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Submitted {0 the 13th meating of the Mepascience Forum

OECD MEGASCIENCE FORUM

Report of the

NEUTRON SOURCES WORKING GROUP

—

The Neutron Sources Wiorking Group of the OECLYs Megascience Furum has proposed a
three-ticr globat strategy for the evolution of newlren facilities for neutron-scattering
rescarch. [t notes that neulron scattering plays, and will contitive to play. a audal role in
an extraordinarily diverse range of basic, sirategic and applied research; that there is to be
a dramatic, and mnevitable, decline in the pumber of facilities worldwide, which requires
urgent government attention; and that considerable benefits can be gained through
international co-operation in the provision and ubilisation of neutron seurces,

Arcordingly, the Weorking Group has proposed the following, strategy as a basis for its
conclusions and recomumernclations:

» o maintain, as far as appropriate, existing narional sources, noting their importance
for maintaining local neutron-scatiering infrastruchure;

= o maximise the ntilisation of corrent front-rank facilibes, noting their potential for
refurbishment and up-grading which can lead to substantial increases in
pecformance and etficiency;

= fo prepare for provision of next-generabion regional sources, noting the long lead
times involved and the necessity to ensure that govermments are appropriately

informed of folure proposals.
Conrtents
Inteoduction . Fape 2
Background IFage 3
How can the demand for neutrons be met? Page 4
Next-generation sources Page b
How to fitl the gap Fage 6
Scope for international co-opetation Page &
Sommary: findings andd conclasions Page &

References Page 9
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Intraduction

1. The Neutron Sources Working Group was established by the Megascence Forum in
January 1996 to consider the {uture evolution of facilibes for neulron scattering
research. H has the following aimns:

» 10 estimate the future level of neutron undersupply, piving consideration both to
likely demand, and supply, over a 20-year timescale;

» to establish what is required to meet the anticipaled demands in terms of new and
refurbished facilities and instrumentation;

» to identify technical problems associated with the development or up-grading, of
new ot existing neutron sources and o recommend, where appropriate, co-
opirrative R D activity to sehve these problems.

2. The Working Croup consists of some 33 national delegates, comprising, both
povernment officials and  government-designated  scientists, from  the  following

couniries:
Australia C:crmany Portugal
Austria Hungary Russia
Belgium itzly Sweden
Canada Japan Swilkzerland
Derunark Korca Umited Kmgdom
France MNetherlands Uniled States

3. The Working Group has met on four pocasions, in Lisbon (May 1996), Inlerdaken
({October 1996), Toronto (August 1997) and Tokyo {April 1998). The Croup established
individual panels 10 invesligate specific arvas of ibs remol, concemned with (a) the
refurbishment andd up-grading of existing facilities, (b) imernational co-uperatin in the
development of newtron instrumentation, and (c) opportunities for ittemational co-
operation in the development of new ncutron sources.  Consultants have becn
commussionad to conduct a survey ol Tuture prospects kor neutron scattering facilities
{zre paragraph 13 below).

4. This report is concerned with facilities for neutron scattering research, and is largely
concerned with dedicated high-flux reactor and accelerator-driven {spallation} sources.
We recognise that this smils many areas for which newtron sources are of fundamental
importance, including radiation damage studies, reactor experiments, neatron puclear
physics, isolope production, activation analysis and others. This omission should not
be taken as a judgement on the marits of these ficlds, but as a response to the mandale
of the Megascience Forum itself.  Tn these fields, multipurpose reactors with large
irradiation voluaws and high neutron Aux will continue to play a strong rele for the

foiresecable luture.
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Rackground

5. Nettron scattering is a widely-applied tool in condensed matter research, and many
reports't ™) have detatled the applications of the technique, along with the [uture
opportunibes offered with more powertul sources. The introduchon te the European

Spallation Source report™® summarises the situation as follows:

“Much of what underping our present-day quality of Iife depends vpon our underslanding, and
consequen! conlrol, of the behaviour of materials. Lillimaledy, this bekaviour is diclated by their
structure and dymanrics at the atomic and mesoscapic level and our knoudedge of Hipse comes
from a wide range of sophisticated scientific technigues.... The newtron 35, in many uays, the
ideal probe far the investigalion of condensed wmaticr, having significant advantages over oiher
Jorms of radiation in the shidy of microscopic struclures and dynamics.

Mewiran scatlering  has comsequently mode oulstandimy omiribubions le our delailed
understanding al @ microscopic level of techinically fiporlant material such as plactics, proteins,
polymers, fibres, liguid crystals, ceramics, havd magnels, and superconductors as well as to our
wnderstonding of fundamental phevomena such as phase bransitions, quantum fluids and
sponlanegis ordering.  The 1894 Nobel Prize in Physics (0 Brockkowsd and Skadi for their
pioneermg efforts in the 1950s was a public ackngiledgement of the importance of newlron
scattering lo thr scientific community ”

6. The utility of neutron beams arises from the physical properties of the neutron iiself,
ranging from the ability sensitively to cbserve atomic or molecular magnetism, to the
ability io obsirve the details of atomic and molecular motions-in both space and time,
to the ability o use atomic isotopic substitution to label particular regions of complex
structuces. Indeed the importance of ngutron scattering as a research technique is
emphasised by the breadth and depth of its application v probleins in virtually all
arcas important to a2 technologically advanced society. PBut for many advanced
apphications, the utility of neutren scattering is litnited by Lhe intensity available at
exisling souUrces,

7. At the present bime a world-wide acientific community of the order of 6000 scientists
uses neutron scattering for research across a wide spectrum of scentific disciplines.
This wmulidisciplinary character of newiton  scatlering  cesearch was  recently
documented in a survey™ by the Furopean Neutron Scattering Assoeiation which
revealed the distribution of neutran users i Evrope to be physics 46%, chemistry 27%,
materials science 19%, biclogy 4%, engincering 3% and  parth sciences 1%, with a
tendency to broaden even Further.  Another aspect of the neutron scattering
comumunity is their prevailing youth. More than balf are PhD students and
postdoctorals, who in addition to carrying out frontline research are being educated in
the international environment of the large neutron establishments thereby preparing,
therm for Lhe challenges of professional activily in an increasingly global scientific and
imdustrial world.

8. A study™ published by the Furopean Science Foundation arxl the Eurapean Neutron
Scattering Association in 1996 {usually referred to as the Asbrans Eeport) provided a
forward lovk at the likely development of the demand for neubron scattering, Tt
convinemgly demonstrated that research using neutrons can be expected to continue to
griow both in traditipnal fiekds like solid state physics, materials science and physical
chemistry, and also in new and rapidly developing areas for neutron research like
bivlogy, engineering and earth scivhees. This will involve an incrcase in the
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complexity and sophistication of the scientific work rather than a mere growth in the
number of experiments.  Entively new and excibng resuibs can be expected from
develupment of novel measurement techniques and data analyzis methods.

The Autrans Reporl concluded that non-neutron teols for iatter investigation, such as
synchrotron radiation, cannot substitute the Riture uge of neutron beams.™ Even in the
long term, both neutron scattering and synchrotron radiation research will continue to
be indispensable, bevause the bwo techniques cannot replace cach olber (nor he
replaced by third methods), indeed they complemint and exlend each other’s range
and opporiunities.

The importance of the rosults obtained uging reutron scattering techniques lics not
only in their significant - often crucial - conteibution to the corpus of scientific
knowledge, but equally to their impact on a remarkably wide diversity of rechnalogical
and industrially important areas. Present and futore examples that can be eited
include  biotechnofogy, drug  design,  pharmacology,  materials  processing,
enwironunental  technologies, catalysis, energy storage, new  materials, energy
transmission, transpor, data storage, quantum devices, all covenng crucially important

aspects of mpdern civilisation,

There are currently aboant 25 major sources in the world which produce neuiron beams
lor condensed maler research. Though the leading installations are in the lagge -
“megascience” - calegory, nentron scattering experiments at these centres are typically
carried out by small research teamns based al universitics, research institutes and
industrial kaboratories, and conslitute the kind of research that is generally considered
to bee “small sciene™. The majority of nsers require recurrenit short-term access to the
facilitics, often for ne moee than a few days at a time. The rescarch carried put at these
sources contributes to the scientific anud technological infrastructure in the regions, and
indeed it is this endeavour, tather than the sources themselves, which underpins the
industrial competitivencss in the region.

How can the demand for neuirons be met?

Most of today's peutron sources are based on nuclear reactors; additiorally theer anc o
number of accelerator-based sources which produce neutrons by the nuclear
spallation process. Most of the reactor sources were built in the 12505 and 19603, and
will corve 10 the end of their useful lives in the next ten years or so; in {act some time
betwern the yoars 2010 and 2020 the presently-installed eapacity of neutron sources for
beam research will decrease to a level below onwe third of that today.

To provide an estimate of the extent of the “neutron gap” - the increasing divergence
betwern peuteon demand and neutron supply - the Megascience Forum has
commissioned a detailed shwiy by Tt Richter and T Springer  "A Tuenly Years Furward
Look at Wewtron Scattermy Facilities in the GECLY Countries and Russic” ' Their report
yuantihes the dechine n existing spurces indicated above, and provades a global
everview of ithe planned sources and their impact.

