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Introduction

Accelerator technology < a generic technology
< locomotive of the development in almost all
fields of science and technology.

Accelerator technology should become
widespread all over the world.

Existing situation: a large portion of the world
(the South and Mid-East) is poor on the
accelerator technology.
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Distribution of main accelerator
centers around the world
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Projects in Middle East

\_

SESAME in Jordan (by UNESCO)} SR
CANDLE in Armenia

Turkish Accelerator Center (TAC)

Light sources (IR FEL, Brems., SR and SASE FEL)
Particle physics experiments
Proton and secondary beam applications
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Turkish Accelerator Center
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Schematic view of the TAC (from Feasibility Report, 2000)
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Approximately 15 years ago, linac-ring type charm-tau factory
with synchrotron light source was proposed as a regional
project for elementary particle physics.

* S. Sultansoy, Turk. J. Phys. 17 (1993) 591: Turk. J. Phys. 19
(1995) 785.

Starting from 1997, a small group from Ankara and
Gazi Universities begins a feasibility study for the
possible accelerator complex in Turkey with the
(supp(;rt of Turkish State Planning Organization
DPT).

® http://thm.ankara.edu.tr

/
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TAC project (cont.)

The results of the study are published in
A. K. Giftci et al., Turk. J. Phys. 24 (2000) 747

and presented at EPACs
O. Yavas, A. K. Ciftci, S. Sultansoy, EPAC 2000, p. 1008.
A. K. Giftci et al., EPAC 2002, p. 1100.

Starting from 2002, the conceptual design study of the
TAC project has started with a relatively enlarged
group (again with the DPT support). This stage is
completed in 2005. The results are published in

S. Sultansoy et al., PAC 2005, USA

\_ /
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TAC projec

Present Status (Technical Design & First facility Phase of TAC)

Turkish State Planning Organization YUUP Project
(Grant No: DPT2006K-120470)
Period: 2006-2011

National Collaboration (10 Turkish Universities)

Ankara Univ. (Coordinator) + Bogazici, Dumlupinar, Dogus, Erciyes, Gazi,
Istanbul, Nigde, S. Demirel, Uludag Universities

27 staff + 43 graduate students

Main Goals of the Present Phase of Project:
To establish Institute of Accelerator Technologies
To prepare TDR of TAC

K To construct TAC Test Facility (Infrared FEL&Bremsstrahlung) /
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Main presentations about
after 2006 (Third Phase)

AC Project

O. Yavas, et al., EPAC06, ENGLAND

O. Yavas, et al., XI. VUV, 2007, GERMANY

O. Yavas, et al., WIRMS07, JAPAN

O. Yavas, et al., EPACO08, ITALY
O. Yavas, et al., FEL08, KOREA

O. Yavas, et al., V. Euroasia Conf. on Nuclear Sciences
(October 08, Ankara, Turkey)

/
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International Collaborations

~

Scientific Collaboration Agreements:

CERN (Geneva) (2005-2011)
DESY (Hamburg) (1996-2011)
BESSY (Berlin) (1997-2011)
FZR (1997-2011)

Scientific Contacts:

4GLS (Daresbury)

iFEL {(Osaka Univ.)

John Adams Inst. (Oxford Univ.)
ELETTRA (Trieste)

FNAL (USA)

ANL APS (USA)

SESAME (Jordan)

O. Yavas ICPP, BU, Istanbul
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TAC Project includes

Linac-ring type charm factory

Synchrotron light source based on
positron ring (SR)

Free electron laser based on electron

linae (SRAQE I:I:I \
1inac \OMNOL | L)

GeV scale proton accelerator
First Facility (IR-FEL & Brems.)

/
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from D. Asner “Status of BES” (TAC is added)

et-e Colliders: Past, Present and Future

L (cm?s?)
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TAC Particle Factory

\_

Considered:
linac-ring type ¢ factory,
linac-ring type charm factory,
linac-ring type t factory
L =10**cm™%s % can be achieved for
three options.

