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I INTRODUCTION

l. The inauguraLion of the Synchro[ron Radiation Source (SRS) at rhe

Daresbury Laboratory by the SERC ln 1980 provided a dedicated sourtlc of

1i ght in a broad speccrum f rom hard X-rays through the vacrrurn ultia:'i ,-r [eL i;:
uhe infrared. It has generated scienEific activity in a wide range r1f

imaging, spectroscopic and diffraction studies in biology, chernisE.rl,

malerials science and physlcs. The developmenE of beam 1lnes and

specialised insLrumentation has now reached a sfage when it. is apprttprlaLe

to review the strengths and weaknesses of synchrotron radiatlon scieric.-e

funded by the SERC. Such a review is also made timely by the proposal to
construcL a European Synchrotron Radiation Facility (ESRF') and for the need

to consider the future of rhe SRS in the light of such developmenEs. As the

ESRF would provide a staLe of the art souree for hard X-rays, it is
neces.sary to consider a separate future provision of a complementary

brilliant source in fhe soft X-ray and vacuum ultraviolef regions fcr UK

synchrot ron scj.entists.

2. Accordingly, in October 1985 the Science Board of ehe SERC agreed on

E.he establishment of a Syuchrotron Science Review Panel (SSRP) wiEh the

following terms of reference:

(i) To revierr the IIK comnunity's requireuent for synchrotron radiatiori
f acilities in the f oreseeable future in the 1lght of achieveue;n s irr;rdc

so far using the SRS at the Daresbury Laboratory and sources elsenhere-

- The Panel interpreLed the fuEure Lo refer to the next fifEeen years'
ie to the end of rhe century. It was also agreed Ehar "sources
elsewher:e" shou1d be taken to incl-ude the potential irnpact of laser
faciliEies on the needs and provision of synchrotron sources.

(ii) In particular, to consider the complemenEaricy of the SRS and ttre
planned ESRF, the long term plans for the SRS, proposals for a VUV

ring, and an appropriate level for any IIK involvement ln constrrrction
and operatlon phases of the BSRF.
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- The Panel agreed thar this should include conslderaEion of'rhe SRS/

University interface, ie which experiments or development, work should

be carried oul at Ehe Daresbury Laboratory and which ln Universities.
There was a need Lo consider whal could be achieved on the ESRF thar
could noE be done on the SRS. There was consequently a need ro
consider technical opEions for the future provision of synchroEron
faciliE.ies at Ehe Daresbury Laboratory, including const.ruction of a new

VUV ring.

(iii)Ln achieving these objecti'res, to take evidence from the ChemisEry,

Biological Sciences and Physics Commirtees" and the Synchrotron
RadiaEion FaciliEy Committee.

- It was agreed EhaE this term of reference should be broadened t,o

include rhe taking of evidence from Ehe Laser Facility CommiEEee, Ehe

Mat.erials CommiEtee of Lhe Engineering Board, and Eo consulE indust,ry.

3. The Review Panel meE four times. In addiuion, it heard a Ewo day

presenEation on E.he scientific achievernents using the SRS at, E,he Daresbury

LaboraEory, and on possible future developmenEs using synchrot,ron radiation,
presented by the SERC Synchrot.ron Radiation Faciliuy Committee and leading
UK researchers. IE commissioned and received several papers on Ehe

scienEific and engineering possibiliuies for development of rhe SRS both in
the shorE Lerm and in the long Lerm (up to E,he year 20OO).

4. The Review Panel conducted a survey of views of both Ehe broader
academic communiE.y as well as presenl users of the SRS in the UK. There was

aisc a survev of industrial companies including those who had used the
synchrotron radiaElon sorrrce through dlrect arrallgemenLs or indirectly
Ehrorrgh CASE projects or other collaboraEive awards.

5" Members of the Review Panel visit ed and reporleci on progress and frrture
pi.ans of all major synchroLron sorlrces in the UniEeri SEates, Japan and

Europe. The Directors of Ehese sources were directly consulteci on Eheir
pLans for the fuLure and their opiaions on the sCrengths and breaknesses of
Ehe UK SRS programme. In the event, iE proved exceedingly dlfficult ro
extracL Ehe criEical review soughE.
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6. The Biology, Physics and Chemlstry Subject Committees and rhe

Synchrotron Radiatlon Facility Commlttee and Laser Facllity Commituee of the

Science Board and the MaLerials Commlttee of the Englneertng Board were

consulted for their vlews on both the scientific achievements aE the

Synchrotron RadiaEion Source at Ehe Daresbury LaboraLory and the scientific
opportunlties creaEed by the proposed const.ruction of a European Synchrotron

Radiatlon Facility.

7 . The views cf rhe Agrlcultural and Food Research Council, l"ledica1

Research Council and Natural Environment Research Council were also sought.

B. Ihe Panel was asked ro presenL its report for preliruinary discussion at

Lhe Science Board neering on 25 June 1986.

II. SYNCIIROTRON RADIATION SCIENCE AND THE SERC SYNCTIROTRON RADIATION

SOURCE (SRS)

9. Synchrotron radiatlon is generated when relativistic electrons or

posiErons are rest.rict-ed by magnets to follow a curved path. The radiation
is whlce, of high brilliance and good collimation and it, is polarlsed.

I0. The SRS facility aL present comprises Ehe source (a 2GeV electron
st,orage ring injecfed by a linear accelerator followed by a boosEer

synchroEron) with a superconducting wiggler magnet(1) 
"nd 

a permanenE nagnet

ur',d,rlator(2), and eleven beam llne f ronE ends which split lnto a greater
number of individual beam lines and feed 31 experimental staEions or

instruments including those sEi11 under consEruction. These include five
test stations noE fitfed with permanent lnstruments. In four cases

alternatlve instruments share one beam 1ine. Table I lists the 3l stations.

FootnoEes:

(l) A superconducting wiggler magnet is an array of 3 (or rnore) high field
dipoles which produce white radiat,ion with a specEral cut-off shifred
Eo shorter wavelengths.

(2) A permanent magneE undulator is an array of many alternaring Iow field
dipoles. Interference occurs bet,ween radiacion from successive dipoles
anci a strongly peaked specErum is produced.
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History of the development of the SRS

1t. ConstrucEion of the sorrrce and three beamtines was approved in l4ay 1975

and f irst circulating beam r.ras achieved in Jurre l9B(). By then the

superconducEing wiggler was al.so under consLrucl_ion, brrL rhe Frrntiing proIile
had been strch that no beanlines had been completed. Scheduled operation
commenced wirh 1.8 GeV beams in May 1981 and frrll power became available on

a regular basis (2 GeV high currenr) from April 1982,

12. By May l98l the commissioning of two beamlines and Ehree sE.ations had

begun. Since Ehen rhe rate cf beamline anri instrument construction has been

resource-limited and t.otal operation time was, for the first few years,
compromiseC by the need Eo have shut-downs to install beamline fronE ends as

these were funded, and by Lhe fact Ehat access to the experimenLal areas uras

only possj.ble during st-abJ-e stored beam time (or shut-downs) but nor during
filLi-ng or accelerator studies periods. The shielding has now been improved

so that this no longer applies.

I3. The wiggler starLed regular operation, with stations coonected.,

1983;'84 and is now scheduled EhroughouL user beam tirne. A sof t X-ra-v

banel undrrlator has been installed and tesLed and will be brought. into
when the beamline and rnoaochromator are connected, during 19g6.

late in
broad-

use

14. After: a year of very successful operation from April l9g2 ro }Larch

1983, a cairity wj-ndorq .racrlum leak precipitated a series of window problems

which culminated in the: SRS being out of acLion from rnirl-SepEember l9g3 to
mid-,January 1984 and oDeraring at redtrced energy ( I . g ,.lev) until June ].9g4.

Since then the problems have been completely under control though the
windows are still- tesLed every morning.

15, The source statisr, lcs ar-e shown in Table 2. This cle:ir.Iy shows how

operaLing efficiency h;.is ;r'lc::eased sEeadil-y sirrce Lhe mar:hine was

cornmi ssioned; how the r,;:eraLing hours per year lave increased as Ehe need

for shuL-downs has dim:'_ris:'ret1 , and how 1983/tl4 suf fered from Lhe window
problem. The loss of ,.r:;ef rrl i ime \,ras greater than lrnpli.e<i by rhe Table as

it does not disLinguisir re<ltrc.,rti energ"y operaLion. WiLh a Eotal beam time of
over 6000 i'rours per annlrrn uhe SRS is oper:al_ing for 2-3 times longer per year
than any other source. TE is now workirrg very reliably and well up to iEs
specification. Between i98I/82 and 1985/86 Lhe nunber of srarions taking
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ABLE I EXPERIMENTAL STATIONS AT THE SRS

Magnet Stat ions

t.l

t.2

2.t

t)

3.1

11

3.4

Technique

Surface science: under construcEion. Low
energy toroidal grating monochromator

Surface science: under construction. High
energy spherical grating monochromator

Time-resolved sma11 angle scaEtering and
fibre diffracrion (TRXSD): under
cons E ructi on

UlEra-sma11 angle scattering and TEST:
under construction

Photo-ionisation spectroscopy (atomic ancl
molecular) : Seya monochromaEor

High resoluEion spectroscopy (atomic and
molecular) : 5m Mcpherson monochromator

PhoLoelectron spectroscopy (gas phase) :

Toroidal grating monochromator

Sofr X-ray EXAFS (SOXefS) and conracr
mi cros copf/ 1 i r hography

Focussing sofE, X-ray microscopy using
undulator magneE: under construction

Angle dispersed photoeleeErorl spectroscopy(solids) z Crazing incirience nonochromator

AngIe dispersed photoelectron spectroscopy
(solids) : Toroidal grating monochromat_or

Surface EXAFS (SEXAFS)

EXAFS (wirh or withouE pre-mirror)

Protein crystallography (pX) high angle
fibre diffracEion (HApD)
Sma11 angle scattering and fibre
diffracrion (SAS/FD)

Transmisston EXAES; Energy dispersive
EXAFS (under construcEion); TEST

Topography (TOp): double crysEal
Topography: white radiaLion

I

2

3

5
( Undulator
Magnet )

6

5ll

6.1

6.2

6.i

7.1

1.)

7.3

7.4

1

)

)
)

7.t
7.6

),'c
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Magne E

9
(Wiggler nagneE-
hard radiaEion)

IO

1'.)

