
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


·If£. ,\ ! I ~ T E R '.'i AT I 0 ~ :\ L .:.. T 0 ~· ! c E '.'i E R G y .-\ G E ;-.; c y I ~ I 

I\ .. " ,J. C'.'iiTED :"-iATIO'.'iS EDCC.-\TIO'.'i.-\L. SCCE'.'ITIFIC .-\.'<D CCLITRAL ORGANIZ.-\TI0:-.1 ! '' f ~ t ~ ! 
! ~~ j l~TEll'iATIONAL CE~lRE FOR 1lIEORETIC.-\L PHYSICS !~~ 

'~" UNIDO 
~ 
~ 

l.C.T.P .• P.O. BOX 586. 34103 TRIESTE. ITALY. C.~3LE. CE~TRATOM TRIESTE 

I q L/-6 I 
C~ITED :;..i.-\ TIONS I.:'-iDCSTRL..\L DEVELOP'.\IE:'-ff ORG.-\~IZ.-\ TION 

I~TER~ATIONAL CE~TRE FOR SCIE~CE A~D HIGH TECH~OLOGY 

SCHOOL ON 
"USE OF SYNCHROTRON RADIATION IN SCIENCE AND TECHNOLOGY" 

14 October - 8 November 1991 

FINAL REPORT 

The International Centre for Theoretical Physics (ICTP). with the 
cooperation of the lnternatonal Centre for Science and High Technology 
(ICS), the Sincrotrone Trieste and the European Synchrotron Radiation 
Society (ESRS), organized the first ICFA School on the use of 
Synchrotron Radiation, from 14 October to 8 November 1991. The School 
was directed by Professors J.C. Fuggle (University of Nijmegen, The 
Netherlands), A. Craievich (LNLS. Campinas. Brazil) and R. Rosei (Tries~e 

University/Sincrotrone Trieste S.C.p.A.. Italy), with Professor L. Fonda 
(l.C.T.P./Sincrotrone Trieste S.C.p.A., Italy) as local organizer. Professor 
J.C. Fuggle. through whose effor.s the School was mainly organized. was 
:hen regretfully unable to ioin because of health reasons. 

The aim of this School was to cover all aspects of synchrotron 
radiation (SR) from storage ring and insertion device design to actual 
use of SR. Emphasis was placed on practical training in vacuum 
technology and instrumentation, and the use of common experimental 
techniques. The course material was treated in lectures and in 
exercises on personal computers, since effective use of SR depends er. 
data treatment which can be adequately done with small comp1.:ters. 

The School consisted of dbout 3 hours of lectures and 
approximately 4 hours of exercises per day. The lectures included : 

General Overview of SR Utilization 
Spectroscopy and diffraction techniques. Introduction to PS, XAS. 

EXAFS. small angle scattering, crystallography, microscopy etc. 

Accelerator Physics and SR Sources 
Ring construction, vacuum and mechanical stability requirements. 

bending magnets, insertion devices, the emitted spectrum, beam 
lifetimes etc. 

This section was designed for the users rather than the machine 
builders. It gave the potential user an idea of the scope of the operation, 
(e.g. why an insertion device cannot be installed over one weekend). the 



complexity of the problems and the origin of the costs and other factors 
whic:i future potential decision makers should be aware of. 

Beamline and Monochromator Design 
3eamlir.e design, heat loads. safety features. vacuum and vacuum 

inter:ccks, beam splitting, moncchromator design and optics. tolerances 
for components. reflectivities. monochromator throughput. spectral 
resciL:~ion. detectors etc. 

This section w3s interfaced with the section on machine physics. 

Photoemission Techniques 
Spectrometer characteristics. ARUPS, XPS, Resonant PS, Cooper 

mini:;:um, chemical shifts. variable surface sensitivity. quantitative 
and :::;ualitative analysis, semiconductor research. 

Tutorial work include j analysis of St)ectra. 

