Table of Content s

Introduct ion ................................ ................................ ................................ ................................ ............................ 1

Fourth - Generati on Light Sources - 4G LS ................................ ................................ ................................ .............. 2

Summar yof the sci entific and technol ogical opportuniti es of 4GLS ................................ ................................ 2

The SRS ................................ ................................ ................................ ................................ ............................. 5

Request from the North West Science Revi ew Team ................................ ................................ ........................ 5

Imaging, Radiological Sci ence and Technology ................................ ................................ ................................ .... 5

Our Backgr ound ................................ ................................ ................................ ................................ ................ 5

Ai ms ................................ ................................ ................................ ................................ ................................ .. 6

Initi al Roadmap ................................ ................................ ................................ ................................ ................. 6

Dedicated i maging beamline on the SRS ................................ ................................ ................................ ...... 6

Biomol ecul ar PET Ima gi ng ................................ ................................ ................................ .......................... 7

Request from the North West Science Revi ew Team ................................ ................................ ........................ 7

Beams for Ba sic Science and Medi cal Applica tions ................................ ................................ .............................. 7

Basic Science Research ................................ ................................ ................................ ................................ ..... 8

Medical Therapy ................................ ................................ ................................ ................................ ................ 9

Request from t he North West Sci ence Revi ew Team ................................ ................................ ........................ 9

St rat egic North West Industri al Development ................................ ................................ ................................ ........ 9

Summar y ................................ ................................ ................................ ................................ .............................. 10

References ................................ ................................ ................................ ................................ ............................ 10

Ce ntre f or Acc ele rator Scie nce , Ima ging and Medicine

We propose the establ i shment of a Cent re for Accel erator Sci ence, Imaging and Medi ci ne (CASIM) at Daresbury, bui lding on the exist ing infrast ruct ure and experti se of t he Laborat oryand working in partnershi p wi th North West hospit al s, universit i es and industryt o enhance sci ence i n t he regi on. The combinat i on of i nt ense proton beams, synchrot ron l i ght sources, free el ect ron las ers and expert ise i n i magi ng t echnologyavai lable at CASIM wil l al low st udies of t opics ranging from t he ori gi n of el ement s i n t he uni verse t o the det ecti on of cancer at t he mol ecul ar l evel .

We wil l al so develop new i magi ng t echnologi es t hat wi ll benefit t he research work of t he centre and revoluti oni se medi cal imaging. Developments in accelerat or technol ogydri ven byCASIM and UK industrywi ll al low strong UK i nvol vement in future i nternat i onal science project s, such as t he li near electron - posi tron coll ide r. As a fi rst step t owards t he est abl ishment of CASIM, we ask t hat t he North West Sci ence Review (NWSR) provide funding for an i nfra - red free el ect ron l aser (£7M) and for devel oping medi cal i magi ng facil i ti es (£4.7M). Ini ti al est imat es put the cost of t he compl et e CASIM project at £160M to £170M and we request fundi ng for a desi gn study(£0.5M over three mont hs) i n order t o resolve essenti al desi gn parameters and provi de accurate cost i ngs. We ask t hat t he NWSR recommend the fundi ng of t he ful l proposal to t he North West Sci ence and DaresburyDevelopment Group

(NWSDDG).

Introduction

Advances in science, engineering and medi ci ne are becomi ng i ncreasi nglydependent on parti cle accel erators, as is i ll ust rated byt he range of projects di scussed in this proposal. The UK needs a focus to maintai n and devel op our experti se i n accelerat or science, t o trai n new accelerat or scienti sts and t o expl oi t the possi bi li ti es offered by accel erators. CASIM wi ll provi de that focus by:

1) Desi gning, buil di ng and operati ng fourt h gene rat ion li ght sources (4GLS) based on t he pri nci pl e of free el ect ron l asers.

2) Developi ng and usi ng novel i magi ng techniques.

3) Operati ng a prot on accel erator for t he producti on of short - l ived i sotopes for medical i magi ng and for t he t reat ment of cancer, and de si gning and bui lding an accel erator for short - l ived i sot opes for research in nuclear physics.

The above project s provi de the exci ti ng l ong - t erm fut ure for the DaresburyLaborat ory(DL) which are essenti al if i ts i nt ernat ionall yrenowned accelerat or sci ence group is t o be mai nt ained and student s are t o be at tract ed i nt o t he subject . In order to ensure that suffici ent accel erator scient ists are t rained to sat isfyt he UK´s fut ure needs, several of t he universit ies i n the North West are devel oping M.Sc. courses in Accel erator Science i n conjunct ion wi t h DL. Ph.D.

posi ti ons are being offered byt wo North Western uni versit ies.

Thi s proposal i s a coll aborati on between:

· Future users of the 4GLS i ncl uding the nat ional i nfra - red communit y, spokeswoman Dr. Andrea Russe l l,

Sout hampton Universi ty, and users of UV radi ati on, spokeswoman Prof. W. Flavel l, UMIST.

· Medical , cl ini cal and mat erial scienti sts concerned wit h imaging technol ogy, spokesmen Dr. Robert Lewi s, DL and Dr. Peter Wi ll i ams, NW Medi cal Physi cs.

· The nat ional nucl ear physi cs communi ty, spokesman Prof. John Durel l, Manchester Uni versi ty.

The proposal i s co - ordi nat ed byProf. Peter Wei ghtman of Liverpool Universit y, and Li verpool Uni versit ywi l l act as l ead organi sat i on for t he consorti um.

Vi ce Chancel lor Prof. P.N. Love,

Universi tyof Li verpool , on behal f of all the coll aborati ng organi sati ons.

Some of t he sci ence programmes made possi bl e byCASIM are described bri efl yi n the fol lowi ng. Dist i ncti on is made bet ween t hose whi ch require full funding and t he possi bi li ti es opened up bythe funding request ed from the NWSR.

Fourt h - Gene rat ion Light Source s - 4GLS

The 4GLS free el ectron laser (FEL) complex wi ll be a worl d - l eading innovati ve and unique faci li ty. It wil l provide radiati on of unparall eled intensi t yfrom t he far i nfra - red (IR) t o t he extreme ul tra - violet (UV), servi ng bot h t he UK l ow energyresearch communit yand a wide range of indust rial i nt erests. Japan and t he USA have alreadyrecogni sed t he pot ent ial of FELs worki ng i n the IR and vacuum UV (VU V) regions; 4GLS wil l move the UK t o t he forefront of t he technol ogyand exploit ati on of t hese novel l ight sources.

Free electron l asers are t he next generat ion of advanced l i ght sources. An FELrel ies upon a rel ati vi sti c el ect ron beam as it s l asing medium , which provi des a uni que combi nat ion of t unabi li ty, coherence, polari sati on, ti me struct ured pul ses down t o t he ps range, and hi gh laser power. FELs can span t he spectrum from mi crowave t o ul t ravi ol et and pot enti all yX - rayregi ons. Al l of t hese features a re del i vered wit h excepti onal st abi li ty. The appli cati ons of FELs ext end from pure sci ent ific invest igati ons of quantum effects t o appli ed biomedi cal sciences in the treat ment of cancers and other medi cal condit ions.

The fi rst FELwas demonstrat ed in 1977 1 . Since then there has been rapi d growt h i n FELs around the world and there are now at least 27 facil it ies i n operat ion in the IR and UV 2 . Of these several are wel l - establi shed user faci li t ies, i ncludi ng CLIO/Super - ACO (France), FELIX (t he Net herl ands), a nd t he St anford Free El ect ron Laser Center (CA,

USA). UK scienti st s currentl yhave access to t he FELIX IR faci li ty 3 via an EP SRC funded project . However, t hi s project wi ll end in t he next 18 months and mayt hen be renewed onlyannual l y. The access to FELIX is i nsuffi cient to sati sfythe projected UK IR user communi tyin condensed matt er physi cs al one. The fl exi bi li tyof t he desi gn proposed here wi ll al low t he IR - FELto be used i n i t s own ri ght bya much wi der communit y. However, the full power of t he facil i t yi s real ised i n t he combinati on of different t ypes of radi at ion made possi bl e byt he 4GLS facil it y.

