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Science Industry
* Biology « Biotechnology
 Physics e Electronics
 Material Science « New material
 Medicine « Pharmacy
e Chemistry « Nanotechnology

e Environments e Microfabrication



oo Light Source?

e High Brightness
Brilliance of the X-ray beams ® Conﬁnues Spectrum
photons /s / mm?/ mrad?/ 0.1% BW ) o

* Tunability
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Brain Drain

Armenia ?
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HEP Database-
- 2000
Total Population Papers/
Papers (min) Inin
USA 150 738 270.3 558
Germany |51 142 82.1 623
France 27937 58.8 475
UK 27 664 59.1 468
Sweden 5206 8.8 591
Italy 33 307 58 574
Japan 31 390 126 249
Finland 3118 S.1 611
Switzerland | 33 876 13 4 640
Israel 6236 5.4 1154
Armenia | 2929 3.9 813
Russia 48 577 146.8 331
Georgia 1626 5.7 285
Estonia 180 1.6 112
Belarus 883 10.4 85
Ukraine 4241 51.8 82
Kazakhstan 943 17.3 S5
Azerbaijan 422 7.8 54
Uzbekistan 887 23 38
Tadzhikstan 99 6.1 16
Turkey 893 63.4 14
Iran 416 64 7
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CANDLE will serve scientists of 2000km radius region.




t_Source

Energy 3 GeV
Current 350 mA
Circumference 216 m
Frequency 499.65 MHz
Harm. Number 360
Periods No 16
Straight section 4.8m
Lattice type DBA

3 GeV Storage Ring

(U
Beamline

L Dipole Emittance 8.4 nm
Ful Energy e Beam lifetime 18.4
hours

Undulator

beam - 2 nsec

'/ Wiggler ||||I ||||

Beamline PP——

100 MeV

d Linac

Wiggler

Time structure




L]
1E+04

Photon energy (ev)

1
1E+05

1%bp)

m

mrad2/0

Brightness

Brightness (ph/s/mm?

1E+04 1E+05
Photon energy (ev)

Radiation Characteristics

Dipole beamline

Dipole field B (T) 1.354
Critical ph. energy (keV) 8.1
Wiggler type I
Magnetic field (T) 1.98
Period length (cm) 17
Critical ph. energy (keV) 11.97
Undulator
Magnetic field (T) 0.3
Period Length (cm) 5

Photon energy n=1,3,5 (keV) 0.85/ 2.6 /4.3
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V. Tsakanov et al, Rev. Sci Instr., 2002

n=0.18m

M. Ivanian et al, Nucl. Inst. Meth. (A) 2004 ﬂx,y =7.9m /4.8m

High Brightness & Stable Beams
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pedance - 0.314 €2 Trans. Impedance - 12.5 k€2/m

Small Gap undulator Impedance

Z(k)=— 1Z, (a2+2 ag; x1+ath(lsd3)th(l4d4)]_l
€03 th(lsd3)+ath(l4d4)

M. Ivanian et al, Phys. Rev STAB-2004
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Ring Impedance = 0.314Q
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Threshold Current

I'" threshota [ mMA ]

Bunch Current
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Distance along lattice [m]

Touschek Lifetime

Coupling 1%
Gap Voltage 3.3MV
Energy Accept. 2.4%
Vacuum 1 nTorr

e Elastic scattering 91.4
e Inelas. Scattering 55.4
e Tousch. Lifetime 39.5
 Quant. Lifetime 1038

Total - 18.4 hours



B=1.354T, G=3.3T/m
aperture=44mm

Quadrupole
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Sector 4

Ante Chamber Diffuse Welding Electron Channel Ante Chamber
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CANDILE Storage Ring - RF

ELETTRA cavity

dE/E (%) Longitudinal phase space

| LN 240
"oV e s RIS R e 1
T T T T T
0 90 180 270 360 450 540 630 720

Phase (degrees)

Energy loss/turn 0.97 MeV 1.39 MeV
Shunt Impedance 6x3.4 MQ2

Total RF power 660 kW 830 kW
Gap Voltage 3.3MV 3.3MV

Energy acceptance 2.4% 2%
Energy Spread 0.1% 0.1%



Energy 3 GeV
Pulse current 10 mA
Repetition 2Hz
Circumference 192 m
Emittance 75 nm-rad

e |- Cabletrays Storage ring
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min 6.6 m
max 9.6 m

246

Dipole B=0.024 - 0.72T Sextupole S=90/110 T/m?2
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Emittance vs energy
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Injection bump

Position 6: End of septum magnet / Turn 0 Position 6: End of septum magnet / Tum 2
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Number of particles .
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500 MHz 1GHz 3 GHz

100 200 300 400 500 600
Longitudinal beam position Z [cm] .