X-ray Absorption, XANES and EXAFS 
Data collection and analysis. 
Here the emphasis was on EXAFS whLCh is a techriique extensively 

usec in life sciences, chemistry, catalysis and materials science, as 
well as (to a lesser extent) physics. A lot of tutorial work and training 
in ca:a analysis using personal computers was organized. 

SR in Biology 
This section primarily involved diffraction techniques and small 

angie scattering whic:i are also used extensively in ma~erials science. 
phys:cs and chemistry. 

Total number of lecturers: 22 
Total number of participants: 49 

The School was a great success. It was very important to start early to 
train scientists from developing countries on the use of SR in view cf 
their future participation in experimental activities at '"Elettra" 
(Tries~e SR facility) . 

I strongly recommend to repeat this experience as soon as 
possible with the idea of running it on a yearly basis. 

,( 
j I 

Tries:e. 4 December 1991 

C7'~0\~.i=-----
Pro t. Luciano Fonda 
Local Organizer 
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INTElt.'iATIONAL CENTRE FOR SCIENCE A~D HIGH TECHNOLOGY 

SCHOOL ON 
"USE OP' SnfCHROTRON RADlATION IN SCIE~CE 

A..'lD TECHNOLOGY"" 
1-l October - S :'fo•ember 1991 

FINAL PROGR.UDIE 

Week l 
(l-l - 18 October) 

~onday, 1-l October 

3.30 - 9.30 ~gtsrrauon and admirUst:-at!Ve :crmallt!es 
3.30 · ~0.00 Opc:ur~ C~remony 

:o.OO • t l .CO L. ?ONDA 
··~LE l • R..\: ~ogress Reporr" 

~:.CO· 12.00 ::HNC CHA.'iC XIA.'i 
·.-\ .~eport J'Tom Be'.jin.g Faclu:ees· 

~2.00 - :4.00 Lunch 3reak 
:.+.00 -t5.30 Talks on re:?.~-~ and :cs: 
~ .t.JO - 1.1. ~ 5 M. F=ARCCCL;E "General !nicrmaticn ·:Jn '.CT?· 
1.1. r 5 • 1.£.45 G. DENA;:ICO ·rcr? Ctfice Jt =~ernal Ac:ivities· l ·r.~.s: 
! .t.45 • 1 s.:o G. GHIRA;:!Ct "Associates and F=gCeration Sc:-:eme· 
l 5.JO - 15.15 T.i<. SHAH ·cor.ation ?~0<;ramme and 7'N.J.S" 
! 5. ~ 5 - 15.JO M. ZfNGArlELLt·~cT? Lbraiy· 
:5. t5 • ~6. LS A. 3AL.:>Ertf:SCHI 

·:ncerac:ton between radtacton and matter" 

Tuesday. 15 October 

9.00 - 10.00 R ROSEI 
·overvtew of SR uses" 

10.00 - 10.15 Coffee 3realc 
l0.15 - l L 15 c. :ct.."NZ/T. rsHn 

"Hf.gh energy SpecrTO$COPIJ" 
1Ll5 - 12.15 C. Kt."NZ/T. rSHII 

·Hr.git energy SpecrTO$COPJ" 
t2. ~5 - 14-.00 Lunch Break 
~4-.00 - 15.00 C. Kt."NZ/T. ISHII 

"Hf.gh energy SpectrOSCOP'J" 
15.00 - 16.00 '.'A. BE~'IA.ROlSI 

"Vac-.lum for Electron Storage Rtng" 
16.00 - l 7.00 R. KER.SEVA.'i 

"Vacuum Sys~ Optrmtzatton: Comput.actonal .W'echod.s" 



Wednesday, 18 October 

09.00 • 10.00 C. Kt.~'Z/T. rSHII 
.. High ~:tergy Spec:.-oscopy·· 

10.00 - l0.15 C.JcTee 3reaic 
10.15 • l L l!:i M. ::RIKSSON 

.. ~~ec:roma.gneru: RadCaeion • 
!. !. :5 - 12.15 M. ::RIKSSCL'-i 

.. ~!ec:romagneru: Radiation .. 
12.15 - 14.00 Lunch 3reak 
14.00 • 15.00 H. WIEDEMA..'IN 