The 4GLS wi ll contain three free el ect ron lasers:

· An IR - FEL to generat e radiat ion i n the range 5 m m to 1 mm (microsecond pulses).

· A cavi tybased VUV - FEL t o generat e VUV radiati on of energy4 t o 10 eV.

· A si ngl e pass sel f - ampl i fied spont aneous emissi on (SASE) mode XUV - FEL t o generate ext reme UV (XUV) radiati on of energy10 t o 100 eV.

The technol ogyt o produce free el ect ron laser radi ati on i s here now but it i s demanding. Making FELs work i n t he IR and VUV regions is alreadyproven. In the XUV, the Tesla Test Facil it y 4 has shown t hat FELradi ati on wit h energies up t o 12.5 eV can be produced but for higher energi es development work sti ll needs t o be undert aken. The IR and

VUV FELs wi l l be user faci li ti es but the higher energyXUV - FELi s a development project .

The IR - FEL facil i typroposed here i s an evoluti on of the desi gns al readyi n operat ion at the Inst i tute for Pl asma

Physi cs (FELIX) and St anford Universi ty( SCA and FIREFLY). The basic components of an FELare a magnet ic undulat or, electron beam and mirrors. As in t he St anford and FELIX desi gns we propose a t wo LINAC st ructure t o provide IR li ght from 3 m m to 1 mm. The proposed desi gn wi ll enable simul taneous use of t he FELbymul ti pl e users as well as t he innovat ive provi sion of vari abl e pol ari sat i on of the mid - IR FELoutput . The operat ing parameters of two operati onal FELs and the FELproposed here are shown bel ow:

Paramet er FELIX St anford Daresbury

Wavel ength range

5 t o 100 m m 3 t o 65 m m 3 m m to 1 mm

Macropul se repet i ti on rate / Hz 5 20 50

Macropul se durat ion 4 m s 3 t o 5 ms 10 to 20 m s

Micropulse repet it ion frequency

1 GHz

11.818 MHz 1 GHz

The a dded val ue element s of t he proposed Daresburyfaci li t yover t he currentl yavai lable user faci li ti es are:

· The uni que i nt eract ive possibil it ies bet ween t he lasers i n the 4GLS;

· The provision of a variabl e polari sati on IR - FEL;

· The ext ent of mult i - user access i nherent i n t he design;

· The synergywit h exi st ing inst rumentat ion and devel opment expert ise at Daresburyi n accel erat ors and det ectors;

· The i nt erdi scipli naryscient i fic cul ture offered bysuch a facil i ty.

Summary of t he scient ific and technological opportu nities of 4G LS

4GLS wi ll offer unparal lel ed opport uni t ies for t he studyof processes occurri ng on ul t ra - short ti me and l ength scal es, i n medi ci ne, bi ol ogy, chemi stry, physi cs and materi als science. The IR - FELprovides a unique faci l it yi n it s own ri ght wi t h appli cati ons i n i magi ng and mi croscopy, t he st udyof cel l met abol ism, catal ysi s, phase separat ion and ot her fi elds det ail ed below. The ful l power of 4GLS is reali sed, though, t hrough t he combi nat ion of different types of radi at ion i n t hi s flexible source which opens up unexplored sci enti fi c vist as.

Pump - Probe Spectroscopy. Two - col our pump - probe spect roscopyoffers an enormous range of possi bi li ti es i n physics, chemist ry, biologyand engineering. One of t he sources must be int ense, i n order to i nduce a cha nge of st at e, and t he second source probes changes i n stat es coupl ed to t he pump transi ti on. This is an inval uabl e t ool for probing exci ted st ates, whi ch are oft en cruci al for t he understanding of non - equil ibri um syst ems, i .e. al l syst ems t hat do useful wo rk! Since t he t wo sources have short pulses the changes mayal so be probed as funct ions of t ime, di rectl y

3

elucidat i ng the dynamics. The 4GLS wil l be t he perfect source for this, provi di ng a unique combi nat ion of IR FEL, conventi onal synchrotron radiat ion, and VUV FEL. We ment ion briefl yt he vari et yof topi cs t hat can be expl ored. In semi conduct or physics and t echnologya prime exampl e would be t he next generati on of hi gh speed (THz) frequency opt ical ampl ifiers, t hat wi l l all ow modul at ion of Terabi t opt ical dat a t ransmi ssi on. There are also the new ^spi nt ronic~ memori es, involving spin - spli t conduct ion band stat es, where measurement of the memoryt ime of t he far IR i nduced spin pol arisat ion of opt i cal exci tons i s needed. The studyof mol ecular fragmentati on as a resul t of phot o - exci tat ion or i onisat ion provi des i nformati on on t he wayi n whi ch radi at ion is absorbed bya molecul e and how the mol ecul e di sposes of t he absorbed energy. Current experiments are l imi t ed t o t he studyof just part of t hi s process. Two - col our experiments i n t he VUV wil l t ransform this picture, wit h t he XUV laser used to i oni se t he mol ecul e and the fragments i dent ified using t he VUV laser. These studi es address issues t hat are fundament al t o molecul ar struct ure, a pre - requi sit e for unders t andi ng i nt ermol ecul ar react ions. In t he biomedi cal sciences, t he effect s of prot ei n fol di ng and si ngle residue mut ati ons on vi brat ional energytransfer and di ssipati on 5 wi thin bi ol ogical syst ems maybe invest igated, and the synergywi th t he BBSRC struct ur al biologycentre at Daresburywi ll be important. Appl icati ons include photosynthesis and invest igati ng t he harmful effects of di fferent wavelengt hs of sunl i ght on pl ant s and ani mals.

Imagi ng and Mi croscopy. The high power, wavel ength tunabi li t yand pol ari sati on charact erist ics of t he IR FEL, coupl ed wi t h recent advances i n high resoluti on, 2D detector t echnology, present si gnificant opport unit ies for IR i magi ng and microscopy. In t he near/ mi d IR, det ect or t echnologyi s well developed and via an est abl ished

CLRC/ Perkin Elmer col l aborat i on, readout t imes of ~ 6 μ s for a 27 mm 2 act ive area are possi ble. This coll aborat ion could l ead to a spi nout company, as i t present s si gnificant opportuni t ies for convent ional commercial IR sources al so.

Recent devel opment s i n scanning near - fi eld IR microscopy(SNIM) present a method of extendi ng t he spati al resoluti on of t he instrument beyond t he di ffract ion l imit of t he IR

UDGLDWLRQ�a�

P�7UDGLWLRQDO�VFDQQLQJ�WLS�PHWKRGV� have li mi ted data col l ect ion rates t o ~1 mi nute per i mage, but t he ^t ipless near - fi eld spect roscopỹ techni que 6 has overcome t hi s and dat a acquisi t ion rat es of 40 ms per i mage are possi bl e. The powerful combi nati on of IR FEL, advanced detectors and SNIM present s a unique sci ent ific opportuni tyfor new areas of chemistry, physics, biology and medici ne. VUVconf ocal mi croscopy 7 wi l l al low ti me - resolved structural st udies on organel l es and sub - cell ul ar st ruc t ures in cell and ti ssue cul tures at spat i al resol ut ions < 100 nm. Thi s i s i mportant t o t he pharmaceuti cal i ndust ry and t o the development of connect ions bet ween organi c and semi conductor syst ems. The development of evanescent wave microscopy 8 has the pot e nt i al to studysingl e mol ecules on the surface of t he cel l i n real ti me.

Cel l Metabol ism . The effects of drugs on cel l di vi si on wi l l be st udied dynamicall ybytuni ng t o chemi cal lyspecifi c bands wit hi n drug molecul es. The exact deli veryof drugs to target si tes wi thi n the cel l wil l be invest igat ed and si mul taneous FEL - IR pump and synchrot ron - IR probe measurement s wi ll faci li tat e si mul t aneous i magi ng of the drug and cell ular prot ei n ami de I band. This research is vit al l yi mport ant for the screeni ng of new dr ugs bypharmaceuti cal compani es pri or t o cli ni cal trial s and wi ll expl oi t exi st ing experti se at Daresburyin cel l cul ture and IR imaging of li ve cell s and hi st ol ogical t issue sect ions 9 .