700

ACC
Section 3 GHz

horizontal profile; Hrrse= 8892

fexs]
vertical profipe;
i

Energy 100 MeV
Current 1- 20 mA
Pulse length  2-600 nsec
Frequency 3 GHz
Energy Spread <1%

Emittance <1 mm-mrad



1. Diffraction&scattering (dipole)
2. Protein crystallography (dipole)
3. LIGA (dipole)

4. Medical applications (wiggler)
5. Soft X-ray microscopy and
spectroscopy (undulator)
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e Structural Genomic
e Genes and Drugs

* DNA complexes

* Protein Structure

00000

00000

* Drug design A =

 High Capacity
Crystallogr.

Macro-molecular physics
High-Temp
superconductivity
Physics of nano-particles

Surface physics
Heavv fermions

1 Protein Structures
l deposited

Physics

19D 1993 1994 1995 1996 1907 1998 1999 2000 2001 2002 2003 2004




Crystal growth

New Crystals

Chemistry

« Chemical Dynamics
* Polymers
 Nanoscale
chemistry
 Biochemistry

e Catalytic Interfaces

Material Science

e Nano-
structures

e Nano-tubes
Medicine

||||||
o

« Angiography o
 Bronchography
« Mammography = mxflE
« Computed Tomography
 Photon Activation Therapy

e Microbeam Radiation
Theranv



160 Billion US$ in 20107
/

New Products currently
being Development

New emerging Products
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1986 1987 1998 19.99 2000 2001 2002 2003 2004 2005

25 billions doll. in 2002
160 billions doll. in 2010

Electronics

AR ARSI A=308 nm, refraction,
) e lense, scale- 130nm

NEXUS: Network of Excellence in Multifunctional Microsystems (EU)
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DLE Activit

ASLS-CANDLE R-001-02
July 2002

CANDLE

Design Study of 3 GeV Synchrotron
Light Source

A. Abashian’, M. Aghasyan®, G. Amatuni', V. Arakelyan?,
V.Avagyan',R. Avakian3,V. Ayvazyan*,H. Gagiyan',
A.Grigoryan?,B.Grigoryan!,M. Ivanian!, V.Jalalyan!,
S. Harutiunyan?, V. Harutunyan?, A. Kirakosyan?,
V.Khachatryan',E.Laziev!,Y.Martirosyan',
A. Melkonyan!, R. Mikaelyan',S. Minasyan!,
S. Nagdalyan', A. Petrosyan!, K. Rehlich?,
K. Sanosyan', S.N. Simrock?, S. Tatikian',V.
Tsakanov', A.Vardanyan',V. Vartanian’,
A. Yayloyan!,H. Yeritsyan®
N

01 February 2002

LCANDLE, Yerevan, Armenia
2Yerevan State University YSU, Yerevan, Armenia
3 Yerevan Physics Institute YerPhl, Yerevan Armenia
“Deutches Electronen Synchr. DESY, Hamburg, Germany
SStanford University, Stanford, USA
6 CAMD, Baton Rouge,USA
Virginia Tech., Balcksburg, USA

01 July 2002 08 July 2002
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" Review Panel, 14-15 Aug 2002

15 Aug 2002

State Dept.

E. Smith, M. Longi, T. Adams

World Bank
P. Nicholas
L. Freinkman

Panel

G. Shenoy, ANL
B. Batterman, Cornell
T. Narain, Serv. Assoc.
M. Duffey, G. Wash.Univ.
H. Winick, Stanf. Univ.
E. Gluskin, ANL
J. Galayda, Stanf. Univ.
D. Moncton, ANL,

M. Tigner, Cornell Univ (Chair)

“CANDLE is a world-class project enabling frontier research in

a whole spectrum of basic and applied sciences.

an excellent investment from scientific-technical point of view.”
From Panel Report
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roposals

« Number of Institutes - 41
 Countries - 7

Fields :