Given the long kead time from the conceptual design to the commissioning of a now
spuarce - at least 10 years - political decisions on new facilities are necessary in Lhe next
few years, and cortainly hefore 2005, Otherwise, vital arcas of science and technology
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will be deprived of an important and unigue rescarch tool. The Working Group has
considercdd three scenarnios ko face the future demand:

a} No turther investment in major new faciliies. The mevitable result of such
inaction would be the decrease in the number of sources to less than a thind of the
present worldwide inventory, in the face of increasing demands for higher
intensity and higher quality neutron facilities.  Refurbishments and upgrades of
the best existing facilitics could alleviate the situation in the short to medium
lerm, but would nol prevent an evenlual widening gap between supply and
demand. The Working Group belicves this is an unacceplable option.

b) A sccond option might be to bujld a single, extremely high-power, souree to serve
worldwide needs at the highest possible intensities, while letting existing sources
decline as in option {a). Given the diverse character of the user community and
the effects of eross-disciplinary interactions, the societal and industrial impact of
the scientific activities at the “super source™ would be significantly higher in the
host region than in other parts of the world. Tt could aiso lead to a situation where
the use would be essentially limited to a small elite coterie of scientists.  The
Werking Group does noet suppaort thas option.

¢l A third and preferred option is to adopt a strategy based on 2 regional provision
of sources, where in each significant world region - Europe, North Amenca, the
Asia /Tacific area - there would be at least ot major next-generation source, Such
a strategy would provide access to quality facilities for the vast majority of
scientists requiring newtrons for their rescarch, It would support numerous
rescarch teams working in a variety of fields and providing a critical research
infrastruciure throughout the different regions of the world. We note that this
strategy is consistent with present plans and proposals to provide new
{accelerator-based) stuirces in Turope, the United States, and Japan, and is the way
synehrotron radiation sources are distributed worldwide,

Nexl-generation sources

The next peneration of neutron sources will create significant pew scientific
opportunibes - it is not Smply a case of compensating for sources that have shut down,
Most of the projecks under contemplation have incorporated special features that will
enhance their performance and polential when compared with present day sources
This tneans that plans for projects oflen venture inte undeveloped areas of technology
which require R&D for proof of concepts, design, testing and validation, as well as

profotyping.

The most important class of next-generation seurces consists of the accelerator-based
spallation fadlities, whose increased power will lead to improvements in the quantiby
and quality of research, and enable gxpansion into new scientibc areas. At present
number of specific projects are in the planning stage: in Europe the European Spallation
Source, F55, and an Awstrian propuosal, AUSTROMN; in MNorth America the Spallation
Neutron Saurce, SNS; and in fapan the Japan Hadron Facility, JHF, and the Neatron
Science Research Program, MSKE. However the carhiest realistic date that any of these
facilities could be operational would be after 2005, with the most significant scientific
and technological imparts following a decade or more later. 1t is because of this long
lead-time that plans to fill the intervening gap are crucial to satisty the scientific need.
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How 1o fill the gap

There is certain to be a critical petiod in the early years of the next century when a
majority of today’s existing sources have shut down, and before the next generation of
new sources are flly in operation. The Working Group has given atiention to the
problem of filling this “neutron gap”. 1 is believert that the situation can be ulleviated
by the completion of new facilities that are already under construction, and those that
have already been approved, by the up-grading of existing front-rank sources, and by
improvements it neutron scatiering instrumentation. This strategy will reduce the
impact of the neutron gap and at the same lime provide the nebwork of well-equipped
imtermediate sized sourees needed to serve national communities as home base for the
Jarge class of experiments which do not need the highest i, and for the development

of new techmigques.

In Enrope, the Swiss Spallation Source, SINQ, started operation in 1996, and o new
Cerman reachor, FRM-I s wmder construction with a planned start date in 2001, In
addition there are plans to increase the power of the UK’s ISIS facility, which could be
further augmented with the addition of a second target station. At the ILL and
Orphie-1 1B reactors, current instrument upgrades promise cansiderable gains in
imtensity and efficiency, and there is scope for the installation of mew instruments,
which will increase the user capacity. In North America there are approved projecls
under way 1o enhance substantially the capability of the LANSCE accelerator-based
facility, and the HFIR and NIST reactors. There are plans to upgrade the TIFER reactor,
and b construct & new Tescarch reactor, the 1RP, in Canada. In Australia the HIFAK
reactor is 10 be replaced by a research reactor of increased capacity by 2005. In Russia a
new small spaltation source IN-06 at the Moscow Meson Factory will starl in 1958.
There are plans 1o enhance the capability of the IBR-2 pulsed reacter and to complete a
new rescarch reacior PTE at St Petersburg. Al these projects, coupled with continuing
improvements in instrumentation, will provide 2 network of sources which is parl of
the scientific and technological infrastraciore of the different OFCT) countries. They
will allow a continusus exploitation of neutrons through the aitical time of the neutron
gap and serve as an integral part of the world's neutron infrastructure once the new

next-geneTation sources ane operational.

Scape for international co-operalion

. The necessary R&D to achieve the above aims is costly and often recuures access o

unigise facilities. Sharing of tasks and costs and avoidance of duplication are clear
benefils from co-operation. The Working Group is convinced of the value of
international co-operation in the provision of new sources, in the up-grading of
existing fadlities, and in the development of new mstumentation. To this end, fprmal
co-operation networks might be established for each topical area, each being open to
parlicipation by institutions that are active in the respective ficlds.

There will be a need to help the formation of such networks and to monitor their
progress. [1 may also be appropriate from time to tme ia negohate the incarporation of
such networks into existing frameworks for international co-operation. In Europe, it
particular, it will be useful to maintain a forum for consultation at governmental livel
te achieve a proper balance befween national and regional prionties in decisions
cuncething neutron sources.  The user communities represented by their reyional
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nrganisations should participate in this process. Both of these functions could be taken
care of by the OECD Megascience Forum or A ssmilar organ.

The proposed co-ordination of effort in the R&TD slages would lead to considerable
savings in both cost and time, and also offers the possibility of even grealer gains in the
construction phases. Adoption of standard solutions for all three regional sources
would increase the market for global competitive bidding on a range of components,
and co-ordinated purchases could enhance this effect. It has been cstimated that thas |
could reduce construction costs by at Jeast 10% and R&D costs by as much as 40%. The
Working Group has nol looked in detail into this perspective, but it could serve as an
tnspiration for a future phase of the Group’s activities.

Irilicative costs for neutron facilities are as follows:

FACILITY EXAMPLES COsT
MNexi-genetation . EsS, THE,NSRT' SNS %1-15bn
spallabion sources
MNew reactws, ADSTRON, FRM-1I, : $200 - 4008
spaliation spurces HIFAR-U, IRF
Up-grades to 151511, LANSCE £50 - 20004
exashng aouroes
Replacement ILL, WIST, etc £10 - 50 M

instrument suiles

Topics which require significant levels of R&D, and which could bemefil from
mternational collaborative activities, have already been identified in the follewing,
Argah:

accelerator technology

spallation target technology

research reactor desipn

nayiron scattening mstrumentation

In this context, the Werking Group has already inibated some prelimdnary studics,
sponsoring, two inkernational coilaborative activities. In September 1997 it supported A
workshap on cold moderators for pulsed neutron sources, which has already ed to the
formatiom of an international task group.  And it has supported the AGS Spallation
Target Experiment at Brookhaven Natienal Laboratory, which is providing
fundamental data for the next generation of high-power spallation sourees.
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Summary: findings and recommendations

By the year 2020 more than bwo-thirds of the world™s peutron sourges for beam
rescarch will have been shut down. Given the long jead time from the concepiual
design to the commissioning of & new surce {al least 10 years), irm political action to
avert the threatened shortage of neutrons is recommended. Commitments on new
facilities are necessary in the next few years, and cettainly betore the year 2005
{therwise, vital arens of scionce and technology will be deprived of a crucal and
unique research tool,

Thi: mexl peneratipn of neutron sources will create significant new scientific and
engineering opprrtunities as well as replace the capacity that will be lost by the
shuidown of existing sources over the next twenty years. The Neutron Sources
Working Group recommends a scenaric which aims at the construction of advanced
netron sources in each of the three regions Asia/Facific im, Europe and North
America, to be operational within 20 years, and catering for regional needs in a wide
range of scientific and technological apphcations. This is consistent with the plans
for pext pencration multi-megawatt spallation sources which are already at advanced
stages of- planning in Furope, Japan and the USA.  The Weorking Group also
recommends ithai the new advanced sourees be supplemented by a network of new
and/or upgraded existing sources as required to serve both regional and national
science and technology needs. In each case, the justification for the operation of such
sourees should be on the basis of the excellent science and technology that is being
supported, as well as other national goals as appropriale.