Combi natori al Chemi stry and Enzymati c Cataly sis . The rapi d devel opment of fabricated mi crost ruct ures such as

^lab - on - a - chi p~ present novel opport unit i es for imaging wi th t he IR FEL. Byimmobil ising a combi natori al li braryof enzymes on t he chip, it wi l l be possi bl e to chemi cal l yimage the pl ate as reactants fl ow over t he sur face. Thi s wi l l all ow hi gh throughput screening of enzyme acti vi tyand buil d on t he unique capabi l it yof Daresburysci ent ist s t o model mi crofl ui di cs.

Phase Separation and Flow Birefringence . The li nearl ypol ari sed IR li ght wil l be used to monit or fl ow bi re fringence, for instance in foods such as yoghurt, chocolat e, et c. as t heyare ext ruded t hrough pi pes. The i nduced st ress in t he molecul es can be moni t ored via t he degradati on of t he amide bond under flow.

Bal li sti c Imagi ng of Patients . IR/ VUV FELl ight of fers the exci ti ng prospect of imaging ti ssue to a resol ut ion of a few m m. This technique rel i es on t he short pulse st ruct ure and hi gh i nt ensi tyof the FEL, as the small proporti on of bal li st ic photons t hat pass strai ght t hrough ti ssue wi thout bei ng scatt er ed have to be separat ed from the majori t ythat are scat t ered. The scat tered or di ffusive phot ons bl ur and dist ort t he i mage but can be rejected bya fast shut ter, because t heyt ake fracti onal l ylonger t o reach t he det ector. A shutt er fast enough t o accompl i sh t hi s (Kerr gat e) has recent lybeen developed byCLRC. This technique would provi de high resol ut ion structural images to compl ement, for example, posit ron emissi on tomography(PET) funct ional i mages.

Ablati on and Surface Modif ication. The hi gh peak powe r, t unabi li ty, and pul se st ruct ure of t he VUV and IR FEL out put enable thei r use i n the modificati on and creat ion of novel surfaces, for example byabl ati on, phot on - i nduced pol ymerisat ion or sel ect ive re - crystal li sati on. In polymer processing, for exampl e, the FELcan be tuned selecti vel yt o t he carbonyl absorpti on band for mat eri al s such as nyl on, thus impart ing ordered surface structure on a di mensi onal scale of 5 t o 10 m m. In dent ist ry, FELoutput at

� �a� 9.4 m m, i n resonance wit h the PO

4 coupli ng bond of

hydroxyapati te, can be used t o poli sh and surface - harden t eet h.

^Laser Scalpel ~ Surgery . In t he USA, surgeons have recentl yused an IR FELto remove a t umour from t he t empl e of

a human pat ient 10 . The advantage of using the FELover ot her l asers is t hat less t hermal damage i s done to the

surroundi ng t i ssue, provi di ng a cleaner cut and causing l ess col l at eral damage. Select ive removal of cholest erol est ers

associ ated wit h a t herosclerosis has al so been demonstrat ed 11 . FELoutput has al sobeen shown tobe useful i n repai ri ng

corneal t i ssue and i n wound heal ing 12 . The mul ti - user nat ure of the IR FELfacil it ywoul d make t reat i ng pat ients a

reali st ic prospect .

Ul tra - Fast Ti me - Reso l ved Structural Studi es of Protei ns, Nuclei c Aci ds and Carbohy drates . FELt echnol ogyhas

t he potent ial t o reveal the process bywhich t he li near chain of ami no acids folds i nt o t he 3 - D st ruct ure of a funct ional

prot ein, hel pi ng structural genomics and unde rst anding of diseases of mi s - folding such as Al zhei mer´s, cyst ic fi brosi s

and CJD. A VUV FEL wi l l provi de the fi rst access t o the pepti de absorpt i on bands bet ween 150 nm and 230 nm for

nanosecond studi es, the right wavelengt h and t imescal e for these proble ms. Nanosecond VUV circul ar dichroi sm

wi l l provi de dynami c i nformat ion on format i on of t he di fferent types of hel i ces, parall el and ant iparall el beta

st ruct ures, and t he manytypes of beta t urns of a prot ei n. Nanosecond VUVresonance Raman 13 wi ll for t he fi rst ti me

all ow us to di sti ngui sh the rol e of chromophores of ami no acid side chains i n fol di ng 14 . The IR FELwi ll provi de

di rect nanosecond circul ar di chroism vi brat ional mode informat ion on protei ns t o compl ement these studi es.

Combining ci rcul ar dichroism and Raman spectroscopyprovi des measurement of Raman opti cal acti vi ty , a powerful

t echni que for ensuri ng enant iomeri c puri tyin drugs 15 .

Astrophysi cs. The hi gh intensit yof the XUV FELwi l l enabl e spectroscopic measurements on radi oact ive speci es and

non - n aturall yoccurring i sot opes generat ed byt he prot on cyclotron (see sect ion on Beams for Basic Sci ence and

Medical Appl icati ons). Almost not hi ng is known of the absorpti on spect roscopyof these species, highl yrel evant t o

our underst anding of stel lar at mosp heres and i nt erstel lar cl ouds. The i nformati on gai ned wi l l t hus help t o shape our

i deas about t he ori gins of t he universe.

Nanoscal e Materi al s and Nanocl uster Research. T he feature si ze on semi conduct or chi ps has reduced

l ogarit hmicall yfor t hree decades. In order to meet the current semi - conductor i ndust ry^road map~, knowledge and

control of dopants on a nanomet re scale is needed by2003. Si mi larl y, there is an urgent requirement to understand

bet ter t he transi ent charact erist ics of devi ce st ructures. The output from 4GLS offers unparal lel ed opport unit ies for the

hi ghl yspat ial lyand ti me - resolved studi es necessaryfrom t hese oft en di lute systems. For example, pump - probe

experiments using the VUV FELand undulator radi ati on al low st udi es of electron - hol e p air recombi nat ion dynami cs

i n semi conduct ors i ncl uding the transient behaviour of Schot tkydi odes and nanoporous mat erial s such as porous Si

and Ti O

2

(used i n phot ovolt ai c cell s and di splaydevi ces). FELs wi ll revi tali se t he fi eld of phot oemi ssi on byenabl i ng

t he el ect roni c st ruct ure of these mat erial s t o be probed wi th unprecedent ed angul ar and energyresolut ion and at ult ra -

di l ut e concent rat ion. For exampl e, a VUV FELwi l l real ise t he goal of wi de - band VUVand XUV photoemissi on

measurements on free cl uste rs i n the size range 1 to 5 nm. These clusters are exci ti ng because theymark the

boundarybet ween molecul ar and soli d st ate systems, but have propert ies di st inct from both.

Magnetic Phenomena. Spin elect ronics is a new and rapi dl ydevelopi ng fi eld wit h th e pot ent ial to supplant sil icon

t echnology. However, reali sing this potent i al wil l require t he increased phot on flux of t he VUV and XUV FELs t o

enable hi gh - resoluti on st udies of t he spin - dependent el ect roni c struct ure of mat eri al s. Magnet ic charact erisat io n by

opt ical methods i s compl ementaryto t he photoemission met hods descri bed above and the 4GLS FELs open t he way

for the appli cat ion of bot h li near and non - l inear methods such as magnet ic second harmonic generat ion and t he non -

l inear magnet o - opt ical Kerr effect . These techni ques are part icularl yatt racti ve for the st udyof industrial lyrel evant

t hi n fil ms and i nt erfaces. The conti nuous t unabil it yand hi gh i nt ensi tyfrom the FELs wi ll also enable bot h

sum/difference frequencyexperi ment s and resonant measur ement s.

