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School of Celtic Studies

The School published one mew book during the
course of the year, and there were three reprints.
Lectures were regularly given by members of staff
and by Research Scholars both at the School, and at
conferences in Ireland, England, Scotland and the
United States. The Annual Symposium/Tiondl was
held on 19-20 November. The statutory public
lecture was given by Professor Mdirtin & Murchii.

The complement of Research Scholars appointed
for a year from | October comprised three from
Ireland, one from United States, one from Russia,
one from the Netherlands, and one from Sweden.
Another Research Scholar was funded by the
Spanish Ministry of Education and Culiure. Two
Research Scholars from the United Siates were
funded from external sources.

School of Theoretical Physics

Forty-one rescarch workers from the universities or
other institutes of research or higher education
{mainly in Ireland) were admitted as Rescarch
Associates of the School; twenty-seven scientists
from abroad visited the School during the year.

Mathematical symposia were held at Easter and at
Chrisimas; iwenly-two seminars were held al DIAS
and joint seminars with other third level institutions
ook place. Members of the School gave nine
lecwares in Ireland. The statutory public lecture
was deferred until next year.

The primary areas of research were theoretical
particle physics, statistical mechanics and applied
probability theory: members of the School
published papers in scientific journals and
conference proceedings: they participated in nine
conferences abroad.

School of Cosmic Physics

In the Geophysics Section work continued on a
variety of projects and a major new one, RAPIDS
I, was started. This continues the section's
previous seismic work in the Rockall Trough with
four new wide-angle seismic lines to extend the
coverage and test our theories for lithospheric
evolution of the region. RAPIDS IIT will yield not
only imformation on the crustal structure of the
Rockall Trough, but also on the structure of the
upper mantle. The main acquisition phase of the
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LEGS project investigating the structure of
southeast Ireland, and hence the emplacement
mechanism of the Leinster Granite, took place carly
in the year and interpretation of the results have
progressed well since  then. A thorough
interpretation of the TRIM sidescan sonar data from
the Rockall Trough was undertaken during the year
and this has lead to a considerable insight mnto the
sedimentological and oceanographic  processes
along both margins of the trough. Grawvity
fieldwork was centred on specific problems
concerning tectonic controls on Cenozoic drainage
patterns in Ireland. In the teleseismic study of the
Hawaiian Plume, our seismic recording stations
were deployed and the data collection phase of the
experiment commenced. The Section was asked 1o
run an international Workshop by the Commission
on Controlled Source Scismology. “Passive”
techniques, using natural sources like canhquakes.
were included for the first time in the history of
these Workshops and the Workshop honoured the
pioneering work of Insh scientist and engineer
Robert Mallet (1810-1881), who camied out the
world's first controlled source seismological
cxperiment in 1849,

Research activities in the Astromomy Section
focussed on the nuclei of galaxies, massive stars
and evolving stellar populations in star formation
regions and on the large-scale distnbution of
galaxics in the Universe. A comprehensive
examination of the centres of the very nearest
galaxies (members of the Local Group immediately
around us) at X-ray frequencies was brought to
completion. The results imply that massive black
holes reside in the nuclei of up 1o four of these
galaxies. A mild form of incidental nuclear activity
was studied in galaxy NGC4552, while high-energy
signatures of otherwise obscured active nuclei were
investigated for a number of Infrared-strong
galaxies. The X-ray output due 10 young cvolving
stellar populations was asscssed for a number of
Starburst galaxies. Aspects of the evolution of
massive stars in such populations were studied in
Construction work on the Opiical

national interest. The Open-Nights activities at
Dunsink Observatory were increased again afier the
Office of Public Works finished the recoppering of
the two domes. In August public information
services regarding the total solar cclipse that was







1
e
B

.‘l‘:

E

Institute and its Constituent Schools
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5 ended 31 December 1999.

In accordance with the provisions of

 Section 29 of the Institute for Advanced

Studies Act, 1940 (No. 13 of 1940), the
Council of the Institute has the honour
to present to the Minister for
Education for submission to the
Government a report for the year ended
31 December 1999.

The report is presented under the

following principal heads:-

1. Constitution of the Council of the
Institute and of the Governing
‘Boards of the three Constituent
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Professor Geraint Gruffydd, Centre for Advanced
Welsh and Celtic Studies, Aberystwyth (1989)

Professor Eric P. Hamp, University of Chicago
(1989)

Professor Michael Lapidge, University of Cam-
bridge (1988)

Professor Donald MacAulay, University of Glasgow
(1989)

Professor Toshitsugu Matsuoka, Hosei University,
Tokyo (1991)

Dr Martin McNamara, MSC, Milltown Institute of
Theology and Philosophy (1989)

Professor Tomis O Concheanainn, National Univer-
sity of Ireland, Dublin (1991)

Professor Donnchadh o Corrdin, National Univer-
sity of Ireland Cork, (1991)

Professor Ruairi O hUiginn, National University of
Ireland, Maynooth (1999)

Professor Padraig O Néill, The University of North
Carolina at Chapel Hill (1990)

Dr Brinley F. Roberts, National Library of Wales,
Aberystwyth (1890)

Professor R. Mark Scowcroft, Catholic University
of America (1990)

Professor Richard Sharpe, University of Oxford

(1988)

Professor Hobert L. Thomson, University of Leeds
(1991)

Professor Calvert Watkins, Harvard University
(1990)

Professor T. Arwyn Watkins, National University
of Ireland, Dublin (1989)

1.7 Visiting Scholars

(Only overseas scholars who availed of library
and research facilities are included in the fol-
lowing list. In addition to these, the School
accords library and research facilities to Irish-
based scholars when it holds materials which
are lacking in the scholars’ own institutions and
in the major libraries in Dublin.)

Kevanne Kirkwood (University of Belawgie, USA)
Prof Toshi Matsuoka (Hosei University, Tokyo)
Prof Morfydd E. Owen (University of Wales)

Dr Neil McLeod (Murdock University, Australia)
Prof Yasuo Umeda (Kanazawa University, Japan)
Thomas Murphy (University of Wales)

Dr Paul Russell (Jesus College, Oxford)

Dr Ursula Marmé (University of Bonn)

Dr Peter Smith (University of Bonn)

Aidan Doyle (Catholic University, Poland)

Prof Diego Poli (University of Macerata, Italy)
Andrea Nuti (University Pisa, Italy)

Prof Pidraig O Néill (UNC Chapel Hill, USA)

Tisriana Carrozza (University of Messina)

Elvira Veselinovic (University of Cologne)

Hugh Fogarty (Harvard University, USA)

Prof R. Mark Scowcroft (Catholic University of
America)

Dr Rolf Kodderitssch (University of Bonn)

Dr Stefan Schumacher (Martin Luther Universitat,
Germany)

Dr Jonathan M. Wooding (University of Wales)

Dr Philip McShane (Vincent's University, Halifax)

Jennie Coleman (New Zealand Studies Centre)

P. De Gennaro (Turin University, Italy)

Dr Bart Jaski (University of Utrecht)

Jim Harold Holders (Leiden University)

2 Research

During 1999 research for publication continued in
the fields covered by the staff’s expertise, wiz.
manuscript studies, medical texts, Early Irish law,
Early Modern Irish verse, spoken language studies,
bibliography. In addition to research being con-
ducted internally, there was editorial supervision of
work submitted by outside scholars in a number of
fields for which the School has statutory responsi-
bility.

2.1 Staff

Rolf Baumgarten continued work on the (database)
Bibliography of Irish linguistics and literafure. He
designed an experimental bibliographical website.

Fergus Kelly continued his edition of Giolla na
Naomh Mac Aodhagiin’s Legal Treatise for the
Early Irish Law Series. He did editorial work on
Celtica 23 with Dr Michelle O Riordan, Celiica 24
with Dr Malachy McKenna, Welsh word-formation
with Prof Stefan Zimmer, and Bodleian Catalogue
with Prof Brian O Cuiv. Supervision of Angela
Gleason’s work on ‘Sport and entertainment in
Early Irish"; and Gerald Manning’s ‘Edition of law-
text Miadshlechtae'. See also Seminars, and Qutside
activities and contributions to scholarship.

Malachy McKenna continued research work in
conjunction with the reader Prof Ruairi O hUig-
inn, on revising his edition of The spiritual rose
prepared a paper entitled ‘Grammatical gender in
s nineteenth-century Ulster text' (forthcoming in
Celtica 24). See also Outside activities and contri-
butions to scholarship.
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Proinsias Mac Cana worked on several com-
stituent elements of historical Irish and Welsh syn-
tax, the latter in collaboration with Professor T.
Arwyn Watkins. He completed several essays on
Irish and Celtic literary topics and an account of
the role of the Irish language and Irish studies in
the history of Collége des Irlandais, Paris. See also
Outside activities and contributions to scholarship.

Siobhin Ni Laoire continued research on aspects
of stylistic variations and register in Modern Irish.

Aoibheann Nic Dhonnchadha worked on Early
Modern Irish medical texts. Assistant Director of
the Irish Script on Screen project. See also Outside
activitics and contributions to scholarship.

Brian O Cuiv revised the descriptions of 57
manuscripts for his catalogue of Irish manuscripts
:n the Bodleian Library, Oxford. See also Outside
activities and contributions to scholarship.

Brian O Curndin continued work on Connacht
Irish dialects including field trips to Conamara and
East Galway. See also Outside activities and con-
tribution to scholarship.

Padraig O Machain continued work on the Cata-
logue of Irish manuscripts in the National Library of
Ireland; and on the editing of bardic verse. Director
of collaborative digitisation project (Irish Script on
Screen) between DIAS, Dublin City University and
Trinity College Dublin. See also Outside activities
and contributions to scholarship.

Mairtin O Murchi supervised work on A. Wig-
ger's proposed publication Caint Chonamara, [:
Ros Muc; he continued as editor of O Maolaithe's
account of the Irish of Mionlach, Co. Galway, and
as supervisor of Duran's investigation of the Irish of
Aran. See also Lectures.

2.2 Research Scholars

Jacqueline Borsje continued research on the con-
cepts of Fate in Early Irish literature. See also Out-
side activities and contribution to scholarship.

Karen Jankulak, see Tionél, Seminars, and Out-
side activilies and contributions to scholarship.

Ingrid Sperber continued working on edition and
English translation of Vitae Sanctorum Hiberniae,
Duhhn collection. See also Outside activities and
contributions to scholarship.

I.tngc'la Gleason worked on her PhD thesis ‘Enter-
!;H..It in Early Ireland’. See also QOutside activ-
ities and contributions to scholarship.

G:rlldlllnmn;mﬂndm the preparation of a
critical edition of the law text entitled Miadslechiae.

Caitriona O Dochartaigh engaged in the prepa-
ration of her PhD thesis ‘Paradigmatic prayer-
formulae in the Early Irish Church’.

3 Publishing

As one of its statutory functions, in addition to
research and publication by its own staff, the School
provides for the assessment, editing, and publishing
of books and papers by outside scholars.
Computerised editing for publication and typeset-
ting was directed by Michelle © Riordan. Book
design was under the expert guidance of Profes-
sor Bill Bolger of the National College of Art and
Design.

The following item was published in 1999:

s Fergus Kelly and Michelle O Riordan (eds),
Celiica 23, viii + 436 pp. ISBN 1-85500-190-
X: Ir£20

The following publications of the School were
reprinted:

Thomas F. O'Rahilly, Eerly Irish history and
mythology (1946), Catalogue G 3 [repr 1984, 1999].

Nessa Ni Shéaghdha, Collectors of Irish
manuscripls: motives and methods (1950), B 1.3
(1985, 1999].

BEdouard A. Jeauneau with assistance of Mark
Zier, lohannis Scotti Eriugenae Periphyseon (De
dinisione naturse), Liber gquartus (1995, 1999) J
2.13.

4 DBooksales

The classified and annotated catalogue of the School
of Celtic Studies publications was updated and dis-
tributed.

Prometion of publications (Rolf Baumgarten) was
through advertising in Books Ireland, Combhar, An
Saol, Slégadh, An tOireachias: cldr na féile, etc.

The number of books sold during 1999 was 5187.
This figure is calculated from end-of-year stock-
ukiu;fgnmlﬁﬂmpﬁﬂﬁdduﬂiﬂnaflﬂi—
tions etc. during the year. The comparable figures
for the preceding years were 6046 for 1998, 4732 for
1997, 4978 for 1996, 4508 for 1995. The following
chart is a projection of the above figures.
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5 Library

Under the direction of the Academic Libraran,
Siobhdn Ni Laoire, current and retrospective cata-
loguing continued and records were made avaijahl_e
on the Online Public Access Catalogue. Acqui-
sitions continued in subject areas relevant to the
rescarch needs of the School. Regular updates
on recent accessions and current periodicals were
issued and research and bibliographic queries, from
members of the School and visitors alike, were dealt
with.

6 Events

6.1 Lectures

» The Statutory Public Lecture for the year
1999 was delivered by Mairtin O Murchd
{School of Celtic Studies) on 19 November, at
Trinity College, Dublin, entitled “The Society
for the Preservation of the Irish Language II'.

» A Public Lecture entitled ‘The dating of land
enclosure in Ireland” was delivered by Prof
Séamus Caulfield (Department of Archaeol-
ogy, NUI Dublin) on 23 February, at the
Dublin Institute for Advanced Studies.

6.2 Annual Symposium/Tionél 1999

The Annual Symposium/Tiondl was held on 18-20
November, incorporating as a key feature the Statu-
tory Public Lecture (see above). In addition, the
following papers were read:

s Ingrid Sperber (School of Celtic Studies): ‘St
Finn of Cenn Etig'.

e Johnathan Wooding (University of Wales):
‘The end gnde revisited, or what were the
allmuire 567",

s Angela Gleason (School of Celtic Studies):
‘Ol;‘i:mﬁn: hurling? Field sports in early
Ireland’.

s Edel Bhreathnach (Discovery Programme):
' Flaith ho Niell co Nell, Niell caich ua Neill
naiscther geill the transformation of the
kingship of Tara c. 600-720 AD".

s Karen Jankulak (School of Celtic Studies):
¢ Vita Gurthierni and the Cartulary of Sainte-
Croix de Quimperlé’.

» John Carey (National University of Ireland,
Cork): ‘Bran son of Febal and Bran son of
Llyr'.

e Diarmaid O Doibhlin (National University of
Ireland, Maynooth): ‘Cathal Bui Mac Giolla
Ghunna: a culture of dissent’.

s Fergus Kelly (School of Celtic Studies):
‘Osbretha "deer-judgements’— a Senchas Mdr
law-text?",

e Donnchadh O Corriin: (National University
of Ireland, Cork): “The glossing of Aipgilir
chrdbaid'.

s Eoghan O hAnluain (National University
of Ireland, Dublin): *“Cuirfidh meé faghairt
i bhfeidhm mas cruaidh dom™: ceann de
dhubhthocail Cisri an Mheon ofche'.

e Sharon Arbuthnot (University of Stirling):
“The manuscript tradition of Cdir anmann'.

e Nollaig © Muraile (Queen's University,
Belfast): ‘The Irish genealogies — an
overview and some desiderata’.

s Joe O Labhrai (University of Ulster): ‘Sean-
méiri John Heely mar fhoinse fianaise ar
chaniint Chaeilge Chondae Lid'.