Sleps should be faken to compensate for Lhe potential “neutron gap” in the interim
years early in the next century when a majority of loday’s sources have been shut
down and before the new advanced sources are in operalion.  Although new fariltes
are cwreendly entering service (SINCY), are under congiruction (FRM Ii), or are planned
{HIFAR-II and IKF), urgent attention must be given tn refurbishing or upgrading
front-line facilities such as ILL and 1515 in Europe, and HFBR, HFIE, LANSCE and
NIST in the USA. Consideralion should be given to achieving this aim on an
inlernalional basis. Coupled with continuing improvements in instrumentation, such
projects would compensate in part for the projected dedline inCavailable neutron
capabilibics pver the next twe decades, and would be the foundation for the network of
lewal spurces needed o supplement the major new sources recomumended above,

The development of the advanced sources as well as the vp-grading of existing ones
and the continmed developmwnt of instrumentation reguires RéD for proof of concepts,
design, testing and validation as well as prototyping. International collaboration and
task-sharing is strongly recommended in order to achieve technical synergy and cosl
reductions.

Consideration should be given to the establishment of a global network - a follow-
on body to Llhe Neutron Sources Working Group, perhaps, but not necessarily, under
the OECD nmbrelia - in order to achieve the aims of the Working Group.
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FOREWORID

On behalf of the OECDH Waorking Group on Nuclear Physics, [ am pleascd w put intor the hands of the
public our report. We present here, for the first timwe at the world seale, a shared buture vision of an
optimused ensemble of national and regional facilities for a well corordinated] advanee mmong the

principic sub-ficlds of nuelear science.

‘The OFCT Megascience Forum decide 1o create 2 Working Group on Nuckear Phiysics in June 10046,
Since 1992, the OFECT Megascience Forum has been & venus for epular meectings of senwr scienoe
policy officials of the OFCD Member countries.  Through s deliberations and the subswhary
activilies that 1 authoriscs, the Megascience Forum seeks to stremgthen internanenal conseliation, co-
ordination and co-operation in the planning, developtent and utilisauon of programmes and very
larps research facilines. The Megascience Forum is a deliberative and consulianive body. Thus, o does
not fond vr manage scientific research.  Exishing co-vperative projecits may be strengthened (o oew
ones created) as a reaull of its work, bul negotiations and funding decisions have Lo take place in an
appropriate vere pulside the enatext of the OBCD. The Megascience [Forum 1% o subsidacy body of
the OICD Commirtee on Scientific and Technologicat Policy, to which it regibarly submnis progre sy

Lepeets.

The mle and significance of megascicnor prigeels and progranuces continues to evolve, based on the
changing meeds of scientisis and of policy makers. Many researchers in Niclds thay were traditionally
considered to be “small science” (for example, condensed matler tesearch) are aow (he pomary wsers
ol very large Tacilities {soch as neutron sources and synchratron radiation saurces). In pubhic policy,
in areas such as beabth, lood production, or envizonmental protection, there is a growing necd for the
resulis of large-scale research {for example, penome mapprog projects and Farth-observing systenw ).
Risearch budgets are under scrutiny in many GECD covmiries, and governments Tace the chatlenge of
mEnbtaining stronp mgascichce programmes.  Because of the world-wide distnbunon of resources,
ynformation amd ialept, intcrnational consultalions by science policy officials are cssenoal for
undenizking himely, mformed docisions om mepascience policy 1xsues,

Ome of the mapor topics wn deliberations is the extent bo which the research projects can znd shouid be

pursucd a8 imcrnadional collaborations, tv opumise the use of fonds and ro avoid ennecessary
duphcation. The scienlific communily has already created many formal and inforinal channcls foe

tanlihng intemational connections. To be successful, however, (hese effors must be compleiented Ty
cqually fraitfel interactions among povernment science pobicy officials. Failing that, even the moxst
scientically presnising collabortions can fuil for 2 vadety of budgetary. pehtical or buarcaucratic
reasons.  [nternational co-operalion i scienee s Tamely easy of strughiforwarg, st individual
countres (amd reponal  organisations) have created their own o struciires Eot selling, pricritics,
schedules, funding and cvaluauen.  These maes he harmomised and oo vrdinatedd before ot

ineesrmational eflens can take place.

The Members of the Megasownee Fomm are e governmenmts o0 Ausizakia, Awsien, Belginn,
Canada, the Tzech Republic, Denmark, Findand, France, Germany, Greece, Hungary, Ireland, Baly



Japan, Korca, Mexico, the Netherlands, MNow Zealand, Norwwy, Poland, Poarfugal, Spain, Sweden,
Switzerland, Turkey, the Uniled Kingdom, and the Tnited Sndes. The Puropean Comuassion
participales in the work with the same status as a Member government. Israéd, (he Russizn bederation.
and the Slovak Republic have Obscrver status i the Forumn, and can fully panticipate iy activites,
Trgether, members and observers accoant for over 90 per cont of global nvestimests 1o rescarch and

development.

In 1995, nunisters imposed a set of requirements op 165 activites:

»  Working groups mmst penerate valuc-added, policy-relevan informatien that purticipatng
gvEmIments can use as they develop priotities, plans and Funding decisions: aver medium aml

limg torms.

+  Working groups mnst have a well-defined nindate and fOnite lile-time. Topies for
consideration should be proposed and chosen by the Forum members, and each group shonld

he led by a designated counley.

«  Alhough the working groups are convened and el By povernment officials, they most seck
and incorperate inpul froen the scieniilic commonity  Seenile issuss per oo thonld not e
dehated, ddeally, a consensus of scientific opinion should exisi befere a warking pooup s
createel and the proup’s sk shoule be w explore the poley nnplications of new developments

amwl trepcls, and prospects for interpalional co-operation

This report is wntien 1o be onderstandable to everyone who is comeerned with long- lerm prionity-
setting and Munding decisions. 1L accurately rellects the scicntile rancnale for the findimps and
recomnmendatinns of our Woeking Group, We explain the fundamenial role of nuclear physics to
eaplote the nature of matter, the struchice amd history of the Universe. We beheve 1hat & programime
of sustained and balanced vestments in noclesr physics 1s a natoral mdegral pan of an overall

prepramime of basic scientific rexcarch ard cducalion.

Some of the mmportant fundamental quesiions aldressed today by the wientfee comminey e the
lesdlorwing.

s Whal arr Ihe constituents of maiter, hew ilo they interact, and how do they form nucler?
= Wha arc the imits of puclear stataly?
»  Whal happens to alter al extreme pressares and wioperatures?

»  What is the vnmin ol the chemical elements in the cosmns?

The Long-term perspeehive of this report presents national and regional plans vome o global et of
view. The development uf new [acilities is proposect 10 address goestions that cantot be answered by
the present genceation of facilitics. We discuss the growing critical rode of large Tacilmes and adennty
the Towr types of fulure Tacilities that will mequite internationa] vo operation:  cadioactive e lear
hearns, electron beams, Tapan 1 Tadron Facility, wltra relatonsii beavy ons

Nuglear scenct continues 1o make mporaot contributions fo soclety via the dewvelepment of
imiprwtant applicativns and spin-elfs. The Working Group alse censidered a munber of apphuations of
nuclear physies, haged on their imporance to society. The group Erslies wess, thead hesy deserve the sprecial
attention of poelicy makers whe will be deciding on nuclesr physics priorities and imvestments [or the
next L0-20 years.  Progress in these felds requeires the exisienve of o dynanie nuckar physics

community whose primacy masslon 18 basic research



[ would like to grve the Members of [he Megascience TFonin spuecial thanks [ Alecir amderest am Lhe
worek of this group, for theje stimulaliog and very valuable feedback th the penodic progress reports

all the members of our group are pleased by the importance and the quality of the work achievwed
Iogether. It was a preat expenence for me to chair the Working Cironp on Muoclear Physics [ un mosg
graneful o the detegates and the members of the scientific community whe woere such o vital part of

the work.

Bernard Frois
Chairman of the Working Gronp on Nuclear Physics



. SUMMARY

The OECD Mepascience Formn established the Working Group on Nuclear Physics e June 1496,
Warking Group member countrics were- France (lead coundry}, Belgom, Canacda, Finkind, Cermany,
Greeee, ltaly, Japan, the Netherands, Portugal, Bussia, Spam, Sweden, Switzerdand, the linned
Kingdom, the Unitcd Siates and the Loropean Commission.  Inviled participants came from UERN,
the QECT Muclear Energy Agency (NEA), NuPECE {on behalf of the Eawropean Commastien) and, in
selected sub-groups, China, [ndia, the ISTC {Moscow), and the Thomas Jefferson Laboratory {USA)

Furope, Japen znd the United States have Jdeveloped detailed long-range nuciear physics plans, which
the Ciroup discussed and compared.  From a scicntific pomnd of view, an imponiant hoding s thal there
exists wirld-wide agraement on the ditections for future research. The Working Group recogrised the

need for the following future Tacilities:

» High-intensiy radicac hive nuchear bearn facilibes.
+  Inicpse high coergy conlinoous electron beam facilities.
s Multi-purpose hadron facilinies with a wide vanety of secondary particle beams
=  Facilitics for heavy ion colhiswas al very high energies.

The Wnking Group betieves thal nuclear physics will commnue e provide new aad smporlant Jdirect
benehls for socaety in the 215 cemury. The specifie topics listed below were examined in detail, ancl

recommeTkiations were developed as follows:

Kadiveciive Nuclear Beam (RNB) Facilitiex

1. The Working Group recognizes the importonce of radioactive noclear beam facibbes for o
broad programme of rezcarch im fundarmemal nuclear physics and astrophysics, as well as
gpplicalions of nuclear science, A new gencration of high-intensity RNB facilities of cach of
ihe twer basic iypes, 1800, and In-Flight, should be bunlt on a regional basis.  Inlerested
EOVEMMEnts are encouraged 1o undertaice the necessary decisions within 1he nexi lew years,

ard the facilives themselves shonkd become operanonal m five 10 1e6 years.

