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Abstract

HoweVer; It ISTAISe dinue Tihat: Our Understanding: Of How
Je Create, Utilize, And" Inconporate  Nuclears  And
Accelerator Based Methodologies Which Are ORera_tlon_aIIy
Inexpensive, Compact. Int Size, BUt: Yet pplication-
effective, Wil C_Iearl\é Require. Muchr Maore Effert Int dhe
Euture: InfAddition; EVen Eor ihese Current Applications
Which Are More ©r lless' liested Andl Proven: Such AS
Proton: Therapy, Ilhe Reguisite’ Assoclated Supporting
Infrastructure « (Administrative/Governmental, Hardware;
Software, Educational, And Computational) Is. Not
GeneraII%/_A_vallabIe Or. Atferdable 7o Many Member: States
On'A Sufficient Consistent Basis.
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(Continued)

In inis oressniation, we orovids a2 overview of issuss
gsociaiged  witnh  ineg  snnancesment  of  nuclesr  and
accelerator sciences  =cducation  ane training  witn o 2
2nonasts o Intgrngi-cornoutsr-cornoutaijonzal relaisdl

WIIEH orornise in  not only cdeiniiively
increasine tre cuzaniity aine cuality of osools wno couled ¢o
orn to ozcorme oroisssional wellsirainsd exosris, rmenitors,
ziriel Ir) tneir own rigrt, out wrno couled zlso
consiituts ine fuiure nignly skilled osrsonnsl fourclzaiior

for orormuleziiion of ingir Xnowlsdege io oinars,
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PRESENTATION OUTLINE

= Particle Beam Related
= [ight Source Related

= Governmental
= Administrative
= Hardware-Based
= Software-Based
= Educational



Generic Accelerator Types

Cockcroft-Walton
Van de Graaff

Induction LINAC
Betatron

LINAC
Quadrupole (RFQ)
Cyclotron

Microtron
Synchrotron



Particle and Nuclear Physics-
-Large Hacdron Collider (LHC),
at CERN, In Ganeava,
Switzerland
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Particle Beam Fundamental Constituents



Particle Beam Fundamental Constituents
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Synchrotron
Radiation

FIRST, CONSIDER A NONRELATIVISTIC

ELECTRON ACCELERATED ALONG A

STRAIGHT LINE.
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DIPOLE RADIATION PATTERN
NON-RELATIVISTIC

ENERGY FLUX IS GIVEN BY THE
POYNTING VECTOR

T
S = ETS . .
1In cgs units

Power spectrum

-2 "'-_:' " "j 7
% — ﬁg a” sin” ¢
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RADIATION PATTERN FOR A
RELATIVISTIC PARTICLE

EOK the acceleration ofi the relativiStic particle:

L

1

9 Treceie

where from Einstein’s theorv of Special Relativity

-3
E = ~vmoc”
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EXAMPLES1 GeV ELECTRON

TYPICAL OF SYNCHROTRON LIGHT SOURCES

Py 1000AM eV L INNC
Y DEey 20U

Brnae ~ 0.0005 radians ~ .03 degrees

Radiation 1s essentially in forward direction!
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CONSIDER ACCELERATION
ALONG CIRCULAR PATH

Peaking of radiation along still observed.

i

Detector

Seems like e has a flashlight fixed to its head!




FOR ELECTRONS, LINEAR IS
BEINTER!

Synchrotron radiation power due to linear
acceleration

Synchrotron radiation power due to circular
(transverse) acceleration
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Ratio of Power Radiated to Power Supplied
for Linear Acceleration

Negligible unless electron 10Sses rest mass within' a adistance of Its classical
radius.

State of art dE/dx — 10-100 MeV/m.
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Synchrotron radiation power ~ le

m, ~ 1000 MeWV
T hus,

P ~ 2 < 10° pPr,




Big problem for circular e~ accelerators!

