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• Presenting IASA
• The 10 MeV injector linac

– Accelerator structures – Diagnostics
– Control – EPICS
– Low – High power RF
– HV & RF interlocking system
– Cooling & tuning
– Beam optics calculations – transport of the beam –

energy analysis system
– Experimental areas

• Future plans
– Future experiments (Maquette building)
– The new building
– Other activities – IASA Publications

Layout of the talk



IASA  http://www.iasa.gr

Participating Academic Units:
The National & Capodistrian University of Athens
• School of Medicine
• Department of Informatics
• Department of Physics
The National Technical University of Athens
• Department of Electrical & Computer Engineering
• Department of Chemical Engineering
• Department of General Science – Physics Division

The Institute of Accelerating 
Systems and Applications (IASA)

An Autonomous Research Institute operating under the 
auspices of the Ministry of Education.



Brief  Historical  Background

First Beam out of injector MaquetteApr - 97 
U. of Illinois RTM Equipment shipped to GRJun - 96
100 keV Injector Maquette LaunchedJan - 96
Cascade Option chosenNov -95
1st International Technical reviewSep - 95 
NIST RTM disassembled and shipped to GRJul – 95
First managerial structure establishedJan – 95
IASA FoundedAug – 94



3rd International Technical reviewOct-99

Beneficial  Occupancy of an Exp. HallSep-99

Plans for a 10 MeV linacNov-98

100 keV Injector Maquette CompletedOct-98

2nd International Technical reviewOct-97

Beneficial occupancy of “Maquette” BuildingOct-97

Upgrade to 10 MeV Maquette InitiatedFeb-01



Mission of the Institute
To support Research and post graduate studies 
in all thematic areas where accelerators and 

related technologies play a role.

• Medicine
• Materials Science
• Informatics and Computer Science
• Instrumentation 
• Nuclear & Particle Physics
• Archaeometry & Archaeological Preservation
• Food preservation
• Environmental Science 

Open to researchers both Nationally and Internationally



Institutional and Geographical 
Setting

Facilities in Greece

• Several medical electron / proton Linacs
• The Tandem of “Demokritos”

Regional Facilities

• Nothing comparable in the Eastern Mediterranean 
Basin or the Balkan Peninsula
• Important facilities in Italy (Legnearo, Catania, 
Frascati)



Europe

Greece

FYROM



Greece



Map of Athens

Un.Campus
& IASA

Parthenon

Center of 
Athens



One major task is One major task is 
building a building a cwcw RT RT Microtron Microtron machinemachine
• 2 stage cascade Microtron
• Injection Energy = 6.5 MeV
• RTM1 =   41 MeV (26 turns)
• RTM2 = 240 MeV (25 turns)
• RTM2 = 650 MeV (73 turns)
• @100 µA (max 650µA)

E. Stiliaris et al., Nucl. Phys. A 663(2000) 1095c

& IASA internal reports & CDR



EmittanceEmittance
InjectionInjection εεxx = ε= εyy < 2π < 2π mm mm mradmrad @ 100 @ 100 keV keV measuredmeasured

εεtrtr = 0.1= 0.1ππ mm mm mrad mrad @ 10 @ 10 MeVMeV
εεLL = 6.5= 6.5π π keVkeV degdeg

RTM1RTM1 EigenellipseEigenellipse in output orbitin output orbit
αα ==--1.02  1.02  
β = 0.27 β = 0.27 deg/deg/keVkeV
γγ = 7.48 = 7.48 keVkeV/deg/deg

RTMRTM22 EigenellipseEigenellipse in output orbitin output orbit
αα ==--0.91   0.91   ((--0.91)0.91)
β = 0.045  β = 0.045  (0.012)(0.012) deg/deg/keVkeV
γγ = 40.2    = 40.2    (88.4)(88.4) keVkeV/deg/deg



The situation now…….
• What we have

• Linacs
• RF – Klystrons (2)
• End magnets (2 pairs)
• Diagnostics
• Magnets
• Power supplies
• Cooling

• What we need

• Spectrometers
• Polarize source
• More vacuum equipment, 

magnets, power supplies eTc
• Scattering chamber, cryogenics

And ……

• A new Building!!