The Werking Growp recommends the establishment of a4 conbat group consisling of
government appoinicd programme ranage s and aibar sowentific aned lechmucal experts fron
countries that are actively mvolved n planning and inplemenimg new (or apgraded) ENI
faciliies, 10 provide a vemue for accurale and mely exchange of intormanon repardings
decisions, priorilics, schedules and progress bewng made in the three major cepons of e

world.

fan]

Fleetran Faoihibies

The Working Groop found 1hat a consensus ¢xisis In the scwennfic conmunity on the importance of
using high-energy contimrous electron beams ax probes of nuclear and hadronie stmictures at the level

of quarks and glaons.

I The proposed evolwionary upgesle ol CEBAE a0 the Jeffeeson Laborory 1o 12 Ge by
M5 would give the sciemitfic communpy the opportunary ta eater the brgh-siensity, hoph
eperey domarn Al a ceasonahle cost, at the nght time.



Regarding possibifities for a 25-30 GeV facility, the Waorking Oroup recomneencds that
discussions i the scientific community continue, aceompaniesd, as needed, by congeltalions
with national/regional planning and funding bodies. Aa the approprnate tine, consultations
should ocoue 19 encoutrage cor-ardingtion and, I7 apprapriate, collaborauon o eke smaximuam
atlvantape of inlernational opponunilies and resources.

Hadron Facilities

The Warking (roup etrphasises the scientifie importance of thi: Japan Hadron Factlity (JT1F)
propused by the EEK laboratory, which will aitract a world- widc scientfic commuonity,
Intercsted agencies and labocatoties are encouraged to consider forming partnerships for
developing instrurneniztion and derectors 1o 1ake advantage of the facility.

The Working Group welcomes the initiative by the JHF proponents to open it to the
international users’ communily and te stimulate the formation of collaborauons for oty

paperimental exploitation in accordance with aceeped and applicd pobicies for access Lo
latge: nuclear physics facilinies world-wide.

Heavy lon Collizions at Brookhaven and CERN

1

{iiven the challenpes and Lhe pre-eminent impanance of beavy ion callisions 1 the pursait of
the ultimalc quark matler physics goals, significant benefits would he realised from an

enhanced level of imcmational cellaboralion.

The Wixcking Group recommends that scientific and 1schnical groups, in co-ordination will
the relevant fanding agencies, maintzin the productive contacts that began under the acgis of
thi: Working Group.  Fnbanced co-orhination and cellaboration will strengihen the world-
widle effuel im this ficld, and, in particular, the collaberation baiween the RHIC and ALICT

communities.

Applications of Nuclear Physicx

The Werking Group focused on three promising topies: acceleraior-driven transmutation of noclear
wastes, medical imaging, and cancer rtherapy.

In recenl yeorvs, accelerator-driven {ransmutation has emerged ats o poenhially complementary
iechnology [or radipactive waste handling, by transmmting the Jongest-hived radinactive isotopes inte
shon lived of stable ones. This lechnalopy could have a sigmlbcant syoergy with other megasoiencs-
seale projects, such as neutron sources and high. intensiny aceelecators,

s T'ne Working Gronp touwnd that, i called upon, nuckear scientists are willing toccunenbaaie 16

the development of this potenial solation to an impotant peobtem in many OECT Member
counlres.

A5 rescarch proprosses, there 15 anincreating possibilicy thal ampormant avennes ul
mvestigation will ronain uncxplored, o that omeccssry dupheabon will occur o ke
opttmaum use of availatie mtellectual and Nnancial tesonrces, 0t may e necessary fo
strenethen existing co-operafive mechanisang, or (e crsgke new ones o panticulan, the



Working Croup recagnised that the OFCT Nuclear Energy Agency (NEA s an exisling
ructure that could be broadened amel adaped 1o plaw 3 larger mile tn co-ordinating
international actvities, White recognising Lhe diversity of national pelicies m the area o
puclear waste management, the Working Croup encourages inlerestod cutnties o co-
ordinate their offorts,

For cancer therapy, oplimised medical synchrotruns for light i therapy have recently heen designed
by CERN and GSI. New lechaigques of more accurate bearn delivery and precise contrel permit Lhe
treatment of 1umours in critical locations such as the braim or the wicinity of the spinal cand.

Sipnificam progress can be expecied in the next few yuars in the dumain of medical imaging in terms
of spatial resoletion and sensitivity. Movel detection echmicues will considerably nprove the early

detection of totiWaes.

2. SCOPE AND GOALS OF THE WORKING GROUP

Nuckear physics is the stwly of the properties of atomic nuclc ared the way they are buill up fromm
clementary consttuenis through the action of one of the three currcnlly knuwn fundamenial furcex of
nalure - the so-called “strong” force " The field is linked to other branches of physics, providing st
lesting ground for new Lheorics, and making valuable coniributions to other domains, such ax

condensed matter physics, cosmology, and astrophysics.

Nuclear physics s pursued in all OECTY Member countries {and in many ether counleies}, with o
ylobal anmual invesiment of abomt one hillion dallars.  Nuchear physics has a mapor ampact o
iechnology and sociery: encrgy production, biologcal rescarch, medical ENAGITYT, Cinver beatment,
semiconducior manufacwring, materials science, foad processing, enwironimental monionng and
protection, preservation of art works, archazolngy. and anthropology

As scichlists probe cver deeper imo the suuciore of nuclesr matter, they mupnre lacger ancl
ncreasingly complea facilites and cquipment.  In must cases, Ihese are unigue, dedheated facilivies,
distinct from those nl other Tields such as high energy physics. The leng kad umes ansk considerable
seapuyees needed for cultmp-edpe projects and programmes call for stralepic decision making and
long-range. planning, with careful consideration of the sciennfic, technological, ecomarmoe anet sowial
henerits of nuclear rescarch, Theae requirements are especially cntical now, when research budgels
are wnder Pressure in mosl Countnes,

In addition 1o the ongoing cxchanges wabin the world-wide scientilic cummindy, there i a vlear meedd
Ior an nfivenced, constroctive sieraction boiween the responsibée govermme nt officials Trom counires
that with 10 maimain viporous nockeas scicnce pregrommes.  Recogmsung this need, the OBRCT
Megascience Foram established the Working Croup on Nuclear Physics in Junc 19500,

The goals of 1he Wocking, Group were:

I. T provide an interpationat forumn (or government officials {supported, as appropriate. by
representations of thew scienbific conunnmines) W edchange nformaben slaul privrioes,
programmes amt plans, and w eaplore upportunities {or iemationl collahoration et can

+
(M the b two Roreey, the “elocuoweak™ interacton docs have an eflect on the stabslity of nucles, while the

thepc Tnadarnennl Gorge — yravily — plays no roe in hoclear physws



be considered by inderested wovernments in planming thesr noelcar science investincnts
during the next 10-20 years. The activities of the group were directed towards ensuring
sustrined and bakinced programme of nuchear physics research, with parucular atiention to
the role of jarge facilities and progranwaes thal would benefit from internatonal oo

pperation.

2. To examine the policies and practices that govern access to large Tacibties by intemanonal
seientists, and 10 zasess the impact of ewrrent and Tuture trends on the users and providers of
iermanional facilimes.

1. To eaplore specific opportumitics for collaboration 1o research and development elated to
nuclear physics facilities, detector sysietns, and associated lechnolugios,

3. COMPQSITION AND ACTIVITIES OF THE WORKING GROLF

Working Gronp member countries weres France (icad country), Belprum, Canada, Finland, Gernany,
Greece, Italy, lapan, the Metherlands, Poriigal, Russia, Spain, Sweden, Switrerland, the United
Kinpdom, the Tluiked Stares amd the BEoropean Commastien  Inviicd pastcipants ©ame frosm RN,
the OFCT Nuclear Fnergy Apency (NEA) NoPECC (on behalf of the European Commission) and, i
selected sub-groups, China, India, the ISTC (Moscow), and the Thomas Jefferson Laboratory (LISA}
‘Fhus, the groapr mchaded 211 the counlries that bave @ significant activity in nuclear physics

The Wiwking Group was authorised for 2 penod of two year Shoatly afier being estabhshed, 1
comvened an organisalional meeting 1o develop its work programme and 1o elect a chairpersen -
D Bernard Frois  Six sub-grosps were formed, and held meetings a3 necded.  The full Working
Group met on five pccasions: Pans {Novernher 1496), Vancoover (Mav 1997), Panis (Novermnber
190971, Washington (May 1998), and Pans (Movember 199%). Contacts were cslablished with the
Megascience  Formm Working Group on Removing (Hestacles to Internaional Megascwence

oo ration.

