quoikn,
Avarmtuén edappoywv otn Blopnyavia, ewpyla,
Navthia, MeA€tn YALKwV, KATT.



E€EALEN TNC eEveEpPYELOC TWV EMLTAXUVIWV

Syne h‘rotrons Electron Linacs

T T T /
1,000,000 TeV |- — , , /]
A “Livingston plot” showing the evolution /
of accelerator laboratory energy from 1930 /
until 2005. Energy of colliders is plotted in /
100,000 TeV [~ terms of the laboratory energy of particles ]
colliding with a proton at rest to reach the
same center of mass energy.
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To duaypappa “Livingston”
beixvel ekBeTIkr avénon tng
EVEPYELOC LLE TO XPOVO

H evepyela auéavetal pia tagn
pneyebouc kaBe 6-10 xpovia

NEeg texvoloyiec avtikadlotouv
TLC TTAALEC YL ETILTEVEN
UPNAOTEPWV EVEPYELWV, EWG
OTOU ETEPYXETAL KOPEGHOC KOl
QVTLKOTAOTOON UE VEQ
TEXVOAoyLa

H dtadwkaoia cuvexiletal...

ANNA

H evépyela dev eival To povo
evoladEpov peyebog

— ‘'Evtaon 6€oung
— Awatopn tng 6€oung



Katnyoplec emitoyuvtwy

Me Bdon Ti¢ apxeC Asttoupyiog
L] BAtatpa (betatrons), kOkAotpa (cyclotrons), pikpotpa (microtrons),
YPap kol ertitaxuvteg (linacs), ouyxpotpa (synchrotrons), EVIOXUTEG
(boosters), cuoowpevutikoi SaktUAlol (accumulator rings), aroOnkeutikol
daktUAlol (storage rings), emwtayuvteg mAaoportog (plasma driven
accelerators)
Me Bdon tnv evépyela
L1 YPnARc (pnepika GeV, TeV), péong (nepka MeV), xapnAng (katw ano MeV)
Me Bdon tnv évtaon tng 6€oung
L1 YPnARG (pepikd Amps), péong (Lepkd mA), XapnAng (katw amoé mA)
Me Bdon to €idoc¢ Twv cwpatidiwy
[] Aemttovikol (nAektpoviwy, molltpoviwy, poviwyv), Adpovikot (tpwtoviwy,
BapEwv LOVTWV)
Me Bdon Tov MEPAPATIKO OKOTIO
[] Zuykpovopévwv dsopwv (colliders), epyootacia cwpatidiwv (factories),
nnyE¢ aktwvoBoAiag cuyxpotpov (synchrotron light sources), mnyég
EKTIOUTNAG VETPOVIiWV (spallation neutron sources), Latpwkot (medical
accelerators), moAAanAaclaoteg evepyelag (energy amplifiers)...

28 Auyouotou 2017 4



2UMTTAEYLLOTO ETILTAXUVTWV

Enttaxuvtéc uPnAwv evepyeLwv
[1 ASpovikol ouykpovopévwy dsopwv (TeVatron, RHIC, HERA, LHC, VLHC)

[] Aemttovikol ouykpoopgevwy dsopwv (LEP,CESR, PEPII, KEKB, DAFNE, ILS, CLIC)

2UCOWPEVTEC Kol cuyxpotpa uPnAng Evotaong
L1 Mnyec vetpoviwv kata dtaomaon (ISIS, SNS, ESS, JAERI)
[1 Epyootaoia mapaywync vetpivwyv (Neutrino factories)
L1 MoAAQITAQOLAOTEC EVEPYELOC, EYKATOOTACELC OTTEVEPYOTIOLNONG TTUPNVLKWV
aroBAntwv (JAERI)

Mnyéc aktwvoBoAioc cuyxpotpov
[1 Npwtnc yeviac (PETRA, SPEAR)
[ 1 AeUtepnc yeviag (BESSY |, SPEAR I, NSLS)
[] Tpitnc yeviac (ESRF, APS, SPRING-8, SLS, SOLEIL, DIAMOND, ALBA)
[] Tétaptng yeviacg — Laser eAeuBepwv nAektpoviwv (FEL — TESLA, LCLS)