6.3 Seminars

o Fergus Kelly (School of Celtic Studies) con-
tinued his Seminar on the Legal Treatise by
Giolla na Naomh Mac Aodhagiin [weekly,
from 21 January - 25 February); (weekly, 1
November = 13 December).
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7 Outside activities and contri-
butions to scholarship

7.1 Activities

Lectures were delivered by:

Fergus Kelly, ‘Early Irish veterinary history' Irish
veterinary association (March); “Trees in ancient
Ireland’. Society of Irish Foresters (March); ‘Early
Irish Farming'. Ormond Historical Society, Nenagh
(March); ‘Women in early Irish law and literature’
University of Turin (April); 'Pits and other artifi-
cial holes: the early Irish written evidence'. Irish
Conference of Medievalists, Maynooth (July); ‘Old
and new in a Legal treatise attributed to Giolla na
Naomh Mac Aodhagiin (obit 1309)'. International
Congress of Celtic Studies, Cork (July); ‘Giclla na
Naomh Mac Aodhagin: a thirteenth-century legal
innovator’. Irish Legal History Society (October)
Osbretha "deer-judgements”: a Senchas Mar law-
text™ Tionél, School of Celtic Studies (November)

Malachy McKenna gave undergraduate lec-
ture course on Stair na Gaeilge, Roinn na
Nua-Ghaeilge, Belfield (February-September); he
attended Comhdhdil do theangeolaiocht na Gaeilge
IV in Edinburgh (April).

Aoibheann Nic Dhonnchadha, ‘Irish physicians
and their textbooks' Roval Society of Antiquaries
of Ireland (March); ‘Buni Leabharlann Choliiste
na Rinne’ Daonscoil na Mumhan, Rinn O gCuanach
(August); ‘Descriptions of the uterus in Irish med-
ical texts' to Section for the History of Medicine,
Royal Academy of Medicine in Ireland (October).

Brian O Curnain, ‘Beatha agus Bis na Srénaiola
at Teangeolaiocht na Gaeilge IV, Roinn na Ceiltise,
Ollscoil Dhin Eidean (April); ‘Ilghinidint an fho-
rainm ‘dar’sa trii pearsa iolra i gConamara’; the
Eleventh International Congress of Celtic Studies,
University College Cork (July)

Padraig O Machdin, ‘Saothri na Gaeilge i diu-
aisceart na nDéise’ Dichas, Rathgormack (May);
*Irish script on screen’ Fragility of the Written Word
Conference, Maynooth (June); ‘“The digitisation of
Irish manuseript materials’ Irish Rare Books Group,
Marsh’s Library (November)

Proinsias Mac Cana, ‘Notes on structure, style
and syntax in Fled Bricrenn’, NUI, Cork.(October)

Lectures by Research Scholars:

Jacqueline Borsje, ‘Monsters in Early Irish texts:
the problem of evil at Praise and Sancity The
Celtic Witness: A workshop in Celtic Christian-
ity at Orlagh College, Dublin (April);'Balor, Ingcél
Ciech, Cailb and others: “the Evil Eye™ in Early

Irish literature’ 11th International Congress of
Celtic Studies, Cork (July)

Karen Jankulak, ‘Vita Gurthierni and the Car-
tulary of Saint-Croix de Quimperlé’, Tionél, School
of Celtic Studies,(November) ‘Ubi illuc inuvenies
gregem aprorwm, ibi mane Swine as portents
of ecclesiastical foundation’, 1lth International
Congress of Celtic Studies, NUI, Cork (July); "Adja-
cent saints'; dedications between Cornwall and Brit-
tany’, International Medieval Congress, at Univer-
sity of Leeds, Leeds (July)

Ingrid Sperber, ‘Explorations of the Life of 5t
Colmén Elo, Cork, 11th International Conference
of Celtic Studies (July)

Angela Gleason, ‘Gaming and gamblingin Viking
Dublin’. Kalamazoo, U.S.A. (May); “Early Irish
Field-Games'. Edinburgh (July)

7.2 Scholarly publications

Fergus Kelly, ‘Medicine and ecarly Irish law’, in 2000
years of Irish medicine (ed. J.B. Lyons, Dublin) 15-
19.

Rolf Baumgarten, co-edited Eriu 50.

Proinsias Mac Cana, co-editor (with Jeanne-
Marie Boivin) Mélusines confineniales el msu-
laires (Paris); co-editor of Eriu 50; ‘Les ana-
logues irlandais de la légende de Mélusine’, in
Mélusines continentales 247-262; ‘The Irish ana-
logues of Mélusine’, in P. Lysaght, S. O Cathain and
D. O hOgain, (eds), Islanders and water-dwellers
(Blackrock, Co.Dublin) 149-64, *The mythology of
medicine’, in 2000 years of Irish medicine (ed. J.B.
Lyons, Dublin) 9-12; “The motif of trivial causes’,
in Alfred P. Smyth, ed., Seanchas: Studies in early
and medieval Irish archaeology, history and hiers-
ture in honowr of Francis J. Byrne (Dublin) 205
211; ‘Varia I1I, Variations on a proverb® and IV,
‘By way of analogy’, Eriu 50, Obituary articles
on J.BE Caerywn Williams: Irish Times 31 July
1999; ¥ Traethodydd, October 1999 (‘). E. Carwyn
Williams: Celtegwr’) 251-256; Studia Celtica 33,
354-357; Review of Sioned Davies, Crefft y cyfar-
wydd: astudiaeth o dechnegau naratif yn Y Makno-
gion (Cardiff,1995) in ZCP 51, 311-314.

Pédraig O Machdin, ‘Sagairt an Leasa’, An Linn
Bhui 3 (1999) 72-81; “‘Ciirt an ghrinn seo Ormond’
in John Flood, Kilcash (Dublin) 98-104, 123-124.

Aoibheann Nic Dhonnchadha, ‘Medical writing
in Irish’, in 2000 years of Irish medicine. (ed. J.B.
Lyons, Dublin) 21-26

Brian O Cuiv, ‘Elegy on Féilim Mac Maghnusa
Méig Uidhir’, published in Celtica 23 (1999) 262-
268.
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1 Staff, Scholars and Research Asso-
ciates

Sgnior ProFessomrs: John T. Lewis (Direc-
tor from 1 January 1975), Lochlainn S.
O'Raifeartaigh

AssISTANT Proressors: Fergal Toomey, Ray-
mond Russell

LisRARIAN: Ann Goldsmith

SECRETARY: Margaret Matthews

SysTEMS ADMINISTRATOR: lan Dowse

EMERITUS ProFEssor: James R. McConnell
(died 13 February)

VisiTiNG ProrFessors: N. O'Connell BRIMS,
Bristol, Ch.-E. Pfister EPF Lausanne

ScHoLARs: J. Pawlowski (Germany), J. Tesch-
per (Germany), S. Vinnakota (India), P
Watts (USA).
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2 General

We record with regret the death of Emeritus
Professor J.R. McConnell on February 13. He
was a scholar from 1942-1945, Senior Professor
from 1968-1988 and Emeritus Professor from
1988,

A group of students and stafl from the
Faculty of Mathematics and Computer Science at
the Eindhoven University of Technology visited
the Applied Probability Group on 30 August.

3 Research and Study

3.1 Theoretical Particle Physics

Professor O'Raifeartaigh’s earlier work on
the N-point functions for Liouville theory with
J. Pawlowski and V. Sreedhar was completed
in early 1999 and was published in Annals of
Physies. In this paper a modified Liouville po-
tential was proposed and in the second half of
the vear it was shown that, for the quantum ver-
sion of the theary, the modified potential is the
correct one. In particular it was shown that it
determines a factor in the N-point functions that
was left ambiguous by the standard potential.
Other aspects of the theory were also clarified.
Th: 'M:II": on Hulllﬂ currents infnmmmﬁ-

mdhmlhlmmmm
Dm:tmtﬂhpmdwm;

Dr. mmﬂlﬂﬂﬂm
tic field theory in particle
munhumdlnmﬂmdm-d"m
mechanics. He worked on renormalisation group
flow and discrete symmetries, -

Dr. Garavaglia studied prqmﬁld'lh

Higgs sector - detection signals and Higgs
pommul Helouhdﬂqumunmdbm;

and qumtum field theory and on pluuu qln

relativistic quantum theory. =<f,.,
Dﬂ'uhnhmndmtmm
projects concerned with non-perturbative quan-

tum field theory. He worked on path integral

quantisation of Liouville theory and on Wilso-

nian flows in gauge theories at zero and finite T:

gauge invariant formulation. He also looked at
topology and instantons on T".X R*~", confine-
ment and on entropy in Liouville theory. ;

Dr. Sreedhar investigated the origin of
the rather mysterious duality symmetry found
in quantum Liouville theory by considering the

Liouville theory as the reduction of a WZW-
like theory in which the form of the potential for
the Cartan field is not fixed a priori. He showed
that in the classical theory conformal invariance

places no condition on the form of the potential
but the conformal invariance of the classical
reduction requires that it be an exponential. In
contrast, the quantum theory requires that, even

before reduction, the potential be a sum of two

wﬂ Bugq,wm duali
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3.2 Applied Probability Theory

Mr. Dowse participated in the Final Review by ticular, for the case of Poi ' J#HP;*
the European Commission of the Esprit MEA- calculated the rate function and showed what in-
SURE project. This included a demonstration ik :
by the DIAS group of a Measurement-Based
Call Acceptance Control Algorithm running on
a commercial ATM switch in the Laboratories of
Telia Research in Stockholm. The demonstra-
tion proved the feasibility of on-line estimation
of Large Deviation Theory rate-functions, pro-
posed in the group's 1995 paper in IEEE Journal
for Selected Areas in Communications. Profes-
sor Lewis began a collaboration with Professor
L. Gyorfi (TU Budapest) on queue theory; to-
‘gether with Professor Toomey, Mr. Dufly and
Mr. Racz, they wrote a paper on confidence in-
tervals for measurements of effective bandwidth.
Professor Lewis continued his collaboration with
Professor Sullivan; together with Mr. Duffy, they
worked on logarithmic asymptotics for a stable
single-server queue.
Mr. Coffey worked on Markov chain analysis
of genetic algorithms : rapidly mixing Markov
worked on random early detection gateways and
el -\ L+, Bk B L e L
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Professor Chela-Flores® research project was
devoted to the discussion of the tramsition
bacteria-eukaryote (eukaryogenesis).

Dr. Duffield carried out research on the
mnthemﬂ:a of telecommunications including

Dr. Lenoach studied seismic wave propaga-
tion and flow in multi-layered connected systems.

Dr. Vandyck completed his study of Lie
and covariant differentiation of spinor fields.
He started work on the investigation of the
properties of a new differential operator called
“D-differentiation ~which is applicable to tensors
and spinors.

3.6 Pure Mathematics

Dr. Goldsmith carried out a study on the
unit sum property of various types of Abelian
groups and modules. He also investigated various
concepts of minimality for Abelian groups.

3.7 History of Science
Dr. ﬂﬂﬂhﬂntmnﬂndmtmtht

booklet on the Bernoulli project and has com-
~ menced work on a projected book on integrable

J. TESCHNER: mhﬂm
dimensional black hole.
B.P. DoLan & A. EI’HBJ m

S
F. ToOMEY: hqamﬂm
of random

topical operators. :
-5: L. O'RAIFEARTAIGH & \m’. Slllﬂ_lll:

-7:

Duality in Lwlvﬂeihuriim
symmetry.

L. Gyorrl, A. Racz, K. Durry, J.T.
Lewis & F. TooMmEy: i
ﬁumlmmhman
effective bandwidth.

J. TESCHNER: Operuorpludlﬂ
and factorization in the H3 —
madel.

T. GARAVAGLIA & S.K. KAUFFMANN:
The principle of symmetric bracket invari-
ance as the origin of first and second quan-

ﬂmr

tization.
G.W. kaR.Fm 'lva_




research institutes in the Dublin Area, and by
"‘mmbennﬂb!mhicnhouhﬂfﬂm
Seminars and lectures were given also under
tbemofﬁemﬂnmmd{hﬂp
by the School's members and visitors.

e G.Gibbons (DAMTP, mkm '
5.1 Statutory Publie Lecture raphy and the future tube.

The statutory public lecture was deferred
until next year.

5.2 Seminar and review lectures given at
DIAS-STP

e C. Ford (DESY, Zeuthen) Parafermions

and Witten's SL(2, R)/U(1) Black Hule
h model.

0. Gulinsky (Moscow) The pﬂ.qple gf
the largest term amd asymptotics of
Varadhan-type in Quantum Mean-Field
models.

L. Gyorfi (Budapest) Queueing for ergodic
K. Hoperaft (Nottingham) Levy flights
and multi-cascades.

M. Mathur (Calcutta) Abelianization of
non-Abelian guage theories with gauge in-
variant dpm:ﬂ variables and magnetic
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abroad

-. Professor J.T. Lewis Graduate Course on

viation Theory and Information Theory.
B Wotakos) Qualiativ -
ments. i itative 9 s
wmm{mwtl tlam'nhb&-&r
e Professor L. O'Raifeartaigh: Seiberg- : Mgt -
Witten theory. (Seven lectures in Leipzig. PRafEsso Soci 1-T- mi'ém
‘one in Freiburg) Review of spontancous , Meeting,
symmetry breaking. (Erlangen) Confine- ProFessoR L. O RAIFEARTAR
ment in QCD with 1 compact dimen- i .
sion. (Erlangen) Seiberg-Witten model. of Physics in Newc
(Goslar. Torino, Thilisi) Supersymmetric Huhm.:l. ical S¢
Noether Currents. (Torino, Bregenz in September:
Austria, Thilisi) Duality in Quantum Li- P e S
ouville Theary. (Istanbul) Quantized Li- ¥ ; e
‘ouville Theory. (Durham) ' R
« Mr. K. Duffy Qualitative Large Deviation DR. : Irish Quantum Field
lbm:_;mwmch to system design. Ty : Rl
(Cambridge) MR. C. WaLSH: The Irish Mathematical
s Mr. M. Dukes An optimal flow identifica- Intervarsities, UCC, Cork 26-28 Fu
{Ednbuqh] The Game. (Cambridge)




ProFEssor L. O'RAIFEARTAIGH: Humboldt

Mnr

Fellowship at the University of Erlan-
gen, January - February; University of
Freiburg, Germany 27 January; Meeting
of the Mitteldeutches Combo at the Uni-
versity of Leipzig 27-30 January; Work-
shop on Spontaneous Symmetry Break-
ing at the University of Erlangen Febru-
ary: University of Erlangen, 10-17 July;
Plenary talk at Conference on Quantum
Theory and Symmetries, Goslar, Germany
1823 July; XIth International Sympo-
sium on Symmetries in Science, Bregenz.
Austria 1-7 August; IXth Regional Con-
ference on Mathematical Physics, Istan-
bul 10-16 August; Non-Commutative Ge-
ometry and Field Theory, Villa Gualino,
University of Torino September; Univer-
sity of Durham 4 October; School on Se-
lected Topics in Quantum Field Theory
and Quantum Statistics in Thilisi, Geor-
gia 18-22 October; Workshop on Problems
of Theoretical and Mathematical Physics.
dedicated to the 90th Anniversary of Aca-
demician N. N. Bogolyubov in Thbilisi,
Georgia 23-26 October.