4. GENERAL FINDINGS

The shared fulure vasion that emerged frome the deliberavons of the Wieking Group invelves an
optimmis¢d, balanced cpsemble of national andd regional facilities, taking (0 aceount the fellowinp
[aciors: o broad, co-orchnated advance among the principle sub-helds of nmuclear =oence,
harmonisation with relaied domains ([or czample, paricle ph}f::j.cs, astronomy ), developmen uf mow
Facihities v a timncly manner 10 address questicns that cannot be answered by (i present geacration of
facilitics, replascinent of facihties that have become absolete, avaidance ol unpecessary duplicanon oo
a plobal scale, atvanced training for 2 new gencration of nuclear physicists. amd ensomog that the maost
outstanding eseanch propesals can be acowmnealated al the meest suitable expenmentad Tseiliies

The Workine Group belisves thatl nuclear physics rescirch wall eaatimne fo provide new and impamgant
clirect henefity Tor soviery o the 2180 centary, with applications m medicine, eonvaronmental tesearch,
foord processmg, material seence, accelermor technology, Fabtication o icnechips, by, el
pi uspecting, and the development of clean energy technologies

The members of the Workine Giroup poted the consideralle diversiy 1o poority setung aod funding
mechamsms among the GECT) Member countnes Borope, Japan i the Uimplexl States huve



developed derailed long-range plans, which the Grop discussed and compared. Trarm o sewnti i
poang of view, an important Broding 5 that there exinte worli-wick: aprecapent on 1he sliccchions for
future research in nuclear physics. A remarkable consensus was observed regarding scienhific
apportumtes and the neal for the followiang fuhre facilities:

s Ihigh-inensity radicachve o lear beam facibiies.

»  Imense high-energy continueas clectren beam facilines.

»  Mulii-purpose hadron (acilities with o wide variery of secondary parucie beams.
»  Eacilities for beavy ton collisions at very high cnergics.

The Working Group discussed the prospects for iternational co-onhinatien and co-operation an the
planning, design, comstuction,  and  wllisation. of  new  facilities. S“pecific  findings  and
recommendalions are enumerated in Section T of this repent Alhongh no single research Tacility way
idemified that would require international collaboration i its degign, construenon and funding, many
benefits can be expected from global co- ordinatien and ecllaboration.

'The Wirking Group nrded that internatianal collaboration in auclear physics has been extrenely lively
ard productive an the sciealist-to-scientist level  The setentific communily conlineausly develaps new
weols fow rescarch ond, in the pext 10-20 years, a new peneration of mgher performance detectors,
accelerators, compulers, and theoretical mandels will be used o generate aew insighls into fundamcental
physical processes amd 2 deeper understanding of Lhe basic simcture of matter. The Working Growup
has also observed the increasing scale and compheiry of majer faciliies and metroments.  The
resulling need 1o optimisc the available time for mesearch at large scale facihties presents both
challenges and opportnitics 10 scientisls, programme managers, and facility administrators.

The Working Oroup foand no evidence of significant prohlems regareding acoess of scienlises 1o
nuclear physics facilities, Al existing national Facilinies, foreign sciennisrs can usually obtain bearn
1ime, based an Lhe scieniific mem andd feasibility of the proposed work, without the requirement w pay
fowr the operating costs of the Tacility, In peneral, users contribute ke the constraction and develogment

of thw: ¢xpenmental equipment.

Participatvon by smallee nations in imtemnational projects 15 mos) welcume, bul efforts shoulil e
underiaken by these countrica 1o develop a nativnal home base 10 tain stedemts and lechgcans, s
desirable that large pational facinics promote ther programines ameng simaller cooolnes a ther
reguest, in order W broaden the imtemanonal participation of students and researchers ona global

bhaasis.

5. FUNDAMENTAL SCIENTIFIC ISSUES IN NUCLEAR PITYS51CS

The fondamental goal of noclear physies s to wndersiand The properties of mckear matter, atomic
“nuelel and how nuclei are built up from elementary constitaents  Nuclear physics involves the study
ol diverse phenowmena at vastly differem scales, from the interaction of elementary coties (yuarks ained
lucns) inside nuckeans or aucler, 1o the formation of elements via nuclear synthests i stns aned
suprruevae, of the charucwnsies of hot, dense: puch:ar malter as it oocurmesl m the early Universe,

The propertics of nucled amd noclear mauer are explored by Ligh-precision expuriments under a varicty
ol combions, measunng how mueler decay, how they rranstorm froam ane species inlo agother, ur husa
they behave when subject to extroms conditons of pressome, lemperature, density, defoomation,

[£4l H1411] - [



Thi: Fupdzmental challenges of muclear physics are: the following:

s What are the constituenls of matier, how de they iteract, ond how do they form nucleit Al the
mos! incdamental kevel, pndern physics describes matter ircwgh & theorenical framewnork called
thr “Swandard Model”, which incorporates two hasie torces: sttong and eleciroweak. The strong
force binds topcther the fundamental constituents of nucles - quarks and gluons.  Composite
structures of guarks and ghoons are calleel hadrons (Tor example, profons and pewteons). Fleoiron
and hadron beamy arc used as complementary probes (see Scctions 7.2 and 7.3) o aoravel the
interaction among the constituents and to doiermine thew propernes.  Althongh the Srandard
Maodel is remarkably soceesslul, it is incomplete, and ns apphcation at the noclear |evel s
extremely difficult, For instance, we o not know how 10 denve the properties of hadrons from
those of guarks and gloons, nor can we solve the nuclear many-body problem and predict the
properies of large nocler, e.g. thelr shapes and collectrve mobon, from the known interaetion of
profons and newrons, These are formidable theoretical probloms that may beeome tractable using
high power computers and experimental resulls from new generations of electron and hadron

bheam facililies.

#  Wkat are the limirs oof reciear stabiliry? The evolution of the LImverse since 1the first momenis of
itx hisrory has been derermined by the aggrepanon of quarks and pluons o Torm hacdrens and
puclel, and the synthesis of heavier elements through noclear reactions. “The stability of nucles
ariscs from a diclicae: balance between the noclear, electromagnetic and weak forces o the
neclear medium.  Some very nestron-rich nuclel have recently been fourd w0 have exwcrnicle:d
disiributions of dihwe, nearly piwe neurron matter which are of much theorcheal merest and thies
a subjeel of intense investipation. Direct investiganon of nuclear strociure [ar from siability will
be made pussible through the production of miense beams of rare and short-lived 1zotopes
(“rachinactive beams="}. There is world-wide intersst in the construction of sdvanced radioaciive
beam facilities (see Section 7.1

s Whar happent o moiter of extreme pressures ond temperatures?  Nuclen can be compared to
liguicl drops of poclear mater. I the collision between two nuclen w high eneegy, the pessune
and the emperaties of nuclear matter is tncreased. Is there a transtlion in the pature of puctear
matier? s there formatron of a plasma of alementary consttoents m ulira hagh-enerpy collisions
of heavy nuclei? The manifestalion of these phase transitions o stromgly anteracling sysicms
fewmned im heavy won collizion expeniments will he a sohject of iniense experimental  and
thentetical work during the nexar decack: The liguid-pas phase transiion s studied a1 exasiong
medinm: enctgy faciliies.  The “deconfinernuent™ reansition to & quark-gloon plasma will be
vestigated an RHIC ancd LIIC f3ee Secion 743 The carly Dmverse presumably onderwent this
phase ransition withire the first few millionths of a secomd folowing the Bug Basg. Sach cntical
phenorena might have a bearng; om rnpocant aspects of cosmaology, such as rucleasymbeses, the
existicnce: of dark maacr and the large-scale structare of the Universe.  In astrepbysics, the
elynamiics of supernosa saplosions gnd the sability of neotron sties depecd ontbe compressibiliy
and 1heretore the: cguanon of stale of nockear maner.

» Wi i the origm of the chemical clemenis in the cosmes?  Many clements are formed in
explosive stellar covironmems: with reaction paths procecding vie very peatrou-cich or, onder
dilfcrent circamstances, very prolon-nich. nuclze The propenies of both pathways ame Larpely
anknerwn. While the approumate paths of clement formativn mside siars can be outlined by
eatrapalining theoretical mokle] caleulations to unknown melear species, there i oa criveal oesd
for expertmental dima which conld ether provude benchinark wests for these theoretics]
predictions, or which conld pravide emgirical mput 1o oumerical reaction simalations AT this
e, setentists oo m have a clear understanding of the sequence of events which led 1o the



caticlysmae stellar caplosions (sapernovaed in which most of the chonuowd vlements on Harth

were lomed.