Coherence. The XUV and VUV FELs wi ll have a high degree of spat i al and t emporal coherence, i deal for i magi ng

purposes such as hol ography. An unprecedent ed resolving power (> 10 6 ) wil l be achi evabl e bythe use of Fourier

t ransform spect roscopy 16 , pr ovi di ng resol ut ion at t he rotat ional l evel i n t he VUV. The use of convent ional l aser

sources i n phot o - i onisat ion spectroscopyhas led to t he discoveryof the infl uence of the ponderomot ive pot enti al of

t he el ect ron 17 . This i nt ri guing effect, wi th i ts rel eva nce to model li ng of l aboratoryplasmas and st ell ar at mospheres, is

an obvious candi dat e for st udybyt he hi gher energy, coherent radiat ion from t he XUV FEL.

Industri al Appl ications of 4GLS technology The industrial pot ent ial of FELs has been recognised i n Japan and t he

USA where consorti a have been est abl ished to expl oi t and devel op t he emergent technol ogy. The Free Electron Laser

Inst it ut e (FELI) i n Osaka 18 promot es research on fundamental technol ogies in the privat e sector and i s working on

projects that i ncl ude: devel opment of THz band super high speed opti call y - control led modulat ing el ement s; creat i on

of new materi als byselecti ve exci tat ion of mol ecular vi brati ons; development of new process/al teri ng technol ogies by

select ive mol ecul ar exci tat ion. Si mi la rl ythe Laborat oryof Advanced Science and Technologyfor Indust ryhas been

establi shed at the Himeji Insti tute of Technol ogyt o expl oi t combi ned FEL/ SR t echnologyin a faci li t y(New Subaru)

bei ng bui lt on the Spring - 8 si te. In t he USA, a consort i um 19 of ma jor US fi rms (DuPont , 3M, IBM, Xerox, AT&T),

uni versi ti es and t he Thomas Jefferson Nat ional Accel erator Facil i tyhas been formed t o use 4GLS t echnologyfor

i ndust ri al processing appli cat ions such as: surface modi fi cat ion of polymer fi lm, fi bre and composi t e products; micro -

machi ni ng and surface fi ni shi ng of met als, ceramics, semiconductors and polymers; materials anal ysis,

characterisat ion and non - dest ruct i ve test ing.

The Nort h West uni versi t ies and DLalreadyhave t he experti se to devel op the t echnol ogyre qui red and a simi l ar

model wil l be i nst igated t onurture industri al i nvol vement i n the NW, extendi ng event ual lythroughout t he UK. P roven

areas of strengt h wi th cl ear i ndust ri al pot ent ial i n the UK i ncl ude: cl ust ers for catal ysis and mi croel ect roni cs;

nano st ruct ures; spi n dependent charact eri sat i on t echni ques; mi crowave plasma technol ogies for cutt i ng and

processi ng; telecommunicati ons; i nformat ion storage. The Industrial Free El ect ron Laser (IFEL) Group at Liverpool

Universi tyi s home to a microwave FELai med at industri al appli cat ions 20 . IFELi s current lyaddressing probl ems in

t he areas of pl asma producti on for met al cut ti ng, wel di ng and cl eaning, underwat er communicati ons and imaging,

wat er st eril isat ion and i ndustri al chemist ry. Col laborat ion between the 4GLS and IFELgroups wi ll ensure t hat the

t echni cal , design and appl icati ons experti se at bot h cent res is exploi ted wi t h maxi mum effici ency.

The SRS

The DLSynchrot ron Radiat ion Source (SRS) wi ll operat e for seven years aft er whi ch it wil l be repl aced as the UK´s

research synchrot ron byDIAMOND at the Rut herford Appl et on Laboratory. It wi ll be sensi bl e t o exami ne the ways i n

which t he future operati on of t he SRS can cont ri bute to devel opment s i n t he 4GLS proposed here.

Request f rom the Nort h West Science Review Team

The IR FELis readyt o st art const ruct ion now, and we seek funding now from t he NWSR of £7M t o buil d t he IR FEL

facil i ty, includi ng a 100 MeV l i nac and four end stat ions. We al so seek i mmedi ate fundi ng of £0.25M for a t hree -

mont h desi gn st udyt hat wil l provide t he detai led engineering layout and a costi ng for t he t otal project . For guidance

purposes only, we envi sage t he 4GLS consist ing of a t wo - st age l i nac, hal f of whi ch feeds the ^SASE~ XUV FELwit h

t he second st age feedi ng a 600 MeV storage r i ng containing the VUV FEL. The t otal cost of the 4GLS facil it yis

l ikel yt o be around £60M to £70M.

We ask the NWSR to recommend the f undi ng of the ful l proposal by the NWSDDG.

Imaging, Ra diologica l Scie nce and Te chnology

Imaging is a pri ori t yarea of 2 1 st centurybiomedi cal research for universi ti es, the NHS, research i nst it uti ons and t he

drug i ndust ry. The NW research communi t yai ms t o be at the forefront of devel opment s i n i magi ng sci ence and is

commit ted t o advanci ng t he appli cat ion of mol ecul ar i mag i ng i n medical research.

Our Backgr ound

We intend to buil d upon the st rong imaging experti se al readylocat ed in the North West . For exampl e:

· Daresburyinstrumentat ion group i s i nt ernat i onal lyrespected for detect or advancement , notablyhigh - speed

i magi ng . It works cl osel ywi th local universi tygroups and others, e.g., advanced imaging wit h t he Foresi ght

Init iat ive support ed IMPACT programme (includes UMIST).

· The Manchest er Posi tron Emissi on TomographyCent re ( ManPET ) i s a mul ti di scipli narypartnershi p i n

bi omol ecular imaging, whi ch serves as a model for successful cross - i nst it ut ion interacti on. ManPET has

establi shed an i nt ernat ional lycompeti ti ve research programme that is cl inicall yand bi ol ogi cal lydriven. It wil l be

furt her enhanced through t he addi ti o nal i nst rumentat ion expert i se offered bycol laborat ion wit h the Daresbury

Inst rumentat ion Group.

· Manchest er Medi cal School i s part of the EPSRC interdisci pl inaryresearch coll aborati on ^From Medi cal Images

and Signal s t o Cli ni cal Informat i on~. Thi s £12M, fi ve year programme involves the Universi tyof Oxford,

Universi tyCol lege London and Ki ng´s Col lege London.

· The Chri st ie and Clat terbri dge hospit als are two of t he nat ion´s premi er oncologycent res, wit h subst anti al

cli ni cal imagi ng expert ise. The Wal ton C ent re for Neurol ogy& Neurosurgery(WCNN) has an i nt ernat ional

reput at i on in neuroscience whi l st the Royal Liverpool Uni versit yHospi tal has excell ent nuclear medi ci ne

experti se.

· The exi sti ng wel l - founded cent res of excel lence wi thin the North West contri b ut i ng t o t hi s proposal i ncl ude:

Centre Rel evant Experti se

DaresburyLaborat ory Radi at ion det ect ors and instrumentat ion, radi at i on physi cs, synchrot ron radi ati on, dat a

processi ng, i mage analysi s, et c., hi gh performance comput ing, GRID.

UMIST Inst rumentat i on, anal yti cal science, imagi ng, i mage processi ng, radi ochemi cal t arget ing,

i mage engineering, synthet i c - and radio - chemi stry, analyti cal sci ence, mol ecul ar bi ology,

bi ologi cal modell ing, genomi cs & proteomics, materi als science.

Li verpool Uni versi ty Si l i con det ect ors, magnet ic resonance (MR), i mage analysi s.

Wal ton Insti t ut e Neurology, neurosurgery.

ManPET Image producti on & processing, bi ochemical t arget ing, radi otracers, radi ochemist ry,

pharmacol ogy.

Universi tyof Manchest er Image anal ysis, comput er vi sion, neurology, MR, osteoporosis, materi als science.

Sout h Manchest er Hospit als Mammography, nuclear medi cine, sent inel node anal ysi s.

Christ ie Hospi tal Cli ni cal research i nto novel therapeut ics, i mage product ion & processing, i mage gui ded

radiother apy.