S. CorFey: Congestion Pricing Work-
shop, Microsoft Research Cambridge 9-10
December

MR. M. CorLuy: Heavy Tails and Queucs Con-

ference, Eindhoven, The Netherlands, 12-

Workshop,
‘Cambridge 9-10 De-
ﬁ.h‘ e Priag

PropEssoR R. RusseLL: Final Review Meeti

February - 14 March: Benasque w
0-26 July; Desy, Zeuthen and Buckow

Workshop on Advances and Trends in

w T A

its to Universities in Cincinnati
and Rochester, 20 August - 10

i S
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San Jose, CA 30 October - 6 November;
University of Lund, Uppsala 21-28 Novem-
ber; Congestion Pricing Workshop, Mi-
crosoft Research Cambridge 9-10 Decem-
ber.

Dr. P. WarTs: Strings '99, Potsdam 19-25
July;

7 Symposia

Two Mathematical Symposia were held during
the year, 31 March - 1 April, and 21-22 Decem-
ber. The attendance ( 30 in April, 35 in Decem-
ber) included professors, lecturers, and gradu-
ate students from the Irish universities and other
third-level and research institutes, and from in-
stitutes abroad, and members of the scientific
schools of DIAS.

Lectures were given as follows:

April
Review Lectures:
e Dr. T. Dorlas (Univ. of Swansea) Spin 2 l' ith
B, cOUNE (O Prof. . AL, Solomos (Opes Univ; UK.’
Prof. L. O'Raifeartai i 3 .
» dudrlngmu:‘“;::h Electromagnetic Gmpmnrmmr
- .
Lectures: y
o Dr. M. Mathieu (QUB) What is non- . mgm‘:ﬂuhﬁﬁ :
muuuhnfucmln-bum
g wm & nr,_

o Mr. M. Mackey An angular
Mﬂlﬁemﬂﬁf%m
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Annual Report of the Governing Board of the

School of Cosmic Physics for the year ending

31 December 1999 adopted at its meeling on
15 November 2000.

1 Staff, Scholars and Associates

SENIOR PROFESSORS: L.OC. Drury (Director. from
01 MNovember), AW.B. lacob, EJA. Meurs
{ Director, 1o 31 October)

PROFESSORS: A. Thompson, D. O%Sullivan, T.P.
Ray.

ASSISTANT PROFESSORS: P.W. Readman, B.M
OReilly (contract basis)

RESEARCH

VACANCIES ).

ASSISTANTS: 1. Ellion, (two

EXPERIMENTAL OFFICERS: T.A. Blake, B.D.
Jordan, J. Walsh (computer manager, contract basis).

VISITING SCIENTISTS: P.A. Allen (Department of
Geology. TCD), D. Banlen (NRPB, UK), C.J. Bean
(Department of Geology, UCD). P. Beck (ARCS,
Vienna), S. Bennet (Department of Geology, TCD),
E. Benton (USF, USA), J-F Bottollier (IPSN, Paris),
C. Bray (Ordnance Survey, 16 June), E. Cnley (USGS,
Menlo Park, 09-23 March), AL. Densmore
{Department of Geology, TCD), S.H. Harder
(University of Texas at El Paso, 07-25 March), C.
lsascs (BG), H. Jepsen (University of Copenhagen, 08-
22 March), P. Jergensen (University of Copenhagen,
08-22 March), B. Katz (University of Nebraska, USA),
N. Kenyon (Southampton Oceanography Centre, 09-12
February, 03-06 August), A. Lawrence (Institute for
Astronomy,  Edinburgh), L. Lindborg (551,
Stockholm), L. Morci (Visiting Professor from 15
January), A. McCafferty (Statoil), M. Mahoney (Met
Eircann, Valentia Observatory, (4-05 May), J. Makris
{University of Hamburg, 06-08 October), G. Meesen
{(University of Ghent), W.D. Mooney (USGS, Menlo
Park, 05-09 October), K. Nolan (Enterprise Oil), T.
Parker (PASSCAL, 21 March - 01 Apnl), R Pasgquali
(Depantment of Geology, TCD), W.E.A. Phillips
(Department of Geology, TCD), O. Quezada (UTEP,
07-25 March), H. Schraube (GSF, Munich), U.
Schrewe, PTB, Braunschweig), P.M. Shannon
(Depantment of Geology, UCD). D. Shendan
(Enterprise  Oil, 29 July), M.D. Smith (Armagh
Observatory), C. Snelson (UTEP, 07-25 March), C.
Solla (Department of Geology, TCD), T. Sullivan
(Met Eu;m. Valentia Observatory, 04-05 May), L.
Tommasino  (ANPA, Rome), J. Vink
(Astrophysikalisches Institut, Potsdam), A. Walsh
(Statwil), A. Wheeler (UCC, 12 April).
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TECHNICAL AND CLERICAL STAFF: A. Byrne,
AM. Callanan, E. Clifion, P. Daly (pari-time). W
Dumpleton, E. Flood, A. Grace-Casey. C.M. Horan,
§. Ledwidge (on career break until S October). L.
Quigley, M. Smyth, H. Sullivan, 'G. Wallace, (two
VACANCICS).

SCHOLARS: M. Carr, J. Cunniffe, J. Donnelly, J.
Hodgson, M. Landes, K. McGrane (1o 30 September),
L Norci (to 14 January), A. O'Brien, S. O'Sullivan (1o
31 March)., V.Unnithan, Z. Zang, D. Zhou.

PROJECT SUPPORTED POSITIONS: S. Annibalds
(Turbulent Fusion Plasmas), F. Bacciom (European
Space Agency Fellow), R. Butler {University College
Galway, from 01 November), Y. Gallant (Gamma Ray
Bursts, 01 May - 30 September), F. Hauser
(COMBONET, to 31 March), T. Lery (Enterprise
Ireland, from 01 July), G.D. Mackenzie (RAPIDS 111,
from 01 April), E. Parizot (TMR Astroplasmaphysics
Metwork).

PROFESSORS EMERITI: HA. Briick, T. Murphy.

RESEARCH ASSOCIATES: CJ. Bean (UCD), M.
Cawley (SPCM), D. Corcoran (DCU), P. Duffy
(UCD), AJ. Keane (ITB), R. Keary (G5I). A.
Lawrence (Edinburgh), B. McBreen (UCD). 1. Makns
(Hamburg). P. Morris (British Antartic Survey). N.P.
Murphy (BP), F. Murtagh (Garching), W.E.A. Phillips

(TCD), V.F. Polcaro (IAS, Frascau), C. Prodehl
(Karlsruhe), 5.C. Russell (VIPAC), P.M. Shannon
(UCD).

PROJECT STUDENTS: G. Fennell (TCD, 01 October
- 31 December).

VACATION STUDENTS: E. Devine (TCD, 06 July -
24 September), C. Heverin {(UCD, 02 Jume - 03
September), S.T.F. Jacob (TCD. 211 June - 31
December).
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{borrowed from the University of Texas at El Paso
(UTEP) and the University of Copenhagen) were
deployed along one axial and two transverse profiles
across the Leinster Granite. Fourteen underwater shots
were fired in the Insh and Celtic Seas into these
profiles using the R.V. Celtic Voyager. Four land
shots, and a quarry shot, were fired at the intersection
of the axial and transverse profiles, and at the weslern
ends of the ransverse profiles.

Three colleagues from the University at El Paso (Steve
Harder, Cathy Snelson, Oscar Quezada) and two from
Copenhagen (Peer Jorgensen and Hennk Jepsen)
participated in the experiment. At the end of the
acquisition, Tim Parker from PASSCAL visited to help
with the data download and initial processing. In
addition, help was enlisted for the instrument
deployment from two geophysics students from UCD.
In wial there were 17 people involved in the
deployment of the instruments, three involved in the
shooting on land and four for the shooting at sea (in
addition to the crew of the Celtic Voyager).

The experiment was very successful. Data quality and
recovery were excellent compared 1o similar
experiments, with good P- and S-wave energy from the
shallow crust to the upper mantle observed across the
granite. The amount of the data recorded is well in
excess of that originally envisaged, and the slight delay
in starting the field experiment proved very well
worthwhile. In terms of the number of instrumenis in a
single deployment this has been the largest ever in
Ircland, and ranks with some of the largest world-wide.
Processing of the over 5000 seismic records was
completed during April/May and preliminary forward
modelling of the large dataset comprising 57 seismic
sections was started. The modelling up 1o the present
has focussed on the uppermost 10 km of the crust and
indicates that pnmary P-wave phases show a good
correlation with the surface geology. An indicanion of
individual granitic bodies can be seen with the depth of
the granite bodies increasing o the southwest. Wide-
angle reflections define an interface at aboul 4 km
depth beneath the main granite body.

As part of the preparation for this project James
Hodgson spent one week during February in El Paso o
familiarise himself with the instruments and the data
handling procedures. During his visil the instruments
were tested by recording a large mine blast.

202 Gravity (Investigation of onshore sediment
transpori routes)

P.W. Readman and B.M. O'Reilly with colleagues from
coD

A project in collaboration with A. Phillips and others at
Trimty College Dublin has been started to test a

¥

hypothesis that there is a system of Tertiary-aged nver
channels and lake deposits traversing Ireland which
links the lrish Sea with sediments in the Porcupine and
Donegal Basins. The original proposal has been
partially funded by Enterprise Ireland so that a few
exploratory wells can be drilled. A rescarch assistant
has been employed in TCD and a detailed compilation
of available data relevant to the possible location of
such deposits started in October. Central to the
investigation are variations in the gravity anomaly and
as a start a possible area has been chosen in Co.
Westmeath on this basis. Some further gravity
observations have been made 10 more precisely define
the gravity anomaly pattern in the arca.

Related to this project, new gravily measurements have
also been made in the northwest of the country in Co.
Mayo. Previously it has been difficult to gain access o
large arcas of bogland and to obtan accurate gravity
readings and 3-D positions on top of the bog. Now that
areas of the bog has been partially stripped, and with
the use of GPS, and the help of Bord na Mona it was
possible to significantly increase the coverage of our
gravity readings and better define detail in the large
anomaly low in the area.

These additional gravity measurements will help in
testing  geological models of Tertiary tectomics n
northwesl Ireland. They are also important in our
ongoing studics of the relationship between gravity
variations and the structural controls on the siung of
onshore mincral deposits.

2.03 VARNET (VARiscan NETwork)

AWBEB. Jacob, M. Landes, BM. O'Reilly, P.W.
Readman with colleagues from UCD and Universiry of
Karlsruhe

This year saw the conclusion of detailed seismic
modelling along the castern profile stretching from the
Old Head of Kinsale 1o Galway Bay (a paper on this is
now in press). Integration of the results from the
onshore experiments with existing offshore reflection
and wide-angle refraction data in the Irish and Celtic
Secas arcas was completed. This reveals three crustal
units separated by near-horizontal detachment surfaces.
Structural linkage between the upper and middle crusi
can be demonstraled suggesting only a moderale
change in ductility across the upper surface. The lower
detachmem surface at 20-24 km depth is interpreied as
the crustal brittle-crustal transition. Major Vanscan
thrusis either flaten along the top of this layer or are
overprinied by posi-Variscan lower crustal re-
cquilibration.

An S-wave model for the western profile was
developed using the P-wave model inlerfaces. This
allowed V/V, ratios, which depend on the mineralogy
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and composition of the crusL. 1o be calculated. Low
ratios in the upper 15 km indicate the presence of
granitic inclusions. A region of high V/V, ratios in the
lower crust mark a change (o a more mafic
composition. This region is a possible source for the
Eranilic INtrusions inferred in the upper crust.

The final report for this project was submitted to the
relevant EU funding agency during the year. Further
interpretation of the results is continuing. The main
effort is now with seismic and gravity 3-D modelling.

304 AIRS (Atlantic Irish Rockall Survey)
Kk MeGrane, P.W. Readman. AWRE. Jacob with
colleagues from UCD and GSI

Interpretation of the GLORIA {Geological LOng Range
Inclined Asdic) data collected from the Rockall Trough
during the AIRS project continued and has been refined
in both DIAS and UCD. The DIAS PhD student (K.
McGrane) has concentrated on integrating the GLORIA
results with those of other geophysical studies, in
particular marine gravity and magnetic anomalies,
whereas the UCD PhD student (Vikram Unnithan) has
worked mainly on the sedimentological aspects of the
project. The manuals on GLORIA data processing
were completed, and preparation of the final report
started. Funding for the project finished in September
and it is anticipated that the two siudents will finish
their PhD theses during the next year.

3,05 TRIM (TOBI Rockall Irish Margins)

P.W. Readman, B.M. O'Reilly, A.W.B. Jacob with P.M.
Shannon, UCD

The preliminary interpretation based on the TOBI
{Towed Ocean Bottom Instrument) shipboard Mosaic
was completed. Detailed maps of acoustic facies were
wraced onto transparent sheets at a scale of 1:50 000
and interpreted in terms of sedimentological and slope
processes. Processing of the digital data recorded was
completed and a set of mosaics made. The
geographical regisiration is more accurate on these and
they show more detail in some areas. The
!mrpremitms were subsequently refined, digitised and
integrated into a geographical information system. A
sel of interpretation maps depicting sedimentological
processes along the continental shelf and slope regions
of the Rockall Trough were produced.

A wide range of sedimentological featurcs were
identified in the area. Submarine canyons, associated
with depositional lobes and sediment aprons were
resolved along much of the surveyed castern margin.
These are associated with exiensive areas of typically
tabular rafUslab slope failure. The detailed form of a

21

carbonate mound population on the upper slope area of
the Porcupine Bank was clearly imaged. The survey
resolved in detail a region of exiensive slope wastage,
mostly in the form of mud-prone tabular raft/slab
failure, on the western margin of the Rockall Trough.

Evidence for contour-parallel currents was found on
both margins of the Trough suggesting a cyclonic
bottom current circulation patiern. Changes in the
slope geomorphology and the details of slope failure
processes occur along the castern margin of the Trough
from morth to south. These changes indicate that the
influence of glaciomarine sedimentation Pprocesses
decreases 1o the south along the margin and that
palaco-climatological factors play an important part in
controlling these proCesses. Seismicity may also be a
factor, as a seismic event on the weslern margin of the
Rockall Trough was recorded on the DIAS seismic
network in September. The precise age of the slope
failure events is unknown but many of the more recent
cediment flows and tabular escarpments are likely to be
late Pleistocene to Holocene in age.

A comprehensive inlenm report was completed and
submitted 1o the Rockall Studies Group. The report
was well received and very favourable comments were
reurned, Testing of the interpretation against other
datasets will begin next year.