"'Transt:erse :OC-..LSirtg" 
15.00 - 16.00 ?HYSICS • .\.'iD D~LOPME~"T 
16.00 E.~RcrsES (C~~erail 

Thursday, 17 October 

09.00 • 10.00 V. OHAN'AK 
·~o-on-energy :-\nal.yzers" 

10.CO • 10.15 CocTee 3reak 
L0.15 • 11.15 H. W!EDEMA..'4'N 

.. Longitudinal. and n-ansverse Foc..LSing" 
!. l.15 • 12; 15 H. W!EOEMA.'IN" 

·synchrocron tncegrals-
12. !.5 • 14.00 Lune!? 3reak 
14-.00 - 15.00 M. ::ru:KSSON"/H. W!E:::>EMA.'4'N 

'FaclfP.J Case S:uct;,' 
~4-.00 -ts.co E."'<2RCrSES (Spectroscopy l 

!'rlday, 18 October 

09.00 • 10.00 R. W.-\LKER 
.. Machine Physics !Insertion DeuU:es I)" 

:0.00 • 10.15 Coffee 3reak 
10.1s • l L 15 c. K"-..'NZ/T. rsHn 

·High. Energy Speco-oscopy· 
l L 15 • 12.15 C. Kt..l't'Z/T. £SHil 

·High ~nergy Spectroscopy· 
12.15 - 14.00 Lur.ch 3reak 
t4.00 Vts1t to EL.:.--rTRA 

l4011day, 21 October 

09.00 - 10.00 R. WAL.i(ER 

Week 2 
(21 • 25 October) 

'"Machine Physta iTn.sertton ~es 2J 
10.00 - 10.15 Coffee Break 
10.15 • 11.15 W.3. ?EAnf.A.V/SAVOIA 

'"Seam lines (Ceneral. & Hard X·Rays)" 
11.15 • 12.15 W.3. ?EAnf.A.V/SAVOIA 

'"Seam Lines (General. & Hard X·Ra.ysj" 
12.15 • 14.00 Lunch Break 
1-i..oo E.XERC!SES (Beaml1nes ·Machines Physiesl 

Tuesday. 22 October 

09.00- 10.00 w.a. PEAnlA.'l/SAVOIA 
'"Beam Lines {Coteral. & Hard X·Rar;sJ" 

10.00 - 10.15 Cotl'ee 9Teak 
10.15· 11.15 W.S. PEAnlA.'l/SAVOIA 

·aec.m !.Ines {~al. & Hard X·Ra.ysr 
11.15 - 12.15 w.a. ?EAnfA.'l/SAVOCA 

·Beam Unes (General & Hard X·Ral)sJ" 
12.15 • 14.00 Lunch Break 
14.00 EXERCISE..C\ 1&...1mllnf".!I' •M~r.htnf'.11 P~I~' 



Wednesday. 23 October 

09.00 - 10.00 w. J'.AR..I'{ 
·spee.al Opt'd .:=:emeries (Multilaljers. Zone ?!aresr 

~0.00 - ~0.15 C.Jlfee 3reak 
10.15 - : Ll5 W.3. ?~.\nf.A.'i/SAVOL.\ 

•CJmpartson.: Rowland C:rc!e Sph.er'.cal Grae'Jta .W"onoc.vor..acor 
and Perersen !'j[Je ?~e Gracina .'-fonod'tronacor' 

1L15 - 12.15 W . .J.AR..I'{ 
continued 

12.15 - l-t..00 Lunc.11 3n:alt 
l-t..00 E.."'<ERC!S:C:S (Beamllnes ... Mac!:lines ?nysics) 