13

St at i ons Technique

EXAFS

Small angle diffraction (SAD)

TEST

Powder dlffraction (PD)

EXAFS (hard X-ray)

Topography : double crystal or white
radi at ion
Surface diffraction: under consEruction

Protein crystallography. FAST TV detector
High angle fibre diffraction (HAFD)

TEST. Laue diffraction energy dispersi'ze
diffraction : under construcEion

Test chamber : initially for opEical
component,s

Fluorescence lifetimes and Eime resolved
specE ros copy

Inf ra-red spectroscopy
General purpose spectroscopy : to be re-
built posE HBL. FT IR specEroscopy
development under consideration by SRFC

B 8.1

8.2

8.3

9.r

9.2

9.4a* )

9.4b )

9.6

9.7

t0. t

l, 1

13.1 )*
13.2 )

(EXAI'S-EXLended X-ray absorption fine strucE.ure)

*:ignifies dual purpose or separat-e stations which are not independently
operable

-5-



TABLE 2

MULTIBUNCH BEAM

SRS YEARLY OPERATING STATISTTCS 8/61 8I tO 3I/3/86
(based on daLa from I April to 3l March each year)

8L/82 82183 83184 84185 8s/86

1. Scheduied Multibuneh

Achieved Mult tbunch

Allowance for filling and
i ns pect ion

317 9

2132

(Hrs) : 244 353 248

(Hrs)

(Hrs )

2t95

I39l

2232

1597

439'2

3293

5,100

4 r57

488 600

2

3

iiilt ibunch efficiency ( 2/ (t-3)) : 71.3 75.4 80.5 84.3 86.6

S INGLE BUNCH BEA"I,I

Scheduled Single bunch

Achieved Single bunch

Allowance for filling and
i nspect ion

(Hrs) :

(Hrs) :

(Hrs ) :

694

360

312

157

978

561

I I44

7895

6

77 35 109 t27

56.7 64.5 77.658. 3Single bunch efficiency (5/ (4-6) )

"{iGGLER. 
BEAM

7. ToEal Wiggler Beam (Hrs ) : 292(*) ZgZZ 3933

Wiggler efficiency (7 / (2+5) ) 75.8 79.5

(*) Wiggler nor scheduled for all this period

TOTAL BEAM

Total Scheduled Beam

Tocal Possible Beam

Toral Achieved Beam

(Hrs) :

(Hrs);

(Hrs) :

219 5

195t

r 39l

387 3

3443

2492

2544

226t

L7 54

537(l

1773

38 54

6544

58r7

49 46

NOTE : Beams of less than 2 hou rs duraL ion are not count.ed in Ehe ,'Achieved Bearn"
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beam for commissioning or for experimenEs has grown from 3 to 2I (counting

alternaEes as one) so that Ehe number of station-hours per year has

increased 25 times, with a large parL of Ehe increase effectively occurring

since June I984.

16. Under an Agreement. esLablished in March 1982 rhe programme of

biological research at, the SRS is joinrly funded by SERC and E,he Medical

Research Council (l'{RC), who also conEribuE,e Eo the cost cf relevanE capirai
developmenEs aE the SRS such as the High Brightness Lattice. In addition,
the two Councils joinrly fund the Biological SupporE, Laboratory which

provides the on-site facilities necessary for the preparation and

characterisaEion of biological sarnples. The LaboraEory provides a
scientific environmenL Ehat enables Ehe biological communiEy at large Eo

underEake research and development, relaEed to synchrotron radiaE,ion at

Daresbury, and Ehe staff carry ouE, an approved in-house research programme.

17. At the end of 1981 SERC reached an Agreement with a consortium of

indr"rstrlal firms for use of the SRS. The lndusErial- Consortiun incLudes the

Bri"uish PeEroleum Company LLd, Imperial Chemical Industries plc and SheIl-

Research Lt,d. The AgreemenE, covers E.he period January 1982 to March 1987

and involves the provision of the order of 400 service shifts. The

Consortium receives the usual back-up services provided by the Daresbury

LaboraEory, alchough additional payments are required for dat.a processing

and access to other facilicies beyoni Ehose of a "standard'r nafure. The

AgreemenE allows Ehe Consort-ium members t-o carry ouE propriet.ary research aL

the SRS without Ehe need ro go through rhe SERC peer-review syst.em. The

majority of the work carried our by the Consortium members involves Lhe use

of the EXAFS sEations together wirh a small- amorrn! oi Lirne on the small-
angle scattering and powder diffracuion staEions.

18. 0n 2 Decenber 1982 an agreement was reached beEween rhe SERC and the

ilederLanise 0rganisatie voor Zuiver Wetenschappelijk 0nderzoek (ZWO)

,.:oncerning Lhe use of E,he SRS by experirnencers f rom The Netherlands, and the

provision by ZWO of a beamline and Lro sEaLtons on ?or:8 of the SRS and an

oileratiorral sctenEist.. The stations ior SmaIl AngIe Difiraction sEud:-es and

rhe station for Extended X-ray Absorption Fine Structure (EXAFS) studies

have been installed and cornrnissioning is well advanced, and several lulch
scientist.s have alreadv used exisEing experimenlal sLations at the SRS. The

,igreement expires on i December 1987 and a review wilI be underLaken durinq

I986, when extension of the AgreemenL beyrond I987 shall be considered.
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19. Since November I98i the Swedlsh NaEurvetenskapllga forsknlngrrSd"r
(NFR) has purchased stacion-shlfEs at the SRS to enable Swedish scienElsEs

to submiE experiment applicat,ions Ehrough Ehe SERC,s peer revlew procedures

eirher lndependently or in collabortlon wich UK researchers. So far Swedish

scienEists have used of Ehe order of 200 shifts.

Scientific Achievements at Ehe SRS

20 The major scienEific achievements at t,he SRS are described in derail in
Appendix 1. These descriptions are based on t.he presenEations made aE the
science review meeEing on 7 February 1986 by members of the Synchrotron
Radiation Facility CommitEee and leading UK researchers, wiEh views of
members of the Review Panel. Here we summarise t.he rnain research areas and

achievements at Ehe SRS and introduce some more subJecEive commentary. The

topics are set out ln a series of headings based on synchrotron Eechniques

and subjecE areas of science arranged in an order designed to reflect Ehe

specLral range of synchrocron radiation moving from hard X-rays through soft
X-ra;ls, ulEraviolet and the lnfrared region.

2L. X-ray topography is an imaging cechnique which maps localised latt-ice
sErains in nearly perfect crysEals and is used to produce phoUographic

images of defects such as dislocaEions and stacking faults. It has been

used Eo greaE effect aE. the SRS for dynarnic sEudies of changes in defect
strucE.rrre during physical and chemical processing, for stagistical
exaninaEion of crysral growth and for experimenE.s exploiting uniqrre feaEures

of synchroLron radiaE.ion such as diffuse scaEEering of whire radiation in
the identification of "voidiEes" in diamond. The communit,y is active, it. is
carrying ouE experiments which would oEher\.rise be impossible and is working
aE Ehe forefronE of international science.

?.2. Protein crystallo graphy has exploited synchroEron X-ray radiat,ion in
several different ways. The mosE promising work concerns Eime-resolved
studies of enzymes undergoing reactions. This has already been achieved at
che SR.S using convenE,ional Eechniques but explolting Ehe high brilliance of
the source. Laue Eechniques are being developed t,o use the even higher flux
of whice radiaEion from Ehe storage ring. Exposure Eimes of a few seconds

on small crystals yielri Ehousands of Bragg spoE,s which wilI be useci to solve
strucLures. ProLein sErrrcLure solving iras been achieved on many crysr-aIs aL

higher resolution because of the unique X-ray opE.lcal properEies of

-9-
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synchrotron radiaEion. Extremely small crystals have also been shown to be

usable. Elsewhere anomalous dispersion techniques using several X-ray

wavelengEhs have been used Eo solve the phase problem by working near Lhe

absorption edge of narural met.al ions or ions added to the crysEals. This

is a rcajor opportunicy which the UK communiry wilI be welI placeci Eo exploit
now thaE the FAST area deEector is start,ing to operate sat.isfacEorily. The

protein erystallography cornrnuniEy in Ehe UK is well organised, has been weII

serveci by the SRS and enjoys a high inEernaE,ional repuEation. In the

future, lmproved convenEional sources coupled wiEh Ehe new generation of

area detectors may supplant. the SRS for routine rapid daEa collecEicn. The

Eirne released will be rapidly absorbed, however, by other novel experimenls

which demand Ehe characEerisEics of Ehe SRS.

23. AfEer iniEial p roblerns, X-ray diffraction of powders and amorphous

solids has become a florrrishing and productive area of synchrotron science

in rhe pasE Ewelve months. The spectral continuum is being exploiteC:o
deEernine parEial correlation facEors using anomal-ous dispersion, anC energl.'

Cispersive Eechniques are being used for rapid dara collection uncier

changing pressure and Eemperature. The collimacion of che beam gives

excelienE resolution in a Eechnique that depends on separation of

diifracEion peaks and deEermination of their shapes while Ehe high intensicy

a1lows rapid daEa collection. Zeolite structures are being deEermineC,

binarlr merallic glasses examined and induced phases in inorganic corooounds

siudied. The science aE Ehe SRS is clearly now expanding quickly and is
inte rnaE ional ly compec.it ive.

24. Syn chrotron radiation has revolutioniseci X-ray absorption sDectrosccpl.

Extended X-ray Absorption Fine SEructrrre (EXAFS) spectroscopy exploits the

Euneabiliry of Ehe radiaE,ion and is used in the vicinity of rhe absorption

eCge,tf a meEal to determine Ehe disLance Eo the surrounding aE.oms, A

related Eechnique - X-ray AbsorpEion Near-Edge Spectroscopy (XeNgS) - refers

ro the specErun closer ( 50eV) Eo the absorption edge and requires a more

ccrnpiex mulriple scaEEering theory but gives angular infor'-nation as weli as

distances. The methods have been powerful tools in the study of metal icns

in a varieEy of metalloproteins and some important successes have been

obtained aE Ehe SRS. The methods are equally powerfr:l in the study of

met,als ia glasses, in catalysLs and in rnetal complexes in solutions.
Surface-sensit.lve EXAFS have exlended Ehe use of the Eechnique in the areas

of surface chemisEry and catalysis.

- l0-
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25. X-ra fluorescence (XRF) for trace element ana is at the SRS has

demonstraLed sensiEiviEies for meEaI ions of an order of magniLude greaLer

than Ehose obEainable when using convenEional laboraEory-based sources. The

trace elemenE analysis demonsEration experiment was a joint UK/Dutch vent.ure

on the topography starion which has already demonsErated 0.05ppm for copper

in glass, analysed arsenic in silicon, and correlated impuriLies in
preeursor germanium wiLh poor device performance. The rnethod has

applicaEions in biological systems of agriculEural and medical interest.