306 RAPIDS 111 (Rockall and Porcupine [rish
Decp Seismics)

A W.B. Jacob, G.D. Mackenzie and other Geophysics
Section staff with P.M. Shannon, UCD and colleagues
from the University of Hamburg

The continental shelf to the west of Ireland remains a
relatively unexplored region. The area contains several
lugedmpwnnnﬁuﬂ:rhmuﬂuempnsm
nature of the underlying crust, is poorly understood.
TMR&PIDSEpmjmlbuﬂdsupunlhemndunflw
mmuﬂnsmumwnmum
and the University of Hamburg. It involves the
acquisition, processing and | jon of four new
wide-angle seismic profiles within the Rockall Basin.
mmwbjocﬁmoﬂhnmjnﬂm{l]mwidc
utrn-dinnlinlﬂm“uulludﬂhud
sedimentary geometries, and (b) 1o lest the new
differential crustal streiching model which has been
dw_r:lopedonth;bui:nfmﬂbﬁluﬂmmﬁﬂ
projects.

obtained across the Rockall region during Apnl and
May. The seismic data was recorded on Ocean Botiom
Seismometers (OBS) deployed by the Russian rescarch
ship PETROV. Airguns operated from the PETROV
were used as the scismic source along the lines. In
order 1o aid deeper penetration below the crust several
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shots were also fired by the Insh research vessel

CELTIC VOYAGER

with encrgy

Data quality is in general excellemt L

propagaling in rmany cases (o |‘1.':L.':'|I.J B0 km from the
smaller 1
conversion o SEG-Y format has been conducted by
DIAS and Hamburg staff in Hamburg. Preliminary
modelling of the sedimentary succession has also been
conducted 1n Dublin
continuing in Dublin

arrgun sources. [miial data processing and

Hamburg and and 15 now

24" 20°

20° 16

Ihis project has been funded as part of the Petroleum
Infrastructure  Programme (PIP) sponsored by a
consortium of oil companies, the Rockall Swdies
Group (RSG). The project was co-proposed by the
Dublin Institute for Advanced Studies and University
College Dublin. :

207 Teleseismic Study of the Hawaiian Plume
A.W.B. Jacob. T.A. Blake, G. Wallace, C. Horan and L

Quigley with R, Kind from GFZ Poisdam and
colleagues in the University of Hawaii

e

Following the soccessf 1] COMBO study ol M
structural detanl at the Core-Mantle Boundary (CMB
under the Pacific Plate southeast of Hawan, a project

was set up 1o study the Hawanan Plume and its Mantle

siruciure Plumes onginale al or near the CMB so thas
was a logical extension of Geophysics Section studies
The current

study 15 using eleven DIAS Geophysics Broad-Band

in deep Earth structures and mechanisms

stattons distnbuted on four different islands (Hawan,
Mauw,
Band

Oahu and Kauai) together with a Very Broad

station from Potsdam on Maw Some

60

56

12° 8"
RAPIDS offshore seismic lines

supplementary data may also be available from USGS
stauons recently installed There are important
questions 10 be resolved about the physics of this rather
spectacular plume (one of the volcanoes on Hawaii 1s
the most active in the world). Some good data have
already been gathered and convenied phases from
honzons in the mantle will be used 1o map past and
present behaviour of the plume

Initially, five DIAS swations were installed on Hawaii
{(4) and Oahu (1) in June 1999. A further six stations
were installed in November, one more on Hawaii. two
on Maui and three on the westernmost large island,
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Kauai. m;.u-wufmmmmm
network. The stations are cither on private land or in
schools whose owners or teachers have agreed to
chmp:hcdmdisbpﬂindiﬁlhr{emmwni:
m:b}a:ﬂpnnlhmmlhnUumﬂlruleﬂi.
!hmumwmnmmnﬂmmmm&
archived, releasing the disks for further use in the
network.,

2.08 The Seismic Network (DNET, ENET, DSB and
VAL)

AWB. Jacob, T. Blake, G. Wallace, C. Horan and L
Quigley

I. Recorded events

There were two onshore events here in Ireland in 1999.
Macroseismic surveys have been carried out for both
events which occurred in North East Donegal. The first
was a 1.7 M, event on 30 April, which had a felt
intensity of IMI-IV in Kerrykeel. The second was a 1.5
hﬁmnlﬂﬂlﬂﬁupﬂ.utkhhﬂdaﬁdti-miunfﬂ-
[l in the Milford/Buncrana arca. There were a number
of offshore events, the first of them in the Irish Sea,
southwest of Holyhead on 10 March with a magnitude
of 0.9 M,. On 07 September an event was recorded in
ihe Rockall Trough, and on the 29 Sepiember an event
of 3.0 M, occurred in the Lousy Bank area. Three
other offshore events were recorded off the coast of
Wexford on the 15 October, 30 October and 8
November, for which there were no felt reports.

The UK had its fair share of events greater than 3.0 M.
The most notable occurred on the Isle of Arran,
Strathclyde on the 4 March with a magnitude of 4.0 M,
and a felt intensity of IV. No damage or injuries were
reported.  On the 25 October an event occurred in
Sennybridge, Wales, with a magnitude of 3.5 My and a
felt intensity of V.

ormehndmm”ﬂmdwhlihywhu#
the station more cfficient, and also Y2K compliant.

:mmumukmhnuﬂltmﬁ. A
decision was taken not to spend any further tme or
money on its development and to let this system
become obsolete. A new Earth Data seismic recording
mmminpﬁmm:uwﬂimﬁu
g _

3. Broadband station at Valentia Meteorological
Observatory

After discussions with Met Eircann last year, it was
decided that the WWSN scismic station run by the Met
Eireann in Valentia Observatory (VAL) since the 1960s

and some ancilliary equipment. It is important 1o keep
this station running as it considerably exiends the
coverage of the DIAS network and is the most weslern
seismic station in Europe. An Eanth Data recording
system and Guralp CMG T40 broadband scismometer
was installed in Valentia Observatory by Geophysics
section staff during May. A workstation for digital
seismic data processing was prepared in the Section
and installed at Valentia in December.
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and that thus an aclive core makes a substantial
contribution.

The second sample comprises a selection of IRAS
galaxies with particularly high levels of X-ray
emission. One of these latter objects, the Spiral galaxy
NGC 3147, was cxamined in some detail with the
addition of high-resolution imaging X-ray data from the
ROSAT satellite.  Earlier results from the ASCA
satellite had been taken as indicating that the bulk of
the high-energy emission from this galaxy is due 10 a
hidden active nucleus. The group’s own SAX spectrum
is however well fited by a two-temperature thermal
model, which can be interpreted as starburst activity.
This is supported by the ROSAT HRI data, which
reveal a very extended source coincident with the main
body of NGC3147.

302 Searching for active cores in Local Group
galaxies

Z Zang and EJA. Meurs

To investigate the occurrence of nuclear activily in
galaxies to the lowest possible levels, a search has been
conducted for central sources in two-thirds of the
members of the Local Group of galaxies, to which the
Milky Way system belongs. These galaxies arc the
ncarest stellar systems and can be examined 1o lower
levels of X-ray emission than any other galaxies, with
the X-ray regime of the spectrum expected to be
particularly relevant for recognizing weak signs of any
nuclear activity. The Andromeda Nebula (M31)
satellite M32 was investigated in considerable detail.
This small spheroidal system is known o contain a
comparatively strong X-ray source located in its central
region. Possible interpretations of this source thai
could be proposed are a Supernova Remnant or a
weakly active galaxy nucleus, with greater weight
attributed 1o the latter option.

Besides the four largest galaxies, the further members
of the Local Group did not reveal central sources till
low levels of X-ray flux, except for two Irregular
galaxies (NGC 6822 and the WLM galaxy). In both
these cases however, the catalogued optical positions
may not refer 1o proper nuclei and the two sources were
considered “suspicious”. Omitting these two, only four
positive or possible detections are known, in four of the
largest Local Group systems; three of these are the
most luminous of these galaxies, which comprise all the
Spiral galaxics in the Group. While the most luminous
Elliptical yields the fourth possible detection, none of
the Irrcgulars produces more than a “suspicious”
detection. Our own Galactic Centre source Sgr A*
remains the lowest level of nuclear activity within the
Local Group. Some of the non-detections of smaller
members could still reveal some nuclear sources at the
level of Sgr A®.

The four central X-ray sources thus found are candidate
massive black holes, for which confirmation can come
from data at other wavelengths or from dynamical
studies. There could thus be at least (and quite
possibly at most) four massive black holes immediately
around us. The circa 20 smaller Elliptical, dwarf-
spheroidal and Irregular systems do mot appear 10 be
big enough 1o host central massive black holes.

3.03 Long-term variability of nuclear X-ray sources
in galaxies

J. Cunniffe and EJ.A. Meurs

Most normal galaxies do not show any signs of high
energy emission from accretion onto a central black
hole. It is known however from observations of stellar
dynamics in these galaxies that most have a massive
(10°-10" Msolar) black hole at their core. One
hypothesis as 1o why we do not see central activity
from these galaxies is that there is no material available
to fall onto the black hole and radiate. However, if 2
stellar disruption evenl were o occur then there would
be a short-term accretion disk formed and radiation
would be visible for this duration. In order W
determine the frequency of occurence of such siellar
disruption flares, observations of a sample of the
brightest galaxies, of which 1774 have X-ray
detections, have been examined. No strong candidates
for a flare were found yet but constrainls were put on
the vanability associated with normal versus active
galaxy types. Funther work will include a more
complete sample of galaxies as well as other X-ray
catalogues in order to search for flare candidates.

An interesting case, however, is the Elliptical galaxy
NGC 4552. Dunng the ROSAT PSPC observation
period (June 1990 - October 1994), this object showed
an increase in brightness of a factor 5 followed by a
decay back to its previous level, as observed in the
ultra-violet with the Hubble Space Telescope. This
may have been the result of the disruption of a star on a
close flyby of the galactic nucleus. The star's material
would increase the accretion rate onto the black hole
leading 1o increased light output. In such a scenano,
the X-ray output would in particular be expecied 1o
increase. Work has begun on an analysis of all the
existing X-ray data for NGC 4552 in order Lo detect
any variation associated with the 1993 UV evenl.

3.04 The contents of voids in the distribution of
galaxies

M. Carrand EJ.A. Meurs

Voids may be checked for the presence of absorbing
material by examining spectra of galaxies from the
front and back of the void and comparing for
intergalactic absorption. Following a pilot study on




calculated. For the three voids selected the current
analysis indicates the presence of some absorbing gas.
The next step is to model spectra and spectral Hardness
mmwmwMMmﬂ
that exceeds the Galactic absorption in terms of the
amount of inervening gas present. or set upper limits

3.05 High-energy studies of star forming regions in
extragalactic context

L. Norci and EJA. Meurs

Evolving young stellar populations throughout the
Universe are interesting to observe at X-rays, due to the
poticeable presence of binaries containing compact
objects (Neutron Stars, in particular) and of young
Supernova Remnants.  Work has continued on a
a voung stellar population can be simulated and be
followed in time. Al the moment a population
consisting of single stars (most of which do exhibit
appreciable X-ray emission) can be monitored for its
high-cnergy output, examples of which have been run

for a variety of star formation parameters. Preparations
were made for the crucial addition of binary stars to

satellite Extended Medium Sensitivity Survey 835
mﬂpﬁmmhﬂhﬂﬁ#ﬂﬂﬁm
were recognised as clusters of galaxies. The ROSAT
All Sky Survey offers improved evaluation of the
extension and shape of the X-ray emitting region.
Within the survey limits, the source extension can be
defined and a sensible measurement of the background

cluster sample.

Detailed work on one of the EMSS clusters, A3186,
was carried out with the help of ROSAT HRI data.
The X-ray morphology of this cluster indicates a recent

merger between galaxy clusters or groups. A small
cooling flow is probably present in the inner area of the
main cluster.

o
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L Norci with V.F. Polcaro, R. Viotti (IAS, Rome) and
C. Rossi (Istituto Astronomico Universita’ di Roma)

The WO stars are a subclass of the Wolf-Rayet stars,
which are generally believed to be the descendants of
massive O stars. They expenience very strong winds
products 1o the stellar surface thus indicating late
stages of stellar evolution. The prevalence of emission
lines of C and O lead 1o adopting subtypes as WC and
WO, respectively.

An extensive sample of spect
stars was used 1o inv

i
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temperature tracer for the hotter stars, and that the CIV
anomaly has to be auributed to different physical
conditions (e.g. mass loss or luminosity ).

309 The origin of runaway stars
E JA. Meurs and G. Fennell (TCD)

Some of the young massive slars appear 1o have lefi
their places of birth at great speed, as “runaway” stars,
which may have been caused cither by being part of a
binary system of which one member exploded as
Supernova or by strong gravitational interactions with
other massive stars during an early stage shortly affter
their birth when they were very close together. If they
are post-Supernova binaries, then the expectation is
that they are accompanied in many cascs by the
Neutron Star that was formed at the explosion. High-
energy data that should reveal the presence of such
condensed companions have been analysed but do not
detect the anticipated X-ray sources corresponding 1o
Neutron Stars. This clear result shows that the
gravitanonal ejection from dense stellar groups may be
the more likely mechanism for producing the runaway
slars

110 UV and X-ray emission from TTauri stars

L Norci and E.JA. Meurs with V. Costa and T. Lago
{CALP)

Additional ROSAT measurements of three TTaun stars
(Young Stellar Objects of low mass) were processed in
order 1o achieve a betier description of their temporal
behaviour, Some variation is present but flaring
activity was nol observed. Their specira indicale a
variety of temperatures for the emitting hot plasma and
in each case at least two lemperatures are required for
obtaining acceptable model fits. Their UV continua
can be explained by the sum of the stellar black body
radiation plus the emission from a hydrogenic
component; a third component of intermediate
temperature 15 necded in addition for one of the stars,
For all three stars, the UV emission 1s enhanced

relatively to the Sun and is seen o extend smoothly
into the X-ray regime.

311 Optical Monitoring Camera for The
INTErnational ~ Gamma-Ray  Astrophysical
Laboratory

B.D. Jordan, M. Smyth and EJA. Meurs with B.

McBreen (UCD), F. Quilligan (UCD), D. Walion
(MSSL) and P. Thomas (MSSL)

The Qualification Model of the Optical Monitoring
Camera (OMC) Focal Plane Assembly and Readout
Electronics were fabricated 10 ESA flight model
standard in the clean room facilities at MSSL, Dorking,

UK. The imaging Electrical Ground Suppor
Equipment (EGSE) provided by Dunsink was modified
to incorporate a level shift interface 1o make 1t
compatible with the Qualification and Flight Models.
The EGSE incorporating this new interface was
delivered to MSSL for testing the first Qualification
Model. A second Ground Support Equipment system
was developed and built at Dunsink. This system is
designed to monitor and control the various house
keeping functions of the whole camera including the
Optical System and Baffle assembly. The system is
controlled by National Instruments Lab View software
and incorporates all the electromics neccssary o
monitor four critical temperatures, onfoff control of two
calibration LED light sources, on/off control of four
heater clements and open/close conmtrol of the
instrument cover and monitoring of its status. The
OMC Qualification Model, the modified imaging
EGSE and the house keeping EGSE were delivered 1o
[NTA, Madrid, and installed in the clean room
laboratory at INTA. A full documentation set for the
CCD, the Focal Plane Assembly, the imaging EGSE
and the house keeping EGSE was prepared and
submitted to the INTEGRAL documentation library.

4 Research Activities in the
Astrophysics Section

4.01 Strange transport in electrostatic drift wave
turbulence

5 V Annibaldi and L Drury with G Manfredi (Nancy),
K Hopcraft (Nottingham) and R Dendy (Culham)

Evidence for “strange™ (non-Gaussian) kinetics has
been found in numerical studies of the transport of test
particles in the Hasegawa-Mima model of drift wave
wrbulence.  The poloidal transport undergoes a
qualitative  change from  diffusive, through
supradiffusive to ballistic as a result of the interplay of
the linear dispersive term and the nonlinear term in the
Hasegawa-Mima equation. Possible connections 10
Levy processes are being explored.