Pat erson Inst i tute for Cancer

Research

Biochemi cal targeti ng, radi otracer t echnology, t arget - speci fi c therapy, translat ional

research, drug devel opment , cancer bi ol ogy.

Sal ford Universi ty Civil engi neeri ng, mat eri al s.

Clat terbri dge Hospit al Prot on t herapy, cl i ni cal research into novel t herapeuti cs, medical oncol ogy, i mage

product ion & processing.

Royal Li verpool Hospit al Medical physi cs, nuclear medi cine, image producti on & processi ng.

Aims

To provi de a cli ni cal focus we intend to concent rate on t wo di sease classes, neurosci ence and cancer. In oncol ogy, for

which t he t reatment aspects are an essenti al el ement of other aspect s of t hi s proposal, t he importance of imaging is

enormous. An i denti fi ed ult imat e aim i s t o devel op rapi d 3 - di mensional ti me - r esol ved molecul ar i magi ng at

resoluti ons down to sub - mi cron level s. The abil i tyto perform such i magi ng i n vivo woul d revol ut i onise di sease

di agnosi s and also subsequent therapy. Modern therapeuti c i nt erventi ons such as l inear accelerat or based st ereot act i c

radiosurgeryand focal deli veryof pot ent drugs i nto diseased areas are onlypossible wi th t he 3D i denti fi cat ion of t he

t arget . Advanced i magi ng i s vi tal t o moni tor the effect of t herapy, detect pi t fall s and desi gn new treat ment strat egi es.

Our proposed beaml ine and associat ed i nstrument ati on wil l provide t he fi rst st eps to t hi s goal. It wi l l provide radical

advances i n it s own ri ght and wil l permi t t he development of skil l s for longer - t erm development t o expl oi t t he even

more excit ing capabi li t ies of t he 4GLS and IR FEL, e.g. superi or X - rayimaging usi ng Compton scatt ering.

The cent ral nervous system (CNS) exhi bi t s the most compl ex st ruct ure - funct ion rel ati onshi ps wi thin bi ology. It is

here t hat future mol ecul ar i magi ng, e.g. PET, wi ll need to be combi ned wi th i maging of functi onal systems wi thin the

CNS. Diagnosti c precisi on i n detect ing abnormal it ies of funct ion and ti ssue characteri st ics, e.g. local isi ng t he

epi lepti c focus, wi ll need t o be all ied to si mil ar preci si on in the del iveryof a range of thera pi es i ncludi ng drugs,

surgi cal abl at i on, st imulat ion and i mmuno - t herapi es. Here t here is t remendous synergybet ween this i magi ng network

and t he proposed proton t herapycent re (see secti on on Medi cal Therapy).

The abi li tyto work i n the mi cron spat ial regi me wi ll open new fiel ds of li fe sci ences t o st udyand al low t he

i nvest i gati on of pathol ogies current lybeyond the scope of comput ed t omography(CT) machi nes. The new inst rument

wi l l make possi bl e non - i nvasi ve i magi ng of deli cat e structures in thei r nat i ve 3D relat ionships, cont rast ing wit h

current t echni ques, whi ch di stort speci mens and destroyvi tal i nformati on. Exampl es i nvol vi ng leadi ng NW scient i sts

i nclude t he work at Whi st on Hospi tal t o devel op an underst anding of fi nger joi nt operat ion, geneti cal l yi nduced

defect s in embryos and 3D st ruct ures of i nsect neural syst ems. Of immense importance wi ll be the addi ti on of

coherent scat ter CT (CSCT) and fl uorescence t echniques, whi ch wi ll al l ow el emental and molecul ar struct ure maps t o

be produced. Import ant ex ampl es include t he role i n osteoporosis of bone trabecular structure and mi neral

di st ri buti on, a major interest at Manchester Medi cal School .

Initial Roadmap

To start forgi ng our comprehensi ve i magi ng network, we have identi fi ed t wo areas t hat wi ll make an i mmedi ate

i mpact on scienti fi c advancement , heal t h care and commercial opportuni ti es: PET and advanced X - rayimaging.

Supporti ng t hese wi l l be t he creati on of a dedi cat ed group of i nstrument ati on sci enti st s and engineers at Daresbury

wi t h the speci fic rem i t of developi ng medical i nst rumentat ion. Thi s group wil l be unique in havi ng access t o

advanced facil i ti es, whi lst bei ng ful lyi nt egrat ed into the NW cl inical network vi a joint appointments. It wi l l be

responsible for the programmes detail ed bel ow.

Ded ic ated imaging b eamline on th e SRS

Recent experiments at Daresburyhave demonstrat ed that exploit ing t he charact eri sti cs of scat tered radi ati on can t ake

X - rayi magi ng onto a new level. We propose to combi ne synchrot ron radi at i on (SR) from one of t he SRS

supe rconducti ng wi gglers, radi cal detect or development and advanced st at isti cal signal processi ng t o produce a

worl d - l eading i magi ng beamli ne which wil l t ake full advantage of direct lytransmi tt ed, di ffract ed and secondary

photons over t he range 4 t o 80 keV. I t wil l be capable of exploi ti ng refract i ve effect s to produce images of

ext raordi narycont rast (DEI 21 ) and wil l enable us t o progress furt her studi es of the tenfold reducti on in dose over

exi sti ng cli ni cal techniques alreadyachi eved bypartners in this net work 22 . Thi scombi nat ion means t hat t he feasi bi li ty

of t he technique for screening young women at high risk of breast cancer coul d be invest igated. The det ect ion of

scatt ered as wel l as t ransmit ted X - rays creat es molecul ar structure sensit ive i mages. Recent data cl earlydemonst rate

t hat mali gnancycan be det ect ed using onlyscat tered X - rays

23 , 24 . Moreover, changes in t issue st ruct ure over several

cent imet res lead t o the possibil it yof detecti ng verysmall tumours. The full potenti al can onlybe real ised wit h

a ssoci ated radical det ect or devel opment . We wil l t herefore strengt hen t he exist i ng col l aborati ons between Daresbury

and UMIST byadding t he JIF funded Li verpool Si li con Detector Cent re t o creat e a world - l eading X - raydet ect or

development consorti um. In orde r t o t ransfer t he technique i nt o t he cli ni c we wi ll work cl osel ywi th the Phi li ps

Medical Imagi ng coherent scatt er CT project to devel op a pract i cal scanner for hospi tal s. P hi li ps are li kel yt omake an

i ni ti al contri but ion to the project of circa £20k.

The proposed beaml ine wil l i ncorporate mi cro - t omography( m CT), and the combi nat ion of fl uorescent and di ffract ion

modal it ies wi thin a singl e i nst rument wil l enabl e concurrent el emental and struct ural anal ysis. New composi t e

mat erial s wit h structural el ements coveri ng several orders of magni tude wi ll be st udied for the first ti me. For

example, pol ymer composi tes are bei ng i nt roduced i nt o t he wing set of t he European Airbus, yet veryl i tt le is known

about the cumul ati ve effect s of i mpact damage. We wi ll be abl e t o non - dest ruct i velyvisuali se the damage, thus

facil i tati ng t he monit oring of t he evoluti on of i mpact damage during fat igue cycl ing

25 , 26 . Bycombi ni ng complex

sample envi ronment wi th various measurement techniques, e.g. tomographi c i magi ng wit h st rain measu rement, compl et e charact eri sati on of fai l ure mechani sms wil l be possible, the pot ent ial of whi ch has al readybeen

demonstrat ed byt he proposers. However the procurement of m CT facil it ies i s out side the fi nanci al capabi l it ies of

i ndust ry. The avail abi li tyo f a nat i onal central faci li tywoul d overcome this rest raint giving competi ti ve advantage to

UK companies, especi all yt hose i n the Nort h West . As a first step, a laborat ory - based syst em i s being i nst al l ed i n t he

new JIFfunded Unit for St ress and Damage Cha racterisat ion i n the Uni versit yof Manchest er/UMIST Mat erial s

Sci ence Centre. A new i nstrument at Daresburywi ll compl ement the capabil i ti es of the USDC facil it y(wi t h st aff

secondment), exploit local expert i se i n X - rayinstrument ati on, data analysi s and v i suali sati on to est abl ish the NW as a

focus for UK engi neeri ng X - rayimaging.