?6. QqC]i angle ""aIte.ing ug:-ng X-rays of ^l^A wavele ngth gives lnportant
strucEural inforrnation on viruses, biologlcal fibres and synt.hetic polymers

especially when support.ed by electron microscopy, neut,ron scat.t,ering and

modelling. The major advant.age of synchrotron radlation is the intensity
which a1lows sLudies of weakly diffracting speclmens and Eime resolved

st,udies which are impossible with rotaE,ing anode X-ray generaEors. Several
of the UK groups working in rhe area of muscle still have t.heir major

achieveroenEs aE Hamburg. Although work aE Ehe SRS has been slow due co lack
of sLation Eime and of resources Eo provide sEat,e-of-the-art deE,ectors,

Ehere are noEable achievements in polymers, l1quid crysEals and several
biological sysEems inclrrding collagen and some exciEing Eime resolved

studies on DNA Eransformations"

27. A range of phoEoelectron spect,roscopic, and laEely diffracLion,
techniques exploiEing che brighEness, tuneability and polarisation of
synchroEron radiation over the enEire energy range - UV, VUV and soft and

harC K-r:ay ranges - are being app lied ro surface sci.ence. There have been

signif icant advances in phoEoeraission studies of meE,als in serniconduct.ors,

on Lhe elect.ronic sErucLure of random substitutional alloys, on 1ow

dimensional metal/metaI syst.ems, on growth mechanisms of semiconductors on

semiconductors and in the Eechnique of surface EXAFS. The int.ernaElonal
standing of Ehe work is high but Lhe investment is low compared Eo Eha! of
Gernrany and Ehe United StaEes.

28. Sot--t X-ray microscr;p), using synchrol_ron rad. ation oif ers consr,lera'oIe
promise for the biologist in producing images oE living sysEems in an

aque/)tis environmenE'riLhout- fixing, staintng or freezing. The rnerhod will
expl-:it Ehe window beLween 234 and 434 where proteins absorb more strongl;r

-i l-



than water and should ultimately give a resolution of ^I004, alrhough

specimen damage may resErict exposure Limes. ContacE imaging using a

phoEosensitive resisE has been act,ively pursued at the SRS. A scanning

microscope using a zone place is being developed and will soon be used on

the undulaEor line aE the SRS. UK groups currently lead the world in
t,echnical achievement.s in Ehis area.

29. Synchrot.ron radiation nnakes availabl-e exciting possibilities for the
stud,,, of atoms, molecules and clusters using soft X-rays and VUV raCiation
in specEroscopy, collision physics and molecular dynamics. The experiments
are not only of fundament,al importance but also provide services to
astrophysics, plasma physics, the study of 1ow dimensional solids,
phot.ochemistry and surface science. Highlights have included Ehe sEudy of
photoionisation of charged ions, and the det.erminaLion of decay modes of
molecular ions. FuEure use of Ehe "Ehreshold electron" Eechnique will lead
to insight.s inEo long range electron-electron correlations.

30. The Theory Group aE Daresbury provides sErong support, for certain
areas of research in Ehe SRS programme. For insEance, iE has developed

theoret,ical and computaEional methods for calculating phot,oetrission, EXAFS

and XANES spectra, and also absorptlon spect.ra of aEoms, ions and molecules,

which have been crucial for the extract,ion of informaEion abouE atomic and

elecrronic sErucEure of atoms, molecules, solids and surfaces. Uagnefic and

alloy systems are examples of solid-sEate materials now under investigaLion:
new surface methods are also being developed which will cont.ribuEe to the
interpreEation of surface-sensiEive probes.

31. There has been very liEtle activiEy in far infrared spectroscopy,
irhere preiiminary experimenEs have demonstrated a high background Eo noise
ratio probably due Eo t.he design of Ehe exrracEion optics. The optics are

now being re-designed f or installaEion ,nrhen f unding perioits: potential
applicaEions are in infrared active lat,tice modes anci dielectric properties
of a range of maEerials.

32. The portfolio of experiments aE the SRS has notable gaps; for example

work elsewhere inclrrdes digiEal subE,racLion angiography (described in
paragraph 33) , circular dichroism, nagne';ic X-ray scaEtering, inelasr- ic
scatEering, standing wave analysis and a flrrorescenf Mf,ssbauer demonsLraLion

experinenE. Some undorrbredly represent lost. opportunities of imporLarrce but
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it would be unrealistic to expec[ the UK community tc be equally active in

ali areas of synchroEron radiation science.

33. Angiography - the non-invasive imaging of blood vessels - can exploit
the tuneabiliry of synchroLron X-ray radiation by subrracE,ing images just

above and below the absorpEion edge of rhe iodine in Ehe contrast medium.

IE may prove to be useful in identifying incipient blockage before

occlusions occur in coronary arteries. This is an area where the initiaEive
trust come frorn Ehe medical communiEy. It ls the subject of considerable

activit,y in Stanford, at DORIS in Hamburg and aE the Photon Factory in
Japan. However, the cosE per patient may rule out Ehe use of the Eechnlque

on a routine basis. Little interest has been shown so far by the UK medical

community and no work in thls area has proceeded at SRS. It would be wise

to maintain close conEact with Ehe groups at oEher sources so that prospects

can be re-evaluaEed.

34. The experiments described in paragraphs 2l to 33 all depend on multi-
bunch mode operaLion - 160 bunches of electrons circulating in the ring -
which generally produces the maximum ouEpu E. Tn single bunch mode the SRS

delivers 2l0ps wide pulses every 320ns. The teething problems in developing

reliable single bunch operation at t.he Daresbury Laboratory were

considerable and iE was not until 1985 that single bunch mode was 70%

reliable at a ring currenE of 20mA; L5Z of. SRS running Eime is now

allocated Eo this mode. In the last year progress has been very encorrr:aging

in fluorescenE. lifetimes and time-resolved st,udies on fluorescent.

depolarisation anisotropy. These have given information about

the sEructure and dynamics of biological systems such as phospholipid

bilayer membranes and proteins, as well as inorganic systems such as novel

reacLions in gaseous ion-pair states. This lat.ter experiment being uniquely

possible on a synchroLcn source.

Vie'.^rs of the Sub ect Committees and 0ther Research Councils

35. The SERC Subjecl Committees and other Research Councils were

-i3-

represented at the review of synchrotron radiation science held by the Panel

on 7/8 February 1986 and subsequent,ly produced reports which are included in
Appendlces 2 and 3. Co,rmiElees noted wit,h regret Ehe lack of discussion of

eosts and the consequenL difficulties in rnaklng statemenEs concerning "va1ue
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36. The Biological Sciences Connittee was impressed by the scientific
achievemenfs, especially in protein crystallography, in srna11 angle
scattering of fibres and in EXAF'S of metalloproteins. It found a "rnodest
potential" for wel X-ray microscopy but felt this was some years away from

belng achieved. Some useful- achievemenEs using the siagle photon counti-ng

instrument for fluorescence anisotropy were also identified.

37. The Chenistry Committee felt that the most widety used applicar,ion
for synchrotron radiation t.o chemlcal science was in structure deEerminalion
in its broadesE sense, including X-ray diffraction, X-ray absorpElon
specLroscopy, X-ray topography and phot.oelectron spectroscopy. IE noted Ehe

applicaEions of relevance to the Committee's forEhcorning initiaEive on

caEalysls and interfaces. The Committee took the view that, although lasers
are more convenient ln Ehe visible and near ultraviolet regions, the
synchrotron is the only pracLical source of tuneable radlation for
spectroscopy aE wavelengths shorter than 250nm. The Chemistry Committee

noted rhaE at very long wavelengEhs the flux and brighr-ness of rhe

synchroLron radlaE,ion source become superior to Ehose of tuneable laboratory
sources, making vibrat.ional and microwave spectroscopy attractive.

18. The major areas of interest to the physics Commirtee w-ere X-r av

topography, the study of surfaces and inEerfaces of relevance Eo 1ow

dimenslonal structures (LDS) and catalysis inltiatlves, and VUV and soft X-

ray sEudies of aEoms where there was considerable potential in limited
areas. The Physics Committee was noE enthusiasEic about the achievements in
physics at Ehe SRS. IE noted the conrribuElons of physicists in the
development of areas such as EXAFS, X-ray microscopy and far lnfrared
spectroscopy but saw little applicability to physics eirher in these areas

or 1n small angle scaElering, in trace element analysis or in single bunch

mo<ie experiments. The Ccmmittee recognised the interesL to biophysicists
and medical physicists of protein crystallography and angiography. In
general t.he Committee ccnsidered t,haE t.he physics aE the SRS was not
outstanding and chat there was a history of technicaL problems which
requi-red the SSRP ro conslder the managemenE and reliability of the
faciiity. The Physics ConmiEtee noted that expenditure on physics research
at Lhe SRS was probably about 67% af. Ehac of mainstream granEs and exceeded

thaE allocated Eo low dimensional scrucEures.
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39. The Laser Facility Committee noted that research of impressive

quanliEy and quality had been carried out ln the past year of sustained

operat-ion, but thaL VUV and slngle pulse operation had not been as

productive as main stream X-ray work. The Laser Facility Committee

consirlered lasers t.o be Ehe most appropriaLe sources for wavelengths above

l20nm because of 1ow cost, flexibility and exLremes of accesslble

characteristics such as short pulses, high spectral brightness and narrow

bandrsidth. From the comments of Ehe Laser FacliiEy Committee and

discussions at the February Review Meeting Ehe Review Panel noLed thaL

although undulators clearly will provide VUV and soft X-ray radiation

brigtLer Lhan the SRS, this is a region of rhe spectrum also available in

the radiation from intense plasnas generated from excimer lasers. For

certain Eime-resolved experiments where high peak power and short pulse

duration are required, laser sources will be invaluable. For other work the

plasma source remaj.ns to be developed and its compeEiEiveness 1n terms of

average brightness (average flux per solid angle), cleanliness (perhaps

requiring elaborate differential- vacuum prrmping), and cost remains to be

assessed. Moreover Ehe 1ow duty cycle may create difficultl-es for some

types of detecLor.

40. The Synchrotron R.adiation Facility Committee (SnfC) r,vas ent.husiastic

about the research achievemenEs at the SRS and felt that the resumd

included in Appendix 1 was usefrrl, but noted that the,lescrtpLion of

activity in protein crystallography underplayed the unique conEribuLion of

the SRS. It also noEed thaE Ehe resumd referred mainly to work earrled out

in tire past year and hoped that this would noE be taken to lndicate that

1itt1e had been achieved previously. It requested Ehat Ehe atLention of the

Review Panel and other CommitEees be drawn to the summaries and list of

publications presented in previous Daresbury Laboratory Annual Reports. The

SRFC was criEical of omissions in the reporLs of Ehe Subject CommiEtees.

For example, the SRFC placed greater emphasls on the tine-resolved

experiments than was conLained in the report from the Biological Sciences

CommiEEee. The SRFC was particularly concerned abouE, the reporE from Lhe

Physics Committee, which ir considered to be open Eo misinterpreraEion. IE

felt that the slow progress aE SRS in atomlc and molecular science was

assoclated wiEh difficulties in the developrnent of suitable monochromaLors.