4.02 Analytic approximations for SNR evolution
L Drury with V Dwarkadas (Sydney)

Using an approach based on some work of the late
Franz Kahn, analytic models have been developed for
the early phase of the evolution of supernova remnants.
Unlike the well-known approximate solutions of
Truclove and McKee these do not coniain a free
parameter which has to be fixed by comparison with
numerical solutions. A simple interpolation formula
which matches this solution for the outer shock 1o the
Sedov solution has also been found and shown 1o give
an excellent fit to numerical solutions. An elegant
analytic treatment of the lalc-phase implosion of the
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reverse shock can also be given, but unfortunately we
have not been able to find any simple way to match this
solution to the early-phase solution.

4.03 Implosion-Explosion Duality
L Drury with T Mendonca {Lishoa)

For the perfect gas with ratio of specific heats 5/3 there
exists a remarkable duality transform of the Euler
equations of gas dynamics. This transformation can be
used to turn the problem of a cloud of uniformly
expanding explosion gjecta interacting with a stationary
ambient medium into that of a stationary cloud of
material surrounded by a uniformly imploding medium.
One can thus, in a precise sensc, relate the dynamical
evolution of an explosion to that of an implosion and
wrn the problem “inside out”. The orgin of this
remarkable transformation has been clarified and ils
possible applications are being considered.

4.04 Evolution of Plerions
L Drury and A Atoyan

The possible impact of strong synchrotron cooling on
the early evolution of pulsar nebulac was discussed
with particular reference to the Crab.

4.05 The KLEM Project

A.Thompson and L. Drury with G.Bashindzhagyan et al
{Moscow State University), J.Adams (NASA Marshall
Space Flight Center), M.Simon (University of Siegen,
Germany), A.Chilingarian (Yerevan), N.Egorov et al
{Zelenograd, Russia), J.Procureur (CENBG Nuclear
Research Center, France) and O.Saavedra (Torino
University, llaly)

A longstanding goal of cosmic ray research is Lo
measure the elemental energy spectra of cosmic rays up
10 and through the “knee” (=3x10" eV). It is not
currently feasible to achieve this goal with an ionisation
calorimeter because the mass required 1o be deployed
in Earth orbit is very large (a1 least 50 tonnes). During
the year, the Astrophysics Section joined an
international collaboration 1o develop an alternative
approach 10 the problem. This is based on measuring
the primary particle energy by determining the angular
distribution of secondanes produced in a targel layer
using silicon microstip detector technology.  The

i technique can be used over a wide range of
energies (10''-10"¢V) and gives an energy resolution
of 60% or better. Based on this technique, a design for
a new lightweight instrument, KLEM (Kinematic
Lighiweight Energy Meler), has been developed. Due
to s light weight, this instrument can have a large
aperture allowing a dramatically increased exposure

factor and enabling the direct measurcment of cosmic
ray nuclei to be extended 0 10" ¢V. A reduced scale
version of KLEM has already been accepted for
exposure in the Russian Segment of the International
Space Station to test and confirm the new techmgue
under flight conditions. It is planned 1o submil a
proposal next year to the Russian Academy of S5ciences
and Russian Space Agency to deploy a full scale
version of KLEM in orbit aboard a dedicated
spacccraft. The full scale instrument, with a collecting
area of 4m” and a three-year exposure, has the capacity
10 address the “knec™ problem with a dala base
sufficiently large 1o include at least 25 particles with
E>10"eV.

4.06 The Ultra Heavy Cosmic Ray Experiment
(UHCRE) on the LDEF Mission

0. OSullivan, A. Thompson, J. Donnelly and LOC.
Drury with K.-P. Wenzel (ESTEC)

The main achievement during the year was the
completion of the selective extraction, by means of an
“actinide-skim” procedure, of cosmic ray actumde
candidate events from the remaining unmeasured
UHCRE detector stacks. In practice, choice of
selection criteria, in particular threshold values for
signal strength, were such that about 25% of the
candidates were found to be actinides following full
analysis. All the actinides have now been extracied
from the enlire accessible collecting area of the
LDEF/UHCRE solid statc nuclear track detecior
(SSNTD) array. This accessible collecting area
involves 164 UHCRE detector stacks, which is
equivalent to an exposure (the product of geomelry
factor and time) of about 150 m” sr y. The final yield
was a sample of 30 cosmic ray actinide nuclei. Based
on this sample, the current UHCRE value for the
relative abundance of cosmic ray actinides, defined as
(Z=BR)(T4<Z<87), is found to be 00144 =
0.0031/0.0026. This value is fully consistent wathin
statistical error with that calculaled by Brewster et al
for propagated primordial solar system matenial
(0.013). The fact that the UHCRE value for the
actinide 1o subactinide ratio is consistent with standard
primordial solar system abundances supports the view
of Meyer, Ellison and Drury that the origin of the
cosmic ray material is predominantly normal
with the updated ultra heavy cosmic ray spectrum. were

at the 26th International Cosmic Ray
Conference (Salt Lake City, USA).

4,07 Cosmic Rays at Aircraft Altitudes
D O'Sullivan, D Zhou and E Flood

My-wﬂ:hﬂphenfﬁmuojﬂu
co-ordinated by D O'Sullivan. Work continued on
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experiments and data analysis. The results from the
DIAS experiments and those of the other four partners
were compiled at DIAS and an 83 page report (DIAS
Report 99-9-1) was published in December. The
resulls comprise a very comprehensive data set on
cosmic rays in the Earth's atmosphere during Solar
minimum and will provide a basis for determining the
extent to which aircrew are exposed to radiation at
aircraft altitudes as well as improving our knowledge of
the complicated physics involved. The results are a
major coniribution to the requirements of recent
European/Euratom directives both in terms of the
accumulated data base of dose equivalent rates as a
function of altitude, latitude and stage of solar cycle,
and in the development of instrumentation, active and
passive, for dosimetry at aviation altitudes.

It was decided during the year that a proposal for
continuation of the work through the Solar Maximum
period be written and that funding be requested from
the EC 5th Framework Programme. This would allow
a complete study 1o be made over one solar cycle and
provide an excellent opportunity to investigate galactic
and solar paniicles and their secondaries at aircrafi
altitudes in a comprehensive and controlled way for the
first ime. D O'Sullivan was appointed co-ordinator
and prepared a draft proposal which was finalised at the
end of September during a three day meeting at DIAS,
atiended by partners from the UK, Germany, lialy,
Austria and Sweden. CERN will also be involved. A
mdnfnunullmnmwmqnuud The proposal
was submitied early in October and successful

proprietary Space Telescope Imaging Spectrograph
(STIS) HST spectra of the jet mn&ﬁhhﬁ
analysed by means of both standard and n

diagnostic techniques. Mﬂdhm
unprecedented high spatial resolution (about 07.1) and
the long-slit STIS specira are the first of a YSO jet
taken from space lo date. Observations, uﬁl
ground-based wide field camera, were also made of
mﬂ%ﬂlpﬁmuﬁhhﬂh
proper motions, structural changes and kinematics.
Thmuuhdhfwnﬁwﬂ
typically a few years.

For the HH 30 jets an average ionisation fraction of
mmlmmm:wmﬂ:h
10%m™” and a mass loss rate of ~2.10*M The
tonisation increases at the beginning of Ihlru
reach a plateau at about 2” from the source, then it
smoothly decreases following a recombination curve,
Al the same time the temperature sharply decreases in
the first arcsecond of the jet before decaying gently
along the rest of the beam.  Both types of behaviour
are reminiscent of what is predicted by several models
for the cooling region of a steady, radiative oblique
shock located in the proximity of the source. Other
interesting results are that the filling factor wrned out
1o be of order unity in this flow, and that the jet knots
are clearly correlated with local temperature maxima,
The ionisation fraction and the electron and total
hmhmﬂuﬂmm“uh—u
positions.  If confirmed, this latter finding could

mdmdnplmuonmlimiﬂn'

the body of the jer.
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HST Archive images of the DG Tau jet taking in September 1995 and February 1998
(left and right image respectively) showing the expansion in the Herbig-Haro flow. The
position of the Herbig-Haro bowshock is indicated by means of an arrow in both frames.

The line ratios derived from the same spectra have been
utilized 1o map the electron density, ionisation fraction
and temperature along and (for the first time) across the
flow, in each of the chosen velocity bins. Given the
huge dataset, an improved automated version of our
original diagnostic technique has been utilized. The
most interesting results is that the ionisation fracuon is
seen 1o increase gently, and the temperature to decrease
rapidly in the first 1.5 from the source, as in the case
of HH 30. This suggests that the same mechanism
might operate at the base of these two, and possibly all,
jets. The fact that the density and excilation increase in
the higher bins is consistent with the jet plus bow shock
SCENario,

4.09 Ambipolar Diffusion in Astrophysical Nebulae

F. Bacciomi and T. Lery with D. Galli {Arcetri
Observatory, Florence) and C. Chiuderi [ University of

Florence)

Mebulae can present a wide range of ionisalion
conditions, sometime rapidly varying in time and space.
In particular newtrals may affect the dynamics through
ambipolar diffusion, i.c. the slippage of magnetic ficld
lines {and of the ionised component) with respect to the
bulk of the matter. Ambipolar diffusion has been
considered largely in the context of the gravitational
collapse of molecular clouds, where the ionisation
degree is extremely low (=107),  Nevertheless,
applications to situations in which the ionisation is
substantially higher {as YSO jets) have recently been
presenied.  Existing resulis, however, are somelimes
contradictory, and it is not always clear whether
ambipolar diffusion is important in certain situations, or

29

if the three-fluid description, normally adopted for s
treatment, is the mosl appropriate. Also, it 15 nol
always obvious how the effects of ambipolar diffusion
change as the physical properties vary in space and
time. Thus, it appears that a unified treatment, valid in
a range of different ionisation conditions could be very
useful in the field of star formation.

Following these ideas, the gencralised MHD equations
for the evolution of the three wvector quanfilics
characlerizing the gas, that is the centre-of-mass
velocity U, the current density J, due to the drift
between the electrons and neutrals, and the dnft speed
u, between the neutrals and ions, were re-derived in a
rigorous manner. In this approach one has to consider
the drift velocities when defining the relevant one-fluid
effective “temperature”. Thus, observed quantities
have sometimes to be re-defined in order to properly
use the experimental data in the unified system. As a
start, several rates for collisions between vanous
species relevant o astrophysical situations have been
re-calculated. When reduced 1o particular regimes, this
system of equations give the well-known sets used in
the description of molecular clouds, as well as in recent
work on YSO jets. A first application to the inter-cloud
medium and to the solar coroma has also been
investigated. [Each case was critically re-examined
taking into account a number of ofien-neglecied
relevant factors apart from the characteristic ionisation:
for example, the orientation angle of the bulk speed
with respect to the magnetic ficld and the importance of
thermal versus magnetic pressure. Al present, the main
result of this investigation is thal, in those cases
studied, ambipolar diffusion is indeed the dominant
mechanism for the breakdown of the flux-freczing
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approximation, unless the plasma is almost completely
ionised. The ambipolar diffusion term, however, seems
1o be of limited use, unless the system is in quasi-stalic
evolution or the bulk velocity is strictly parallel to the
magnetic field.

4.10 Models for Jets and Outflows during Star
Formation

T. Lery and T.P. Ray with A. Frank (Rochester
University, New-York) and RN, Henriksen {Queen’s
University, Ontario, Canada)

From a theoretical perspective, magnetic collimation
seems 1o be the most likely mechanism through which
¥SO jets are collimated. This is in line with
observations that suggest magnetic fields play a very
important role in star formation. Moreover magnetic
confinement complements the idea that the expulsion of
the jet material is electro-dynamic in origin. Since it is
thought that outflows, including highly collimated jets,
are related to in-falling flows and accretion. it is
important o understand the relationship between these
various elements.

Current work is concentrated on an improved self-
similar inflow-outflow model in combination with a jet
that includes the effect of Poynting flux, and ume
dependence. In this theoretical framework, the self-
similar gravitationally driven convective quadrupolar
circulation around a heated proto-stellar envelope is
solved rigorously. The molecular outflow is regarded
as a natural consequence of the circulation established
by the collapse of the pre-stellar cloud as required by
observations.  General results about magnetized
outflows and jets and a classification of magnetic
rotators have been obtained.

Asn._ﬂyhualmhncn performed of the stability of the
ensuing equilibrium and of several general magnetic
configurations. Both 2D and 3D simulations of MHD
Y50 jets have also been made to try to solve the key
outstanding problems of jet propagation.

411  Sub-millimeter Polarimetry of the Serpens
Dark Cloud

T.P. Ray with C. Davis and H.E. Matthews (Joint
Astronomy Center, Hilo)

A polarization study of the 850um dust emission in the
Serpens star formation region was carried oul using the
new Sub-millimeter Common-User Bolometer Array
(SCUBA) at the James Clarke Maxwell Telescope
(JCMT). This emission is associated with a number of
Class 0/1 protostars and the data were used (o infer the
magnetic ficld morphology in the region. The
polarization vectors around the SMM-NW cluster of

sources are more ordered than those observed near the
SMM-SE cluster. Toward SMM-NW, the vectors are
generally orientated north-south; between the intensity
peaks in the SMM-SE region, the wveclors are
approximately east-west. In both regions, it is
suggested that the polarization pattern may be dictated
by a large-scale magnetic ficld. It was examined
whether the rough northwest-southeast ridge of sub-
millimeter sources was formed via cloud collapse along
field lines that run perpendicular 1o this rndge.
However, the data offer only very tentative supporn for
this hypothesis. It was further noted that, although
overall the polarizatuon patiern in Serpens does not
appear 10 be affected by the many outflows in the
region, toward the most luminous source, SMM 1, the
source of the Serpens radio jet, the vectors deviaie
considerably from the gencral pattern, instead being
roughly perpendicular to the flow axis, as one would
expect from a B-field oriented parallel with the flow.

4.12 Image Deconvolution Techniques

R. Butler with A. Shearer and Seathrun OTuairisg
{ University College Galway)

Work in this area has concentrated on improved image
restoration and photometry in crowded-fields, such as
the densely populated central regions of globular
clusters. Of particular interest is the search for stars
that, through their wvarability andfor photometric
propertics, are indicative of dynamic interactions or
important late phases of stellar evolution.

The techniques employed are diverse and often novel;
for example, the study aims 1o discover variable stars
by means of high-accuracy image registration, point
spread function (PSF)-matching and sigma-map
computation using stacked globular-cluster core images
from ground-based telescopes. Already a number of
variables in the core of MI15 have already been
confirmed and additional candidates have been
discovered.

Image restoration technigues developed by Butler.
based on maximum entropy methods (MEM), but
appropriale to denscly packed regions, are also now
being applied systematically to very large archival HST
datasets.