The proposed SR - based i nst rument wi l l expl oi t t he synergi es between mat erial and medical science needs and al low

much fi ner resol ut ion scal es than possi bl e wi th laborat orysourc es, both spat ial lyand temporal l y. In coll aborati on

wi t h Phi l ips we wil l develop novel X - raysources t o t ransfer this t echnologyinto hospi tal s and i ndust ry.

Bio mo lecu lar PET Imaging

Biomolecul ar i magi ng i s becoming a vit al component of bi omedi cal sci ence wit h a pivot al rol e i n the t ransl ati on of

l aborat ory - based research into human st udies. PET imaging is a powerful wayof studying bi ochemical processes at

t he mol ecular l evel i n vivo and i n real t ime. P ET offers t he potenti al to provi de new i nsi ght s i nt o di sease mechanisms

and t he effect iveness of t arget - speci fi c t herapy.

Small Volume PET

Modern molecul ar and pharmacogeneti c research demands t he need for non - i nvasi ve i magi ng systems wi th much

hi gher spat ial resolut ion and sensit ivit yt han has been develo ped t o dat e 27 . It i s necessaryto devel op syst ems for ful ly

quant it ati ve st udi es of real - t ime bi ochemical processes in smal l animal s. We t herefore propose to:

1. Est abli sh a st ate - of - t he - art quad - HIDAC PET camera at UMIST t o enhance our i n vivo biochemical ima ging

capabi li t ies. It s performance wi l l be enhanced bydevel oping novel 3D image reconstruct ion al gori thms and i t

wi l l also al low us t o determi ne the research focus for t he next generati on of PET systems.

2. Desi gn a novel small vol ume PET camera havi ng both high sensit ivi tyand spat ial resoluti on in col laborat ion

wi t h Perki n El mer. Two concentric cyli ndri cal arrays of detectors havi ng demountable end - caps wil l be

fabricat ed from germani um. Using a Compt on camera configurat ion, the direct ion and energyof the gamma rays

can be det ermi ned, as wel l as t hei r posi ti on. This wil l al low t he use of scatt ered events t herebyincl uding a

great er proport ion of t he total emi ssions i n the i mage reconst ructi on, and dramati call yi mproving the sensit ivit y.

The projected count rates of 10 8 per second requi re fast asynchronous event processi ng, for whi ch the DL

i nst rumentat ion group i s internati onal l yrenowned. Thi s wi ll enabl e t rue 4D PET t o be ful lyreali sed.

Sentinel node anal ysi s

We al so i nt end to pursue, i n conjuncti on wit h Elect ron Tubes Limi ted and t he Manchester Breast Screeni ng Cent re,

t he devel opment of a compact detector to al low t he accurat e i denti fi cat ion of t he sent inel node in breast cancer. This

i s set t o become t he techni que of choi ce t o determine met astat ic spr ead and whi lst this is onl ya small project, i t

represent s t he kind of devel opment t hat CASIM makes possi bl e. Electron Tubes wil l donat e much of t he necessary

equipment for t he prot ot ype.

Request f rom the Nort h West Science Review Team

We seek fundi ng for t he fi rst stage of this project from t he NWSR of £4.7M, compri si ng £2.5M for the imaging

beaml ine on the SRS, £0.5M for t he quad - HIDAC development, £1.5M for the smal l vol ume PET scanner and £200k

for the senti nel node detect or. The l at er devel opment s wi ll require furt her funds esti mat ed at £20M. This wil l provi de:

t hree small cycl ot rons at st rat egic poi nt s throughout the regi on t o enabl e expl oi tat ion of the PET devel opment s;

development of the advanced scanner technologyfor human use; a faci li t yto t ake a dvant age of i sotope product i on

from t he radi oacti ve beams faci li ty; and staff, i ncl uding joi nt appointments, to take forward t hese devel opment s.

We ask the NWSR to recommend the f undi ng of the ful l proposal by the NWSDDG .

Be ams f or Bas ic Scienc e a nd Me di c al Applica tions

We propose t o construct a uni que, world - l eading faci li typrovi di ng mul t iple beams of radioacti ve i ons for nuclear

physics, nucl ear ast rophysics, mat eri al s, bi o - medi cine and environmental studi es. In paral lel wit h t hese research goal s,

t he i nst al l at ion wil l consti t ut e a major upgrade t o t he cl inical and isotope producti on act ivi ti es current l yundertaken at

t he cyclotron of Clatt erbridge Hospi tal and wi ll take over these operat ions as soon as t he fi rst phase of t he instal lat ion

i s compl eted.

The proposed facil it ywi ll put t he UK in t he forefront of t he current gl obal t hrust t owards radioact ive beam

accel erators for nucl ear physics research. It has onlyrecentl ybeen real ised t hat i t is t echni cal lypossible to accel erate

not onlyst abl e nucl ea r species but al so unstable, radi oacti ve i ons. Thi s represent s a major advance i n t he fiel d of

nuclear physics and opens up radi cal new possibil it i es i n ot her di scipli nes. However, the development of such facil i ti es is in it s i nfancyand t here is as yet no example worldwi de capabl e of del iveri ng intense beams of a wide

range of radioact ive nucl ei at the energyof t he Coulomb barri er where nuclear react i ons reveal most about the quant al

st at es of t he nucl eus.

The concept here is to generat e beams of a wi de range of radi oact ive speci es using a high intensit y(> 100 m A) beam

of 230 MeV protons from a cycl otron. For neut ron - ri ch nucl ei, the primaryreact ion woul d be di rect fi ssion of a

23 8 U

t arget ; i n excess of 10 14 fissi ons/ sec coul d be produced, maki ng t hi s a world - l eading faci l it yfor t hi s cl ass of nucl ei.

On t he prot on - ri ch side of stabi l it y, a variet yof t arget s and li ght - i on reacti ons woul d all ow access t o the ful l range of

speci es avail abl e. Ext ract i on of t he i ons from the target/ ion source wi ll be based on t he t echnol ogydevel oped over

manyyears at CERN - ISOLDE and, more recentl y, in coll aborati on wit h CLRC. Re - accel erati on t o 10 MeV/ A wi ll be

achi eved wi th a superconducti ng li near accelerat or. The result wil l const it ut e a next - generati on faci l it yi n term s of t he

breadth of beam speci es, intensit ies and fi nal energyachievabl e. The current i ni ti ati ve offers t he opport unit yfor t he

UK to provi de the l eadi ng faci li tyof i t s ki nd i n Europe and indeed t he world.

Basic Science Research

In nucl ear physi cs, beam s of radi oacti ve nuclei wil l all ow us to address some of the most crucial out st andi ng questi ons

i n the fi eld. Theywi ll al low us t o explore t he absolute li mi ts of exist ence of nuclei. At present we have li tt l e i dea, for

example, of how manyneut rons we can add to the nucl eus before it becomes unst abl e to neut ron emi ssi on in it s

ground st at e. Our t heories suggest , however, t hat as we cont inue t o add neut rons, we mayencounter radi cal l ynew

phenomena associ at ed wi th the skin of neutrons buil di ng up on t he out si de of t he nucleus. Indeed, this wil l be our best

chance to st udypure neutron mat ter. Nor do we know how heavya nucl eus can be. We have managed to creat e smal l

numbers of at oms of t he heavi est el ement s but i t seems l ikelyt hat we can add onl ya few more el ement s wit h stable

beams. Agai n, t heorypoint s to quantum shel l struct ure in nuclei near prot on numbers 114 and 126, that gi ves extra

st abil i tyagainst spontaneous fissi on. Wi th beams of neut ron - ri ch nuclei we can first explore and underst and t he

mechan i sms of reacti ons leadi ng to such nuclei : t hen we can start to produce t hem.

