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Executive Summary

The Istituto Nationale di Fisica Nucleare is the institute for research in particle, astro-
particle, and nuclear physics in Italy.

The Comitato di Valutatione Interna (CVI) was appointed (Appendix A) by the Board of
Directors of INFN and charged with performing reviews of the activities of the institute
on a regular basis. The activities of the CVI are part of a more global response to the
Italian governmental requirements for assessment, using criteria of certified validity and
the highest possible objectivity, through the auspices of the Comitato di Indirizzo per la
Valutazione della Ricerca (CIVR).

The initial meeting of the CVI took place in October 1999, under the Chairmanship of
Prof. N. Cabibbo. At that time, the committee concentrated on understanding how to
perform reviews of INFN, which would be responsive to the needs of the CIVR and to
the management of INFN. During late 1999 and 2000 there were interactions between
INFN, and all its National Scientific Committees (CSN) to establish the criteria to be
used in the conduct of their selection processes. The criteria are accompanied by a
weighting scheme, which appropriately reflects the relative importance of the different
criteria. The weighting varies slightly from activity to activity. The criteria were presented
to the CIVR, which approved.

In October 2000, the CVI was provided with the Piano Triennale 2001-2003. They were
also provided with the written reports, from the five CSN. The reports contain the
decisions concerning the allocation of resources for 2001. In addition, the committee
was provided with access to the summaries of the activities of, and the milestones
anticipated by, each of the experimental activities. The provision of this information had
been a recommendation of the 1999 CVI and the INFN is commended for its excellent
response.

The CVI met in Rome, December 1-3, 2000. It heard verbal reports from principals in
the INFN management and from the Chairpersons of the five CSN. Extensive time was
devoted to questioning of the INFN representation and in deliberation in executive
session. The CVI produced a written report, which it delivered to the President of
INFN.

The CVI met again in Rome, May 4-6, 2001(Appendix B). It heard verbal reports from
principals in the INFN management and from the leaders of the Internal Evaluation
Working groups (GLV) of each of the five CSN. As has become customary, extensive
time was devoted to questioning of the INFN representation and in deliberation in
executive session.

At this stage, the process of incorporating explicit objective criteria in the internal
workings of INFN has completed one full annual cycle. A nearly complete framework
and methodology have been put in place. However, the subsequent progress will involve
considerable effort to consolidate and refine the process. For example, in the reports to
the May meeting, the CVI saw for the first time, the internal evaluations performed by
the evaluation working groups (GLV). For some of the CSN, the external, international
data are limited to single countries. Nevertheless, these are already extremely
informative. It must be emphasized that the effort in using the objective criteria for self
evaluation has already been considerable. The committee was very impressed by the
progress made by INFN in this area.

Following consideration of the categories of the agreed criteria, and after consideration
of the internal evaluation results, we have the following comments:
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The scientific content of the overall program is exciting and excellent. The particle
physics and theory contributions have a strong impact on a global level. The initiatives in
astroparticle physics have placed INFN in the forefront of European efforts. The
spectrum of nuclear physics, both in Italy and at external laboratories, is on a high level
and touches all the primary fields of interest.

The execution of the experimental program has stimulated development of many
innovative detector techniques, which have greatly benefited the physics. The impact on
society and industry in particular has been strong in some areas and its impact is
measurably expanding into new areas of medical and life science applications.

The resource management process is judged to be very good. The general financial
situation seems to be balanced, even if the introduction of cash limits, since 1998, has
significantly conditioned the research activity.

The following caveats apply to the conclusions:

a) The view taken by the CVI was “International”; the implication is that the
standards being used are those of physics on a worldwide scale. As far as the
committee is aware, there is no comparable review, of any national physics
institution, anywhere in the world. Indeed, the comparisons between countries
presented by the GLV represented the first examples of such comparisons seen
by several of the members of the committee.

b) The first annual cycle of the full process is only just complete, both reviewers
and reviewees are still learning the system; as such, the conclusions may be
treated as tentative.