4.13 The Propagation of Jets from Young Stars
8. O'Sullivan and T.P. Ray

Although YSO jets are cooled radiatively via alomic
and molecular species, it is only in the past few years
effects. Moreover there is now general agreement that
magnetic fields play a very important role in their
dynamics.,
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S. O'Sullivan, as part of his PhD thesis, has developed
a new  multi-dimensional  magneto-hydrodynamic
second order upwind code that includes energy losses
due 1o radiation effects, atomic hydrogen
iomsation/recombination and molecular  hydrogen
dissociation. Fluxes at cell interfaces are calculated
using & linear approximation and if this fails a non-
lincar iterative solver. The condition VB = 0 is
maintained by including small source terms in the
conservalion equations or by means of a staggered
mesh algonthm

It was found that the propagation dynmamics and
morphology of magnetised radiative  jets  are
significantly  different 1o those of a purely
hydrodynamic nature. In particular magnetic fields for
all three configurations used (helical, toroidal, and
poloidal) enhance the jet collimation. It was found that
a longitudinal ficlds component restricts the lateral
motion of the flow and that a purely torosdal
component, through hoop stresses, constricts the flow
towards its axis. This results in the toroidal field cases
exhibiting extended nose cones, enhanced bow shock
speeds, and disruption of infernal working surfaces
{knots) formed by velocity vanations in the flow. The
poloidal ficld cases maintained a more stable degree of
collimation and the knots were not destroyed. Cooling
also improved the jet collimation as it reduced the
thermal support in the cocoon making it narrower than
s adiabatic counterpant. Cooling also gave nse o
Rayleigh Taylor type unstable configurations at the
head of the jet causing the bow shock to periodically
break up imo smaller structures that sunk back into the
jet cocoon. This could explain some of the knotty
structures seen in Herbig-Haro bows.

4.14 Light Element Nucleosynthesis and evolution
in the Galaxy

E. Parizot and L. Drury

The light elements (4Li, ;Li, +Be oB and ,,B) are
known 1o be produced by spallative nucleosynthesis,
1.e. through nuclear reactions involving heavier nuclei
(mostly O and C) and energetic particles inleracting in
the interstellar medium (ISM). Recent observations
have shown that the efficiency of these spallative
reactions must have remained constanl during the
whole lifetime of the Galaxy, i.e. it must be roughly
independent of the ISM metallicity. We have proposed
two distinct mechanisms satisfying this requirement,
both invalving supernova remnants (SNRs) and shock
acceleration. In the first one, some ambient material is
accelerated al the forward shock of the SNR, and then
confined within the remnant for about 10° years
(Sedov-like phase), where it interacts with the freshly
ejected C and O nuclei, producing significant amounts
ncl‘Li.l?emdB{l.iBaB]. In the second mechanism,
the O-rich supernova ejecta are directly accelerated at

3

the reverse shock, and then interact with the ambient
ISM 1o produce LiBeB in flight. In both cases, we
have calculated the total LiBeB production, both
analytically and numerically (laking into account the
time-dependent acceleration of particles due 1o the
SNR evolution as well as the adiabatic losses) and we
have compared it 10 the LiBeB production required o
account for the abundances observed in low-metallicity
stars. 'We have found that LiBeB was underproduced
al least by an order of magnitude, which also
automatically excludes other scenanos which have been
proposed on purely qualitative grounds. Analysing the
reason for this ‘failure’, we have identified a possible
scenario which could be exempt from the drawbacks of
the previous models (notably the dilution of the cjecta
with ambient low-metallicity material, the relative
weakness of the reverse shock, and the adiabanc
losses). This new scenario lakes advantage of the
collective effect of repeated supernovae occurming in
OB associations, where most massive stars are (0 be
found. We have then build a coherent model of light
clement production in the vicinity of so-called
superbubbles (large structures blown by the winds and
explosions of several tens of Supermnovac) and shown
that this model accounts successfully for both the
qualitative and guantitative aspects of LiBeB evolution
in the Galaxy (namely the constancy of the Be/Fe and
B/Fe ratios as a function of Fe/H, as well as the total
amount of LiBeB present in the Galaxy).

5 Facilities

5.1 Computers and Network

Following extensive lesting over a period of two
months by HEANET and DIAS of a low power radio
link between Number 5 Merrion Square and the
HEANET headquarters in Marine House it was decided
in March to adopt this as the primary connection
between DIAS and the academic rescarch networks.
Half the capital costs of the installation were paid by
HEANET and there are no recurrenl costs. The
cffective bandwidth of the connection is about
512kbits'sec and it has proved remarkably stable in
operation. The former 128k line which the radio link
replaced was relocated 1o Burlington Road and the old
B4k line between Merrion Square and Burlington Road
was removed. As a side effect of this upgrade a new
Cisco 2500 router was installed in Merrion Square and
the old router reconfigured and moved o Dunsink
Observatory. The router in Dunsink also means that
the bandwidth allocation on the leased-line can now be
controlled to give users a beller connection 1o the
internel.
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sustained data throughput from the newer hard disc
drives, began 1o place a noticable strain on the internal
cthernet system in 5 Memion Square which is still
largely based on coaxial technology. This was
alleviated by introducing UTP cabling between certain
critical machines and the purchase of a 3Com network
switch, but ultimately it will be necessary to recable the

The nonevent of the year, but only because of exiensive

1 was the so-called Y2K problem.
Considerable time was spent monitoring the solaris,
linux and NT web sites for last minute software patches-
and appplying these where appropriate. As a
precaution all nonessential machines were closed down
in preparation for the date roll-over. The DIAS Y2000
computer committee monitored progress throughout the
year and reported as required on the Insutute’s degree
of compliance.

Various more or less routine upgrades and
improvements were made to the system throughout the
year. By the end of the year all PCs were running
under Windows NT and the old netware system could
be closed down. The main disc server was expanded
and now runs under Solaris 2.6. The Beowulf cluster
was upgraded to Redhat Linux 6.x and MPICH release
1.2.0 was installed. The installaion of a Smartview
KVM swiich now allows all the cluster machines to be
controlled from one monitor and keyboard.

Numerous problems with user programs and
applications were diagnosed and where possible fixed.
In particular ] Walsh produced an extensive list of bug
fixes for Raylnvr (a seismic ray tracing inversion
m}’ﬂmhnmhmwhlh
_,m-uw of the




numbers where applicable. Non-PATT runs, supported
by DIAS, are also noted.

Smith (CIT) et al: (J/99A20) Quasar variability,
JKT. one week. Six nights of useful photometric data
were obtained of a sample of radio-intermediate
quasars, selected to cxamine whether their optical
variability characteristics are consistent with a partially
beamed continuum. The results indicate some low-
amplitude variability, which is in excess of the
variability in the radio-quiet samples that also have
been studied. The data do not require relativistic
beaming 1o explain the derived brightncss
temperatures, 5o the source of the variability could also
be an accretion disk. Nevertheless, the increased
activity in the radio-quiet quasars requires further
investigation.

Smith (CIT) et al: (J/99B/12) BL Lac variability, JKT,
one week, grey tlime. The weather at La Palma allowed
only 1.5 nights observing out of a possible seven. The
objects were drawn from a sample of intermediate BL
Lac objects, recently discovered from X-ray surveys.
None of the data were taken under pholometric
conditions, and although the differential photometry
compensates for variations in cloud cover, the error
mm|m|m{ﬂ-ﬂ.ﬂ5m§}tuulﬁjhlw
on vanability.

Ray (DIAS) et al: (L99B/32), INT, one week bright
time with Wide Field Camera. The purpose of this run
was 10 image a number of stellar outflows using the
Isaac Newton Wide Field Camera. Data were taken in
a range of filiers 10 determine excitation conditions
ﬂiq:_m;mummwwh

6 Seminars, Colloquia, Lectures

al University College Dublin (Arts Block, Belfield). on
09 November. This year, the Statutory Public Lecture
doubled as a Science Week Public Lecture.

6.2 Seminars and Open Lectures in the School

Ay e :
P. Carolan (Culham):  Fusion Ph.-nl—*ﬂ:ﬂ- 3
Culham, 19 March. :

il

A. Codino (University of P
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M. Carr, An overview of redshift surveys, 28 May; E.
Devine, X-ray characteristics of Starburst galaxies, 09
June; J. Cunniffe, Candidate X-ray flares from galaxy
cores, 14 July; M. Carr, X-rays through Voids, 22
July; Z Zang, Cores of Local Group galaxies ar X-
rays, 24 November, S. Power, Simulation and
detection of high-redshift galaxies in the Hubble Deep
Fields, 15 December.

6.3 Contributions to Scientific Meetings

S.V. Annibaldi: Regimes of particle transport in
strong electrostatic turbulence (poster paper), The 26th
Plasma Physics Conference, Pitlochry, Scotland, 29
March - 01 April: Modelling different regimes of
particle transport in strong electrostatic turbulence
(poster paper), The 26th EPS Conference on Controlled
Fusion and Plasma Physics, Maasirichi, The
Netherlands, 14-18 June; Super diffusive and ballistic
particle transport in strong electrostatic turbulence,
Anisotropic parficle transport with Levy statistics
(poster papers), The Sth European Fusion Theory
Conference, Como, Italy, 27-29 October:  Super
diffusive and ballistic particle transport in strong
electrostaric turbulence (posier paper), Nonlincar
Science Festival II, Risoe National Laboratory,
Denmark, 01-04 December.

M. Carr: Voids in the Large Scale Structure, ASGI
Spring Meeting, University College Galway, 09 April;
X-raying the Voids in the Large Scale Structure, ASGI
Autumn Meeting, Dunsink Observatory, 17 September;
X-raying the Voids in the Large Scale Structure,
Waorkshop on “Large Scale Structure in the X-ray
Universe”, Santorini, Greece, 20-22 September.

J. Cunniffe: mmmmqm

l.lﬂti m

1D

T ,qrr e

The 26th International Cosmic Ray Conference, Salt
Lake City (Utah), USA, 17-26 August.

J.A. Hodgson: LEinster Granite Seismic Project
(LEGS): preliminary results of a geophysical stady,
Commission on Controlled Source Seismology
Workshop, Dublin, 06-08 October; Leinster Granite
Seismic Project (LEGS): a wide-angle study of a late
Caledonian granite, AGU (American

Union) Fall Meeting. San Francisco, 13-17 December.

AW .B. Jacob: Robert Mallet - the earliest controlled-
source seismologist, Commission on Controlled Source
Seismology Workshop, Dublin 06-08 October; An
integrated shear wave study along the VARNET96 line
.Epmﬁkhﬂlﬂhndm Mx ratios, AGU
(American Geophysical Union) Fall Meeting, San
Francisco, 13-17 December.

M. Landes: VARNET-96: 3-D Modelling of seismic
refraction data, SW [Ireland, Commission on
Controlled Source Seismology Workshop, Dublin, 06-
08 October.

K. McGrane: Depositional and erosional processes in
the Rockall Trough imaged by GLORIA, North-East
Atllantic  Slope

Basins  Conference, Dublin, 29-30  April;
Reconnaissance survey of the Irish continental
mdpmmmmﬂm
Marine Survey Projects, 19 May.

EJ.A.Hun: x-mymkq i
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and Air Crew, The Workshop on Environmental
Dosimetry, Avignon, 21-25 November.

E. Parizot: Time dependent models for Li, Be and B
production in the early Galaxy, Conference on
“LiBeB, cosmic rays and gamma-ray line astronomy”,
Institur  d° de Paris, France, 09-11
December (1998);  Spallative nucleosynthesis in
supernova remnants and superbubbles. Superbubble
evolution and associated line emission,
The 19th Texas Symposium, Paris, 13-18 December
(1998): Galactic Cosmic Rays and the Light Elements,
The 15SI mecting on “The Astrophysics of Galactic
Cosmic Rays”, Bern, Switzerland, 18-22 October;
and the Galactic evolution of Li, Be and
B, IAU Symposium Number 198 (“The Light Elements
And Their Evolution™), Natal, Brazil, 22-26 November.

T.P. Ray: What Drives Molecular Outflows from
Young Stars, Conference on Astrophysical Dynamics (a
conference in honour of Franz Kahn), Evora, Portugal,
14-16 Apnil.

P.W. Readman: Gravity fabrics, basin structuring and
morphology in the Rockall Trough and Porcupine
Basin, The Pewoleum Exploration of Ireland's
Offshore Basins Conference, Dublin, 29-30 Apnl;
Slope instability fearures in the Rockall Trough,
offshore Ireland, AGU (American Geophysical Union)
Fall Meeting, San Francisco, 13-17 December.

6.4 External Seminars
SV. Annibaldi: Regimes of particle transport in
ic turbulence, Laboratoire

D OSullivan: Cosmic Rays and Aircrew, CERN,
Geneva, 08 June; mmthm
Aviation Health Institute, London, 29 June.

E. Parizo: The LiBeB story, Max-Planck Institut fir
mmmrnmm

Z Zang: uxmmpmﬁuum i
mmmmw e
nxms-ﬂﬁrmmumm Lo
University of Erlangen-Nirmberg, Bamberg, 3 :
Germany, 19 November. iy

6.5 Lecture Courses

L. Drury, EJA. Meurs and L. Norci together with
Mmmmmmmm
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Week (Ireland), Dunsink Observatory, 11 November;
Millennium Madness, Irish Astronomical Association,
Belfast, 17 November.

B. Jordan: The Electrical Ground Support Equipment
for the OMC for INTEGRAL, Institute of Electrical
Engincers in Ireland, 16 December.

EJA. Meurs: Srories of the Polar siar, Irish
Astronomical Society. 01 March; Dunsink, History
and Research, Irish Astronomical Society (at Dunsink
Observatory), 08 May; The European Southern
Observatory: the astronomy of the furure, lecture for
National  Science Week  (Ireland), Dunsink
Observatory, 12 November, Dunsink, History and
Research, TCD Astronomy and Space Society (at
Dunsink Observatory), 16 November: Stories of the
Polar star, TCD Astronomy and Space Society, 17
MNovember: The expanding view of our Universe
during the 20th century, “Lectures at eight”,
Enniscorthy, 22 November.

D O'Sullivan: Asironauts, Aircrew and Cosmic Rays,
lecture for Wational Science Week (Ireland). Dunsink
Observatory. 10 November.

T.P. Ray: Peering ar the Edge of Crearion, Insh
Astronomical Society, Dublin, 18 Januvary; Irish
Astronomical Association, Belfast, 20 January; Whar
Did Our Solar System Look Like 5 Billion Years Ago?,
Physics Society, University of Limerick. 02 December;
Archaeoastronomy: Fact  er  Fiction?, Tnnity
Astronomical Society, TCD, 09 December,

P.W. Readman: The Earth as a Magnet, le'..:l":l‘

i role played by binary stars in modemn
Asuuphmm Mp:mmmhdnmlﬂmm
half of the stars in the Galaxy are born and evolve as
binary or multiple stellar systems. This makes the
study of binary stars essential to the understanding of
stellar evolution. The physics of binary stars is a very
active subject in which recent major advances have
taken place both in theory and observations. During
their evolution, many of the binary stars interchange
appreciable amounts of mass and energy. The
Mﬂmmﬂnhuhm_'

comparison 1o that of a single star with the same mass.
Also the transfer of matier between the siellar
components produces a lot of new phenomena that are

interesting from both a theorctical and an obscrvational

VIEWpoint. mmnmm-:u
known, contains a rzoo of astrophysical exotica:
condensed maiter stars in the form of white dwarfs and
neutron slars, candidate black holes, stars that produce
eruptive phenomena such as novae and occasionally
supernovae, high energy radiation, etc.

mutual irradiation of the stellar atmospheres; magnetic
activity; and short period binaries.