But not a problem for circular proton accelerators

— Fermilah’s Tevatron.
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High energy and nuclear physicists started performing their
usual experiments while others parasitically used the X-Rays
produced at the bending magnets. (1st generation
synchrotron light sources)

o Increase the number and variety of X-Ray beams,
scientists started istalling insertion devices: Pioneered by

at Stanford Linear Accelerator Center:
(SLAC) (3@ generation)
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GOOD NEWS!

Radiation in synchrotrons spans the
region of the electromagnetic spectrum

Precisely what is needed to pursue a
variety of studies, including :
; , and even
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ADVANCED PHOTON SOURCE
(APS)



APS BEAMLINES



Other Applications

FIrst, we must state that there are many, many extremely
Important accelerator applications, facilities, and proposed
facilities which we have either not discussed at all or just
touched upon in this talk for reasons of brevity. They
iInclude:

Further development of Superconducting Synchrotron Proton
Beam Radio-Therapy (PBRT);

The African Laser Centre (ALC) has been adopted by the
New Partnership for;Africa's: Development: (NEPAD) as a
Center;, of Excellence where one of its leng-term goals Is to
assist In bringing advanced light seurces to Africa: FELS,
petawatt lasers, and synchroetron lIght SeUrCes;
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Other Applications (continued)
= Femtosecond Chemistry

= Photosynthesis involves such ultra-fast reactions. A Detter
understanding of has implications for future

energy sources and for agriculture, which will be important
for Africa.
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Other Applications (continued-1)
Nanoscience/nanotechnology

= [hose materials consist of ?lmple constituents arranged In
complex man-made ways, all onra very tiny scale.

= How those sta escfhan%e aﬁd hPW the change IS induced can
S,eASE It:elér stu it e ultra-fast X-Ray pulses from
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Other Applications (continued-2)

= Using x-rays to study the atomic structures of biological
molecules such as proteins has turned out to be invaluable
for understanding their roles in life processes;

= Nowadays, drug molecules can be created to fit the shape of
certain human biological molecules and thereby deliver
their effect in a very specific way;

= But the X-Ray diffraction process used to study molectiar
Structure nasitsiimitations; the radiation guickly cestroy/s
the molecule being studied;
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Other Applications (continued-3)

» Researchers have found a way to work around this
destruction: molecules like proteins are formed into
crystals (containing millions of neatly ordered, identical
copies of the molecule) so that many molecules are
simultaneously examined, thus spreading the radiation
damage around,;

= But SASE-FELS offer another way to work around the
radiation damage problem: the extremely brght ana
ultra-short x-ray pulse can give a picture of just several
nundredimolecules nearly instantly; before they are
destroyed, so that the molecules can e studied in their
normal Wet environments and no crystallization Is
NEecessary. 3\



Other Applications (continued-4)

Anthony M. Johnson, UMBC
Director, Center for Advanced Studies in Photonics Research (CASPR)

Prof. of CSEE and Physics
MIRTHE Deputy Director
Novel Mid-Infrared Materials Research Thrust Leader

* Push the limits on material quality by careful study of essential growth parameters in close
feedback with refined materials characterization techniques
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Other Applications (continued-5)

= Research, development, and technology transfer to industry of
unprecedented mid-IR (3 — 30 um) optical trace-gas sensing
systems for environmental applications , homeland security, and

medical applications.
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Other Applications (continued-6)

= Treat cancerous tumors by bombarding them with
protons or heavy charged ion beams;
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Hardware-Based Infrastructure Requirements

a  Partner With EXisting
@rganizationsiliorScale'such
Hardware 1o hhe LLevel\Where |t
Can Suppoert Browsers \Which
henAllow One e Utilize lihe
Internet.

s Hardware Scale-ups'Should
Support Several'Availlabler©Open-
source Computational’And
Publishing Software.
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-Based Infrastructure Requirements
1 DONIF RE-INVENTF THE WHEEL
1 Epnulaie/Partner Wik T 2 One=la0ige-9
Comouiar (OLPC) Projact in ofclar to craais
racnings walen are :u] auJ 2 jor researen ane on-
ling education (Wirgless)