NeverEheless, of gfig sr:veo items listed by the SRFC as highlights in the

L985i86 progranme, three came from atomic and molecular beam workstatlons.
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41. The Materials Committee of the Englneering Board, considered that

more rnembers of Ehe Materials community were becoming aware of the

capabilities of the SRS. Given Ehe excellent state of working order which

the CommiEtee undersEood that the SRS had now at tained, and in view of the

spectacular advances in the understanding of materials which current
instrument,ation trends were making possible, t.he CornmitEee foresaw the SRS

playing a gradually increasing part in it,s work. IE was of the essence,

however, that Ehe facilities and daEa interpretaEion be provided as a

servtce on a reliable 'productlon' basis, with sErong user control. The

major areas of inEerest Eo the Materials community were held to be surface
sclence, topography, small angle scattering with liquld cel1 faci11t.ies,
rocking curve analysis of thin epitaxial films, EXAFS (atomic siEes or

clusters in solids) and lithography using a dedicated VUV source. Longer

term interest would include surface EXAFS (semiconductors, metals and

ceramics), sma11 probe (IUm) microanalysis and X-ray microscopy (polymers).

The Committee would be keen to see nore substantial Engineering Board

involvement in the SRS. IE recommends, however, that. this be conditional on

achieving a consensus LhaE the SRS is a tproduction' machine and Ehat any

modrficat.ions requiring a significant down time should be subject Eo a

vigorous cost benefit analysis involving all users.

42. The AgriculEura.l- ancl Food Research Councrl (AFRC) supporLs a limi:ed
nunber of projects, both in iEs InsLiEuLes and at universities, in which use

is made of synchrotron radiation. There does, however, appear to be an

increasing requirement- i--or lhe use of SRS techniques in Ehe research

programme which would confirm LhaE t,he limiued experience to date values Ehe

r:se oi these facilities in l-he achievement of agricultural and food research

objectlves. This increased use is expecLed Eo continue in the fuLure as Ehe

benefiEs from the use oi SRS techniques are established. One speclfic area

t.hat ls reporting an in:jrease,J r:equirement for the SRS faciliEies is the

f ood research prograrnme. 'Ihe lorrg Eerm plan for the SRS would appear Lo

offer rhe kind of EaciliEy that woultl be appropriate to support, t.he AFRC's

aroposed research programme, and Ehere is no indlcation at this Eine t.hat

t.he planned ESRF would offer particular benefit for Ehe AFRC prograume over

thaL Eo be provided by present and projected SRS facilities.

/13. The Medical Research Council (MRC) commented that bearing in mind

it has agreed Eo make acievelopments aE the SRS now in the pipeline t.o which
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caplEat contributlon (the hlgh brlghtness lattice and Ehe Eime resolved

X-ray dlffractlon facility), the Council foresees thaE Ehere wll1 continue

Eo be biomedically importanE and tlmely proJects for which access to a

synchrotron source will be esssenElal. ProJecEs whlch neet these criEeria
at present include in particular time-resolved studies, for example of
enzyme kinetics in crystals and of muscle conEracEion. Adequate beam-Eime

from an appropriaEe source needs to be allocated to Ehese advanced projects,
if necessary aE Ehe expense of less advanced projects, and they should be

properly supporEed wifh the required insErumentaEion.

44. The Natural EnvironnenE Research Council (NERC) conmented thaE Ehere

is currently very 1itt1e active part.lcipaEion in the SRS prograrome by

research workers in Ehe NERC field. Work by researchers at Manchester

UniverslEy, involving use of EXAFS on glasses as a treans of modelllng melt

strucLures, however, is highly regarded by the NERC. Looking to the frrture,
the research interesL is likely to grow and Ehe abiliry co detect very low

1eve1 Erace elemenEs (in comparison with convenEional techniques) is
potentially of such greaE interest, for example in geochemisEry, that NERC

involvemenE may grow rapidly. One area of fruiEful NERC/SERC collaboration
could be joint projects, utiltsing the facilities and expertise of NERC-

supporEed high pressure and high temperature experinental facilities, with
SERC materials scientist-s.

Comments of the Review Panel

45. The Synchrotron Science Review Panel is enEhusiastic about Ehe

quality of the research now being achieved at the SRS. It not.es that
problems wiEh the RF cavity windows and other rnachine faults denied Ehe

scientific community reliable access for considerable periods in 1983 and

1984, and EhaE ir took several years to build and cornmission a reasonably
comprehensive set of insrruments and sL.ations. The period since mid-1984,
however, has wiEnessed a spectacular growLh in high quality research over a

broad area as Ehe source consisEenEly performed up to irs specificaEiou. In
1985 over 5000 hours of beam time were provided - an exEremely high figure
for a st,orage ring. The availabiliEy of a good beam and the implement.ation
of new beam llnes and experimental sEations has revoluEionised t.he research:
Ehis is particularly trrre of surface studies using phoEoemission and SEXAFS,

and generally in X-ray specEroscopy and X-ray diffraction applied to the
study of molecular sEructure.
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46. The Review Panel ls concerned abouL the ,'sluggishness,, in funding and

implementing decisions concerning equipment and new ideas aE nehr

experimental stations parLicularly in the surface science area.

47. The Review Panel notes the lack of high quality and reliable
detectors. The FAST area deEector will radically change protein
crystallography in the futrrre, and a reliable wire chamber has now been
achieved; but invesEment is urgenEly required in a wider_ranging
developrnent. of detecEors for most beam lines. This is a world_wide problem.
Effort in this area, as in other aspects of iirstrumentation such as
nonochromators anci mirrors, over the next few years, would pay subsLanLial
dlvidends. This is particularly so for those which might have rnulEilayer
optical coatlngs similar Eo the multilayer sysfems which are part of the
eurrent Science and Engineering Boards init,iatives in growing such
structures. The work is challenging and could, at leasE in part, be

appropriate to University research departmenEs, providing valuable training
and pr:ssible spin-off to orher (non-syncirrotron radiation) applications.

48. The Review Panel is concerned abouE t.he almost total lack cf acEivity
in syachroLron studies of materials by the Englneering Board research
comrnunity and lack of enthusiasm and imaginatlon amongst physicists fcr
synehrotron research in many areas of solid stat.e physics. This is in
direcc contrast to activity at oEher synchroLron sources which concentrate
on solid staEe physics and materials science. The Revlew panel noted.,
however, Ehe Materials CcmmitLeers views that the inLerest of the UK

i{aterials community is now expecEed to grow.

n9. The Review Panel wishes to underline the inportance of
chemical sci.ences.

diff ract ion
end sr:ectros cooic studies 1n th.e

llt;. The R.eview Panel welcr:mes L.he new structure of user supDort now being
set in lrain at the SRS. The appotnlmenL of professor M Hart as Science
?rogi:amae Coordinatcr tras had a stimulating effect on activity, and the
organisation of support staff inLc teams responsible for experimental
statir,'ns is welcomed.
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III. THE ACADET{IC USER COUMUNITY

51. The survey of the academic communi ty included SRS users and Heads of

DeparEments of Biological Sciences, Chemisrry, physics, Materials Science

and ElecLrtcal Engineering 1n Universitles and Polyrechnics. The findings
of the survey underllned the widespread depEh of lnteresE in Ehe use of
synchroEron radiation. Research groups in some 49 Universities and

Universit,y Colleges and 9 Polytechnics were identified who expected either
Eo continue or Eo develop research programmes lnvolving Ehe use of
synchroLron radiation. Within these cenEres Ehe survey conflrmed thar the
spread of interest pervaded many branches of sciencel research groups were

located in some 37 Biology Departnents, 42 Chemistry Departments, 33 physics

DeparE,ments and 1 I Departments of Engineerlng (including Materials/
Met.allurgy DeparEments). The summary of the energy ranges of inEeresE Eo

the academic community identified from Ehe survey is given in Figure l.

52. The activity and inLeresL of the Biological Sciences communi ty was

reflected in replies from 37 different, departrnents which were nainly
biocheroical or biophysical in orienEat.ion. The main areas of interest were

in ce1l or molecular biology or medical biophysics and covered a range of
techniques including X-ray diffraction (15), small angle scattering (17),
time-resolved fluorescence spectroscopy (16), X-ray microscopy (7) and EXAFS

(t21. There was also Iimited interesE in angiography, circrllar dichroism
and mutagenesis studies (over a range of wavelengEhs) which are noL

currerrEly planned for the SRS. There is a general interest in Eine-resolved
studies reflecting Ehe imporlance of the dynarnics of biological sysrems.
The community expressed concern thaE proper beam line support personnel,
good detectors and a broader range of support facilities such as cold rooms

are made available (though E.wo cold rooms are now available at the SRS).

i3. Some 42 Chemistrv De partments expressed an interesE in svnehrotron
raciiaLion science and Erre potential user comnunir,y appears E.o be larger than
tnaE in biology. The areas of int.eresL mentioned covered materials science
(ZO;, general chemlst-ry (:a;, surface science (Z+1, aLomic and molecular
physics (6), condensed mat.ter physics (7) and molecular and cell biology
(8). Instrumentation was of special interest to eight groups. The major
rechniques were EXAFS (:a; , X-ray diffraccion ( Ig), small angle scarEertng
(tO;, fluorescenr studies (16), photoelectron spectroscopy (19) and
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ropography (3). The community appeared to be generally happy about SRS

facilities although shorLage of experlmenLal sEations and personnel are of

concern.

54. A total of 33 Physlcs DeparLnents responded to the survey and

demonstral-ed the exisLence of a large communit.y with a wide range of

inLerests which included aEomic and molecular physics (9), condensed matter

physics (22), malerials science (21), surface science (i4) and some biology
(5). The techniques included EXAFS (16), X-ray diffracrion (i5),
photoelectron spect,roscopy (12), microscopy (3) and topography (3). There

h/ere many commenEs that the SRS satisfied the needs of present users

although many commenEed on Ehe desirability of improving instrumenEation and

in particular del-ectors. There appeared Eo be widespread supporL for more

lntense uluraviolet facilities.

55. There was very limited inEerest in synchrotron science expressed by

Electronic and Electrieal Engineering, Materials and Metallurgy Departments.

0nly eleven departmenl-.s replied to the questionnaire. The main inLerests
were in absorption specLroscopy (t i1, photoelectron specfroscopy (3),

fluorescence specLroscopy (2), X-ray diffraction (6) and topography (3).

The Review Panel is concerned about the lack of achievemenLs by engineering

deparLmenLs in synchroLron radiation science.

56. The Re view Panel notes the steady growth of the user community, as

shown in Figure 2. Taking inLo accounE Ehe undoubted influence of the

window problems in 1983/84, on the demand for Eime, the subsequent rise in
demand for beam time is broadly in line wiEh the predicEions of the SRFC in
1983 of a 202 growth in activiuy per annum bet,ween 1980 and the early
1990's.