In the meantime, we are 
building a 10 MeV injector. We 

do occupy now the so called

“Maquette” building
(~1000 m2)



University Campus

Maquette Building

NTUA1,5 km away from the
center of Athens



10 10 MeVMeV LinacLinac Layout (Present Status)Layout (Present Status)

Section AA’Section AA’

T-line



Section AA’Section AA’



RTM Injector
• Thermionic Electron Gun [ 100keV (β=v/c=0.56) ]
• Chopper - Buncher System
• Capture Section (β-graded) [ 1.5 MeV (β=0.95) ]
• Pre-Accelerator (few MeV, β~1)
• Booster (4 m long 10.5 MeV)



Electron Gun – Hermosa -
100keV

Adding a VME crate 
& fiber optic link



100-keV (Chopper-Buncher) Line



100-keV (Chopper-Buncher) Line

360o

60o

10o



Capture Section & Pre-Accelerator

Los Alamos Los Alamos 
Side coupled Side coupled 
structuresstructures



Capture Section & Pre-Accelerator

Capture :0.9m to 1.2 
MeV, tapered β 

Capt.
Preacc.

Preaccelerator : 
2.7m, to 5 MeV
Eff. shunt imped.
82.5 MΩ/m



The 4m Booster

1,4MV/m
@

10.5 MeV



RF related parameters 
for the 10 MeV Maquette project

966528TOTAL RF (kW)

0.540.380.14Beam RF (kW)

95.064.127.9Dissipated RF (kW)

1.41.41.6Gradient (MV/m)

42.70.9Length (m)

BoosterPreaccel.Capture



Beam diagnostics



Wire Scanners



Wire Scanners



RTM Control System Architecture

EPAC –98



EPICS @ IASA



EPICS @ IASA



EPICS @ IASA



The vacuum 
system



Low power RF 
for the 100 keV 

line



Low power RF @ IASA (230W Magnetron)

Injection 
locking



Low power RF – distribution
for the two choppers and buncher

2380 MHz



High power
RF @ IASA

500 kW CW

2380 MHz



Klystron : HV & Crowbar 
schematic plan
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RF drive system
• Multigap thyratron – CX1194B by EEV
• Max voltage across each gap is 13kV –half 

the maximum spec. value.
• There is a 50 Ω series resistor (10+40)
• High side of crowbar connected to their 

intersection. The 40Ω in series with Klystron 
is much higher in impedance diverts most 
of the charge from klystron

• Max peak current through crowbar 54kV/10Ω
~5,4kA

• The 10Ω+crowbar protects 40Ω+klystron
E. Stiliaris et al, Proc. of EPAC 2000, Vienna, Austria, p. 866



High-speed Main disconnect

• The 20kV circuit breaker too slow (3-5 
cycles) use of vacuum relays can 
achieve opening times in 2 ms (1/5 of 
cycle) gives ½ cycle clearing time

• Relays (2 of them) from Ross Eng. HBF-
51-NC. 

• Driven open by output of a SCR-switched 
stored energy driver, HCB,A1

E. Stiliaris et al, Proc. of EPAC 2000, Vienna, Austria, p. 866



RF @ IASA:
Crowbar tests

Ηλεκτρονικά
Χαµηλής Τάσης

Ηλεκτρονικά
Υψηλής Τάσης

100kV
Αποµονωτής



H.V. Interlocks

ANALOG SIGNALS

• BODY CURRENT                                    
• BODY  TEMPERATURE
• COLLECTOR CURRENT
• COLLECTOR TEMPERATURE
• KLYSTRON ION PUMP 

CURRENT

DIGITAL SIGNALS

• DISCHARGE RELAYS
• VACUUM CONTACTORS 

DRIVER READY
• COLLECTOR WATER FLOW
• BODY WATER FLOW
• FOCUSING CURRENT
• HEATER CURRENT (HIGH-

LOW)
• KLYSTRON ION PUMP NOT 

POWERED
• H.V. CAGE DOOR
• WATER RESISTANCE
• X-RAYS OVER RADIATION



RF INTERLOCKS

• ANALOG SIGNALS

• REFLECTED RF SIGNAL
• WINDOW WATER TEMP.
• CIRCULATOR WATER TEMP.
• WAVEGUIDE WATER TEMP.
• RF LOADS WATER TEMP
• ARC DETECTOR SIGNAL