We note with pleasure, the substantial efforts on the part of INFN to be responsive to
our main recommendations made in earlier reports.
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1. Introduction

The CVI (Appendix A) met May 4-6, 2001 (Appendix B). This was the third
meeting of the CVIL The initial meeting of October 1999 had a primary goal of
establishing a methodology. The second review in December, 2000 was the first of the
regular reviews but it lacked input data concerning institutes in other countries. Given
the short time between the December, 2000 and May, 2001 reviews, it was agreed that
this report be based substantially on that of December, with incremental changes to
reflect the new information and perceptions. A separate report was also generated in
response to a request from the CIVR, that INFN produce a concise report of its activities
in the period mid1999-2001 and that CVI, in turn, produce a concise review.

The commiittee was provided with:

Report on the Activity of the INFN in the last two years: 1999-2001.

Annual Reports from each of the CSN for the year 2000.

Report of the GLV including the reports of the individual GLV associated with
each of the five CSN.

W=

The committee was very impressed with the presentations of the activities of the
institute. Many exciting opportunities are offered to Italian physicists working within
INFN to initiate, to lead, and to participate in, international programs of nuclear, particle
and astroparticle physics at the forefront of attempts to reach a fundamental
understanding of our world and its origins.

The structure of this report is as follows. In Section 2, we provide a brief overview
of the internal organization of INFN, its structures and its committees. In Section 3, we
summarize the scientific programs associated with each of the National Scientific
committees. We give an appreciation of the strengths of each. We started a cycle
through the major operational units so Section 4 is devoted to National Laboratories and
Sections. In Section 5 we discuss the Institutional and Resource management of INFN.
Section 6 contains a discussion of the Internal Review processes by which INFN
decides on the allocation of resources to the individual initiatives. Following the initial
report of 1999, we use Section 7 to make suggestions for the evolution of the CVI
process, in particular if there are any recommendations for modifications to the process
they will be found in this section. Finally in Section 8, we attempt a synthesis of the
report into a series of findings and commentary on the individual aspects of INFN, the
activities of the CSN, and the overall Institutional and Resource Management.

2. Structure and organization

The Institute is organized in local research centers, which comprise 19 "Sezioni",
research units located in physics departments of Italian Universities, and 4 National
Laboratories, research centers which host major research facilities open to Italian as well
as foreign research groups. Smaller units, the "Gruppi collegati" are hosted in
Universities which do not host "Sezioni", one of them being in the Istituto Superiore di
Sanita' (the National Health Institute). Each of the eight existing Gruppi collegati relies
on a Sezione or National Laboratory for their administrative services, but its members
share with other INFN physicists the possibility of taking part in a variety of research
activities. The presence of INFN research in Italian Universities is larger than implied by
these numbers. Although about half of the Italian Universities do not have a Sezione or
Gruppo Collegato, many of them have faculty members active in INFN research.

Thus, INFN represents a strong presence in the Italian university system, a fact

which is reflected in the large number of laurea degrees and doctoral theses obtained by
students participating in the research of INFN. These data were available only for some
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of the research lines — theory and technological research — and it would be interesting in
the future to have wider statistical information on this important subject.

The management of INFN is the responsibility of a Directive Council (Consiglio
Direttivo), the President and a five member Executive Board (Giunta Esecutiva) that
includes the President and is embodied in the Directive Council. In their deliberations
these managing bodies use the advice and recommendations of the five National
Scientific Committees (Commissioni Scientifiche Nazionali), one for each of the main
research lines:

I experimental subnuclear physics with accelerators;

Il experimental subnuclear physics without accelerators and astroparticle physics;
III experimental nuclear physics;

IV theoretical physics;

V technological research.

These committees contain elected representatives of the researchers active in each of the
major units, Sezioni and National Laboratories. The committees issue recommendations
on the research programs in each research line, the experiments to be accepted for
financing, and the allocation of resources among the different experiments.