Al t hough mot i vated pri mari lybydevel opment s in nucl ear physi cs, t hi s wil l be a mul ti discipl inaryfaci li ty. It wil l offer

mult iple beams of t he same range of radioact ive i ons at s everal energi es. For i nst ance, some of the beams created wil l

open a doorwayto nuclear ast rophysi cs. The energyt hat stabil ises st ars, and makes t hem shine, has it s origi ns i n

nuclear reacti ons i nvolving the fusi on of nuclei . In these processes t he chemic al elements up to iron are made. Beyond

t hi s the element s are t hought t o be creat ed i n vi ol ent and explosive event s such as novae, gamma - rayburst ers and

supernovae. Increasi ngly, telescopes al l ow us t o observe t he element al abundances for i ndividual ast ro nomi cal objects

but to underst and these abundances requi res much more informati on concerning react ions i nvol vi ng unst abl e nuclei.

The onl ywayto obtain this i nformat ion i s wit h beams of radi oact ive nucl ei .

Quit e apart from it s intrinsic interest t he atomi c nucl eus provides a uni que l aboratoryfor test s of various fundamental

i nt eract ions and t he st andard model of parti cle physi cs. For exampl e, Feynman and Gel l - Mann introduced the

conserved vect or current (CVC) hypot hesis in t he t heoryof t he weak i nt eract i on. The best test of t his theorycomes

from t he strengt h of superal lowed b decays in speci fi c nucl ei. Beams of stable nuclei have al l owed us to measure

some of the relevant nucl ei but we are left wit h uncert ai nti es in the small correct ions that must be app l ied to the

experimental values. The producti on of heavier nuclei i n suffi ci ent i nt ensi tywi ll al low the proton number dependent,

systemat ic vari ati ons in the correcti ons to be determi ned.

Beams of radioact i ve nucl ei wil l also be of great val ue in mat erial s sci ence. The decayproperti es of radi oacti ve ions

i mpl ant ed i nt o soli ds are modi fi ed by, and hence reveal t he nature of, thei r environment on the mi croscopi c scale. In

t hi s sense the ions act as ^spies~ on thei r envi ronment, and studi es of how t heir deca yi s modi fi ed usi ng techni ques

such as perturbed angul ar correlat ions, Mössbauer spect roscopyand emi ssi on channell ing reveal t he nature of that

environment . Radioacti ve decayal so invol ves chemical transformat ion and t hi s can provide a unique chemical

si g nat ure at t he atomic l evel. Manyst andard spectroscopi c t echni ques such as phot o - l umi nescence spectroscopy,

capacit ance volt age, el ect ron paramagnet ic resonance, phot o - refl ectance and deep l evel t ransi ent spectroscopyare

chemi cal lybl ind and general l yrel yon an educated guess about the chemi cal nat ure of defects and impurit i es. These

t echni ques can be cured of t hi s bl indness i f the signals are from known radioact i ve implants.

Intense beams of mono - energeti c posit rons can al so be produced, cont roll abl e in t he range 1 eV to 400 keV, and

several orders - of - magni tude more i nt ense than posit ron sources currentl yavail able i n the l aboratory. Thi s woul d all ow

a large range of st udies of sub - surface regi ons, i nt erfaces, t hi n fi lms, surface spect roscopy, mi croscopy and atomi c

physics to be pursued.

Thi s proposal buil ds on the exi sti ng programme bei ng carried out bythe UK Nucl ear Physi cs communi tyat overseas

l aborat ories, in whi ch a consi derable amount of moneyhas been and i s being i nvest ed i n equi pment. It is for eseen that

much of t hi s equi pment wil l be ret urned to the UK to be instal led at t he proposed faci l it y. Furt her i nst rumentat ion wil l

be provided from grant requests t o EPSRC during the period running up to t he radioact ive beam faci li tygoing onl ine.

The fac t t hat t he facil it ywil l be worl d - l eading means that col laborat ors from cont i nent al Europe wil l make si gnificant

contribut ions t o t he instrument ati on of t he laborat ory 28 .

Medical Therapy

The choi ce of a 230 MeV proton cyclotron as the driver accel erator al so provides the basi s for a proposed prot on

radiotherapycentre. Such a cent re wil l be a worl d - class medi cal research facil it y. It wi ll :

· Ext end t he role of proton t herapyi n the UK, expl oit ing t he hi gher proton energi es avai lable.

· Provide a facil it yl inki ng fundamental sci ence at Daresburywi th cl i ni cal research throughout a net workof l eading

medi cal centres i n t he Nort h West.

The 62 MeV prot on t herapyfacil it yat Cl att erbridge Cent re for Oncol ogy(CCO), the onlymedical prot on t reatment

facil i tyi n the U K, has been l argel yli mit ed, bythe rest ri ct ed part icl e range, to research into t he t reatment of ocular

t umours. The higher energyproton beam required for nuclear physics research can be used t o t reat deep - seated

t umours such as spinal chordoma and chondr osarcoma, where prot on therapy, at t he leadi ng edge of cl i ni cal oncology,

i s wi del yaccepted as t he t reatment of choice

29 , 30 , 31 , 32 . Other t umours t hat are adjacent to cri ti cal structures mayal so

benefit from prot on t herapyand cl i ni cal research needs to be un dertaken t o determine opti mal treat ment t echni ques

and t o est abl ish t he treat ment effi cacy 33 . Compari sons wit h ot her devel oping treat ment s such as intensit y - modulat ed

radiotherapywi ll be a necessarypart of thi s research t hat wi ll be carried out in associa t ion wi th ot her speci ali st cent res

i n the North West, buil di ng upon t he specific strengths i n each centre.

Research int o neuro - oncol ogyis seen as an earlypri ori t y, provi di ng a model for feeding fut ure research t hrough t o

service devel opment . Thi s researc h wil l expl ore the radiobi ologi cal and physi cal rat ional es for treat ment of

i nt racrani al t umours using di fferent radi otherapymodal it ies, i ncl uding prot on t herapy. It wi ll bui ld on the combined

experience of WCNN and CCO in prot on t herapy, li near accel erat or - based st ereot act ic radiot herapy, and i nt erst it ial

radiosurgeryusi ng bot h radi oact ive i odine seed and phot oel ect ron brachytherapy. As part of t he programme of

research, specific object ives wil l be t o develop predi ct ors of t umour response based upon meta bol ic, physi ol ogical and

molecul ar parameters det ermi ned bystudyi ng normal ti ssue and t umour biologyusi ng PET, MR, and geneti c anal ysis

of st ereot act ical ly - bi opsi ed t issue. Such research interfaces wit h exist i ng work on funct ional i magi ng carri ed out i n

associ ati on wit h t he Magneti c Resonance & Imagi ng Anal ysis Research Cent re, wi th mol ecular research carri ed out i n

associ ati on wit h Clatt erbridge Cancer Research Trust (CCRT), and wi th t he advanced i magi ng facil it ies envisaged as

part of t he CASIM proposal .

Prot on beams for therapywil l be provided al ongside and wit hout compromi si ng other appl icati ons, incl uding nuclear

physics and i sot ope product ion. Devel opment of a prot on therapyprogramme fi ts synergi sti cal lywi th expert ise

readi lyavail abl e at Daresbur y, drawing upon speci al i st ski ll s i n imaging, el ect roni cs, beam control , comput ing, and

engineering.

The proposal provides an opportuni tyfor radiotherapyresearch usi ng hi gh - energyproton beams whi ch i s unique

wi t hi n t he UK. The research programme combi ne s cl inical , laborat orysci ence and medical physics expert ise which,

cri ti cal ly, is avai lable onlywi thin t he Nort h West at CCO and CCRT, WCNN, Chri sti e Hospit al, the Pat erson Insti tute

for Cancer Research, and t he Universit yof Li verpool . It bui lds upon th e exi st ing research i nt erests of t hese cent res,

wi l l act as a driver for fut ure research across a broad sci ent ific and cl inical base, and int egrat es wi th developments

proposed wit hi n t he Universi ti es of Manchester, UMIST and Liverpool.