• DIGITAL SIGNALS

• WINDOW WATER FLOW
• CIRCULATOR WATER 

FLOW
• WAVEGUIDE WATER 

FLOW
• RF LOADS WATER FLOW



Trasmitter 
interlock 
flowchart

220V POWER ON

H.V. DISABLED
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RF tuning (control of  temperature)
   Water Manifold

DBM
LO

RF

IF

Temperature
Control UnitManual set

point T0

Thermistor

Directional Coupler

RF Drive

Ph
as

e 
Sh

ift
er

Directional Coupler

Power
Divider

Cavity

Sample



Cooling System (560 kW)

De-ionized and sterilized water @ 5-6 MΩ/cm



Figure 3

Capture
(31gpm@80psi

21kW)

Pre-Accelerator
(110gpm@80psi

74kW)

Booster
(160 gpm@80psi

110kW)

Circulator
(10gpm@10psi

15kW)

Klystron
Collector

(140 gpm)
10 psi pr. drop

300kW

Klystron
Body

10 gpm
60 psi pr. drop

10 kW

500kW Load
40 gpm@20psi

210kW (1)

50kW Loads
20 gpm@20psi

20kW (1)

550 kW (max)
450 kW Rating

(17 ÷27 )±0.5 oC

(22 ÷30 )±1.5 oC

(17 ÷27 )±0.5 o

C

(17 ÷27 )±0.5 o

C

(21 ÷30)±2.5 oC

∆Τ=3 οC
u< 12ft/s

∆Τ=3 οC
u< 12ft/s

∆Τ=3 οC
u< 12ft/s

(1) max rating. Typical 10% of max rating

(21 ÷30)±2.5 oC(21 ÷30)±2.5 oC(21 ÷30)±2.5 oC

Schematic plan of the cooling system

supply

return



FM 1 FM 3 FM 4FM 215
GPM

1
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3/4 '' φ
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115 FT HEAD

P
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RETURN

T TTT
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*1 *3*2

Window

Note
1. Water circuit *2 is counter flowed with respect
to *1 and *3.
2. Water circuit *4 only if applicable

M
P

M

T

Motor driven 3 way valve

Temperature Meter

Pressure Meter

Flow Meter

Restrict Valve

*4

Detailed plan of the cooling system



Control loop (labview)



e.g. 100 kW RF & 50 gpm



5 6 7

8,9

5 Capture Section

8,9 50 kW Loads

7 Booster Section

6 Pre-accelerator

Injector floor



Cooling of 
the Klystron

Circulator

2nd circuit

Klystron



High Voltage tests

• Successful operation of the 20/11 kV 
transformer, alarms & interlocks

• Successful operation of the VVT

• Successful operation of the AC/DC 
Rectifier 55kV DC



Beam Transport to the 
Experimental Area

•Beam Optics Calculations (ptrace / 
Omen and Transport codes)

•Two Brown systems (horizontal –
270o and vertical)



10 10 MeVMeV LinacLinac Layout (Present Status)Layout (Present Status)



10 10 MeVMeV CWCW--Linac Linac (Beam Profile) (Beam Profile) 
ParmelaParmela simulationsimulation

Z [cm]

X
 [m

m
]



10 10 MeVMeV CWCW--LinacLinac ((EmittanceEmittance))



Two 135Two 135oo

dipolesdipoles

1 m

TransportTransport
SystemSystem

Energy analysis system



Dispersion 8.76mm/% in the 
first Brown system using 135°
magnets and internal angles of
20.43°.

1 m

Energy analysis 
system



Beam size (diameter) as a function of 
energy shift



2nd Brown System



Vertical Brown system



Optics of the beam transport system

10 MeV Exit line















Experimental 
Areas

RREPS

PNC



Possible experiments

• Parity non-conservation (PNC) – no 
bending of the electron beam

• Novel sources of Radiation from 
Relativistic Electrons in Periodic 
Structures (RREPS) – in the 
experimental area



Study of the Parity NonStudy of the Parity Non--Conserving Force betweenConserving Force between
Nucleons through Deuteron PhotodisintegrationNucleons through Deuteron Photodisintegration

Experimental GoalExperimental Goal

Reduce the systematic errors to a better level than 10Reduce the systematic errors to a better level than 10--7 7 

for the neutron asymmetry Az in the reaction   for the neutron asymmetry Az in the reaction   

γγ + d + d p +p + n   n   E(E(γγ)) = 3 = 3 –– 8 8 MeVMeV

What is needed ?What is needed ?