Thursday. 24 October 

09.00 - 10.00 W.3. ?~·ti.'Dl..\.'i/A.5AVO£A 
·Beam Lines (A Case Stu.d.ljJ" 

l0.00 - t0.15 Coffee 3reak 
10.15 - 1L15 S. 3ERN'SI'OR..'c;"F 

l~.r.5 - 12.15 
12.15 - l-t..00 
14-.00 

·seam Llnes (Decec~rsi" 
Dt.sc'.lSSicn on 3eamllne LA:c:ures 
Lunch 3n:ak 
E."'<ERC!S:C:S (Beamllnes -~fac!:lines ?hysicsl 

Friday. 25 October 

09.co - rn.oo 
10.00 - 10. 15 
10.15 - 12.15 
12. 15 - 1-t..CO 
1-t..CC - 15.00 

15.00 - 16.00 

H. wtEDE~~'t"'N 
Coffee 3reak 

::."t.Crcfses on Machines Physics & rnser""...!on ::le"·"ices 
Lunch 3reak 

A.C.T. N'ORr.~ 
·rncroduc~..on co mc:ge formar.on .. 
A.C:r. ~OR!':~ 
·rnO"'oducnan :a UT.e srr..Lc~es oj biologic::.L mccrcmolec-...:.les • 

Week 3 
(28 October • l !'JoYember) 

lifonday, 28 October 

09.00 • 10.00 J. M. SQL1RE 
•DfJfrac~ Theory l: I.2 and 3·0 .JTTCJJJS •• 'diller :rtdfces. 1i1e 
rec'.procal. ra.tttce. The Ewald. Sphere con.scruc~n .. 

10.00 - !.O. LS Coffee 3reak 
LO. LS - l L 15 J.M. SQt.1RE 

•0tffra.ct:1Dn Theory !1: The st:rut:ture factor .• r:rtedef.'s Law. 
Syst.emattc absences. Four.er stjrtchests. • 

l L 15 - 12.15 A.C.T. :-IOR'n{ 
•?rocetn cn;staJl.ographlj 1: The phase problem. lsomorphous 
replacemenc. AnOtnal.ou.s scatterirtg° 

12.15 • 14.00 Lunch 3reak 
14.00 • 16.00 C:.""<ZRCr5ES: Olffract10n 

CR 
VACt.1..'M E.."<ERCtSES (at E~CT!"iW 



Tuesday. 29 October 

09.00 - 10.00 A .. C.T. ~ORI:-t 
~Proce'Jt Cr":JSCallography lI: Daca CJllecj"Qn and Data 
processing" 

!.0.00 · 10.15 Coffee 3reak 
LO. :s - l l.15 A .. C.7. ~ORI:--! 

.. Prot.etn C:yscallography £II: Electron density maps and model 
'building .. 

: LlS - 12.15 W. HENDRIC..~ON 
.lL~ .. D. l .. 

~2.!.5 - 14-.00 Lunch Break 
!.4-.00 - 16.00 DCFFRACTION ::O'"<ERCrSES 

CR 
VAC!..1..."M E."<ZRCISES: Calculations (at rC'!'?l 

Wednesday. 30 October 

09.00 - 10.00 A..C.:'. ~ORI:-t 
.. ?roce:n Cn;scallography IV: St:ruaure refinement 
and saucture analysts of ?f"Oceilts .. 

:o.OO - LO:- r5· Coffee 3reak 
10.15 - 11.15 A..C.T. ~ORni 

·Procein C-yscallograptu; •/: Results and .4.pplic:utons: 
Enzymes and tlterr cu:~i:ibJ .. Design of drugs" 

!. l. ~5 - 12.15 W. HENDRICKSON 
•MAD. Z-

12.:5 - 14.00 Lune..~ 3rcak 
:5.00 ROL"ND T • .\B~ DISCt:SSION f.nAS. A~. w:il 

'"Prospects of 3lologtcal Research'' 

Thursday. 31 October 

09.00 - 10.00 J.M. SQu1RE 
.. Frbre dtffea.c~n l: Dtffra.crton from helical scruccures" 

10.00 - 10.15 Coffee Break 
10.15 • 11.15 J. ~- SQL1RE 

.. F"bre Dtffra.cttJJtt 2: Expertrnen.caL mechod.s · beam 
Lines • d.ec.eccors .. 