Request f rom the No rt h West Science Review Team

We seek fundi ng of £0.25M from t he NWSR for a desi gn study, t o be carried out over a peri od of three months. This

wi l l provi de t he det ail ed engi neeri ng layout and cost ing for the total project. This i s est imat ed t o be around £8 0M

(i ncl uding VAT), comprisi ng approxi matel y£65M for t he faci li ty, £5M for i nstrument ati on for t he nucl ear science

programme, £7M for t he medi cal therapyprogramme, and £3M for speci ali st faci li ti es at the Walt on Centre for

Neurology& Neurosurgery.

We ask the NWSR to recommend the funding of the f ull proposal by the NWSDDG .

Strat egic North We st Indust ria l De velopme nt

Thi s proposal wi l l contri but e si gnifi cant lyto t he Nort h West Devel opment Agencý s vision for the region. A number

of col laborat ions and formal contract ual rel ati onshi ps al readyexi st between Daresbury, NW universit i es and NW

busi nesses i n eleven out of fourt een of t he establ i shed and t arget sectors identi fi ed in t he NWDA strat egy(see back

cover). A keyfactor i s the signi fi cant strengt h o f exist ing act ivit yin t he t arget areas of li fe sciences and medical

equipment and t echnology.

Fi nanci al support for this proposal has al readybeen given from several i nt erested i ndustri al partners. These i ncl ude:

· Perkin Elmer Inst ruments (UK) Lt d. ˘ £0.2 5M for devel opment of Ge det ect ors for microPET.

· Phil ips Medi cal Imaging ˘ £20K for development of CSCT.

· El ect ron Tubes Lt d. ˘ Provi si on of inst rumentat ion for sent inel node anal ysi s.

· Manchest er Innovat ions Lt d. ˘ a reciprocal arrangement bet ween MILand D aresburyis bei ng establi shed

wherebyMIL wi l l offer SR faci li ti es t o potenti al start - up companies. Daresburyful lysupport s t he MILproposal

t o establi sh a Core TechnologyFacil it yon t he Bi oIncubator si te.

Summary

Thi s proposal descri bes several l inked p roject s across a broad range of science, al l of whi ch depend on expert ise and

i nnovat i on i n part icl e accel erator sci ence and technol ogy. The breadth of the result ing science is subst anti al, ranging

from the studyof fundament al quest ions in nuclear, at omi c and mol ecular physi cs t hrough the st ruct ural chemi st ry

and biologyof i norganic and organic systems to medical appli cat i ons i n the form bot h of diagnosis and of treat ment .

The present st rengths of t he science base in NW Engl and and at Daresburywi ll ensur e that these opport uni ti es l ead to

worl d - l eading science, t o new and important technol ogi cal devel opment s and to major advances i n medi cal di agnosi s

and treat ment . The commensurate benefit s for the economic regenerati on of the regi on, t hrough i ndustri al

ex pl oit at i on, educat i on and trai ni ng and developments i n heal th care, wil l be subst ant ial .

Re fe re nc es

1 D. Deacon, L. El ias, J. Madey, G. Ramian, H. Schwet t man and T. Smi th, Phys. Rev. Let t . 38 (1977) 892.

2 J .M. Ort ega, Accel. Ba sed IR Sources and Appli c.s, Ed. G. Lawrence Carr, P . Dumas, P roc. SPIE 3153 (1997) 2.

3 D. Oept s, A.F.G Van der Meer, P .W. Vanamersfoort, Infrared Phys. Techn. 36 (1995) 297.

4 ^A VUV Free Electron Laser at t he TESLA Test Faci li t yat DESY~, Concept ual Des i gn Report , DESY 1995,

TESLA - FEL95 - 03: Tesla - FELl asi ng at 109 nm , ht t p: // sbfel 3.ucsb.edu/www/ desy1.html .

5 G.S. Edwards, B. Johnson, J. Tribbl e and K. Wagner, Opt ical Engi neeri ng 32 (1993) 314.

6 D.V. Pal anker, G.M.H. Kni ppel s, T.I. Smit h, H.A. Schwet tman, Opt ics Comm. 148 (1998) 215.

7 Handbook of Bi ol ogi cal Confocal Mi croscopy, Ed. James B. P awley, Pl enum Press 1995.

8 Y. Sako et al, Nat ure Cell Bi ol ogy(2000) 2: 168 - 172.

9 M.J. Tobin, M.A. Chest ers, M. Pearson, N.R. Griffin, S.E. Fi sher, B. Ruzi cka, Accelerat or Based Sources of

Infrared and Spect roscopic Appl icati ons, Ed. G. Lawrence Carr, P. Dumas, Proc SPIE 3775 (1999) 96.

10 Vanderbi l t Universi typress rel ease, December 20 th 1999.

11 K. Awazu, A. Nag ai, T. Tomi masu and K. Aizawa, Nucl . Inst . Met h. B144 (1998) 225.

12 M. Ost ert ag, K.C. Schmi edt, J.M. Ort ega, M. Bende and B. Jean, Invest igati ve Opht h. & Vi s. Sci . 37 (1996) 2625.

13 D. Clarke et al, Proc. of the Nat i onal Academyof Sci ences (1999) 96, 7232 .

14 Y. Guan et al, p. 276 - 321, i n Anal yti cal App.s of Raman Spect roscopy, Ed. M.J. Pell eti er, 1999, Blackwel l Sci ence.

15 Mi chael J. P el l et ier, ^Introducti on to Appli ed Raman Spect roscopỹ , i n Analyt ical Appl icat ions of Raman

Spect roscopy, Ed. M. J. Pel let i er, 1999, Blackwell Sci ence.

16 A.P. Thorne and M.R. Howel ls, Vacuum Ul traviol et SpectroscopyII, Ed. J.A. Samson and D.L. Ederer Academi c

Press, New York 1998, p73.

17 R.R. Freeman, P.H. Bucksbaum, W.E. Cooke, G. Gibson, T.J. McIl rat h and L.D. van Woerkom, At oms i n Int ense

Laser Fi el ds, Ed. M. Gavri la, Academic Press, New York 1992, p43.

18 Free Elect ron Laser Inst it ut e, FELI: ht t p: // gat ekeeper.fel i.co.jp/ Engli sh/ .

19 Laser Processing Consorti um, LPC: ht t p: // www.jl ab.org/ FEL/ .

20 A. Shaw, A. Al - Shamma’a, R.A. Stuart, C. Bal four and J. Lucas, Nucl. Inst. Met h. Phys. Res. A 375 (1996) 245.

21 Chapman D. et al , Diffracti on enhanced X - rayimaging, Phys. Med. Biol. 42 2015 ˘ 25 (1997).

22 R.A. Lewi s et al, Synchrotron Radi ati on News Vol. 12, No. 1 pp. 7 - 14 (1999).

23 R.A. Lewi s et al, SPIE 3770 , 32 - 37 (1999).

24 R.A. Lewi s et al, Journal of Synchrotron Radi ati on, i n press, (accept ed Jul y2000 ).

25 Kornbl um et al, Nat ure Biotech. 18 : 655 - 660, 2000.

26 E. Maire, R.A. Owen, J. - Y. Buffiere and P .J. Wi thers, Acta Mat er. i n press (accept ed May2000).

27 M. Preuss, E. Mai re, J. - Y. Buffiere and P .J. Wi thers, submit ted t o Act a Mater. (June 2000).

28 ^Sirius Science~, CCLRC report 1998, Ed. W. Gel l et ly.

29 M. Preuss, E. Mai re, J. - Y. Buffiere and P .J. Wi thers, submit ted t o Act a Mater. (June 2000).

30 Debus J. et al , Int . J. Radi at. Oncol . Biol. Phys. (2000) 47(3) 591 - 596.

31 Munzenrider J.E. & Liebsch N.J. St rahlent her. Onkol . (1999) 175 Suppl . 2 57 - 63 .

32 Hug E.B. et al, J. Neurosurg. (1999) 91 432 - 9.

33 Rossi C.J. Strahlenther. Onkol . (1999) 175 Suppl . 2:82 - 4.