Environment, Material science,

Total number of proposals — 82
 Number of Scientists - 284

Armenia, England, Germany,
Georgia, France, Russia, USA

Physics, Biology, Medicine, Chemistry,

Vision by 2010 ‘

Scientists ~ 2000/ year
Institutions >200
Industrial Comp. >30
Countries ~20

ALS, SPEARS, SLS, BESSY, ELETTRA



Armenia

Yerevan State University

Yerevan Phyisics Institute

Yerevan Engineering University
Institute of Applied Researchl

Inst. Of Radiophysics and Electronics
Institute of Physical Research
Yerevan Medical University

Orbeli Inst. Of Physiology

Inst. Of Common and Nonorganic Chemistry
10 Inst. Of Botany

11. Yerevan Architectural University

12. Center of Molecular Study

© LN Ok P

“From a review of the 69 experimental proposals , it is clear
that strong Armenian user community will emerge as the
facility is readied”

From Panel review



We believe the project is worthy of support by the
private sector, the international community, the
US and Armenian governments.

Vardan Oskanian (Minister Of FA)

DM D (I AOFBLT IbLrEr

National Academy of Sciences expresses
ety =g the lasting support for the CANDLE
== creation and usage.

MINISTER
\\\\\

Resolution of NAS RA

o
ke Center for te Advancemest
of Nutune Discoveries

s T CANDLE will drive the country development as a
- high technology and excellence island in this

Stncercty Veurs It was sucpeising foc me 10 receive your Jefier dst
X received your previcus lemer with s invitation

R sl

1 am sure thit CANDLE i a very prosmsing po
advancenent of scientific Imowledge in Amenia

=meminzizzl Lo MKrtehian (Minister of Science and Educat.)

Locking forward fer fruisfiel coopsrasion,

Sincorely,

D lap gt
Fadey Sargsian



International Collaboration

Armenia - NAS, YSU, YerPhl

Bulgaria - Inst. Nucl. Research

Germany - DESY, ANKA, BESSY, TUD, RU
Greece - Inst. Accel. Syst., Athens Univ.
France - Provence Univ, ESRF

Italy - ELETTRA

USA - DOE, Virginia Tech, SLAC

Russia - JINR, IMT, FIAN
Georgia - Thilisi Univ, NAS
Tailland - SIAM

* Letter of Supports
« Memorandums of Understanding
e Collaboration Agreements

I Wil



al Collaborgtion

\ //
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Armenia, Germany, France, Italy, USA,
Russia, Bulgaria, Greece, Georgia
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European Round Table for SR

and FEL e | etter of Supports
_ _ Memor. of Understanding
Ay International Atomic Energy  Collaboration Agreements
M nl&mtEﬁﬁm?énﬂgyhgemy Agency




Control Systems Erinaoly Easog weridvi)

tion

Deutsches Elektronen-Synchrotron DESY
in der Helmholtz-Gemeinschaft

Chairman of the Beard of Direclars

|
e of Armenia
e

creation of the new synchrotro
vimg a long term experience o
ware on the favorable recommend
supports the creation of the new

e last decade of research in [
avelop new technologies for the a

e reason for DESY to consider a

A - lity in 2007 in addition to the TES:

There is no doubt that a scientifically sound project as CANDLE S
Armenia with its long tradition in basic and applied science. DESY and CANDLE already
established a cooperation agreement on accelerator physics and synchrotron radiation
usage. Within the framework of this cooperation, IDESY expressed its willingness to make
in kind contribution to the new project by means of the companents of the S-Band linear
accelerator for the injector system of CANDLE.

I am confident that CANDLE upon its completion will enable the Armenian scientisls and
their foreign colleagues to perform frontier research in a wide spectrum of basic and
applied sciences, Please accept my lasting support for this project .

Sincerely Yours
PATTY

Prof. Dr. A.Ibn_-(i;l Nagner

Motkestrate 55, D-22507 Hampurg, Gomany

Erna albrechl wagne @ oasy e

9 Sept 2003 — Permission by State dept.

for technology transfer

3 GHz RF components
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Universities of Region Provence (Frasce)
nd the

or L
(Armeniah.