57. The Review Panel is concerned Ehau the interest shown in the physics

community is not reflected in the SERC Ph ysics ConmiEteers commenEs. This

disparity requires further invest-igation.

rv. INDUSTRIAL INTEREST IN SYNCHROTRON RADIATION SCIENCE

58. The survey of industrial int,eresE in synchroEron radiaLion has

involved (i) companies E,hat- have already been involved in the SRS programme,
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elther independently (eg industrial consorLium members) or in collaboraLlon
with academic researchers and (ii) companies that have noL so far been

i nvcl Ived i n Lht' SllS prrl14r..trnme.

59. In Lhe first category some 22 companies, involving more than 40

research groups, hrere approached. Each company vJas asked to record the
expected future development of Eheir requirements for synchroEron radiaEion
and t:o comment on any barriers to progress in their use of synchrotron
radiaLion sources, including the use of faciliEies overseas. Details of the
SRS and ESRF parameters r{ere provided, togeEher with brief extracEs from Ehe

0cLober 1984 European SynchroLron Research projecE (ESRP) Report. 11

companies replied Lo the srrrvey.

60. In the second category 54 corapanies were approached. They were
chosen from the chemical, optical, semiconductor and mechanical engineering
indrrsLries with an R and D expendiLure greaEer than llM per annun. Details
of Lhe SRS and ESRF parameters and a copy of Ehe Report of Ehe ESRP Srudy
Group on "Industrial llses of Synchrotron Radiation" were provided. Each
compilny was invited to commenL on the nature of t.heir potential inLerest in
future Sll researcir and on any barriers to progress in their fuEure use of SR

faciLiti.es, including Lhose overseas. t6 companies replied to the survey.

6I. ExL ract-s f rom I 5 of rhe most <leEailed of
in Appendix 4 which also conlains a list of the
replied Lo the survey.

Lhe 27 replies are included
l2 other companies who

62. Very litEle int,eresE was shown in llchography for below 0.5 lm sofE
X-ray replication of sub-micron devices and circuits. 0n1y one major UK

comp;rny indicat.ed a programme in this area. IndusErial preference was for
stand alone X-ray sysLems where precision laser inEerferomeEric wafer sfages
and generai layer to layer alignmenE can be optimised. This cautious
approach contrasts with interesL in Germany, United States and Japan. The
electronics industry expressed interest in topography for semiconducLors and
surface EXAFS for dispenser caLhodes.

63. Several companies with activities in the development of caEalysts
have currenL work aE the SRS in absorption specLroscopy (gXepS), X_ray
powder diffracLion, single crystal analysis and trace element- analysis.
Similar techniques have been used by companies involved with anorohous
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strucEures such random a egates such as cements.

These Eechniques for expansion ln Ehe indusErlal area.

64. Biologi cal and organic polymers have been studied by the food and

synthetic materials industry using small angle scaEEering and EXAFS. As the

food industry becomes more research oriented there should be opporEuniEies

for fut.ure indusErial activtty ln t,his area a1so.

65. Indrrstrial respondents to the synchrotron survey were much more

critical of the service provided by the Daresbury Laboratory Ehan their
academic counterparts. Comments included:

- We would welcome a more rellable and better organised service with

easier access so thaL we could schedule our work in advance.

- In addition to problems such as non-reliability, poor technical

guidance/access Lo comput,ing facilities/program documenEatton,

overcrowded experimental areas and inadequate supporE.ing laboratory

faci[ities, cerLain techniques do seem to be oversold. IE is
importanE to give lnstrucEion to seE uP experimenEs E.o give

good, rellable data, rather than illustrations of what mighu be

achieved by the rechniques at Eheir limits.

- The principal requiremenE for 'tindustrlal" use of the SRS ls che

reliabiliry of Ehe source iEself and here t.he experience has not been

very happy. It is necessary to obtain access on a fairly short Eime

scaIe, say six weeks: many industrial problems have a Eendency Lo

appear Eo 8o away if a shorE t.erm solution ls not found!

as rnetallic alloys or

offer opporl-uniEies

- We may point orrt Ehat

with the EXAFS srluipment

in the past we have encounuered difficulties
not being ready for use for our work.

66. The uniformiEy of Ehese complainEs from industrial users partly
reflects rhe difficulties wit,h Lhe source and Ehe experinental statlons in
Ehe past, much of which has been recEified prlor Eo Ehe past eight-een

nonths. It. also highlighEs the need for a proper service if industry is Eo

be aEtracted ro rhe SRS. UniversiEy users have probably had no beEter

service but they are more prepared to carry ouE experiments Ehemselves,

-24-



given the basic facility. The Review Parrel welcomes the establishnent of a

service in EXAFS which should be helpful and a similar paLt,ern may be useful

elsewhere. Certainly a special industrial liaison responsibility needs to

be organised aL the Daresbury LaboraLory.

67. A second major area of criticism by indusrrial users concerned cosLs.

I'Iost felr Lhe existing cosE per hour excessive and some argued Lhat given

Ehe paymenL of Laxes by industry access ought to be on the same basis as

thaL of academia, ie peer review but no charge, unless secrecy and no

publi.cations were required. 0thers favoured the use of CASE student awards

and tound this mode of interacEion very useful. (Some 23 UK companies have

been involved in 4l CASE projects making significant use of the SRS, see

Appendix 4). Medium and sma1l size companies found [he alternaLive concept

of brrilding a beam line and making 25% avallable to academic users

"parlicularly unattractive, demanding hlgh rnanning levels and long term

commitments Lo untrted technology." In spite of Ehese criticisms the

indusErial consorEium has had a successful collaboraLive contracE with SERC

to use the SRS (this expires in 1987) for caEalysis, polyrners and surface
coalings. This has allowed subsEanEial technical progress in EXAFS, sma11

angle scaLlering and topography and iEs use is seen as an important part of
Ehe companies'research act-ivities in the future. It is hoped to extend the

range of techniqrres Eo include fibre, film and liquid crysral diffraction,
Erace element analysis and 2D X-ray diffraction techniques for inLerfaces
and surfaces.

68. IndrrsErial respondents seem to be happy wit.h the potent-ial facilities
aL Lhe Daresbury Laboratory and saw little prospect for use of a European

Syocirrotron RadiaLion Facility unless iE. were nore economic.

69. The Review Panei notes the varying modes of inEeracLion rlith the SRS

reqtrired by the eIecLr,,rr j-cs , catalyst, materials and f ood inCustries. Where

Lhe technology is new ancl unEried, exploratory agreements aL no charge need

Eo be used more flexibly, perhaps at the discretion of the Chairman of the
SRFC or the DirecLor of the Daresbury Laboratory. Equally Ehere are

opporEuniLies for CASE projects and Co-operative Research Grant programmes

Ehrorrgh Universicy/Indusrry collaboraLions. IE is unlikely rhat UK

companies have reached the critical size where building of beam lines
becornes at-LracLive as with the "big four" in Japan, (NTT, Hitachi, NEC and

Fuj i tsu) , anrl alEernat-ive collaboral-ive arrangenent,s along the lines of Ehe
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ICI, BP, Shell consorLium need to be investigated. Such arrangements might

include the use of an exLernal agency actlng on behalf of rhe SERC to boEh

co-ordinate and develop industriai interest in use of the SRS. In addition,

the DeparErtrent of Trade and lndustry should be encouraged Lo take into
account the potential for industrial access to the SRS in ics supporI of

industrial researeh and development.

v WORLDITIDE SYNCHROTRON RADIATION FACILITIES

70. The Review Panel undertook a derailed review of synchrotron radiation
facilities on a worldwide basis. Apoendix 5 contains a brief summary of
their conclusions which have been hased on direct visits. AppendJ.x 6

contains reference data on synchrotron radiation laboratories worldwide.

71. The Review Panel notes the tremendous aetivity in storage ring
construction and development in all major lndust.rial countries of the world.

Broadly the actlvity can be summarised in four categories:

(1) Synchrotron radiation sources comparable Eo the SRS (often not
purpose-builL as light sources but arlopted larer Eo provide
synchrotron radiarion) exisE in the llSA (eg SPEAR, CHESS), in Gerroany

(DORIS), France (OCI and ACO), rhe SovieE, Union (ar Novosibirsk),
IEaIy (ADONE) and Japan (Photon Facrory). Mosr have been operaEional
for several years and have a range of experimental stations
comparable to Ehose of the SRS, producing hard and soft X-rays,
vacuum ultravlolet. and ulEraviolet radiati_on.

(ii) Later, purpose-buiIt rings have been designed specifically for
X-rays (NSLS II at Brookhaven) or for the VUV (BESSy in Berlin, Super

ACO in Paris, NSLS I, Alladin at Wisconsin). BESSY was builr
especlally for industrial soft X-ray lirhography, and smaIl
industrlal rings are now being developed in West Cermany (Berlin), in
Japan (eg by NTT), and in Ehe UK (Oxford Instrumenrs) for rhis
PurPose.

(ili) For advanced X-ray work,5-6 GeV rings are proposed in the
USA, in Japan, and in Europe (fSnf;. Ar Scanford, pEp (a large high
energy physics machine) may becorne a dedicat.ed 8 GeV synchroEron
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source in 1987 (eqrrivalcnt in speciIication to a purpose-builr 6 GeV

ring). In Japan, several "TechnopoLises" (industri,al centres)
propose to incoriroraLe synchroEron radi.aEion sorrrces up to 6 GeV in
energy.

(tv) For the incre;rsingly imporLanI spe(]Li'ilt lr.:'i ;; ',.ii,L,.ueerr lrr arrd

3000 eV, there are proposals f cr 1.5 GeV a1l-undrrl,l .rr rir)gs aL

Trieste (CARS), 'tterkeley (ALS) and Berlirr (BESS{ i l ) whit:n wi I i. be

optiinised Lo procuce intense radiaL ion in Lhe sof L X-r'ay and varluum

rrltraviolet- regions.

12. Few storage rings are prr.jsenE.ly operationa.l- Lhree shifts r,er day

Lhrorrghout the year. lor example, DCI Paris operates for 1300 hours per

year compared with 6000 hours f or the SRS aL the D;rre-sbrrry L.abor;ttory, In
Tsukr,rba, the Photon Factory runs f or only f our rnont,hs of t-ne year: this is a

maLLer of ptllicy and/or f inance Eo a11ow develolrmenLs Lp i,..strumenLatr,rn Lo

t.ake rrlace i-n beEween Lhe periods of experirnenLal sLurlie.. DORIS Hambrrrg is
c'lrrerlLIy oDerating 650() hours per year, but oniy ?20() i: .ir:dicaLed mi',ie tor
synch rotron rarliaLion.