The intention nwﬂmﬂ“m
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Workshops gencrally take place somewhere in the
world about once every three years. The leading
researchers in the ficld of controlled source seismology,
together with some post-graduate and

students, hold a Workshop where all the participants
arc invited. [t i1s not an open conference. A pleasant
feature of the Workshop was that it was dedicated to an
MRIA, FRS (1810-1881) who was born and brought up
in Dublin and who, in October 1849 carried out the
world’s first controlled source seismic experiment (on
Killiney Beach). The Workshop was thus exactly 150
years afier his pioncering work in the field. Mallet is
even credited with coining the word "seismology” and

7

After discussions with the Chairman of
Commission, W. Mooncy (USA), the
AWB. Jacob and C.J. Bean, had their ideas
widening the scope of the Workshop accepled. For
first time, the rapidly expanding field of passive
seismic studies was also included. The result was a
vu‘ypmdncuveﬂlmdlysmwhﬂldmﬁmtmh

“E

of this nature.

The Workshop was very successful and was followed
by a field rip 0 the site of Robert Mallet's earliest
experiments and 10 the Wicklow Granites. The
Proceedings of the Workshop will be published.

options are the European Southern Observatory, a radio
telescope (1o be linked with the MERLIN array and
with the European VLBI Network) or a robotic

telescope. These meetings were held on 20 May. 16

July, 03 September and 24 October.

7.6 Dunsink Open Nights, Visitor Facilities and

:
|
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Valentia Observatory, 19-20 May and 6-8 December;
ERDAS Imagine Users Group Meeting, Cambridge,
01-02 September: Commission on Controlled Source
Seismology Workshop, Dublin, 06-08 October.

F. Hauser: VARNET Workshop, Karlsruhe, 25-28
February, LEGS scismic station deployment and
recovery, vanous penods, 09-20 March.

JA. Hodgson: LEGS seismic recording site location
finding and permussioning, extended penods during
January and February; LEGS secismic station
deployment and recovery, various periods, 09-20
March; Visit to University of Texas at El Paso, 06-15
February; Commission on Controlled Source
Seismology Workshop, Dublin, 06-08 October;
Amenican Geophysical Union Fall Meeting, San
Francisco, 13-17 December,

C. Horan: LEGS scismic recording site location
finding and permissioning, extended periods during
January and February; LEGS seismic stalion
deployment and recovery, vanous periods 09-20
March; RAPIDS-3 project on Celtic Voyager, 25-30
May; Installation of seismic stalion, Valentia
Observatory, 19-20 May; Installation of seismic
recording stations, Hawaii, 22 June - 05 July and 26
October - 14 November.

A.W.B. Jacob: VARNET Workshop, Karlsruhe, 25-28
February; LEGS Land shot-firing, 12-13 and 15-16
March; Petroleum Exploration of Irish Offshore Basins
Conference, Dublin Castle, 29-30 April; RAPIDS-3
project meeting, Hamburg, 21-24 June; Seabed Survey
Meeting, Athlone, 12-13 September; Commission on
Controlled Source Seismology Workshop, Dublin, 06-
08 October; RAPIDS-3 project meeting, Hamburg, 15-
17 November,

R. Keary: RAPIDS-3 project on Celtic Yoyager, 10-16
May and 25-30 May.

M. Landes: VARNET Workshop, Karlsruhe, 25.28
February; LEGS seismic station deployment and
C-nm;-ulkd sy ke : i
on Source Seismo Workshop, Dubli
06-08 October. g =

K. McGrane: LEGS scismic station recovery, 19-20
March: AIRS project visit 10 SOC (the Southampion
Oceanography Cenre) and the Northeast Atlantic Slope
Processes Workshop, Southampton, 24-27 January;
Pewroleum  Exploration of Irish Offshore Basins
Cnncfm Dublin Castle, 29.30 April; Commission
on led Source Seismol Workshop, i

06-08 October. 2 s

G. McKenzie: RAPIDS-3 project on Celtic Voyager,
21-29 April; RAPIDS-3 project on Akademik Boris

Petrov, 09 May - 03 June; RAPIDS-3 project work,
Hamburg, 21 June - 09 July; 19 July - 13 Augusi; 24
August - 21 September: 17 October - 05 November
and 14 November - 03 December.

B.M. O'Reilly: AIRS project visit to SOC (the
Southampton Oceanography Centre) and the Northeast
Atlantic Slope Processes Workshop, Southampton, 24-
27 January; Irish Geological Research Meeting, TCD,
26-28 February; LEGS seismic station deployment and
recovery, varous periods, 09-20 March; Petroleum
Exploration of Irish Offshore Basins Conference,
Dublin Castle, 29-30 April; TRIM project visit to
S50C, Southampton, 23-24 June: Seabed Survey
Meeting, Athlone, 12-13 September; Commission on
Controlled Source Seismology Workshop, Dublin, 06-
08 Ociober; Gravily fieldwork, 22 October - 03
November and 25-27 November: American
Geophysical Union Fall Meeting, San Francisco, 13-17
December.

L. Quigley: LEGS seismic recording site location
finding and permissioning, extended periods during
January and February; LEGS seismic station
deployment and recovery, various periods, 09-20
March; RAPIDS-3 project on Celtic Voyager, 10-16
May; Installation of seismic processing computer at
Valentia Observatory, 06-08 December.

P.W. Readman: AIRS project visit to SOC (the
Southampton Oceanography Centre) and the Northeast
Atlantic Slope Processes Workshop, Southampton, 24-
27 January; VARNET Workshop, Karlsruhe, 25-28
February, LEGS seismic station deployment and
recovery, various periods, 09-20 March, Celtic
Voyager sea shot-firing, 12-17 March; Petroleum
Exploration of Irish Offshore Basins Conference,
Dublin Castle, 29-30 April: RAPIDS-3 project on
Celtic Voyager, 21-29 April;,  Commission on
Controlled Source Scismology Workshop, Dublin, 06-
08 October; Gravity fieldwork, 22 October - 03
November and 25 -27 November:  American
Geophysical Union Fall Meeting, San Francisco, 13-17
December.

PM. Shannon: RAPIDS-3 project meeting, Hamburg,
21-24 June; RAPIDS-3 project meeting, Hamburg, 15-
17 November.

V. Unnithan: LEGS Celtic Voyager sea shot-firing, 12-
19 March.

G. Wallace: LEGS Celtic Voyager sea shot-firing, 12-
19 March; RAPIDS-3 project on Celtic Voyager, 21-
29 April, 10-16 May and 25-30 May; Installation of
seismic recording stations, Hawaii, 22 June - 05 July:
Seabed Survey Meeling, Athlone, 12-13 September;
Installation of seismic recording stations, Hawaii, 26
October - 14 November.
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8.2 Astronomy Section

M. Carr: Spring Meeting of the Astronomical Science
Group of Ireland, University Collzge Galway, 09 Apnil;
Autumn Meeting of the Astronomical Science Group of
lreland, Dunsink Observatory, 17 Seplember;
Workshop on “Large Scale Structure in the X-ray
Universe™, Santorini, Greece, 20-22 September.

J. Cunniffe: Spring Meeting of the Astronomical
Science Group of Ireland, University College Galway,
09 April; Osservalorio Astronomico, Rome, 17 August
- (4 September; Autumn Mecting of the Astronomical
Science Group of Ireland, Dunsink Observatory, 17
Seplember.

I. Elliott: Spring Mecting of the Astronomical Science
Group of Ireland, University College Galway, 09 April;
Autumn Meeting of the Astronomical Science Group of
Ireland, Dunsink Observatory, 17 September.

B. Jordan: OMC Consortium Progress and Critical
Design Review meetings, INTA, Madrid, 12-14 July;
OMC Crncal Design Review meetings, MSSL,
Dorking, UK, 05-06 October: Delivery of imaging
EGSE and first tests of OMC Qualification Model,
M3SL, Dorking, UK. 18-19 October; Delivery of
OMC Qualification Model, Imaging EGSE, House
Keeping EGSE and test of OMC Qualification Model,
INTA, Madnid, 15-17 November.

EJA. Meurs: [stituto Astronomico, University of
Rome, 21 June - 02 July; Sterrenkundig Instituut
“Anton Pannekoek”, University of Amsterdam, 26 July
- 06 August: Total solar eclipse, Virton, Belgium, 09-
12 August; Conference on “Black Holes in Binaries
and Galactic Nuclei”, ESO, Garching, Germany, 05-09
September;  Sterrewacht Leiden, 10 September;
Centro de Astrofisica, Porto, Portugal, 18 - 20 October:
ESLAB Symposium 33, Noordwijk, the Netherlands,
01-06 Movember.

L. Norci: Istitwto d'Astrofisica Spaziale, Rome, 21
June - 02 July: Autumn Meeting of the Astronomical
Science Group of Ireland, Dunsink Observatory, 17
September.

Z. Zang: Autumn Meeting of the Astronomical Science
Group of Ireland, Dunsink Observatory, 17 September:
Space Research Organization Metherlands, Utrecht,
The Netherlands and University of Erlangen-Niirnberg,
Bamberg, Germany, 15-20 November.

8.3 Astrophysics Section

S.V. Annibaldi: Collaboration meeting (Manfredi et
al). Universite Henri Poincare, Nancy, France, 04-13
March, The 26th Plasma Physics Conference,
Pillochry, Scotland, 29 March - g il;
Collaboration meeting (Dendy et al), Culham, UK, 26-

—

29 May; The 26th EPS Conference on Controlled
Fusion and Plasma Physics, Maastricht, The
MNetherlands, 14-18 June; The 2th European Fusion
Theory Conference, Como, Ialy, 27-29 October;
Monlinear Science Festival II. Risoe MNational
Laboratory, Denmark, 01-04 December.

F. Baccioti: La Palma, Canary Islands, 21 November
— 02 December.

J Donnelly: The 26th International Cosmic Ray
Conference. Salt Lake City (Utah), USA, 17-26
August.

L Drury: APP network workshop, Le Barp, France, 02-
05 March; Management committee meeting. Armagh.
23 March; Visit to MPI fuer Extraterrestrische Physik,
Munich, Germany, 07-09 April; Memorial meeting for
Franz Kahn, Evora, Portugal, 13-18 April; Heidelberg,
Commission on the future of the MPI fuer Kernphysik,
29 April - 02 May; The 15th Particles and Nuclei
International Conference (PANIC 99), Uppsala,
Sweden, 10 - 16 June; APP network workshop,
Kittendorf, Germany, 22-25 June; Visit to MPI fuer
Kernphysik Heidelberg, Germany, 25-30 June; MPI
fuer Kemphysik Commission meeting in Stuttgar,
Germany,11-12 July; The TeV gamma-ray astronomy
workshop, Snowbird (Utah), USA, 12-17 August; The
26th International Cosmic Ray Conference, Salt Lake
City (Uah), USA, 17-26 August; Represented the
IUPAP Commission on Cosmic Rays (C4) at the
IUPAP Council meeting in CERN, Geneva,
Switzerland, 30 September - 03 October:  1SS1
(International  Space Science [Institute) workshop
“Astrophysics of Galactic Cosmic Rays”, Bern,
Switzerland, 17-24 October; Visitor in the Research
Center for Theoretical Astrophysics, University of
Sydney, Australia, 27 October 1o 29 November.

E. Flood: Detector calibration exposures at CERN and
IRMA-2 Contractors Meeling. Geneva, Switzerland,
05-10 June.

T. Lery: Paris Observatory, 13-19 September:
University of Strasbourg, 20-27 October.

D O'Sullivan: Presentation of near final results of the
Air Crew project to the International Sicering
Committee, GSF, Munich, 16 March: Exposures at the
CERN Cosmic Ray Reference Field, CERN, 05-10
June;  Discussions on air crew matters, ANPA
Laboratories, Rome, 09-12 September; Workshop on
Environmental Dosimetry, Avignon, 21-25 November.

E. Panzot: Conference on “LiBeB, cosmic rays and
gamma-ray line astronomy”, Institut d"
de Paris, France, 09-11 December (1998); The 19th
I;,;.s,mm.,,l,mum
network workshop, Le Barp, France, 02-05
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2-25 June; 1551 Workshop “Astrophysics and Galactic
Cosmic Rays”. Bern, Switzerland, 17-24 October;
APP network workshop, Zeist. The Netherlands, 26-29
October; IAU Symposium Number 198, “The Light
Elemenis And Their Evolution™, Natal, Brazil, 22-27
November.

TP. Ray: Queens University Belfast, 20 January;
Thesis examination, University of Turin, Italy, 11-12
February,  Conference on “Optical and Infrared
Spectroscopy of Circumstellar Matter”, Tautenburg
Observatory, Jena, Germany, 09-14 March: Spring
Meeting of the Astronomical Science Group of Ireland,
University College Galway, 09-10 Apnil; MERLIN
meeting, University of Cambridge, 25 May: University
of Evora, Portugal, 13-18 April; Queens University
Belfast, 10 June; Paris Observatory, 29 June — 03 July;
Royal Astronomical Society, National Astronomy
Meeting. Guernsey, Channel Islands, 09-13 August;
United Kingdom Infrared Telescope, Mauna Kea
Observatory, 21-28  November; University of
Limenick, 02 December; PATT meeting. Swindon,
England, 07-08 December.

J. Walsh: HEANET Seminar on Computer Security,
National College of Ireland. April: Seminar on CHEST
isofiware acquisition), May; Conference on Metadata
for Physics documents on the WWW, Oldenburg,
Germany, 09-14 Oclober.

9 Miscellanea

Committee for Physics of the Royal Irish Academy, he
i

undertook a campaign 0 encourage
membership of CERN. This effort, which involved
meetings with senior CERN staff and senior Irish civil

mmu-lﬂmdﬂnhlhﬂﬂh.

ycar.

P.W. Readman was elected to the National Committee
for Geodesy and Geophysics of the Royal Irish
Academy. He was also appointed as a Research
Associate of University College Dublin (Department of
Geology).

AWB. Jacob, with CJ. Bean, convened the
Commission for Controlled Source Seismology 1999

Workshop, “Active and Passive Seismic I-'Hﬁq;lli'

Reviewed™, in Dublin at DIAS.

In the Astrophysics Section K. Famell and 5.
O'Sullivan successfully defended their PhD theses (see
section 10.3). The external examiners were D. Duncan
(Heriot-Want  University, Edinburgh) and J. Stone
ﬂlmmwofulrhnd}m

In the Aswonomy Section Z Zang successfully
defended his PhD thesis (see section 10.3) at Trinity
College Dublin on 26 November,

I. Elliott continued as a member of the National
Committee  for  Science and  Engincering
Commemorative Plaques, as a Council member of the
Royal Dublin Society and as a member of its Science

ndembnm Hemnnludumh
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F. Buckley, Physics Department, TCD, was supervised
by T.P. Ray from September to December for his final
year project using data from the HST Archive.

L. Elliott served as a lecturer and commentator on the
Irish Ferries vessel Normandy for the total solar eclipse
on 11 August which was observed off the coast of
Alderney in the Channel Islands. He was assisted by an
astronomical team:  Dipanker Banerjee (Armagh
Observatory), Ruth Colgan (NUI-Maynooth), John
Cunniffe (DIAS), Cliona Golden (UCD & Princeton),
Lynn Moran (UCD), Brian OHalloran (UCD) and
Eoghan OShea (QUB). The event was broadcast on
the Worldwide Web.