. BENEFITS OF NUCLEAR PUHYSICS FOR 5OCIETY

Nuclear mcthods arc widely used in materials research and manufaciuring.  Some examples froan 2
long list are:  pon-destruclive testing via compulerised lomography ot acutren radiography, the
pridduction of densely packed mictichips by ion miplaniation, and the stenlisition uf heat sensitive
malcrials by wnising radiauen. Materials analysis using nuclear reactions and Rutherfond scattecing 14
& major rescarch oul for surface analysis, catalysis, semiconductior manniactoring, archeclogy, ete.
Barticle beams from research accelerators are wsed 1o analyse the damage 1o micro-clectronic circuily
ciseel by cosmic rachation or natural radioactivity — an isue of incocasing inpoertance for further
mimiaturisation of clectronics. The ultra- sepsitive lechnigue of accelerator mass spectramerry (AMS)
piys an increasing rode for cnvironmental research, providing data for the siudy of chmatic change,
global air andd water circulalion patiems, sicalospheric (zone depleuon, @nd monitorng of air amd
water quality. Muoclear lechnology 15 indispensable for monicring enisting raudoaciive waste

rc.wsilm'i::!.-

Nuclear lission reaciors currently provide aboul 17 per cent of the wocld's electriciy, thus reducing the
release of €Cq and other polhiants. Muclear echmiques have an imipact oh other Jurms of energy
prexticiion, including 1he exploration and ubilisation of oil reserves. Neutron techugques ave routing | v
used to monilor the chemical composition of coal at miees, coal preparatton plants, amd the
derermination of the sulphug, water, ash, and energy conlent of coal. In the Jong mun, thermonuclear
Tusion sutl holds ow the promise of o virtally mexhanstible supply of clean energy, and 15 an arey of
very aclive research and develuptnent.”

Nuclear icchmyues are of specssl interest in medicine and biolopy. Radicactive isotopes produced by
seecleraiors o sockear reaclors ame widely wsed for treatment and diagnnsis, amd m biemedical

research.

Traning ip mockear physics is of major impoiake o 2 tignificant number of scenlilic and
engincenng disciphines, ban 15 of valoe 10 nom-scienlists as well. An wlersiamding of basic noclezar
physics soscepts in relation to the woeld arcund s helps prepare cilizens ki participate in critical
discussions in arcas such as epergy peticy, environmental protection, and naucnal secunty.

The Working Group delibcrated on applications of nuclear physics and the nopact vl e rmtesl
collaborotion. Most applicatons are developed by industry and pnvale companies, bat the Working
Ciroup Fouml thal some karger and ooore far-reaching lechnologics might benefit from co-ordination of
the nuclzar physics aspects a the imernational level, The Working Group fecused onthree polentially
promising 1wpics, as desenibed in Section § of this epon: accelerater-driven wanstutatiun of nuckear

wasios, medical maging, and cancer therapy.

* This L. was neil part of the Workug Growp's mandate.



7. FUTURFE FACILITIES FOR NUULEAR PHYSECS

7.1 Radioactive Nuclear Beame (RN B)
Fleri kg resmed

Ta consiruct the theory of nuclear structure, scientists need o study the propertics ol a wide vanety af
nucled, not just those that exis in stable form in our surroundings (these “ordinary™ nocler copstilute
ouly about 10 per cent of all possible noclet).  Exatic nuclei (those with o very large number of
nucleons, or an unuseal ratio of protons e neolrens} can be created through collisiens of coergetic
bears of ordinary, s1able nuelei with other nucled in a2 stanonary target. The resulting exetic species
thai are emilted from the warget (and which are then swedied with a wide range of osiromenis} are
tvpacally unstable and very short-lived (radweactive). In addinon to being a 10l for the imvestigation
of fundarsental nuclear inleraciions, radiosctive nuclear beams provide a way to mvestipate advanced
wpics in astrophysics {supemova caplosions, povae, A-ray bursiers, neutron stars, and perhaps cven
the speciacular gamma-ray bursiers which may be the most violent, encrgelic phenomena since the Big
Bang) and clementary particle physics (where siningent tests can be performed of SMandard Maodel
predictions al low chelfies).

There aee vwo catepones of RNE Tacilitdes, refoied woas “ISOLT (lactope Soprpranien On-Line ) and
“ln-Hhght'', They thffer in the configuration of acceleraters, target siations, and the nature of the
projectile and arget nocle. The two techniques are complementary:  ISOL facilines predoce
lerw-encrgy beams of very hiph quality, whercas In-Flight facilities are optunal for the study of very
shon-lived nocked at hipher ensrgies. Both types of installations are operating, o utcder comsiructn n
ihe three repons of the world where nuciear physics s most actively purseed: Forope, AsiafPacilic

and Norh Amcrica.
Findings

Many corrent KNB facuiies will reach the fimits of thear scienulic utliy o a few years,  Scveral
suhics of the projecied needs of nuclear physics have made a strong science bascd case for o next
senczatiom of faciliies. Planning for these is alrealy under way, and some faciiues arc zlready
approved o undler consimciion.  They, and their asspciated expenmental coquiproent, will be larger,
mane costly, and their development will present a pumber of difficult wechnelogical challenges. la one
important way, bowever, they will not differ from current facilines: they will be used by a world-wide
community ol -2 (K researchers, working o5 members of medunm: sired scientific teams, cach
pedorming cxpeniments over a pennd of weeks or months. Hense, it is approprizee that the Gacilities
te implamenied om 2 megional basis, e the Working Group found thar one o two ipajor Facilnies
winld noet serve the needs of the entie invicrmational nuclear physics community.

The Working Growp has identifiesl 1he following crucial wehaological challenyges for next-generation
KN tacilties. They should be addresiasl in a co-ordlinated way by the internanonal community.

a1 High-power tarees and high-wnensny 1w sources for 1SOL facilibes.  Conpared wath prescae
targeds, the new ones will have to withstand orkers-ol-mag nitde bigeher poaer densit e

by High imensuy heavy won accclermons Jor the [n Flhghr provtaction ecthiacl, alses, wargets abal con
willstnnd bagl beam power denstics, ank the development of fast bean coolimg and stooage

ke hmdpues



oy Mulni-heam devices than allow an efficiemt separaion and destbarion of beaons of differem
isolopes among parallel experiments.

d)  High-resoladon, high-cllicency deleciors of gamma-rays, seuliets ahed clarged parteles. Tlipgh
performance reaps, spectrographs, and other equipment fer Siorage ring cxperamenis

Recommensiulioes

l. The Working Group recopnises Lhe importance of radioactive nuclear beam (RNEB) facilities
for a broad propramne of research in fundamental nuclear physics and astrophysics, as wel
as apphcations of nuclear science. A new generation ol hagh- mitensity RNE facilities of cach
ol the vwa basic (ypes, 1500 and [n-Flight, should be hull ona regronal bass, Tntesested
governments ars chepuraged to onderizke the necessary decisions within the next few years,
and the Facilitics themselves should become operational in five to 1en years,

2. The Working Group recommends the estabbshment of 2 comacl group censishng of
govemment appointed programme managers and other scientific aml wehmcal experts from
countrcs that are actively invalved in planning and implemenung new (or upgraded) RNB
facilitics, 10 provide a venue for accurate and timely exchange of mlormation reparding
decisions, priorites, schedules and progress being made in the three major regions of the
world. The deliberations coald be instrumental i idennifying, at an early stage, aHraco ve
opporunitics and partnerships for inlcrnational co-operation, and in facilitating coilaboration
al the workd level vn rescarch and development on the cnwial teehnical challenges a) ta D

abowe

7.2 High-tnergy Elcctron Facilifies

Backy risancd

High-energy clectron bearns provide a umigue probe of nuclear structure and ihe interaciions herween
nuclear constitucnts. By varying the encrey of the incident electron: {and other experimentil
parameters) and by analysing Lhe products of the incraclions, physicists can study a wide range of
properies of 1be nucler themselves, of the arrangements of their consiuent strongly-interacnng
subnuclear paricies (hadrons) and olamately, of the elemenary quarks amd ghons By studying
nuclear matter at high resolution and at diiferent levels of aggrepanon, clectron scattenng explores thie
interface belween partick amd noclear physics. The description of nuclear mater in wrms of guarks
and phuons is sucocssivl at very showt dissances and very high energies, bul nuelear sCiEnlUsSIs wanl L
know heew the: fundamental constiuents combine 1o form nucleons and nocles

Finelings

A hughly active commamity of more than 1 200 sciemists s currenity performing clecuron-nuclens
scaticring caperinaenis al Fackbes arcund the world, Hy 2005, maost of the existing facalines will hawva:
completed their waperimental programmes, keaving imporant guestions abaont the structure of marter at
shon distances unanswered.  Sciennists have determined the desirable parametcrs of future Taciline s
amd mstrumentz. Such facihlies would serve 1w illeminale the dynamics of quark confimement in
puctear matter.  The scienblic case for aceelerpters operabing n the W-50 GeVomnge bhas been
extensively siudiecd tnorecem years A desirable electron beam energy would be soch as o probe
distanies (appeosamately S0 of the micleon wze) where the reievant building Blocks are the yquark «
aned pluons. The beam must be continucus (not pulsed) and of high intensity {(tens of microamperes 3,



io pemmat the eoincident measurement of particles emiled in reactions that have very smal)
probabilities, A scries of workshops and conlerences has been conducied 10 Ewrope, focusinp oo a
Future facilily named ELFE (Electron Laboratory for Eoropel. In the Unied Seates, discussions have
centred on upgrading the capatbsilities of the lefferson Paboralory.

The following ELFE vptions ate cerrently being stodied in detail:

- Ar the DESY laboratory in Hamburg, the 27 (¥ pelsed mector of the proposed bnear
collider TESLA could be used with the existing HERA nng {operatng in & “pulse sireicher”
mocle) o obtain an exwacted continuons eleciron heam with a maximum inlensity of 30pA

g The caisting superconducting radio frequency cavities frorm CERN's LEF acceleralor (which
will be removed to make way for the Larpe Fladron Collider) could be wiilised in the
construction of a pew 3.5 eV linac which codd provide a contmusus 150 micreampere
beam at 25 GeV by means of mulliple re-crrculabons of the elecirons through the cavities.