Sting @rgclmudsum_) lerScalersuch
Solitware that Iit Can SupportBrewsers VWhichahen
Allow Gne e Utilizeshe internet wirelessly:
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Requirements

Partner With EXisting @rganizationsilio Scale/Create
Sofitware Browser Interfaces \Whichahihen Allow Gneilio
Utilizeaihe internet\Wirelessly Eor Computations \Which
Could Even Be RPerformed Remotely And/0r Modularly:

One WouldiNow, Have Availalble ACCESS 116 EXtensive
Scientific and Mathematical Databhases (OPEN-ACCESS
Publishing)'Such Asrarxiv:0rg (INew At Cornell*University.,
Formerly At LesTAlamoes National llaberatony, Often Contains
Preprints \Which Are Essentially ldentical 1o Thelr Published
Counterparts):

37



What is WebAssign©?

(Nete: Werhavemehusiness/iinancial’connection atalWith WWeRASSIgROMNTISTUSEd as a moede]
Whichimeels moest ofithe' EBASIT chtenafornthe enhancement efinuclearn science education and
trammgin-all-ViemberStatesrandin-particular developing:counties)

Hested-en-line-Nemewerk/assessiment sy sten: aceessinie
LArGUgRBrEWSETSS;

Texthook (e-book as well Is possible) database of
algorithmically randomized pre-coded (one may create one’s
own as well) problems/solutions with or without individual
student real-time response;

ASSIIRIMERISTCUESSIASSESSIERFEXAIIS
(QUtemIAUCARERUE) N 2I0SREREINENIOSISHOIRSIUE ENIECEESS
Witel elLfigpletiie of lpsirusior ssafirie)
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REEERENCES

Classical Electrodynamics
x J. Jackson, John Wiley & Sons Publishers

Particle Accelerator Physics | and Il
x HoWiedemann, SpringerPublishers

Handbook of Accelerator Physics
s AL Chaoand M. dggner; World'Scientific Publishers

Accelerator Physics
. S, Yo Lee, , WorldiScientific Publishers

Radiation Therapy Physics
s Wi Hendee, G lbbott, E- Hendee; John\Wiley & Sons Publishers

WebAssign©

x http://WebAssign.net, Advanced Instructional Systems, Inc.
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Dr. Anthony M. Johnson, Director
Center for Advanced Studies in Photonics Research (CASPR)
University of Maryland, Baltimore County (UM BC), USA
2002 President of the Optical Society of America

EBASI Council Member since 1988

Applied Physics PhD student Raymond Edziah, Physics Scholar Exchange student
from the University of Cape Coast, Ghana presented his research results at this
year’s prestigious international laser conference known as CLEO (Conference on
Lasers and Electro-Optics) held in Baltimore, Maryland, USA (May 6 — 11, 2007). This
conference featured more than 1,500 talks on the latest cutting-edge optics and
photonics research and Raymond’s presentation was entitled “100X Enhancement of
the Nonlinear Index of Refraction of Sulfur-Doped CS, over Pure CS,” He is also in
the process of submitting a paper for publication while at the same time applying for a
provisional patent to protect his findings as he proceeds with some further detailed

Investigations and graduation from UMBC with a PhD in 2008.



Mr. Raymond Edziah, Physics Scholar Exchange student from the University of Cape
Coast, Ghana will complete his PhD in Applied Physics at UMBC in 2008.



Ultrafast Optics & Optoelectronics Laboratory

----------------------------



BIRTH OF ALC

= The ALC was formally Launched in Johannesburg
at the November 6, 2003, NEPAD Ministerial
Conference on Science and Technology.

= NEPAD has adopted the ALC as its Center of
Excellence in Laser Science and Technology.

= African Ministers of Science and Technology have
pledged US$20 Million to ALC over next 5 years.



ANNUAL GENERAL MEETING
(AUGUST 2006)



CURRENT BOARD OF DIRECTORS
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