IVI

all

/
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1 entattiv |J ICLCI O Ul
TAC charm facto ry
Par ameter e-linac e*-ring
Energy, GeV 1.00 3.56
Particles per bunch, 101 0.55 11.00
B function at IP, cm 0.45 0.45
Normalized emittance, um-rad 6.17 22.00
Bunch length, cm 0.10 0.45
Transverse size at |IP, um 3.76 3.76
Beam-beam tune shift - 0.056
Collision frequency, MHz 30
\ Luminosity (H-L) 1.4 103 cnmr?gl

O. Yavas ICPP, BU, Istanbul
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Synchrotron Light Source

|s additional positron storage ring
dedicated for production of synchrotron
radiation necessary?
Ring-ring collider: beam-beam tune shift
restriction @large emittance < high
luminosity:

L g 1Y AQAQE,

Tk,
\_ /
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SR in linac- ring type
machines

Luminosity independent of emittance©

7DAQIOND
| o3, |
Chosen emittance (3 nm-rad ) of the positron small

enough 2 a third generation light source (< 20
nm-rad )

Number of insertion devices and beam lines of TAC
SR Facility and their specifications depend on
realization of SESAME and CANDLE projects as

\well as on user potential in our region. /

L=f
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Flux of SR

4.00E+015

3.00E+015

Zigzaglayici1 K=4
Zigzaglayici2 K=8
Zigzaglayici3 K=12

2.00E+015

.............................

Zigzaglayici4 K=24

1.00E+015

Ak Yogunlugu (foton/s mrad’ %0.1 bg)

0.00E+000

0 20000 40000
Enerji (eV)

60000

O. Yavas ICPP, BU, Istanbul

21




Average Brightness of SR
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SASE Free Electron Laser

With 1 GeV electron beam, wave length of
SASE FEL photons is expected to be a few nm.

Bunch Comnpressorn

BF ¢z T Bemding NMiagnet
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\ Schematic view of TAC SASE FEL Facility /
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Average Flux of SASE FEL
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Proton Accelerator

TAC proton accelerator proposal consists of
a 100 MeV energy pre-accelerator and
1 GeV energy linac or synchrotron.

Proton beams from two different points of the
synchrotron will be forwarded to neutron and
muon regions, where a wide spectrum of
applied research is planned.

o /
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Muon region
Fundamental investigations
® test of QED and
® muonium-antimuonium oscillations...
Applied investigations with uSR method
* High-T_ superconductivity
®* phase transitions
® impurities in semiconductors...
Neutron region
applied physics
molecular biology
fundamental physics

ADS Applications...

O. Yavas ICPP, BU, Istanbul
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Technical Design Report
(TDR) of TAC by 2010)

Particle Factory

Charm Factory (E_,=3.77 GeV)

3rd Generation Synchrotron Radiation
(Eposiron= 3.56 GeV)

SASE FEL

(Eetectron= 1 GeV)

Proton Accelerator

K (Eproton =1-3 GeV)

O. Yavas ICPP, BU, Istanbul
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Road Map of TAC Project

~

I. Step: Feasibility Report for TAC
(1997-2000)

Il. Step: Conceptual Design Report (CDR) of TAC
(2002-2005)

lll. Step: - Technical Design Report (TDR) of TAC

- First Facility (IR FEL & Brems.)
- Institute of Accelerator Technologies
(2006-2011)

IV. Step: Completion of TAC
(2012-2022)

\_

v
Next pag

-/
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First Facility of TAC

~

Infrared Free Electron Laser (IR FEL)

Based on 15-40 MeV e-beam
2-185 microns laser wavelength
Bremsstrahlung Station

Based on 20 MeV e-beam

K Planned date of commissioning: 2012

/

O. Yavas
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E.m. Spectrum and IR region

THE ELECTIROMAGNETIC SPECTRUM
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/ Discovery of X-rays in 1895 \
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Nature's time scales

Ultrafast Sources

and Science: Synchrotrons

Laser plasmas
XFEL's

X-ray sources:

Acoustic phonons

Science: Vibrations (Optical phonons)

Strings, Particle Chemistry and Biology
Cosmology Collisions Electron dynamics
+—
zepto atto femto pico nano micro mill
10-27 1024+ 102 1012 1015 102 10-° 10-¢ 103
Pulse duration (seconds)

Femtoseconds: The new dimension in nano-space

~

/
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ments

Laser exp FEL experiments

KAccelerator Science & Particle Physics methodology J
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What kind of Machine?