l l.15 - 12.15 J.M. SQC.:IRE 
EXEfiCISES: FlBRE OIFM=tACT'aCN 

12.15 - 14.00 Lunch areak 
14.00 - 15.00 J.M. SQL1RE 

•Ffbre Df.J]tactfon 3: Data Analysts· Tfm6esolved E:.xpertmen.t" 
15.00 • 16.00 EXERCISES (JMS}: FIBRE DIFFRACTION 

J'rtday. 1 ~o•ember 

09.00 • l0.00 A. FONTAINE 
'?CAS • Incr<Xl.u.ctton .. 

10.00 - 10.15 -Coffee 3reak 
10.15 • l l.15 A. FONTAINE 

?CAS • What c.s EXAf'S r 
11.15 • 12.15 J.M. SQL'IRE 

•Ffbre D#ffi'a.ctfon: R«ent results· future pros~'" 
12.15 • 14.00 L.unch Break 
14.00 • 15.00 J.M. SQL'IRE 

·~ Cn;sta.llDgrapluj VT: New 'JPPf"OGCha. Laue 
dtffra.ctton" 

15.00 • 16.00 J.M. SQt..1RE 
Question Time 



Week 4-
(4 • 8 :iovember) 

llonday, 4 So•ember 

C-9.00 • 10.00 H. TOLE~UNO 
"EXAc'-S (OpctcsJ" 

10.00 - 10.15 Coffee Break 
10.15 - 11.15 A. FO~'TAINE 

'"EX.-l.::S (Th.eoretit:!ll. Basts}" 
!. L 15 · 12.15 A. MICHALOwtCS 

""EXA.='S (De.ca .Analysts}" 
12 .. 15 - 14 .. 00 Lunch Sreak 
14.00 E:."'G:RCISES (E.XAr-S) 

Tuesday, 5 So•ember 

09.00 • 10.00 • .\. FONT...\INE 
·E:XAr-s (Review of .~ppli.catfDnsJ" 

10.00 • 10. l.5 Coffee Break 
10.15 • l l.15 H. TOLE:rr!NO 

=::<Ar"""S IT'.rne cte-pendencer 
!. L 15 • 12. 15 ·"'- ?"ON-:-.~~ 

·=:."(Ar"""S (High Pressur~r 
12.:5 • 14.CO Lunch 3reaic 
!.4.C-0 E:."<ERCISES (E.XAFS) 

Wednesday, 6 Sovember 

09.00 • !.0.00 ·"'- FONT.AINE 
·E:XAr-s (Soled Stace De!ectcr3J'" 

10.00 • 10.15 Coffee Break 
10. !.5 • l l. 15 A. FOl't!" • .\I:NE 

'"X·Raz;s Dtchrotsm• 
11.15 • 12.15 ·"'- FONTAINE 

-X·Raz;s Dtchrot.sm (MXDJ'° 
!.2.15 • H.00 tune.Ji Break 
l"".00 E."<ERCISES (E.XAr-SJ 

Thursday, 7 No•ember 

09.00 • 10.00 A. FONTAINE 
•£XAFS (Surfaces}" 

10.00 - 10.15 Coffee Break 
L0.15 • 11.15 H. TOC...::NTINO 

'"EXAFS (Superconductors}" 
L l.15 • 12.15 A. FONTAINE 

•EXAfS (Destgn of an cntegrated. beamltrteJ'" 
12. LS - 1·4.00 Lunch Sreak 
14.00 - 15.00 FIN.AL OVERVIEW 
15.00 EXERCISES (E.XAFSJ 

Friday, 8 No•ember 

~ o lectures 
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E\"TERXATIOXAL CE:'\'TRE FOR TIIEORETICAL PHYSICS 
Trieste. Italy 

"'.:t:r-:•1n1Tie c0ll:3~:s :Dn 'l.h::i A1.r:p11 ~il·l:l.0..u:1 
fJl 0ym:1filir~?Dil }~"Mil'UD.!.l 

Trieste. 14 October- 8 N'O\·ember 199~ 

DIRECTORS 

Craievich. A. 
Fonda. L. 
Fuggle, J.C. 