73. The manpower aL other synchrotron radiaEion sources is difficulL to
compare wiLn that of the SRS. Many synchrot.ron radiaLion sources appear to
have fewer personnel rln Lhr:ir st.aff (particuiarly cn conpui-ing) and fewer

admilr: straL()rs. For exarnpie, llirSYLAB il:,r.j rir iie sc ie1!-isl.s .1i,1 r-en eliliincers
and l-echnicians : Ehe PiroLon FacLory in .tapan lr;rs a s t-af f c-onrplemenL ol f ar
fewer t-han 100 scientisLs, engineers, Lecitirj.i:iarrs and adnrinisLraLors.
Howevr:r, many sources operate for fewer hotrrs and some give less supporL Lo

users - in instrumenL cr)rtst ruct.i-on and operation, data handling, daLa

analysis and so r)r). BE:-{SY. f or iast-ancer DroVi,lr,c nr, f :r:i -1. i Lit:s downsl.re:rm

of Lhe monochrornaf orii. .{irl:YL,{,li hrls a Iarge number r:i :l,.,i:t-,:,.aduaLe st.udenLs

who commit over tialf Lli,.ir- ,-irne 1.,) sLaLion and ,r:;,:r sul)l.,lt At Brookhavent
the membership of t:he F.rr'1-icip;rL irrg Research Te..,mr; numii. --i iev.errl hrrrrdred.

0ther diiferenc"a i."1.,,,,,, di lt'erences ;ln accessj Ll> wor<snupS a6d in
indust-rial staf f numbei'-: ,ii l.i .rrences in handl. irrg i-rCmiirislraLion and

ConpuLing; Supporl- fnr i. ltl crrir"',:p and for the i;ro!ri:rion.ri inSerEi6n
devices, beam stet':ring eLc; Lhe use of privaLe engineering cornpanies and

contract staf f ; the number of long-Cerm visr'.tors. NeverLheless, it is
unlikely that the SRS is staffed in a perfecLlv efficienL marlner. The

Review Panel believes Lhal more manpower is necessary Lo provide



satisfactory user supporL buL that thls could probably come from withln the

presenLly foreseen complement. However, in order Eo make a proper

assessment, a much morr: thorough study is required.

74. Most synchrotron radiation sources have a greaEer indust.rial activity
than fhe SRS. Beam lines are being constructed by private companies at the

Photon Eactory and the Brookhaven National Synchrotron Light Source. CosEs

per hour appear Lo be comparable t.o those aL the SRS when rhe facilities
provided are Laken into account.

75. ItlosL synchrol-ron radiatlon sources have a considerably grearer
activiEy in materials science and solid staEe physlcs than in biological
sciences, in contrasL to the position at the SRS. For example, at the

Stanford Synchrotron Radiation Laboratory X-ray phystcs and mat.erials

sclence are represented by:

In addition there is acLiviEy for the productlon of Very Large Scale

Integrated (VLSI) semiconductor devices and oEher microsE.ructures.

vI- THE POTENTIAL FOR DEVBLOPI{ENT OF THE SRS

76. The Review Pane1 considers the maintenance and conLinued updaEing of
machine and experimental faciliries, to at least the year 2000, to be the
mosL iuport-anE objecti.re for Lhe future developmenr of ghe SRS. This
objective is borh scientiEically essential and straj.ghtforward in
engineering terms.

77. The Panel's review has underlined the importance of the planned

instatlation of the High Brightness Larr-ice (HBL), Eowards rhe end of 1986.

This involves substantial changes Eo the arrangement of focusslng magnets

around the ring (known as the lattice). This major upgrade of E,he SRS
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in materials; phase Eransitions at, high pressure; electronic
structure of materials; fundamental X-ray scatEering and absorption
physics; atomic physics.



performance will maEch the increasing world-wide trend towards exploiEing

lhe very high radial-ion brightness possible in advanced storage rings, and

bring the SRS close Eo state-of-Ehe-art,.

78. The Review Panel considers the implement-aEion of a second super-

condrrcting wiggler magneL at Lhe SRS to be an irnmediate and pressing

prlority because of the length of time thaL will necessarily be involved in
the planning, consEruct.ion and commissionlng phases of Ehe project. A starl
Lo the assembly of a second wiggler magnet in 1988 would allow lts beam

lines and 5 experimenEal stations to come on line from 1990-1991 (see

Table 3, pages 42 ar.d 43).

79. The presenE wiggler magnet ts used for powder diffraction (9.1),
EXAFS of elements wiLh aEoms of aEomic number>30 (9.2), ropography for
Lransmission work wiLh aLoms of atomic number p15, (9.4) proLein

crysuallography, fibre diffraction and sma11 angle scatl-ering (9.6) and

inLer:ferometry, Laue diffraction, energy dispersive and exploratory work

(9.7). A conflict already exists for station 9.4 with a 4-circle
diffractometer for surface science. This would be resolved by a second

wiggler magneL which would also have beam llnes for energy dispersive powder

dlffraction, where there ts an explosion of demand, anomalous dispersion
studies of liquirls and amorphous materials, dupltcation of sEaEion 9.6 to
a11ow protein crystallography and small angle scaE,Eerlng Lo operate as

dedicated experimental sEat-ions and a further EXAFS staElon with special
opti cs.

80. The Review Panel is concerned that major programmes for the provision
of access by UK researchers to new synchrotron radiation facilities should

noL interfere with currenL plans for the installation of a complement of
arorrnd 30 experimental sLations at the SRS. Continued developmenL of

instrumentation and detecLors at Lhe SRS shoul,l be a prioriEy.

81. The Review Panel sees the ESRF, the SRS and an all-undulator VUV/sofr

X-ray ring essentially as cornplementary faciliEies. Unlike accelerators for
high energy physics, syncl'rroLron radiat.ion sources do not become obsoleEe

becarrse higher phoLon energies become necessary. Excitlng science will be

achj.eved on alI three sources because of the speclaL characteristics of
each. By t-he Eime that the ESRF and VUV/soft X-ray rings are fully
operational (early 1990's) the UK synchrotron radiation communiE.y is likely

-29-



to have doubled in size. Thus, the exisLence of the other sources will not

result in a decrease in either Lhe qualiEy or quant-ity of demand for the

SRS.

82. The Review Panel sees opportunities for wider {nEernaEional

collaboraElon in the SRS, along lines similar to Ehose lnvolved in the

collaborations wiuh Sweden and with the Netherlands. The provlsion of

capital costs (and the associated operating costs) in this way would a1low

Ehe exploitation of the SRS to be considerably increased. It would be

possible under this scenario, to Lncrease Ehe number of experimental

stations to about 40, which is Ehe maxlmum number defined by Ehe layouE of

Ehe SRS.

YII. EUROPEAN SYNCITROTRON RADIATION FACILITY (BSRF)

83. In its operation to date, the Daresbury SRS has allowed the

developnent of a strong, well consolldated effort in the broad use of

synchrotrou radiaEion for scientiftc research. The proposed upgrading of

the source by the insrallarion of rhe ltigh Brightness Lattice (HBL) wlll
enable UK scienclsEs to mainEain this positlon into the near future. As new

national sources, currently being inauguraEed and developed' come lnco ful1

operation it rsill become more difficult to hold this posiEion. Whereas

excellent science can still be produced, the diminished characterisLics of

the SRS relattve to the potential of other sources will limit the horlzons

of UK workers.

84. the inauguration of the ESRF and conEinued UK participation in the

operation and development of the facility wiJ.1 provide the necessary

expansion in horizons for X-rays. The enhanced source will bring
significant advantages in source brilltance and exLended energy range

(Figure 3). These improvernents wilI greacly extend the range of operaLion

of experlmenLs. They wiIl allow increased sparial resoluEion and operation

on a shorEer tine scale and with smaller samples. The potential capability
of time resolution is aL Ehe sub-millisecond 1evel. In total, it will open

a new range of operation t,o the user bot,h in the extension of existing
st.udies and for novel experiments.
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85. The potential scientj-fic trnpacl- of the source has been well-descrlbed
in Lwo major revlews:-

- the Final ReporL of rhe SRFC Worklng Group on Ehe ESRF

- the Report on the European SynchroEron Radlafion project
(Buras and Tazarri, 0ctober 1984).

Both of these reporLs are available to Board members. They describe the
improved potentlal of Ehe ESRF over other sources anC define a range of
potential new experlments which could be carrled out using the sorrrce. Many

of these experlments will be impossible even on [he irnproved (posE HBL) SRS

or oLher present generation sources eg photon Fact.ory, Tsukuba and the
National Synchrotron Light Source, Brookhaven. A short surnmary of the
experiments which was included in the SRFC's Working Group Report. on the
ESRF is set out in Appendix 7 ro rhis report.

86. If research ln the UK involving the use of hard X-ray synchrotron
radlation 1s to fiourlsh inEo and beyond the next decaCe, iL is essential
that IIK participation in the ESRF is pursued. The ESRF rrill a11or.r

experiiaents Eo be carrLed out which are impossible or exLremely dlfflcult on

convenLional sources. For example, the high energy resoiutlon of the order
of lmeV ',s111 make phonon studies posslble. High Eemporal resolution will
allow mlcrosecond tlme-resolved studles of biologlcal systems such as

enzymes, nembranes and muscle and of phases changes ln inorganic materlals
under exLreme condlEtons of pressure, temperature, electrical and magnettc
fields requirlng puLsed condlt,tons and dtrect timlng rather than
sLroboscopy. A combinatton of high spatlal , tenporal and enerqy resolution
wlll be advant.ageous in spectroscopy, dlffraction, scattering in X-ray
radlography materlals science, solid state chemistry and blology. The ESRF

wl11 also make posslble fluorescent MBssbauer resonant absorption
expertnents, clrcular dichrolsm, gamma-ray dlffractlon and studles of
magnetlc scaEEerlng havlng a broad range of appllcations in physics,
chemlsLry and blology.

87. Based on Ehe currently proposed Lnvolvement, the UK share of the ESRF

w111 be equivalent to a few staElons. Thls woul<t be inadequate Eo malntain
Ehe tot-al EorecasE UK hard X-ray ef f orE. I,Iost, work would stlll have to be

accommodated on Che SRS wit,h the ESRF used for those experlments for whtch
lEs characterlstics are essential and whlch would be lmpossible at
Daresbury.
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VIII. VACUTJ}I UTTRAVIOLET (VUV)/SOFT X-RAY SOURSE

88. The energy range covered by the vacuum ultraviolet/and soft X-ray

regions is 5eV (ca.2000A) to 3000eV (ca.4A). This range not only covers

the valence levels of al1 aEoms, molecrrles and solids, but also Lakes in t.he

K levels of the elements up to chlorine. The experience at Daresbury and

elsewhere has shown that rhe success of experiments in this spectral reglon

is compromised at high energy storage rings because of the hard X-ray

c omp onent.