Emtayuviég epappoywv
[ latpikoi emtayuvtég (LLUMC, MEDAUSTRON, HICAT, PSI, TERA)
[1 Bropnyavikot erutayxuvteg (CAT, Rhodotrons, VARIAN, ACSION)
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E¢lowoelc Maxwell

*  QuOoLKN TWV ETUTAXVVTWV: TIEPLYPON SUVAHLKAG POPTIOHEVWY
ocwpatidlwy rmapouacia nAektopayvntikwy nediwv

* E§lowoelg Maxwell: oxetiCouv ta nAEKTPLKA KAl LLOyVNTLKA
nedia mou mapayovtal oo ¢opTia Kol KATOVOUES PEVUOTOC

P 0
V-E=— VxE=-—B

€0 ot
Népoc Gauss: amokALon Nopog emaywyng tou Faraday:

nAekTpKOU Ttediou Swettnv  HETAPAAOPEVO HAYVNTLKO TESLO TIPOKOAEL
. mukvotnTa TINyWV doptiou TV apaywyn NAEKTpLKoU Tediou

1 0
V- -B=0 VX B=puj+—55E
c® Ot
Népoc Gauss yia Nopog Ampere-Maxwell: oAokAfjpwpa tou
noyvnTiopd: Sev umdpyouy  HOYVNTIKOU mediou o€ KAELOTH KOUIUAN gival
HOYVATIKE LoVOTIoAa avAaAoyn Tou PEVUATOG TTOU TPEXEL OTNV KAUTUAN |
(otatikd nAektpLko medio)
E =nAextpika nedia  [V/m] o (HayvnTikA Stamepatotnta) = 4t 107 [ C VimY]
B =payvntikn emoywyn [T] go(nNAektpkn Stamepatdtnta) = 8.854 1012 [V s AlmY]
p =mukvotnta ¢poptio[C/m?3] ¢ (tayutnta pwtog) = 2.99792458 108m/s

j=mukvotnta pevpatoc [A/m?] 1/c?= Y, €,



Auvopun Lorentz

AUvapn mavw og popTlopEva ocwpatidla mou Kvouvtal uTto TNV
enidpaon nAekTtpopayvnTKwy edilwv

d d
F=qE+vxB) p d_I;:E

(moyv) = q(E+v x B)

2TOUG ETUTOXVUVTEC: Ta NAeKTPpLKA Ttedial xpnotpomnolouvtal yLo
ETUTAXUVON CWHOTLOLWV Kal Ta payvntka media yia kaBodrynon tng

dEounc:

— OAokAnpwon tn¢ SUVAUNG WG TIPOC TO HAKOC TNG TPOXLAC YLOL TOV UTTOAOYLOMO
TNG KLVNTLKNAC EVEPYELAC (A UTTOAOYLOMOC TOU pUBLOU peTaBOARC TNG
EVEPYELOC)

Me aAAa AoyLa:

— H Kwntikni evépyela tng 6€opunc aAAAleL amo NAEKTPLKA AAAA OXL ATt
HayVvVNTIKA tedia



Avvopun Lorentz

Nwg ot payviteg tou LHC Magnets ocuykpatoUv ta CwHATiOLO 0€ KUKALKN TpOoLYA?

mvz

Yo,

F=qgvB =

Bp = Mayvntikn akappia (Magnetic Regidity)



/ AirtoAo
AUT.O)\.(I . ~z  Oaktuliou SNS

* OEWPOULE KUKALKO | —

ETULTAXUVTH owHATIOlWV

evepyeLlac E pe N bdimoAa

unkouc L 9
* Twviakapdng 0=~

L

e Axtivakapng P = ]