LECTURERS 

Baldereschi. A. 
Bernardini. ~-
BemstorfT. S. 
De Groot. F. 
Dhanak. V.R. 
Ding. C.X. 
Eriksson. ~-
Fontaine. A. 
Hendricksson. W.A. 
Ishii, T. 
Jark. W. 
Kersevan. R. 
Kunz. C. 
~lchailowic7.. A. 
North. A.C.T. 
Peatman. W. 
Rosel. R. 
Savoia. A. 
Squire. J. 
Tolentino. H. 
Walker. R. 
Wiedemann. H. 

VNIDO Project US/GL0/89/l!l.+ 
U'.'jfDQ Contract ~o. 9111 "8/VK 

FINANCIAL STATEMENT 

(in USS l 

Brazil 
Italy 
United Kingdom 

:5ubcotal 

Italy 
Italy 
Italy 
:'-ietherlands 
l:nited Kin.~dom 
China 
Sweden 
France 
USA 
Japan 
Germany 
Italy 
Germany 
France 
United Kingdom 
USA 
Italy 
Italy 
United Ktn~dom 
Brazil 
United Kingdom 
Germany 

2.589.28 
2.666.67 
1.507.37 

6,763.32 

40.65 
119.05 
40.65 

1.547.31 
40.65 
39.68 

2.462.95 
1.989.69 

174.60 
2.823.55 

83.33 
79.37 

473.24 
982.44 

l.429A6 
773.81 

41.67 
125.00 

l .354.-14 
752.84 
l l 9.05 

l.063.50 

Subtotal 16,556.93 

( 1 ) 
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PARTICIPANTS 

Ahmad.I. Pakistan 
Ascolani. H. Argentina 
Banerjee. M. India 
Bernerdes. L.A. Brazil 
Bozukov. L. Bulgaria 
Sueur. i.B. Romania 
C7.amecha-Such. E. Poland 
De Assis. T.J. Brazil 
Del Barco. J .L. Argentina 
Fonseca. P. Brazil 
Gomez De Anderez. D. Venezuela 
Guo.J.H. China 
Hu.N. China 
Hu.Z.W. China 
Islam. M.S. Bangladesh 
Jablonska. K.M. Poland 
Jimenez-Mier. J. Mexico 
Kamenskikh. LA. USSR 
Kopecky, M. Czechoslovakia 
Kulkarni. S.K. India 
Landers. R. Brazil 
Nandekar. R.V. India 
Novikova. N.N. USSR 
Osiceanu. P. Romania 
Pedrosa. M.S. Brazil 
Rocco. L.M. Brazil 
Sakho. J. Senegal 
Sawhwnwy. K.J.S. India 
Souza Azevedo. A.C. Brazil 
Vevecka. A. Albania 
Vincze. L. Hungary 
Zampieri. G. Argentina 
Zhang. Z. China 

Subtotal 

OVERHEADS 

UNIDO share of total overhead charges (inclusive of 
organization. supervision. technical assistance. 
secretariat. provision of facilities. etc.I 

'k,, ~ •,1,v-

1 c'TP Ftna~ce/am 
1991-12-10 

(2) 

Total 

1.100.85 
2.639.29 
1.830.61 
2.827.64 

892.86 
929.00 
892.86 

l.0!0.64 
2.551.22 
2.827.64 
2.376.95 
1.116.59 
2.439.87 
1.752.35 
2.247.34 

928.73 
1.566.08 

963.97 
928.57 

1.884.05 
1.000.00 
2.084.68 
1.007.23 

964.28 
2.791.12 
2.791.12 
1.121.16 
1.613.14 
2.671.58 
1.059.47 

892.86 
2.568.10 

979.84 

55.251.69 

11,428.06 

90.000.00 
========a=== 