The National Scientific Committees are peculiar to INFN. They allow a good
balance between the need to assure a well managed program, which is the responsibility
of the Council, the Executive Board and the President, and the free initiative of scientists,
represented by proposals emerging "bottom up” from the research groups. The principle
of democratic participation of the personnel extends to other aspects in the life of the
institute. For example, the Directors of the Sezioni, and the Directors of the National
Laboratories, are nominated by the Council, after a consultation-by-ballot of the
personnel. In addition to the National Scientific Committees, the National Laboratories
each have an international Scientific Advisory Committee or Program Advisory
Committee.

INFN has a staff complement of about 1750, of which 621 are researchers, 251
technological experts (applied physicists, engineers, etc.), 851 are technicians and 291
provide administrative support. The INFN research personnel also include research and
other staff belonging to Universities and to a much lesser extent to other organizations.
A part of this extra personnel, fully involved in INFN research, shares with INFN
personnel a number of important privileges, including that of participating into the
elections of members of the National Scientific Committees, and in the ballots for the
nomination of directors of the Sezioni and Laboratories. This includes 950 research
associates and 200 technical support members. Research people with only partial
involvement in INFN projects, including thesis students, can also be formally associated
to INFN without sharing electoral privileges.

3. Scientific and technological activity
3.1 Physics with accelerators: CSN I

The program of CSN I encompasses essentially two thirds of the field, which
traditionally is labeled Elementary Particle Physics. The excluded one third concerns
neutrino physics, which falls within the purview of CSN II. There is a total of sixteen
approved experiments in various stages. The four experiments at the Large Electron
Positron (LEP) collider at CERN recently completed data taking. The K-Long
Experiment (KLOE) at Frascati National Laboratory, recently started to operate. In
contrast some experiments are in the early stages of detector construction such as the
ATLAS and CMS experiments for the Large Hadron Collider (LHC) at CERN. The
general level of this program is excellent. All experiments are international in character
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and there is an unusually large number of leadership roles occupied by INFN supported
physicists.

The spectrum of experiments ranges from the largest collaborations in science (ATLAS
and CMS), with more than 1500 collaborators in each experiment, to modestly sized
experiments such as the E835 charmonium experiment at Fermi National Accelerator
Laboratory with approximately 55 collaborators. There is a good balance between
participation in the mainstream thrusts of the field and the support of diversity. In almost
all of the instances of small experiments one can readily identify a uniqueness factor
associated to that experiment.

The committee noted the continued emphasis on experiments with the potential to
explore CP violation in both the kaon and bottom systems. INFN physicists have or
have had leading roles in several of these experiments. One of the experiments is the
keystone of the L.N.Frascati experimental program and indeed CP violation is a primary
theme in particle physics experimentation world-wide.

The emphasis on the energy frontier, first in CDF, one of two experiments at the
Fermilab Tevatron Collider, then in the ATLAS and CMS experiments at the LHC
demonstrates the determination of Italian physicists to attack the limits of human
knowledge. That these and the other excellent programs can all be realised under the
auspices of INFN demonstrates the effectiveness of this institution.

Based on the measures agreed with the CIVR, INFN particle physics is of the highest
standard. Almost all of the work is performed within the aegis of large international
collaborations, within which the INFN contribution of resources match its participation,
and of which INFN provides a large fraction of the leadership. The physics results are
of high quality and impact. The challenges involve maintaining schedules in the very
largest projects and adapting the internal workings of INFN to match the changing
international environment in which, even the subprojects involve multiple countries.

Highlights of the past two years include the new measurements of CP (charge
conjugation times parity) violating parameters, in the kaon system, by NA48 at CERN,
and in the B-meson system by CDF at Fermilab and by the new experiment, BaBar, at
SLAC. In late 2000 the LEP program came to an end with the extra excitement of the
observation of a few events with the characteristics of Higgs particle production.