* OAOKANPWHEVO SLITOALKO

nedio Bl — 2m BE
N ¢

ErtiAeyovtag Eva SUTOALKO payvntiko medbio,
kotBopiletal Kal To HAKOC TOu, Kol
AVTLOTPOP WG

Mo uPpnAotepa edia, pKpOTEPO KAl Alyotepa
SdimoAa pmopouv va xpnotpornotnfouv

H nepldpépla touv daktuAiov (kootoc)
ennpeadletal amno tnv emnloyn tou nediou




LHC Dipole Magnets

Ou OutoALkol HoyVATEC amoKALVOUV TNV TpoxLa
TwV owHaTdlwy Kol Ta o€ KUKALKN Klvnon.

[l evEpYELA TipwTOViwy E= 7 TeV
Ou SutoAwkot payvnteg tou LHC mpemel va €xouv
B=83T

AYZH: YNEPAIQriMol payvntec (NbTi)
Jpuyxopevol pe vypo HAlo otouc T=1.9K !



Critical field & temperature of metallic
superconductors

S

critical field B.z T
o
/
o
=

Nb,Sn

AN

0 5 10 15

Mdartin Wilsor Lecture 1 slide 6

temperature K

20

To date, all
superconducting

accelerators have
used NbT.

Of the
intermetallics,

only Nb;Sn has
found significant
use in magnets

Superconducting Magnets for Accelerators CAS Frascati Oct

28 Auyouotou 2017
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Beam Pipe

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

Heat Exchanger Pipe

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

Thermal Shield

The
15-m long
LHC cryodipole




Beam focusing - LHC quadrupoles

Superconducting
Length about 3.5 m
Many types

Special type in the
Interaction points

Other correctors:
sextupoles, octupoles,
decatupoles




Tetpamola

Ta TETpAIToAa E0TLALOUV OTO £val ETILITEDO KOl
arnoeotialouv oto aAAo

To nedio eival
H 8Uvapun ypdcba(.@x’ By) = g(y, )

Xpelaletal evaMaoo(F vy I y) =k (y, —Z ):ia
woTe va eAeyxOel n 6€opn,evaAAlOOOEVN ECTLA
OotOKALONG

ATIO TNV OTTTLK YVWPILOUHE OTL 0 CUVOUAOHOG dUC
oKWV PE ECTIOKEG ATTOOTACELG optics f;Kkal f,mou
anootacn d divel OAIKO €0TIOKY OmTOGTOON

Edv f; = -f,,untapyeL eva kaBapo dawvopevo
gotioong 1 1 1
fh fo hfe

1 d

>
S
N/

A

ARy

>
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PadLo-kupatikec Kolhotntec

7

MAPAMETPOI:

Eidoc ocwpatidiov d€oung
Juyxvotnta
Elooboc/E€obo¢
EVEPYELOC
KUkAog epyaoiac
KATT




IATPIKA PAAIO-I2OTOIMNA

*OAA ta otolxeia tou Meplodikou TuoTAUATOC,
niepléxouv apketd IXOTOMA to kKabgva

* ‘Exouv mpoodioplotet 1600 wootoma
e KaBe ootomo eival otaBepo | AZTAGEZ (Padlevepyo)
YAPOTONO: H-1 (99.985%, otafepd),

H-2 (0.015%, otaBepo),
H-3 (Padlevepyo, T, = 12.32 xpovia)

ANOPAKAZ: 13 lootorna: 2 otaBepa, 9 aotabn

C-8, C-9, C-10, C-11, C-12 (98.9%, ctabepd), C-13 (1.1%,
otaBepo), C-14, C-15, C-16, C-17, C-18, C-19, C-20

T,/, C-14= 5715 xpovia, Exmepnel nAektpovia (e-)

T,/, C-11=20.3 Aemtd, Exmeumnel mogitpovia (e+)