On ol f vk o o Jem r Laym, Pt o b Loy, O, Goorgs T

Usiversind de Froverce in Maneife) ek, o (et & T

B AL Ilnwm s

ot et of Mol ecperain o e st sk e f e CAMELE
=

ik

CANDLE i  workd-clem § (W imermeiase encrgy 1 grmeration synchroon
Eacibry Sl X Mg, The
failay wal b capuble of providing e fresir svseah b s diverse Tk of sicnce and
toshaskops @1 el tadogy, Vas-snlormann, plyven, edvine, dhersiiry, sulerisl

iy in

s oy I s bt o8 ey ot e

st s &a (vt ke e Inadeg . advasce st e sechmvlogical
“The colishorsion wil nchade

. for CAMDLE;
. |W«umm—~m»mm~ama~(u
= Vacharge of specialins nd Tarang of yomg
upecul
i somesaaity wib W W %0 eablnh o

T mccen of e collbormon, iy i the it siage of the progect, sesshs 4 wide
g e wiend erapording
Inirasrar of e CANDLE arirsed s commmeity mcording 2

o o o i e mtkcks et EANDCS cprms o the becadbant it
rescarch and arc confidont Shat & stmeg wee communiey will be devekoped foe the. new
it <t oot syrcherirm radution [aciliy

. + i
=
Froliuss Jean-Sart Lapes Prafcsse Vel Tukaser
Dt ofthe Depursment ~Sciences de b Matiére™ Techrical dimssor
Usiverue e Provencs im Mariie. CANDLS
Fece

u VERSITE DE PRO\"

i ARSEIN |

CE

SECRETARIAT GENERAL DIVISION DF LA RECHERCHE
CONSEIL SCIENTIFIQUE
Séance du 13 décembre 2002

I'T B0 REGISTRE DES DELIBERATIONS

Ire paur I'Avascoment des Dbcouveries Namrelies on

e Je peojet ¢ 11 rappells que la humidre synchrotron permet de
entifigues. médicaun. o1 tochnolegpiqacs Le projed e porss par
ulena par I'UNESKCO, e coasiste & consniire § EREVAN, une
Exats unis souticancnt tinaneiérement be poojet. M. LE LAY,
tallson @en syBehnanes s be platosa e 1'Asboin, & pris

Apvitis toenonisles of 44 |s Sone communaed srmérenes de s

o1 Une side wra épalemon demandic &l Communssd
versités. st um souticn cientifigec. Les liens coire | Usiversié
sive du Président miversité, M. KAFTANDIIAN se som

SEREVAN en 1904

it som intérdt po e projet CANDILE el lui apporse son

P s o o b

23 MAl 2003

P e 0491 9080 08

Iversity of Region de Provence

Support to the CANDLE project
and express of interest In

Structural biology

Nanostructures

05 04 2003



P

o s European Union

European Parliament Resolution
26 February 2004

“An Involvement of the Union in the Armenian CANDLE synchrotron
project would be a sign of encouragement to this project which
concerned chiefly the European scientific teams “

Amendment 102

Armenia

04 June 2004

Meeting of
President RA with
CANDLE Board




ost & Schedule

2002 —2003 - Design
2003-2005 — Prototyping
2005-2008- Construction
2009 - Operation

Cost - $48 min
with 5 exper. stations

15 millions
12.5 12

2005 2006‘ 2007‘ 2008‘ 2009



Stage 2 (2005) — 4 min doll.

Prototypes, : :
Test sé&ds I Armenia and CANDLE is
Infrastructué ready for construction
: : Consul, Board,
Organizational = |Advisory committees
ISSue

Development of User Case !

:

Funding Sources

2006-2009

Construction

Arm. Government, State Dept. ,
) European Union, Diaspora, Direct
Collab, Companies, Internat. Org.




Committee on Science and
Technology in Armenia

February- October 2004

. J. Baldeschwieler ( Nat. Acad)
.~ Barry Barish ( CalTech)
N. Neureiter ( Nat. Acad.)

.. 27022004

« CANDLE is a place where investment to enable the next step
might lead to a major improvement in S&T Iinfrastr. in Armenia

« Recommendation for allocation of 4 min $US for 2005




CANDLE Organization (vision)

Management and Science Policy
Finance Panel  fo——__o__f “220 0 Jeeeooooo Panel

Scientific Advisory Technical Advisory
- Committee DIRECTOR GENERAL Committee
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- ==
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Users Executive Proposal Study

Committee Panels ® International LabOTatO ry

 User Friendly Environment

—)

e World Class Research
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