89. The scientific comrnuniEies which have the greatest need for an

inLense, polarlsed f.ight source within this energy range (as would be

provided by a suiEably designed all-undulaEor ring) may be grouped under the

following headings: (i) solid st,at,e physics and chemistry and surface

science; (ii) gas phase physlcs and chemistry; (iii) biology. To daEe, the

solid sLaEe physics and chemlstry and Ehe surface science group has made Ehe

most use of Ehis energy range, though more recenLly the gas phase group has

begun to make some major advances.

90. The specLral range from 200 to 1000 eV is parLicularly important
becarrse iE covers the edge regions of carbon, nitrogen and oxygen, where

there are important applicaLions in chemisrry and surface science and

possib.ly also in biology. A[ the present time thls is a specEral area

which, on a worldwide basis, ls rather underdeveloped, and this is
parLicularly true at Ehe SRS. The reason is thar plane grating
monochromators do not survive the high intensit.y of hard X-rays from Lhe

source, an example of the degree of incompaEibility beEween hard X-ray and

VUV dernands on a single ring.

91. Sol1d sLaLe physics and chemist ry and sur.iace science. The

subsLanEial advances achieved to date al- Ehe SRS in this area are summarised

elsewhere in this reporL. Here the following points may be noLed:

(i) Angle resolved phoLoelectron spectroscopy is the single mosL

powerful tool for studying band st.ructures of solids, interfaces and

surfaces, and Ehe electronic structure of adsorbaEes. These

experimental studies t-herefore underpin a very large and imporLant

area of solid sLal-e physics and chemistry, surface science and

catalysis.
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(ii) The Lechniques of EXAFS and its surface verslon SEXAFS have been

widely exploited in these st.udies, covering a remarkably wide range

of chemisLry, physics and blology. The avallability of a

monochromator to cover Lhe energy range 200 to 2000 eV would very

greatly expand this area of work, bringing ln the elemenLs C, N anC

0, and also the relaLed Eechnique XANES.

(ili) An arsenal oi powerful surfaee science techniques, not includeci

above, has been developed which covers the VUV energy range,

includtng: phoLon stimulat.ed ion desorotionl photoelectron

difiracrion; and high resolution core 1eve1 shift spectroscopies.

(iv) Hore int.ensity would allow these sEudles to move lnto t.he very

important time-dependenE domain.

9'2. Gas Phase Physics and Chemistry. This is the most demanciing area in
Eerms of phol-on flux; the signal ls derived from 109 to 10I0 atoms. This

community would benefit enormously from an all-undulaEor VUV/soft X-ray

ring. Energy resolution (-10 meV) is also Ehe most demanding. In it,s most

powerful mode, these sLudles are made using supersonic molecular/aLomic

beams to provide gaseous species wiEh well-defined rotatlonal, vlbraEional

and Lranslational motions; crossed with Lhe polarlsed photon source, a range

of experinents can be performed, from molecular fragmentation to smal1 metal

cluster formation. These sEudles also strongly exploiE the time sEructure

of synchrotron radiaEion.

93. Blology. This communiry has yeE to benefit significantly from

radiaEion in the VUV region, buE, particularly when the energy range 200 to
2000 eV can be exploiEed, Ehere will be a very wide range of importanE

applications. In addition to EXAFS and XANES, these include soft X-ray

microscopy, for which the energy range 100 to 1000 eV is ideal,
photoelectron uuicroscopy, and holography, providing the opportuniEy to

examine samples under wet condiElons. These tmaging techniques have a najor
advantage over Lhe analogous elect.ron-based techniques: incldent probe

damage ts signiflcantly reduced. Finally, the invesEigation of chemical

sensors and biological layers assoclated with electronics would stand to
benefit very subsEantially from a hlgh-intensiEy dedicated VUV/soft X-ray

:l CUFCa "
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94. To provide access l-o more beamlines Eo meet the needs of an lntensive

programme of research in rhe VUV/soft X-ray region, bearing ln mlnd the

Eechnical problems and exLra cosE of using X-rays and lower energy radiaEion

from uhe same source, Ehe best opEion would be to bulld a ne!' source for

lower energy radiation and use Ehe SRS mainly for X-radiation' The level of

present and anEictpaterl demand requires a dedicated UK source, as does the

nature of VUV/soft X-ray experimenEs, which demand extended periods of

lnEeracLive experimentation and sample preparation. The option of

collaboration in the proposed and existing European facilities is rejected

on Lhe grounds Ehat it would be wholly inadequate to saEisfy Ehese needs'

95. The SRS could be completely rebuilt to provide very high brlghrness

beams, including sofE X-ray and VUV undulators, but Ehis would involve a

shuL-<lown of aE least 2 years and X-radiation would still emerge from all
bearnlines. The cireumference would lncrease from 96 m to about 200 m and

the exLra cosE of new experimenEal areas would be t4M. The cost of

rebuilding the ring would be of Ehe same order as the cosE of Ehe small rtng

menEioned below, but by using existing comPonents a staLe-of-Ehe-arL

performance would not be achieved. For Ehese reasons Ehe Review Panel does

not. support this oPEion.

96. The lowesL-cosE option is Eo build a new ring constralned ro fit.
(more or less) existtng buildings. This would be simllar to SUPERACO (800

IteV, low emittance) but with only four straight secl-ions (3 undulators' for

VUV radiaEion on1y, at mosl). The cosE of the ring would be E5I1 with

perhaps i,IM for building work. This option ls noE suPported by the Revlew

Panel, as a najor cenEre of scientlfic interesE is in the soft X-ray region

of rhe spectrum and moreover Lhere ls a requirement for a larger number of

ultra-high brilliance beamlines.

97. A state-of-the-art VUV/soft X-ray undulaLor source with at least I
undulators would cost i9-l0M and need a new building cosElng t4-5M. This

could be accommodated at Daresbury, using the existing injecEor. It would

be fu1ly compeEitive with sources being proposed elsewhere and ls viewed by

the Review Panel as t,he best opElon.

98. Slmllar to the multipole wiggler an undulator is a periodic

electromagneEic sEructure which causes the electron beam to oscilLaEe

Eransversally. The angular deflection ls, however, kept below Ehe emission
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angle of the synchrotron radlat.ion, ll't, so thaE there is coherent additlon

of radiatton inLensiry from t-he differenL tangenElal polnt,s. Depending on

angle of observaLion and wavelength, consE,ructive inEerference occurs,

giving rise Eo pseudo-monochromatic radlaElon. In comparison to synchrotron

radiation emitted trom dipole magnets, undulators offer the following
advanEages:

(i) Intensity: The achievable photon fluxes can be lncreased by

one or Ewo orders of magnitude;

(ii) Brilliance: The increase ln brilliance of Ehe order of 10

1n principle be Eransformed lnto high resolution without any

significant loss of inEensiEy.

4 can

(iii) Flexibillty: Different undulaEors can be optlmised for
different experiments and used independently of each other on the

same sEorage ring.

99. The realisaEion Ehat the next generaLion of dedicated VUV/soft X-ray

sEorage rings would be largely undulator-based came with the proposal in
i983 ro build a so-called advanced light source (ALS) at Ehe Lawrence

Berkeley Laboratory. The consEruction of a 1.3 - 1.9 G€V sEorage ring with
12 stralght sections was planned. Preliminary proposals for sfuoilar

machines tn Berlin, TrlesEe and Tsukuba have since appeared. The electron
energy of Ehls type of storage ring is particularly significanl: at 1.3 GeV

it is possible Eo cover Ehe spectral range up Eo 400 eV phoEon energy with
the fundamental of the undulator(s) and up to 1500 eV wiEh the fifth
harmorric. At 1.9 GeV the fundamental extends up to I keV. (These values

are based on a magnet gap of 40 mm. )

100. The Free Electron Laser (fEL) shows promise in Ehe longer term of

even more intense radiaLion 1n the infrared through to the VUV, perhaps down

r-o 1000A. Although the Review Panei did not look in detail ar rhe FEL a

watching brief should be kept on developments. Any new VUV/soft X-ray ring
should be designed to alIow the possibility, perhaps using a "bypass", of a

FEL rtevelopmenL. Appendix 8 to t-his report seEs out the curren! status and

prospects for the future developmenE of Free Electron Lasers.
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IX. CONCLUSIONS

101. Access Lo synchrrrLron radiatlon is now vital Eo many areas of science

and engineering (extending widely through biology, chemistry, physics,

materials science and metallurgy), while in oLher areas iEs applicat.ion is

an imporLant contriburlon Eo a portfollo of applied technlques. The UK

synchrol-rou radiaEion researeh communlEy has conEinued to grov, apace as Ehe

SRFC predicted in the early 1980's. Interest. in Ehe appllcaEion of

synchroEron radiation is extensive among academic researchers, with research

groups being found in some 58 universitles and polytechnics in the UK.

Interest is also growing slowly among industrial researchers and Ehe iniEial
early successes in aEEracting industry Eo Ehe SRS, via the industrial

consorLium, need to be built upon. In the course of the Panelts review,

scienLisLs supported by other Research Counclls have expressed keen tnLerest

in developing their use of the SRS. Again the success of existing
collaborations, in this case lnvolving the Medical Research CounciI, needs

Eo be builf rrpon.

102. Scientific pressure for access Eo state-of-the-art synchrotron

radiaLion sources remains high in Ehe UK and overseas. The successful

operaLion of the SRS, particularly in the past, 18 months, has emphasised

this. The scientific pressure extends across the spectrum of synchrotron

radiation from hard X-rays t.hrough to soft X-rays, Ehe VUV and Ehe IR

regions.

103. Some imporrant areas of science, and Eechniques in Ehe application of

synchrot-ron radiation, are noL currenEly being rackled by UK scient.ists.
These represent potential areas for growth, although ic is equally

recognised t.hat Lhe IIK cannot be expecEed to be active in all areas.

Exarnination of the internaLional scene, however, does lead the Panel Eo

conclrlde that a greaEer involvement of solid staEe physicists and materials

scienList-s in rhe SRS programme corrld be expected.

104. The SRS is an important synchrocron radiation source, of

inter:nation;rl class, thaL is capable of being malntained and deveioped as a

highly compeEitive sLaLe-of-the-art facility unt.il at leasL Ehe year 2000.