28 Auyouotou 2017 16



IATPIKA PAAIO-I2OTOIMNA

IséTomo Half Life Meyiot Eupéiaro
Evépyeawo GTO VOMpP
(MeV) (mm)
F-18 109.7min 0.635 2.39
C-11 20.4min 0.96 4.11
N-13 9.96min 1.19 5.39
O-15 2.07min 1.72 8.2
Rb-82 1,27min 3,150 15,50

28 Auyouaotou 2017
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IATPIKA PAAIO-I2OTOIMNA

Xpnolpevouv yla

AIATNQ2ZH A2OENEIQN
Topoypadia PET

Topoypadia SPECT

Yuvbuaotikn Topoypadia PET/CT

BLOOD FLOV

OEPATEIA

BpaxuBeparmeia s wiwe

(F~18 DEOXYGLUCOSE)
CHEST PAIN

EQAPMOTEZ —

Kapkivoc: Maotou, Mpootadtn, Eykeddiou, Ootwv
Amtelkovion: Kapdlaknig Asttoupyiag, Oupeostdouc

28 Auyouaotou 2017 18



MAPATQIH P@IO-IZTOI‘IQN

* Mupnvikol
AvTLOpaoTnpPEC
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* ETUTOXUVTEC
» KukAkot

» Fpappkol
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LINAC = LINear ACceLerator / TPAMMIKOZ EMITAXYNTHZ

RFQ: Zxeblaon kat Kataokeun
CERN BE-ABP-HSL

1 RFQ

Mnyn Iovtwv W = 40 KeV
MiRkogL=2m

‘E€odoc Emttayuviin W =5 MeV
Zuxvotnta = 750 MHz

PeOpa Aéopncg = HEPLKA MA
KukAog Epyaciag< 1%

28 Auyouotou 2017 20



Radio Frequency Quadrupole




Radio Frequency Quadrupole




LINAC = LINear ACceLerator / TPAMMIKOZ EMITAXYNTHZ

Zuprayng Mpappikoc Emitaxuvring yvia mapaywyyn Padio-Icotonwv oe Noookopeia

B poizsossesasississies sosss csensniasanis

: , : , I 2 RFQs
MAeovektnpata o€ oxeon pe KukAotpa: Source W > 70 keV
2 RFQs L=5m
- OXl anwAeta 8¢ounc, OXI fourgezw = 40 KeV Output W = 8 MeV
aktwoBoAnon, e\dxiotn BwpdKLo = 2. m Freq. = 750
. PoAnon , AR 1 Output W = 8 MeV Aver. current = 150 mA
- EAaywotn ocuvtnpnon Freq. = 750 - °
7 7 ] : DU"'Y CYCIe - 1.5 /O
-  Muwpo Bapog, loxug (25 kW @ 1.5% Aver. current = 50 mA Peak current = 10 mA
duty) Duty cycle = 5 %

Peak current = 1 mA H
Being designed

2 RFQs + 1 DTL
Source W = 90 KeV
L=10m

99mTC yia BPAXYOEPATIEIA

s e e R o R s B Output W = 18 MeV
- 1Klystron as RF power source Freq. = 704 MHZ_ 5
Minimum maintenance, low loss Option: |';*Vel:‘ClQe Cur'r'e-n'l' =2 mA
Low cost (3 MCHF?) d*, 18 MeV, 15 m eak current = 20 mA

Fop8¥tay prodiiction Duty cycle = 10 % 23



LINAC = LINeAr ACceLeraTor / TPAMMIKOZ EMITAXYNTHZ

The Linac basic architecture is shown here:
RFQ:

4 45 keV 10 MeV 750 MHz >xedioon Kau

H-source J RFQ & RFQ X 2 Kataokeun
> 4 CERN BE-ABP-

4 m HSL

O MPWTOC YPAULKOC eTtitaxuvtn g USA pe evépyela 7 MeV

latpikd lootoma

11C, 150, 18F, 111In, 123I

@ AceSys Technology, Ine.