The possibility of injecting heavy ions inlo HERA has also been discossed as o way Lo croile clectran-
puclkens colhsions al even smaller distances, where the gloon densily 15 cxpected to strongly increasc,
teading to an onsel of non linear effects which mark the boundary of a completely new aegine ol

strong interaction physics.

In the Upiled States, an evolulionary vpgrade of the CEBAF acceleralyr al the Jefierson Laboratlory (s
being conswbered, based on the availabildy of space in the exisling hinac arcas, Lhe advanlageous
physical layour of its magnetic arcs, aml the proven performance of the superconducting
radicfroquency cavilics. A possible siesicgy 15 (o increase the nominal beam encrey 1o 12 GeV (from
the curremt 5 GeV) in the firx stage, and later 10 double the energy o 24 GeV. The firsl step woull
requite relatively minar chanpes, anad is envisaged (or the years 2D03-2005.

The Working Crouwp found that a consensus cxisis in the world-wide scientific community of the
imponance and the lupdsmental inlerest of using continucus clectron beams as probes ol neclear jnd
hadronic stcture at the keve) of guarks and gluens. Duning the Tuture evolution of the field, ihere will

he significam new opportunilies foe eniernational co-operalion
Rrcommendonons

1. The proposed evolutionary upgrade of CERAT at the JefTerson Laboragry o 12 GeV by
20635 would give the soentific commuanity the opporfunity 10 erler e high-miensny, high-
coerey downain at a reasonable cost, at the ngh lime.

2 Reparding possibilinies for a 25-30 GeV Dnciluy, the Working Group recommmends 1hat
thscussions in the scicalilic communily cobtime, accompanied, as needed, by consultations
with nationalfregional planning and funding bodies. A1 the appropoate tem:, consultations
shamild ocour 10 encourage co-ondination and, 1f appropelate, collaboernon 1o ake inaxinmun
advantage of international epportaines and resourees



7.3 MULTI-purpose Hadron Factlinies

Backgramnaf

/A tich and vares! part of the puelear physics seentific programm: 35 hest carriedd out with particle
heams al mulii-porpuse hadron accelerator Facilies which produce bagh qushty, high-imensity
secandary beams of kaons, pions, muens, neutrinas, nedtrons and antiprotans. A troad range of (opics
can be addressed at those facilities, including fundamental symmetries, ouclear and  partiele
spectrioscnpy, quantum chromodynamie (QCLY studies in the petturbalive and nan-perturbaiive
regimcs, as well as shilies of the robe of confinement and that of chiral syiumetries. The availability of
this large vanety of secondary beams also provides unigue opportunities fur the development of

applications such as malerials scicnce and cnergy research.
Findings

Yipurous rescarch programmes using hodron beams are being pursued in several laboratornies aroungd
the world. As caisting programmes cume 1o an end, the world-wude relenlific community will shift iis
activilics 10 2 major new Facility: the Japan Hadron Fatlily {THE} which will be buiit in Japan an the
imitiative of the KEK laboratocy in Tsukeha, producing intense high-quality beams based oh a4 new
high-intcnsity 50 GeV proton synchrotron. However, the Warking Group found that the wrmimation
of operations of the existing hadron facilities (mosl nolably, the AGS at the Brookhaven Nationa

I.aborztory, which, ai this time, feateres the mast inlense beams of kaons and other particles) prior to
the. beginning wl operations at JHE, will have a negative impact on nuc kear physics rescarch.

Among the specific rescarch wpics tha curently penerate very high levels of nterest among nuclear
physicists are- @) hyperon-npucketm iateractions amd hypernuchsar physics, b) badron propesties and
Inleractions in nuclear mater, ¢ antiproton physics, ) light and heavy guark spectroscopy, ¢ Kaot
decays and othes processcs lo measure CP parameters, f) flavour mixing ant nther wopics beyond the
Standard Model, ) accelcraior-based ncotrino oscillation crpenments, h) other ropics o hadron
physics (hadron specioscopy. physics with polanised protons. physics wilh hcavy won beams, ewc ), and
i} other specific eaperimenis in fundamenial symmetries (neuron dipuke nwonent, g-2, ele).

‘The JEIF will become the premeer Tacility of its type, and will attract noclear physicists from all nver
the winld., Al a recent JHE Workshop {co sponsored by the Working Growp) at KEK in Japan with
over ACK) atlendants, the subaiomic physics communily vstablished that the physics with secondary
beams 15 of pammeamt importance for & continued advance in uaderstanding the  Tundamentad

interactions in noclear anad parnicle physics.
Recommendalions

1. The Working Cicoup recopaises and emphasizes the scientific importaee of the Japan
Hadron Facility (JHI) proposed by the KEK laboratory.  ‘Thas Facility wenld attract the
scienlifiec community active in the zbuve ficlds world wide.  Inwerested agencaes anc
laboraluries are enconraged o consider Tormang pannerships fvr developing instrumentation
and deteclons 10 lake advamapge of ihe faciliny.

7 The Wewking Growp welcomes the imtatve by the JIF proponens 1o open i us the
mtemnational wser commupity and 0 stimudate the formation of collaberations For s

gaperimental eaplonation in aveordance wath aceeprad and applicd policies Tor aocess 1o
larpe: muclear physics facilities world-wide,



7.3 Hiph-energy Heavy lim Codlinions
Backpround

A very powerful technique in nuclear physics involves penerating head-on collisions of nuclei that
have been acceleraed 10 very high energies.  Detmiled analysis of the products of the collisaoms
provides wnique insights into the behaviour of strongly interacting matter (that 1x, nucleons and
mesons and, eventually, ther constitvemt guarks and giuons) al exireme encrgy densmes, O
particular interest 15 the prediction of quantum chromodynamics (QCTY) that, under these conditions,
nuclear matter should underpa a phase transibon to an entirely new state, the “quark-pluon plasma”’, in
which the recognixable components are not the famidisr nucleons and mesons, bul the clemenlary
quarks and gluons themselves. Most physicists believe that all of the marter i the entire. Thiverse
exislted m a sienlar high-teroperalure, hiph-density stale a few microseconds after the Big Hang. The
Universe's subscquenl transHion o a couvler, kess-dense state is thought 10 be the last of a sequence of
fundamental Iransitions invelving the most clementary nalural forces, creating the matler that we
oheerve loday. Thus, the sty of 1the behavioor of goarks and gleons vnder these pnmordial
conditiont is sure 10 provide exciting new insights i the strocture and hisiory of the Umiverse.

Creating nuclear collistons ix highly challenging 1echnologically, since it involves the concentratom,
focnsing: and stieenng of beams of ionised awang (e essentally, omclead as they orcalate o by gs,
high-povwer accelerators ai nearly the speed of fight. Histerically, thes field has involved L ge-seale
expenments at seme of the world's major accelerator laboratorics. A long tradition of world-wide co-
operasom hat Been of paramount imporance, through collaberative experiments at the Berkeley
Hevalac, Brookhaven A{iS%, and CERN SFS. Ower the past twenty years, the intermauonal comanumity
of scientists in thas field has gprown to -2 500 members, represenling over thinly counties.

Findmgs

The pext round of expenments will be carried oo gt twe Gwatities. s 1999, the experimenmal
programme at the new RHIC accelerator at Brookhaven will begin, dedicated entirely to heavy ion
collimaons using four deteciors. Beginning in 2005, part of lhe expenmental prograrame of the CLERM
Larpe Hadron Collider (LEFC) will be devoted to the study of nuclkear colhisiens in the special- purpose
ALKE delector, al cncrzies somc thiny imex higher thar RHKC  (Most of LHC operations will
nvirve profton/proion collisions. )

The scale of these new collider expentnepls in cost, manpower, and the time required Tor desipn and
execulion is sipniBeanily bigmer than has been expenenced proviously o the heavy on comnounity, o,
tor that matler anywhkere i poclear physics, While all of these expenmuents nvodve large miernabonal
collaborations, it har becn found that the depree of collaboration between the RIUC and ALICE
communitics has pol reached levels achweve] in the past, and may be imsuflicient to take luil
advantage, un a plobal level, of the opportunitics eflareel by the new Tacdnes.

(Given the many commen challenges o detecior technology facing the boilders of the LT anet
ALICE experiments, and the pre-eminent imponance of the two collider propremmes 1n the pursait of
the: ultimae cuark matter physies goads, sigmilcant benclos wonld be reatised from an enhaneed level
of collaboration among, the two cormmumihics.

Kecent discussions onder the aegis of the ORCE Working Croup resolted anoa belter nnaal
understanding of the plapnimg processes n ibe different repions, and the dentificabon of specific
opportunitics foe scicntific and 1ecchnolopical co-operation between the US anld CERN progranmes.
Fach codlaboranion oadined areas whens stroneer co-gpenaton couled beousefol foe enlimeing



capability and funwe performance of the RHTC deteciors, ane Tor uptaimising the: ALICT detector by
wiilising experience gatned at Brookhaven.  Cr-operation inhe devetopment nf nesa cdelecror
technologies of mutual interest for the twa eollider facilives was also explorcd.  Following these
discussioms, a number of European indnatives foc collaboration st RINC have made significund
advances, and US and lapanese proups have wdenbbed opponunities and expressed o general inferes
in future participation in ALCE.