This committee did not examine in any detail individual components of the program.
The comments, which follow, are therefore brief.

e LEP experiments (ALEPH, DELPHI, L3, OPAL)

There is Italian participation in each of the LEP experiments. This program recently
ended. During the final year of running the mass limit below which the standard model
Higgs particle is not found was pushed to approximately 115 GeV. Considerable
excitement was generated by hints of new physics in the final data. With the numerous
precision measurements of the properties of the Z and W bosons, the experiments at
LEP, which operated for 10 years, were a monumental success.

* CP violation experiments (KLOE, EPSI, BABAR, HERA-B)

The EPSI experiment at CERN suffered an accident in 1999. The apparatus has been
refurbished and a final measurement of the CP violating parameter is anticipated in
2001. The program will evolve with further measurements, for example in the Kj
system. The DA®NE accelerator has had problems maintaining adequate luminosity
with low backgrounds thus limiting the data accumulated by the KLOE experiment.
These two experiments, with the KTeV experiment at FNAL their only competitor, have
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as a goal the measurement of the €'/ parameter with a precision of one part in ten
thousand. Given the present theoretical understanding these can be considered
"asymptotic" measurements of this quantity. Recent good progress in improving the
performance of the DA®NE accelerator, suggests that, during 2001, KLOE will be able
to obtain an initial measurement of €'/e.

BABAR is a new experiment at the (also new) PEPII storage rings at Stanford Linear
Accelerator Center. The detector started running during 1999 and during 2000
accumulated an impressive first sample of data. The machine worked very well and the
experiment worked well, though not perfectly, permitting excellent first results to be
presented at international conferences in mid-2000. Considerable effort is being
expended to establish good operation of the RPC muon detectors which are an INFN
responsibility.

HERA-B at DESY basically completed the initial construction of the experiment,
however the success was less than complete and, given the initial success of both the
BABAR and BELLE(KEK) programs, the physics goals are under reconsideration.

In addition to these existing dedicated experiments, there is considerable potential for
CP violation measurements at the Tevatron Collider where INFN participates in the
CDF experiment (this experiment is discussed in a different section). Further there is
INFN participation in the BTeV and LHC-B proposals which are dedicated B-physics
experiments for the Tevatron Collider and the LHC respectively.

* Deep inelastic scattering (ZEUS, COMPASS)

The ZEUS experiment at the HERA Collider at DESY, Hamburg, is continuing to
operate in the hope that improvements to the machine luminosity will fulfill the need to
complete the high momentum transfer measurements which will complement and extend
the existing results.

The new muon scattering experiment COMPASS at CERN is a successor to a series of
experiments. As the only large fixed target physics initiative at CERN, and coming as it
does in the hiatus between the end of LEP and the start of the LHC collider, it has
attracted considerable support. The main goal is to further elucidate the sum rules, which
relate the polarized lepton scattering asymmetry to the axial charge (spin) of the nucleon.
As such it is related to the HERMES experiment discussed in the Nuclear Physics
section. The experiment had a test and commissioning run with beam and a partial
apparatus in 2000. Data taking with a complete detector is expected in 2001.

* Proton-antiproton physics (CDF, E835)

The CDF and E835 experiments are at the highest and lowest ends of the proton-
antiproton energy scale. The CDF experiment has made major contributions to
knowledge of the highest energy collisions thus far available in the laboratory.
Highlights of the program have included important measurements of the top quark,
including its discovery, precision measurements of the mass of the W boson and a
number of physics measurements and searches for new phenomena. The experiment is
being upgraded fully to exploit the potential of the recently upgraded accelerator
complex. The detector, except for the silicon tracker, enjoyed a successful
commissioning run in Fall 2000. Final installation is underway and data taking is
anticipated in March 2001. Ongoing analyses demonstrate that CDF is also a serious
competitor in B-physics with the observation of the bottom-charm meson and a first
measurement of the parameter sin23. CDF will share the energy frontier with the DO
experiment until the start of the LHC. With the retirement of LEP from the field, the
Tevatron is the only machine at which the Higgs boson might be observed before the
LHC turns on. This lends added impetus to the CDF program.
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E835 was unique in the world and its technique was imaginative and novel. The
experiment used antiprotons in annihilation with protons in a gas jet to access several
charmonium states in formation, which could not be produced in electron-positron
collisions. The experiment completed data taking in November 2000, results are
expected soon.