AktwvoOeparneia pe Mpop koG EMLtoXUVTEC

Linac for electrons
@3 GHz

5-20 MeV

(usually short side-
coupled structures)

20 000 aoBeveic tov xpovo yLa
>7000 electron linacs in the world for kaBe 10°000°000 katoikoug
radiotherapy

28 Auyouaotou 2017 25




Relative Depth Dose [%]

Oepareia Adpoviwv

BeAtioTtomoinon TS QUGIKNS KATUVOUNGS TNS 0061S

Depth [cm]
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LHC... and what further?

R&D on future linear colliders

Competition of two concepts of linear electron-positron colliders:
Length determined by efficiency (gradient) of RF cavities.

ILC - International Linear Collider 0.5 TeV based on
Superconducting RF cavities (gradient 31.5 MV/m)

CLIC - Compact Linear Collider, developed by CLIC Collaboration
(CERN), 0.5 -3 TeV , based on warm RF cavities at 12 GHz with very
high el. gradient ~100 MV/m

Competition but also cooperation CLIC +ILC > LC

28 Auyouaotou 2017 27



If ILC, so

ILC-International Linear CoIIider

o

where?

Japan?
Dubna?

Collisions: Between electrons <>positrons, in bunches of 5 nm

Energy: Up to 0.5 TeV with an option to upgrade to 1 TeV

Acceleration Technology: 16,000 superconducting accelerating cavities made of
pure niobium

Length: Approximately 31 kilometres

Accelerating Gradient: 31.5 megavolts per metre

28 Auyouotou 2017
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CLIC - Layout @ 3 TeV (not to scale)

326 klystrons SZT:"TL:EH;; Z m 326 Klystrons
33MW, 139 us | CRT 1448 | | | 33MW,139us
CR2 4343 m
drive beam accelerator 2.38 GeV, 1.0 GHz drive beam accelerator 2.38 GeV, 1.0 GHz
[ ] -
1km 1 km
Dr‘ive Beam delay loop » -4 delay loop
Gener‘a‘tlon Complex @ @ decelerator, 24 sectors of 876 m

ocz TN M —— m:m’ :m) prerndlr
1 }‘Q\ BDS BDS E ‘
(ﬁ.‘.. 2'?5_-km I 2.75 ki T{\H
TAradius=120m & main linac, 12 GHz, 100 MV/m, 21.02 km e* main linac TA radius = 120 m
[

\ [

48.3k m

Main Beam
CR  combiner ring booster linac, 9 GeV Generation Complex

TA  tunaround

DR  damping ring

PDR predamping ring

BC  bunch compressor e injector, 2.4 GeV
BDS beam delivery system

IP interaction point

e injector, 2.4 GeV

28 Auyoucotou 2017 Courtesy of JP Delahaye 1



World-wide CLIC / CTF3 collaboration

http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table MoU.htm
28 countries

@ = Australia
Belarus
China
Denmark

FH

Estonia
Finland
France
Germany
Greece
India
Israel

Iran

Italy

Japan
Madagascar

Netherlands

Norway

® = Pakistan
Poland

Russian Federation
Serbia

Spain

Sweden
Switzerland

Turkey
Ukraine

= United Kingdom
= United States
28 Auyouotou 2017 30



LHC / HL-LHC HL—iLHC PHOJEC]]f

LHC HL-LHC

Run4-5..

LS1 EYETS 14 TeV 14 TeV
13 TeV 13.5-14 TeV energ
injector upgrade 5to7 XI
splice consolidation cryo Point 4 limi _ nominal
7 TeV 8 TeV button collimators DS collimation %rt}:aoré@tliton HL-LHC luminosity
e R2E project P2-P7(11 T dip.) regions installation