Recommendation

The Wirking Group recommends that scicntific and wechnical groups, in ce ordinaion with 1he
relevant funding agencies, mainlain the productive contacts thal began under the aepis of the Wurking
Group. Enhanced co-ordination and collaboration will sirengthen the warld-wide effort in this field,
and. in particular, the collaboration between the RHIC and ALICE communities.

. SELECTED APPLICATIONS OF NUCLEAR PHYSICS

The Working Troup considered a pumber of applicabons of nuclear physwcs, based on their
imponamce 16 seciety. The following three topics were selecled for detaibed dizcussion. The Group
believes that they deserve the special atteniion of policy makers who will be declding on nuclesr

physics priontics and investments for the pext 1020 vears.

Progress in these ficlds reguires ihe cxisience of a dlynamic nuclear physics commuenity whose pnmary
missicn 18 basic research. Nuockear science continnes to make importane contnibulions 10 soclely via

the development of imporiant appiications aned spin-oits

8.1 Accelerator-Driven Systems (ADS) for Nucleur Waste Transmutation

In recem yeass, the ascelerator-driven trapsmutanon of puclear wastes has coerged as a pelenually
complememary technology for radioacltive wasie hamdling, by transmunng  the  longes-hved
radipactive isclopes into shont-lived or stable ones. This technnlopy could have 3 signuficant synergy
with other Mcgasciene-scake peojects like neiron sources and high-inlensiny acccleraturs.

Fineings

A distinguishing fcatwee of AIS s the strony coupling between scentificiechnological issves and
public policy regarding nuclear power, nuclcar wastc managemen, cnvironmental safcty, national
secwrity, and related comcerns in which public epinien also plays a majut role. Accordingly, scicnee
policy decigions i this anea are particularly sensitive and difficull. The diversity of the political anad
social epvircrnents in OECD countries is reflecied in the varying degrees of financial support for
R&TY in this aren. In some coentries, formal povemoment-sponsored programmes are under way
whareas i olhers the work is porsucd & a much more modest level, based on the discrelionary
suthewily of Jaboralory managers and individual academic researchers. Despite this diversity, ther s
considerable agreement on the shor- and mediom-term goals of the research.  This s in wself
remarkable, snce 1he sixly of ADS is teherently multidiseipliinary, involving for Lhe nuclear pliysicy
conmunumity clements of basic and applicd research n the fullowing areas:

«  The fundamental noclear physics of rapsmatation
» The spallafion process Tor neurron prosluctiion, inclhuling bgh-power 1arget wechnolupy
»  The design and operation of ph nensity, bigh rehatality accelerators.



The Warkang Group found that, if catled npon, ouclear scicntists are willing to contribute (o the
development of this pexential solutien te an impeant problem an many OFCT Member coumries

Imemational  co-operation and  consultations  are proven tools for advancing  scientific end
technolopical understanding of A1DS, and contacts are frequent al the svientisi-to-scienist [eecl.
Several conferences and workshops have already becn held. There ate also mechamisms for exchange
of eaperimenial resuhs and compilation of data i intcmational bodies such as the {11 MNuclear
Enerpy Agency (NEA) and the UN International Atomic Brergy Agency {1AEA). Formal agrecuwiis
cxist ameng several research institnions in Burope, North Arerica and Asia,

It is the consensus view of the panicipants o the ADS sub groop that the full potennal of international
co-operation and co-ordination has nit yet been achicved among, thise countnics that are intercsied o

this iechnolopy.

Recommenidsation

As research propresses, Ihere is an increasing possibility that impontant avenucs of investgatuon will
remain unexplosed, or thal unnecessary duplication will cccur. To make optumum use of available
imefecinal and Opancial resources, i may be pecessary to sirengthen extshing  co-opemative
mechansms, o 10 create new ones.  In particular, e Working Group aecogused thar the DECE
Muclear Baergy Agency (NEA) is an existing struciiee 1hat could be brosdened and adapred to play a
Yarper ride in co-ordmating international activities. While recogniting the diversity of national pohcies
in the area of nuclear wasie management, the Working Group encourages mferesicd countoes W co
prchinate their effos,

8.2 Concer Therapy with Nuclear Beams

Heeckg rerund

The goal of radiation therapy is to maximise the wmow doss withool harming, surrounding lealthy
tissues. The use of heavy partickes in rathidherapy 15 madivaled by a supenior accuracy i the spacial
dose distribution in the human body lor decp- seated lumewrs comparcd e pholons and elecirons, and
an mverse dose profile depositing the highest dose at the end of the particle tange n the turmour

vilume.

Tons have & well-defined range in issoe with a small lateral scatlenng and anaamum dose deposition
at 1 emnd of 1the track. By varying the cuerpy during the radiation in o well-controlled tnanner, one
can exactly cover Iho volume 1 be eated.  To allow (ull Nexibility In patient Weatmeent, (he
aceelerator shoukd be coupled to an socenine beam delivery system called & “gantry”. Al present,
pronon therapy ceatres are lucated n the United Staes, Russia, Evrope. Japan and South Afnica.

Findimgrs

hust of the cliacal expencace has beeo obtained al nuclear physics instinanons Thae have devoted pan
el the arcelerator tinte — mainly cycloteons — to oedical use.  In the nhext ten years, more hospatal
bosed facilies are nreded, as exemplibied by the ceeaion of Loama Bamda (USAY, Chils {Japan),
NI (USA) comres and the new I:Il'l'_'l_il,‘.l;it.ﬁ i Austnd, Franee, Ceemany, Baly, amd Tapan  In thess
cemres, (e main accelerators are cyclolrons, delivering proten beams of 0 o 230 MeVound
synchrotons, acoulerating oiher light ions {carhon, in pasicalar), up b 00 MeWAe - Tue prionsy
therapy, the nevded accelerators are, w1 present, anchasinal products, while vptimised  mesheoal



synchratrons for light i therapy have recemly heen designed Ty CEEN and O8l Because all
therapy (acilities in uperation use passive boam shaping methends (with both ahsorhers sl aperturces),
the optimal dose prediles are nol transferred into clineal rootine. To amprove these sysicms, active:
heam delivery systems using magnetic bearn deflection and energy varition by the acoeberalor havy
recently been developed, and have been put mto operanen i PSI (Switeerland} for pronons, amnl at (351
{Germany } nr carbon beams.

Fast position monilors developed in the course of hasic nuclear research are now outinely used ax
conirol systems o hadron therapy.  Recontly, GS1oresearchers have shown thar, usimg positron
emission tpography (PET), the smal]l amounts of positrop-ermitting, isclopes crealed by the carbon
beam can be used 1o determine the eaact beam location imside the patient™s bindy.

The new techaigues of more accurae beam dJelivery and precise controb permil Lhe tresiment of
tumours in critical Iocatons sich as the brain, or the vicinity of the spinal cotd.

8.3 Medical Imaoping

Ktandard ruclesr medicing instrumems such as gamma cameras, Single Fhoton Emission Commputect
Tomography (SPECTT) scanners, PET, and MRI provide basic 1o0ls for detection, diagnosis anel post-
weatmen foillow-up of cancer.  While providing powerful diagnostic adiunct iocls o X-ray
radiography or Compuied Tomography (CT) scons, these large and heavy nstruments are not well
adapted to such impoctans tasks as detection of breast arkl prostate cancers, or 10 assisl surgeons
directly in the opeTalinn KM il CADCER TEmnOval OperaLions.

Signilicanl progress can be expected in the ncat few years an the domara of medical wnaging e ermes
of spatial resolution and sensitivity. Nowvel deteetion technigues invelving new crystal scintiliators and
pholodeteciors and new sold-SI1E sensors, oeiginally developed for applications i nuclear and
particie physics expenments, can now be adapted lo medical imagig. Compact amnd powerful
Jedicated digital doal-modality imapers can be envisaged, directly combining (co-remstenng)
aruciural information (such as is offered by digital mammngraphy) with melabolic funcional
inJoemation (soch as obained from scintimammography or Pesition Ermgsion Mammography  PEM)
ro provide a unkue dagnposiic tool 1o the radiclagist.

Large wnernaional instrumeniation conferences orpanised by the scwenbific commumty show ever-
growing inercst of ihe insiromentation comenunity in the medical application affon. Flowever, thas
effort 15 sill fmamented and lacks co-operation an the nteralional level, Examapics of acivities thal
can immedialely profit from nescarch co-ordinasuon bt a global lewe) are breast imagmg (diginal
mammeztaphy and paamma imaging - scintimammography and dedseated PET anstmoments for breast
imaging). improved intra-operative gamma and beta (positton) probes, and luactional small aninial
imaging (sinple gamma and PET) for cancer research on simall aningals.

The medical wnaging Fold is an example of a unique silvation where a relatively small investment by
the nuclcar physics conupunity can potentially produce an smmwoge cesult inthe form of improved
cances diagnosiis and so be of grea value t all socicty.
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