semiconductors
quantum structures

FIR { NIR

research
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IR-radiation 3 - 150 ym

Free Electron Laser

CW
Electron
Linac

v-radiation
0 - 20 MeV

X-rays
10 - 100 keV

Bunjyensswaig
Electron Channeling

A

positrons 0 - 30 keV neutrons 0O - 30 MeV
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ELBE Lab. (FZD, Dresden)
(Choosed model for First Facility of TAC)

~

\_

IR Laboratories e e !_
e
|
—— | w3000 MR 4 Neutrons
‘ ol = | = 3
M 7
| Free Electron Laser (IR} = &
" ..... =
R /
l I
Accelerator Hall " Neutron TOF |
. ui\'\ Sttt - ...... ‘-‘? EIFIEHH?EI'IES
{%’]Jm“ "m‘ | i 3 Positron
2 ‘\ ",__ ﬁ:ﬂucﬁun
5 =
; TR
|| RF-generators ! Brems-
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Accelerator
Electronics Experiment §
Control

Typical Structure for TAC First Facility (IR FEL & Brems.)

—
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elektron demeti

Demet sofurim

Dogrsal elektron huzlandine:
-|I‘I 14 =-|

O. Yavas

ICPP, BU, Istanbul
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iIFEL (Osaka, Japan)

Duke MK III (Duke, USA)

FOM FELIX (Holland)
SCA-FEL (Stanford, USA)
LURE CLIO (Orsay, France)
Jefferson FEL (USA)

FEL-SUT (Tokyo, Japan)
FELBE (Dresden, Germany)
LANL AFEL (Los Alamos, USA)
SDALINAC IR-FEL (Darmstadt)
IHEP Beijing FEL (China)

ISIR FEL (Osaka, Japan)
JAERI (Japan)

TAC IR FEL (Turkey)

: 1-22 um
:1.7-9.1 uym
: 3.1-35 um

: 3-10 um

: 3-90 um
:3.2-4.8 uym
:5-16 um

: 3-150 ym
:4-8 um
:6.6 - 7.8 um
. 5-25 uym

: 21-126 ym
: 17-30 uym

: 2-185 ym

O. Yavas

ICPP, BU, Istanbul
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Schematic view of TAC IR FEL & Brems.

BREMS. '

‘ ’_‘ UNDULATOR-1

SC-1 SC-2
INJECTOR (©-20MeV) (0-20MeV)

UNDULATOR-2
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/ Layout of TAC IR-FEL Facility \

Epsgupspepspapupnpl

T H A HHHT

:

FEL-1 based on 3 cm undulator

FEL-2 based on 9 cm undulator j

O. Yavas ICPP, BU, Istanbul 40
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Electron beam parameters
(tw ptl ons)
Maximum beam energy Up to 40 MeV | Up to 40 MeV
Bunch Charge 85 pC 125 pC
Average current 1 mA 1.6 mA
Minimum RMS bunch length 3 ps 3 ps
Bunch separation 77ns 77ns

Normalized rms transverse

~15 mm.mrad

~15 mm.mrad

K Rms energy spread

emittance
Normalized rms longitudinal ~35 keV. deg |~40 keV. deg
emittance
%0.05 %0.08

L/

O. Yavas

ICPP, BU, Istanbul
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Main optimized parameters
of undulators & IR FELs

\_

Undulator Magnets Ul U2
Undulator material SmoCoyz | SmoCoq-
Undulator period [cm] 3 9
Undulator gap [cm] 1.5-3 4-9
Rms undulator strength 0.2-0.8 0.4-2.5
Number of period 51§ 40
Resonator length [m] 11.53 11.53
Free Electron Laser FEL-1 FEL-2
Wavelength [pm] 2.7-30 10-190
Pulse energy @80 pC [uJ] 2 4
Pulse energy @120 pC [pu.J] 4 10
Max peak power @80 pC [MW] | 8 10
Max peak power @S0 pC [MW] | 12 15
Pulse length (ps) 1-10 1-10

O. Yavas ICPP, BU, Istanbul
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Application fields of Infrared FEL (IR FEL)