A polarized photon beam A polarized photon beam 

An improved nAn improved n--detection systemdetection system

Beam quality and stability with quick feed back systemBeam quality and stability with quick feed back system



The Proposed ExperimentThe Proposed Experiment
Detector Set Up (schematically) for the d(γ,n)p reaction 

Neutron & Photon
Detectors

Photon Beam Dump

Heavy Water

Lead Shield

Compton 
Detector

Forward Photon Detector

LDLD22

AuAu

50 cm

LetterLetter--ofof--IntentIntent JLAB JLAB 

LOILOI--0000--002 for PAC 17 002 for PAC 17 

e



Radiation from Relativistic Electrons 
from Periodic Structures (RREPS)

To beam dump

Detector

e.g. a Smith-Purcell 
experiment (layout)e- beam

Vacuum Chamber

grating



The new building…

IASA

New 
Building



The site of the New building
(excavation already started)



IASA Main building : Ground floor

55X50 m2



1st floor: control and data taking area

Control room



Future plans
• Commissioning of the 10 MeV machine –

beam tests
• Full occupation of the experimental areas

Then

• Beginning of experiments



3rd International Technical reviewOct-99

Beneficial  Occupancy of an Exp. HallSep-99

Plans for a 10 MeV linacNov-98

100 keV Injector Maquette CompletedOct-98

2nd International Technical reviewOct-97

Beneficial occupancy of “Maquette” BuildingOct-97

4th International Technical review 
Committee

Oct-03

Upgrade to 10 MeV Maquette InitiatedFeb-01



One major task is One major task is 
building a building a cwcw RT RT Microtron Microtron machinemachine

• 2 stage cascade Microtron
• Injection Energy = 6.5 MeV (8.3 MeV)
• RTM1 =   41 MeV (26 turns)(65 MeV)
• RTM2 = 240 MeV (25 turns)
• RTM2 = 650 MeV (73 turns)

An FEL??



Other activities
• Medical Imaging
• RF development
• Conferences



IASA 
Conferences

Santorini :
4th one this year ITBS :

3rd one this year



IASA Publications 
• EPAC-2000 : The IASA 10 MeV CW-LINAC 
• EPAC-2000 : The Personnel Safety System at IASA 
• EPAC-2000 : Estimation of Transversal Emittance Using an Artificial 

Neural Network
• PANIC-99 : The IASA RaceTrack Microtron Facility
• PAC-99 : The S-Band Transmitter Design for the IASA Microtron 
• EPAC-98 : The IASA RaceTrack Microtron Facility: A Progress 

Report 
• PAC-97 : The IASA RaceTrack Microtron Facility, A Progress 

Report 
• SPIN-96 : The IASA RaceTrack Microtron Facility
• Gordon-96 Conference : Institute of Accelerating Systems and 

Applications (IASA) - Progress
• EPAC-96 : The IASA RaceTrack Mictrotron Facility 
• EPAC-96 : Optics for the IASA CW RTM 
• EPAC-96 : Control System Implementation for the IASA Microtron
• IASA’s CDR & internal and technical reports



IASA Team
• Dimitris Baltadoros
• Samuel Cohen
• Dimitris Economou
• Tasos Filippas
• Tassos Garetsos
• Evangelos Gazis
• Athanasios Geranios
• Nikos Giokaris
• Giannis Grammenos
• Andreas Karabarbounis

• Christos Ktorides
• Frantzeskos Maravelias
• Kaliopi Marini
• Nikos Papadakis
• Costas N Papanicolas 
• Vicky Phinou
• Paris Sphicas
• Stathis Stiliaris
• Nikos Uzunoglou

www.iasa.gr



Looking forward to seeing you 
in Athens….

Athens 2004, the XXVIII Olympic Games