The review has underlined the imporEance of Ehe planned insLallation of tne

High Brightness LaELice, which will bring the SRS close to sLaLe-of-the-art.
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105. If the UK is to maintain a compeEit-ive edge in the application of

syncl-rrotron radiation r.rithin a range of fielcis spanning chemistry, physlcs

and biology, access Lo a new dedicared VUV/sofL X-ray ring with undulators

(giving much higher br:ighLr-ress Lhan presenLly available) is essr:ntial' A

single storage ring covering Lhe entire energy range from hard X-ray to IR

is no longer a viable, state-of-the-art proposiEion. By all-owing the

curretrL SRS ro be rleCicatei to hard l{-ray users, Ehat user community wouid

be nuch better served; a nee/ 1ow energy ring, to be built at Ehe Daresbrrry

LaboraLory, woulrl be a cost-effective means of provlding Lhe UK VUV/soft X-

ray communiry wit-h access to an instrrrment which would allow them Lo compe:e

at the forefronL of their research fields. In<lustria1 inEerest ln the 1ow

energy ring, already demonstraLed in Japan, would undoubtedly fo11ow,

parLicularly from the semiconducLor and catalysis induslries. The leve1 of

presenL and antlcipated dernand requires a dedicaLed UK source, as does Ehe

nalure of VUV/soft X-ray experimenLs, which demand exEended periods of

interactive experimenEation and sample preparal-ion. The option of

co11.,rbor:ation ln ot-her European f acliities nas been considered and rejected

as a icng term s<tl-ution, on the grounds that lt would. be who11y inadequate

to saLisfy Lhese needs.

106. The particlpation of Ehe UK ln the ESRF will provide an expanslon in

hortzons for many areas of science exploiuing hard X-ray synchrotron

radiation. This enhanced source will bring slgnlficant new advantages ln

terrns of source brilliance and exlended energy range - lt will open a new

range of operaLion to the user, both in rhe exEenslon of existing studles

and for novel experirnenrs. Partlcipation ln the construcEion phase of rhe

ESRF w111 be imporLant- for the UK. Early involvement of UK scientisEs in
the deflnition of experimenLal staLions will help ensure Ehe machine is
optimised for the science Ehat the UK users wlll wanE to do. The

const-rr-rction phase of rhe ESRF can be expected to draw heavtly on che

experlise of UK scienLists and engineers; this cortld prove something of a

disadvanLage for the SRS if key UK staff were E.o be att-racl-ed Eo ESR!'

appoi ntments.

107. The Review Panel has idenuified the need for a resEructur{ng of user

support- af Ehe SRS. It is important to achieve l-he appropriare balance in
manpower required both to maintain a srate-of-Ehe-art facillty and Eo

provlde the necessary leve1 of rrser supporL (particularly for industrtal
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users or users requiring a service facility) and t-his will require careful

judgemenu of ehe resources to be devoLed to each. The Panel considers thaE

there is a need to estabtish strong direction in the sctentific programme

for rhe SRS and that this should influence the appointment of key research

staff aL Ehe LaboraLory. The Panel furLher conclrrdes that the development

of a high qualiEy in-house research progranme, under strong scienLitic

direction, would play an imporEanE role both in Ehe ful1 exploitation of the

scientific opportunlE,ies offered by the SRS and in the developnenE of user

support. These actions would furEher complement and builrt uPon the

organisaEional arrangements recenEly seE in Erain by the Daresbury

LaboraLory.

RECOMIGNDATIONS

UK Synchrotron Sources

108. The adequaEe resourcing and continued updat,ing of nachine and

experinental faciltEies at the SRS is Ehe nosE important objective in any

scheme for the provision of UK synchroLron radiation sources for an

increasing body of scientists. The Review Panel considers the funding of a

second superconducting wiggler magnet aE Ehe SRS to be an immediaEe

prioriry, in order that its beam lines and five experimenral sEations come

on line from 1990/91 (see Table 3).

109" Access by UK researchers to a new rledicated high-brilliance VUV/sofr

X-ray source is essential if research in the acaciemically and ccmmercially

imporLant VUV/s..lft X-ray area:-s to remain substantiaiiy ccrnpetitive in the

Uk:. This ts the second priority deE.ermined by the Rev:"ew PaneL. The Panel

rherefore recommends an irnmediate start Lc the planning of a VUV/soft X-ray

ring (in aCdiEion Lo fuliy resourcing the SR.S as in Recorlmendation I above)

in orcier that Ehe bearn l-ines and experimentaL fac:-l-ities begin lo come on

line in 199L192. An allernative, albeit less desirable (.ielaying uhe

availabil-ity of t.he VUV/soft X-ray ring and its experiinentai racilities
onLil 1996) , woultl be to ooeraLe rhe SRS on a "reduced" duty cycle once the

ESRF is in operaLion, and to rrse the resulting manpower anri operating-cost

savings to par:L-funi a tIUVlsoft K-ray ring at Lhe Daresburyr Laboratory (see

Table 3) "
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li0. ' For UK science exploiting hard X-ray synchrotron radlatlon to
flourish beyond the nexl decade, IJK parricipation ln the ESRF 1s essentlal.
The Review Panel has not considered uhe quesLion of funding UK participation
in the ESRF, recognising that Lhis is linked to tnternaE,ional negoLiations
on large facilities for condensed rnaEEer research. NeverEheless, it
believes E,haE Ehe UK's needs would require a level of lnvolvement of the
order of. L57..

Other Recommendal-ions

1I1. The Daresbury Laborafory, E,ogerher with Ehe SynchroLron RadiaElon

Facility Committee, should give further urgenl- consideration to the most

cosE effecLive development of user support at Ehe SRS. The Laboratoryrs
currenL plans for the inLroduction of ProJect. Support Teams, whlch presenl-1y

only involve a few percenE of the toEal complemenE, and rhe idengification
of individual scientisLs and Eechnical staff with responsibility for user
supporE at each of the operating stat.ions should be ftrmly established,
widely publiclsed, and developed in the light of experience.

Llz. The Revlew Panel recommends the appointment of a Director of
Scientific Research for uhe SRS, either on a full-Elme basis or as a joint
UniversiEy - Daresbury Laboratory appoinLment. It considers that the
scienrific prograomes exploiElng the synehrotron radiation facilitles would

be considerably enhanced if such an appointment were to be made.

113. The Review Panel further recommends Ehat Lhe Synchrot,ron Radlation
Faciltty CommlEEee, rogether with the DirecEor of the Daresbury Laboratory
and the presenE Research Coordinat,or/future DirecEor of ScienLific Research
for the SRS, should consider the development of a programme of in-house
research acEiviEy to be sUrictly assessed by the normal st.anrlards of peer
review. The demands of such a programme of research will identrfy fuLure
needs for the appointmenL of key scientists, well-established in t.helr
field, who would be expected t.o cont-ribuEe Eo the overall scienEific
direction of the SRS programme.

114. Consideration should be given Eo the irnportanL nee<i to increase
exploiEation of the SRS by industry and research workers bevond Ehe remit of
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the Science Board (eg the materials cornmuniry of Ehe Engineering Board) and

indeed of SERC (eg for rescarclt sponsored by AFRC, MRC and NERC)'

il5. The Science Boarrl should invesLigaue the exEenL to which further

international parlicipation in the SR.S could be achieved, buildtng uDon rhe

success of the existing collaboration wiLh the Netherlands and with Sweden'

The capacity for increased use of the SRS, by the development of new

beamlines, exists and Ehe possibiliry of access Eo a stare-of-the-arL

facility may well prove atlracl-ive to other countries and Eheir involvemenL

wou1,l clearly benefit the UK programme - not least through the potential for

shared cos Ls.
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TABLE 3: FORI,IARD LOOK: A FINANCIAL SUMMA}IY OF THE RECOMMENDATIONS OE THE

REVIEW PANEL

Forward Look
(cash planning levels)

( iM)

87 /aA 88/89 891e0 e0l9r 91192

l. PresenL Forward Look for
Ehe SRS:

Z. Proposed Cenrral Guideline
for a fully resourced SRS: 8.75

8.7 5 9.00 9.25 9.25 9 .25

9. 50 9.7 5 9,7 5 9.7 5

3. P[us Second Wiggter and
ftve instrurnent-s:'t 1. 10 I.10 1.r0 0.65

TotaI: up Lo 8. 7 5 10.60 10.85 10.85 10.40

*Experirnental facilities on the seconri wiggler would corne on line from l990l9L

4. VUV/ Sof t- X-ray ring:

(i) II,IYEDIATE START

- on this basis Ehe scientitic requirements and t.he basic scheme for uhe

new rtng would be worked ouE during Ehe llBL shut-down, with engineering
design starLing once the HBL work was over. The VUV/soft X-ray ring project
would then proceed tn parallel with, and in addicion Lo, a fu1l SRS

programme.

The capital cosl has been est-imated aE e9.3M for Ehe machine and 84.2M for
the building. The manpower would be about 250 man-years costing about E6M,

inclrrding some intra-mural expendiEure. The design fees for rhe building
would add 20% to its cost. This total expenditure of jusL over t.20M would
be mainly incurred over a five year period. Experimenral facilities would
begin Lo come on line from laLe 1992.

Building (incl design)

88/ 89 89 I eO 90/er etl 92 921 93 931 94

1.0 2.0 2.0

0.3 0.5 3.0 5.0 0.5

MachLne manpower anC
des Lgn 0.5 1.5 I.5 ta

I. J n7 0.3

Beam Lines and
IrrserLion devices
( incl rnanpower) ,n ')n 2.0

4.0Total I.8

-/, 1-
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TABLE 3: conLinued

(Ii) NEW RING STARTED IN 1992

- on Lhis basis the five years from rnid-I987 to nid-1992 when ESRI'would

be starLing commisioning, and the second t+iggler orr Lhe SRS would be

operaLing inLo Eive staLions, wou1,1 be useri Lo slowly creaLe much oi Ehe

design of Ehe new ring.

During lgg2, construcLion work on the SRS beam lines would sLop, and Lhe

ring would be scheduleri in srrch a way as Lo release the maximum engineering
anri machi.ne manpot\ler. Scientif ic manpower would sLarr designing beam lines
ancl inst r:r-lmenLs and insertion devices f or Ehe new ring.

To bui1,1 the new ring the same tol-al manpower would be used. Conslrucuion
worrlt'i Eake f our years. Experimental f acilities would begin Eo come on line
f.ron 1996197. The toEal capiral spend required would be:

Mach i ne 9.3

Bui Idr ng 4.L

Building design
Spend on inserLion devtces

and beam lines in this
period

0.8

3.0

L7.3 (ie t4.32511 Pa
on average)

If Lhe non-slaff costs on Lhe SRS are halved by reducing operating time and

suspending development-/improvemenLs, this will release t2.5M pa. So t'he

exLra cosL Lo creaLe Lhe new ring, under [hese circumstances, woultl be

t 1 .825M pa (average) f or f our years ie t7.31ul in tota1. This would bring t-he

Lot,a1 annual hrrdgel- fr.>r synchroLrorr raciiation at the Daresbury LaboraLory up

to EI2, 12-5M in L99219 \, ccmrrared with a budget of t. 10.31-1 , f or Lhe sarne year,
f or a pr{)grarome not iircl.u<ii ng Lhe new VUV/sof t- X-ray ring but with the
seccnd wiggler projecL ccmpiel-ed.

EM
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