Infrared spectroscopy
Infrared microscopy

Infrared imaging

Material science
Semiconductors
Photochemistry

Impurities

Elipsometry

THz spectroscopy
Photo-thermal spectroscopy
Photo-acustic spectroscopy
Sum frequency spectroscopy
Near field optical microscopy
Pumb-prob measurements

Vibrational and rotational
spectroscopy

Characterization of molecular
structures

¢ Structural changes in DNA

Protein dynamics
Nonlinear optics
Quantum dots
Super lattices
Photo-chemistry
Radio-chemistry
Photon science
Photoconductivity

Elactran enin racAananmcn
=IGWLI VII DPIII 1COVIIAIIVT

Magnetic properties of matter
Multi photon ionization
Biotechnological research
Medical applications

Human neurosurgery and
ophtalmic surgery

/
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Main application fields of IR FEL

1 Photon diagnostics room

7 Experimental stations

\_

\ » Photon Science
»Material Science
» Semiconductors
> » Biotechnological and
medical research

» Non-linear Optics

/

/>
» Photo-Chemistry
O. Yavas ICPP, BU, Istanbul 44
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Planning for exp. stations

Exp. Station No 1:
Research on Photon (FEL) Science

Exp. Station No 2:

General IR FEL Spectroscopy (vibrational and rotational IR
spectroscopy for solid, gases and liquid materials)

FTIR spectroscopy, Raman spectroscopy

Exp. Station No 3:

IR FEL Spectroscopy and microscopy for material science and
semiconductors

SFG & Pump probe techniques

Exp. Stations 4-8: These five stations will be planned to use existing
FEL after completion of two FEL lines to use in non-linear optics,
nanotechnology, photochemistry and biotechnological reserach /
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The Place of TAC IR-FEL
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Bremsstrahlung Station
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Bremsstrahiung Faciiity of T

A Bremsstrahlung beam line and experimental stations for nuclear
physics studies are planned for TAC.

The energy spectrum of photons due to bremsstrahlung of
electrons decelerated in the electric field of atomic nuclei depends
on the energy levels of the atomic electrons, due to the screening
effect they have on the moving particle, and on the particle velocity.
The spectrum extends up to quanta of the energy of the moving
pdllcCic.

It is important to extract electron beam of 20 MeV energy from
LINAC and sent it to the Bremsstrahlung experimental hall. Main
aim of Bremsstrahlung station is to study nuclear spectroscopy.

O. Yavas ICPP, BU, Istanbul 49 49
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@periments with Bremsstrahlung

Electron beam of the superconducting linear accelerator with a
maximum electron energy of 20 MeV.

I'I/,M 'Y
ﬂ.-\__\_‘

M1
Y

radiator target

e_ I . ::>
P n
bremsstrahlung _,./\/‘" Y
.ﬁ”‘* y "

The bremsstrahlung photons are used to irradiate the target which is made of the
isotope to be investigated. Nuclei of the target material may then be excited by the
photons and emit characteristic y rays. A simplified picture of this process is shown in
the figure.

For example, the neutrons in a deformed nucleus may oscillate against the protons,
which causes magnetic dipole (M1) radiation (upper part). If in a nucleus with a neutron
excess the neutrons vibrate against the protons, then electric dipole (E1) radiation is

Qitted (lower part). /
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Conclusion

Realization of the TAC project will accelerate the
development in almost all fields of science and
technology in Turkey and around.

TAC IR FEL facility will give some new research opportunities in basic
and applied sciences using FEL in middle and far infrared region. It will
have experimental stations for laser diagnostics, IR spectroscopy and
microscopy, material science, medical science, optics and chemistry.

\_ /
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From Prof. Engin Arik’s
speech to TRT (2006)

We must start for
TAC from one point...

We believe that TAC will be very important when
completed for our country and our region...

Today, Turkey is to follow on 50 years late with
respect to developed countries in science and
technology...

We must develop our own technologies...Due to
fact that no country is developed using only
copy and paste methods...

/
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Thank you for your attention...

~

Announcement:

Sixth TAC Workshop
December, 2-5, 2008
Ankara University
Ankara, Turkey

http://thm.ankara.edu.tr

O. Yavas

ICPP, BU, Istanbul
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