Civil Eng. P1-P5

2025 2026

2019 2020 2022

2012 2014 2015 2016 2017 2018
radiation
2 x nominal Iuminods’i;lnage expe"ment
experiment experiment upgrade
r71<5)frj1/:inal begfn pipes nominal luminosity | P phase 1pg — 1 upgrade phase 2

luminosity |

,/ End 150 b | 300 b | lomhasity

Lay-out, permits, . o
& - Excavation Surface buildings

Civil engineering tenders, Betiod
N preparation

Components Prototypes/Spec Installation

Specifications FAV Installation

Tech Infrastructure

14/07/2017 E. Gazis, Tomeas Fysikis 31



Many points around the ring

POINT 4

POINT 3

POINT 2
ALIC

' Surface & Underground

';‘J Underground

LHCB —
) . ’ Main worksites
14/07/2017 E. Gazis, Tomeas Fysikis



HiLumi LHC magnet zoo

HX hol
e Tron voke o

- Cooling channel sk mbe e

GFRP wedge
,  Coil

Al shell 2

Iron

3 SS shell
SS collar

Coils
Iron voke

Triplet QXF (LARP and CERN) Orbit corrector (CIEMAT)  Separation dipole D1 (KEK) 11 T dipole (CERN)

Coolng ctamel

Octupole (INFN)

A

R sanms v Skew quadrupole (INFN) ‘
Recombination dipole D2 Q4 (CEA)

(INFN)

Decapole Dodecapole
(INFN) (INFN)

Overall, about 150 magnets are needed

14/07/2017 E. Gazis, Tomeas Fysikis 33
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The HL-LHC Project
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E. Gazis, Tomeas Fysikis
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Collaboration agreements

Agreements

14

12

10

8

6

a

PR IA A

. B. sis

CH DE ES FR GE GR IT JP PL PT RU SE UK USA

@ HL-LHC Existing
collaborations

+Georgia, Japan, Russia,
USA

Under discussion with
Canada and China

14/07/2017

The National
Technical

University of
Athens




NTUA at the HL-LHC Project
Novel SC magnets assembly and testing, E. Tsolakis, TE-MSC-
LMF

Cryogenics for novel SC magnets assembly and testing, E.
Karentzos, TE-MSC-TF

Novel Beam Instrumentation and Control, S. Vlachos, BE-BI-
BL

Impact of noise to the evolution of beam distributions for
LHC and HL-LHC, S. Kostoglou (PhD Student), BE-ABP-HSI



ATLAS Cavern Radiation Monitoring & Personal Safety
EDUSAFE: FP7-ITN-MARIE CURIE Project
http://edusafe.web.cern.ch/

EDUSAFE Project: Control System (CS) and Data Acquisition
(DAQ) architecture for the radiation background monitoring of

a Personnel Safety System in the ATLAS cavern
2012-2016

Evangelos Gazis
* NTUA-School of Applied Mathematics and Physics Science
Eleni Adamidi, Marie Curie Fellow
* NTUA-School of Electrical and Computing Engineering

—— -
e QATLAS q 7 He
lii— EXPERIMENT — e :I[ IIE lll[\l”l : 11 T
EDUSAFE A m
Education in advanced VR/AR Safety Systems for CANBERRA MONCHEN

Maintenance in Extreme Environments

AHM ))JITE
TANEMIETHMIC

/ @DAKH

14/07/2017 E. Gazis, Tomeas Fysikis 37




CAVERN or RADIOACTIVE
BUFFER ZONE

Up to 10 supervised
persons

l.ii

=L)X

' SURFACE

gL

_— —_— —_— _— _— —_— —_— _— _\_ _— _— _— —_— _— _— —_— —_— —_—
T T, i O /
o iR - ~ s R
! S— -
.
= »

Supervision
Post

ATLAS Computer

online servers supervisor

Up to 3-4 supervision
posts




1.304 CWSA DESSICANT X
MODULE INSPECTION
PROCEDURE SUMMARY

1 ACCESSING

INFO FILES PARTS/Tools

. Water Separator Assembly -
Desiccant Module (CWSA-DM) in
} the CWSA located in Rack D1.

LOCATION:
. Installed: COL1D1_A2

TOGGLE Locallzatlon Off

Actrnnaiite rantintiina ranctmisrtian Af the Intearnatianal Casra Cratian ™ MATIONIAL