LElliott gave a talk entitled Exploring Space and Time
in the series of Thomas Davis Lectures on “Science and
Technology at the end of the 20th Century”, RTE
Radio-1, 03 May: EJ.A. Meurs was interviewed on
Anna Livia Radio on 13 May; LElliott spoke about the
astronomer Margaret Huggins on a programme about
Dunsink Observatory featured on the City Scenes TV
programme, broadcasi 18 and 19 September.

The Grubb heliostat which was used in the historic test
of General Relativity at the 1919 total solar eclipse was
refurbished by J. Daly, who then turned his attention to
a restoration of the eyepieces of the Dunsink Grubb
telescope.

mﬂummmm

Linear Gravitational Clustering using the Zeldovich
approximation, Ap. Sp. Sci., Vol 261, pp 335-336
(1999).

J. Cunniffe, EJ.A. Meurs: Long term X-ray
of galactic nuclei, 1AU Symp. 194, pp MI
(1999).

C.J. Davis, HE. Maithews, T.P. Ray, W.R.F. Dent and

1.5, Richer: A burst of outflows from the Serpens cloud

core: wide-field submillimetre continuum, CO J=2-1
and optical observations, mmnmm
Vol 309, pp 141-152 (1999).

T.P. Downes and T.P. Ray: dunhmrqr'

momentum from stellar jets to molecular
Astron. mvdms.wmum

L OC Drury, P Duffy, D Eichler and A Mastichiadis:
On “box" models of shock acceleration and electron

synchrotron specira, Astron. Astrophys., Vol 347, pp

370-374 (1999).

A. Frank, T. Gardiner, G. Delemarter, T. Lery and R.
Beuti: Ambipolar diffusion in young stellar object jets,
Astrophys. I., Vol. 524, pp 947-951 (1999).

AW.B. Jacob, PM. Shannon, BM. O'Reilly, F.
i

Hauser, P.W. Readman and J. Makris:
MMMMMMh

mmm:ﬂhf Confer
(eds AJ. Fleet and S. A. R. Boldy), pp 421

Rockall Trough, in Pewoleum Geology d;“_.
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from teleseismic data, Tectonophysics, Vol 302, pp
83-98 (1999).

BM. O'Railly, P.W. Readman, P.W. and T. Murphy:
Gravity Lineaments and Carboniferous-hosted base
metal deposits of the Irish Midlands, in Fractures,
Fluid Flow and Mineralization (eds K.J.W. McCaffrey,
L. Lonergan and 1J. Wilkinson), Geological Society,
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Statement of Responsibilities of the Council

The Council of the Dublin Institute for Advanced Studies is required under section 28(2) of the
Institute for Advanced Studies Act 1940 to prepare financial statements in such form as shall be ; :
approved by the Minister for Education & Science with the concurrence of the i
Minister for Finance. In preparing those financial statements the Council is required to: % i

svivie

. prepare the financial statements on the going concern basis unless it is inappropriate to

- disclose and explain any material departures from applicable accounting standards.
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financial statements comply with Section 28(2) of the Act. TInCmmﬂ*
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Financial Statements for year ended 31 December 1999

GENERA

The Institute was established under the Institute for Advanced Studies Act, 1940.

Its functions include the provision of facilities for the furtherance of advanced studies and the conduct of research in
specialised branches of knowledge. g

It comprises three Schools - Celtic Studies, Theoretical Physics and Cosmic Physics.

ACCO G POLICIES

|. Accounti i
The financial statements have been prepared under the historical cost convention.

2. Oireachtas Grants
Income is shown on & cash receivable basis.

3. Fixed Assels

Fi:dhmmﬁuﬂuﬁnﬂmﬂmwﬂmvﬁhﬁunn&Inslimu:uvdm:hmumsl
less sccumulated depreciation. The rates of depreciation, calculated on a straight line basis, arc as follows -

Furniture and Equipment 10%
Computers 25%
Motor Vehicles 25%

Premises occupied by the Institute are leased from the Office of Public Works.

4. Capital Reserve

The capital reserve comprises income allocated for the purchase of fixed assets. It is written down in line with the
depreciation of the related assets.

2. Library

Expenditure on library books and materials is charged to the Income and Expenditure Account. The value of such
books and materials is estimated at £995,498, based on a 1994 valuation.

5. Publicati

El.pmﬁm. I. on publications is written ofT in the year in which it is incurred. The estimated value of such
publications on hand at 31 December 1999 was £744,191

7

All superannuation benefits to or in respect of employees of the Institute under its superannuation schemes are
met out of grants in the year of payment. Contributions in respect of these schemes are included in other income.
No provision is made in these financial statements for future benefits.




INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Financial Statements for year ended 31 December 1999

Income and Expenditure Account

MNotes 1999 1998
£ £

Income
Oireachtas Grant 3,336,000 3,027,000
Sales of Publications 41,561 53922
School of Theoretical Physics 2 77,588 124,448
School of Cosmic Physics 2 290,706 193,143
Other 8 50,620 68,793

3,796,475 3,467,306
Transfer (to)/from Capital Reserve - 9.662 85,021

3,806,137 3,552,317
Expenditure 1
School of Celtic Studies 726,506 700,358
School of Theoretical Physics 520,008 543,233
School of Cosmic Physics 1,622,185 1,357,302
Administralion 949,933 928.597

3818632 3,529,490
Surplus/(Deficit) for year (12,495) 12837
Balance at | January 188,788 165,951
Balance at 31 December 176,293 188,788

The Statement of Accounting Policies and notes 1 (o 12 form part of these financial statements.
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Financial Statements for year ended 31 December 1999

Balance Sheet as at 31 December 1999

Notes 1999 1998
£ £

Assels
Fined Assels 3 557,512 567,174
Current Asscls:
Cash on Hands and at Bank 415,948 242015
Debitors and Prepayments 124 898 191,728
Total Assets 1,098,358 1,000,917
Less Liabilities
P - all withi
Creditors and Accruals 254,776 158,141
Research Programmes and Fees 2 70,052 47,978
Lease obli
Creditors - Amounts falling due after one vear
Funds 5 19,725 38836
Total Liabilities 354,553 244,955
Net Assets 713,805 755962
__ — e ————
Financed by:
Sl.lt_llus Income and Expenditure Account 176,293 188,788
Capilal Reserve 4 557.512 567,174
e — — M

The Statement of Accounting Policies and notes 1 1o 132 form part of these Minancisl statements.
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Financial Statements for year ended 31 December 1999

Cash Flow Statement

1999 1998
i £
Reconciliation of Income and Expenditure Account
Surplus/{ Deficit) to Net Cash InNow/Outlow
from Operating Activities
Surplus( Deficit) for year (12,495) 22,837
Less Interest Received (15.884) (23.282)
(28379) (445)
Increased{ Diecrease) in Creditors/Funds 97,524 (64,307)
Decreasef{Increase) in Deblors 66,830 (B0,826)
Met Cash Inflowi Outlow) from Operating Activities 135975 (145.578)
Cash Flow Statement
Nei Cash Inflow/{Outfllow) from Operating Activities 135975 (145,578)
Net Increase in Research Programmes and Fees 22,074 (17,991)
Returns on Investments and Servicing of Finance
Interest Received 15,884 23.282
Capital Expenditure (141,576) (105,496)
Nei Cash Inflow/{ Outflow) belore Fimin; 32357 (245,783)
Financing
Movement on Capital Account (9.662) (85,021)
Loss on Dupnul 66 1.336
Depreciation 151,172 189,181
Cazh Inflow from Finlnc.in!, 141,576 105,496
Increase/{ Decrease)fin Cash 173,933 (140,287)
Analysis of Movement in Cash
Balance st | January 242,015 382,302
Balance at 3| December 415,948 242,015
Increase/{Decrease) in Cash 173,933 {140,287)

The Statement of Accounting Policies and notes | to 12 form part of these financial statements.
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Notes to the Financial Statements
| Detailed Analysis of Income & Expenditure for the year ended 31/12/1999

INCOME Schoolol Schoolol School of 1999 1998

Celtic Theoretical  Cosmic Adminis- Total Total

Moles Studies Physica Physics Lration
L L £ L L L

Oireachias Grants 711,196 462,860 1,365,144 TT6,800 3336000 1,027,000
Sales of Publications 41,520 41 41,361 53912
Research Programmes and Fees 2 77583 77.588 124,448
Rescarch Programmes and Fees 2 290,706 290,706 193,143
(ther Income 8.936 4,193 19331 18,155 50,620 68,793

781,652 4646 1675212 794,955 L796475  3.467306

ani . (4,688)  (9907) (B4.831) 139,088 9,662 85,021

746,964 534,739 1,590391 934,043 1.806,137  3.552327

EXPENDITURE

Salaries, Wages and

Superannuation 576,626 284501 1,103,535 183547 2348229 2,093,759
Scholarships 55,392 64,509 51,051 170,952 150,728
Honoraria 1,101 100 70 1,271 3152
Library (incl. Microfilms) 13,229 50,569 45,551 120,349 109,940
Publications 6,201 10,696 1520 19417 40,016
General Administration 1 269,926 169926 262657
Travel and Survey Expenses 18,659 20,949 50,474 4,659 94,741 B4.345
Symposia & Seminar Expenses 1,767 7 1.840 1,785
Equipment:

Censumable & Mainienance 12,861 32851 21,104
Special Commitments and

Projects 77594 178883 156477 187,056
Creneral Expenses 41,531 1,713 48064 129292 42600 15220
Golden JubileeTeunet 26,153
Book Siorage 5731 8,731 8,855
Laoss on Dupunla 66 (] 1336
Depreciauon 3 151,172 151172 189,181

726,506 SI0008 1622185 549933 1818632 1529490

10,458 14,731 (30,794)  (15.890) (12,495) 12.8m

Balance at | Januwary 190,269  (11.541) (466100 56,670 188788 165,951
Balance a1 31 December 210,127 3190  (TR404) 40,780 176293 138,788
6
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Notes to the Financial Statements
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH

Notes to the Financial Statements
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INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Notes to the Financial Statements

6, General Administration Expenses: 1999 1998
£ E
Rent, Rates & Insurance 102,532 99,110
Premises Maintenance & Security 31,567 47,890
Postage & Telephones 57457 53,488
Fuel, Light & Power 39297 46471
Audit Fee 5,900 3,900
Sundry Supplics 33,173 11,798
269,926 262,657
7. Leasing
Operating Leases

The premises occupied by the Institute are leased from the Office of Public Works. An additional lease was acquired

in 1993 from Findlaters Lid. for the purpose of book storage. The commitment on foot of such leases in respect of
2000 is £52,456

8. Other Income
Included under this heading is Bank Interest carned of £15,884 (1998 - £23,282) in the year.
There are superannuation contributions from staff of £33,906 (1998 - £29,445)

9, Superannuati
The total superannuation payments in the year amounted to £283,277 (1998 - £297,837).

10. Disclosure of Transactions

The Council of the Institute adopts procedures in accordance with guidelines issued by the Department of Finance
in relation to the disclosure of interests by Council Members and these procedures have been adhered to by the
Council Members during the year. Mo Council Member has declared an interest.

11. t
Thuqumofmluﬁuuwmbthlnrhmmﬁmhuhﬁduﬁm

from 20 Oclober 1998. It is not possible to anticipate the outcome of disciplinary hearings currently being
conducted by the Institute or the possible financial impact of legal proceedings being taken by the Registrar.

The Financial Statements were approved by the Council on 18 December 2000




DUBLIN INSTITUTE FOR ADVANCED STUDIES
REPORT OF THE COMPTROLLER AND AUDITOR GENERAL

| have audited the financial statements on pages 2 to 9.
Responsibilities of the Council and of the Comptroller and Auditor General

The accounting responsibilities of the Council of the Institute are set out in the Statement of
Responsibilities of the Council on page 1. It is my responsibility, under section 28(3) of the
Institute for Advanced Studies Act, 1940 to audit the financial statements presented to me by

the Council and to report on them. As the result of my audit I form an independent opinion on
the financial statements.

Basis of Opinion

In the exercise of my function as Comptroller and Auditor General. | plan and perform my
audit in a way which takes account of the special considerations which attach 1o State bodies
in relation to their management and operation.

An audit includes examination, on a test basis, of evidence relevant to the amounts and
disclosures in the financial statements. It also includes an assessment of the significant
estimates and judgments made in the preparation of the financial statements, and of whether
the accounting policies are appropriate, consistently applied and adequately disclosed.

My audit was conducted in accordance with auditing standards which embrace the standards
issued by the Auditing Practices Board and in order to provide sufficient evidence to give
reasonable assurance that the financial statements are free from material misstatement whether
caused by fraud or other irregularity or error. I obtained all the information and explanations
that I required to enable me to fulfil my function as Comptroller and Auditor General and in

forming my opinion, I also evaluated the overall adequacy of the presentation of information
in the financial statements.

Opinion

In my opinion, proper books of account have been kept by the Council and the financial
stalements, which are in agreement with them give a true and fair view of the state of the affairs

of the Institute at 31 December 1999 and of its income and expenditure and cash flow for the
year then ended.

Jm%

for and on behalf of the

Comptroller and Auditor General
20 December 2000




DUBLIN INSTITUTE FOR ADVANCED STUDIES
Report of the Comptroller and Auditor General pursuant to Section 13 of the Prompt
Payment of Accounts Act, 1997
Responsibilities of the Council and of the Comptroller and Auditor General

The Council is obliged to comply with the Act and, in particular, is required to

. pay its suppliers by the appropriate payment date

. if payment to a supplier is late, include the appropriate penalty interest with the payment
together with the information required by Section 6

. disclose its payment practices in the period in the appropriate way.

Under Section 13 of the Act, it is my responsibility, as auditor of Dublin Institute for
Advanced Studies, to report on whether, in all material respects, the Institute has complied
with the provisions of the Act.

Basis of Opinion

My examination included a review of the payment systems and procedures in place and

checking, on a test basis, evidence relating to the operation of the Act by the Institute during
the year.

1 obtained all the information and explanations which I considered necessary for the exercise
of my function under Section 13 of the Act.

Opinion

As a result of my examination, it is my opinion that the Institute complied in all material
respects with the provisions of the Act during the year ended 31 December 1999.

S - S

John Buckley

for and on behalf of the

Comptroller and Auditor General
20 December 2000




INSTITIUID ARD-LEINN BHAILE ATHA CLIATH
(Dublin Institute for Advanced Studies)

Prompt Payment of Accounts Act, 1997

The Dublin Institute for Advanced Studies is included in the schedule to the

Prompt Payment of Accounts Act, 1997. Since 2 January 1998, the Act has come into
operation and the Dublin Institute for Advanced Studies has complied with the
provisions of the Act. In accordance with the Act and guidelines issued by the
Department of Enterprise, Trade and Employment, the following information is

provided.

Procedures established to ensure compliance with the Act
The Dublin Institute for Advanced Studies has procedures in place to ensure that all

invoices received are paid within the time limits specified on the invoices or the
stalutory time if no period is specified. While the procedures are designed (o ensure
compliance with the Act, they can only provide reasonable assurance and not

absolule assurance against material non-compliance with the Act. These procedures
operated in the period under review and no late payment of interest has been incurred
by the Dublin Institute for Advanced Studies during the year.

‘:B':-l.l-l.- \
Dervilla Donnelly

Chairman-Council of the Institule
25 March 2001