¢ Rare decays (E831)

The photoproduction experiment E831 has amassed a sample of one million charm
decays at which level only the CLEO experiment at the Cornell Storage Ring is a
competitor. Consequently E831 has been one of two major sources of progress in
understanding the whole charm sector. Final data analysis and publication of results
continues.

* The future energy frontier (ATLAS and CMS)

When the LHC starts operation the world of experimental particle physics will have just
two flagship experiments at the energy frontier, ATLAS and CMS. The Italian
participation is an essential component of each experiment. The influence of INFN
physicists in each experiment has also been demonstrated in the experiment design, the
technology choices, and the early construction. This large emphasis on the primary
thrusts of elementary particle physics, the search for the Higgs particle, which is thought
to be the generator of the masses of W and Z bosons, and higher symmetries of physics
is laudable and appropriate.

The two experiments essentially completed the Research and Development stage and are
now in the construction phase. It is already clear that considerable attention will need to
be paid to the progress of the construction if these two experiments are to be ready for
collisions in late 2005 or 2006.

3.2 Non-accelerator Physics and astroparticle physics

This area of the INFN activity covers a large section of fundamental particle physics not
normally carried out with manmade accelerators (exception: physics of neutrinos
generated by high energy accelerators or reactors).

The field can be subdivided into:
* long baseline neutrino experiments
* low energy non accelerator neutrino studies (solar, ...)
* high energy cosmic ray experiments (gamma ray astronomy, study of the highest
energy cosmic rays), ground-based and satellite borne experiments
dark matter searches
gravitational wave detectors
small scale experiments testing fundamental quantities

Most of these experiments fall under the area of astroparticle physics. Astroparticle
physics is rapidly evolving into a major field of fundamental physics. This field will
combine particle physics, astrophysics, nuclear astrophysics and cosmology and is in
part highly interdisciplinary. Due to the rapid evolution, the boundaries of this research
field are not always clearly visible and changes of the main research directions are quite
common. Due to the unique situation of having an excellent laboratory at hand (see
below), the Italian physics community is on the forefront of the field.
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As many new initiatives in the field of astroparticle physics are building up in many
other countries, steady attention of the INFN is needed to conserve the excellence of the
research and to remain on the forefront.

The technology for the majority of experiments was based mostly on developments
pursued by high energy particle physics but now the groups engaged in this field
develop many cutting edge technologies. The inclusion of the work carried out under the
framework of CSN V is very important.

An important prerequisite for many research projects is the need of experimental areas
of very low radioactivity background. The Gran Sasso underground laboratory provides
these conditions and is a very well managed world-class laboratory. It gives the Italian
community a unique opportunity to carry out experiments under excellent conditions. At
the same time, it gives the involved groups a high and widespread visibility, amongst the
highest ones of the INFN activities. In addition, the exceptional working conditions
attract many outside groups from other countries paving the way for many international
collaborations. INFN should pay continuous attention to the developments and support
to improve further the conditions. These could include a separate access tunnel,
enlargement of the halls and/or new smaller halls for small-scale experiments, and an
increase of staff. In order to enhance the scientific climate it would be very beneficial to
enlarge the number of local scientists with the opportunity to participate in the
experiments. Provision for on-site guesthouses for visitors to stay there for longer time
is needed. The extent to which such a program is pursued depends on, and will
determine, the long-term future of the laboratory.

In summary, the current experiments have the right mixture of small and large size to
explore this new field of fundamental physics. Small groups, not necessarily of
international composition normally carry out the exploitation of new technology, while
in the follow-up phase concentration on a fewer large experiments of international
composition is both natural and reasonable. The international standing of the INFN
activities in the field of neutrino physics, astroparticle physics and gravitational wave
experiments is very high and the quality of the results is mostly outstanding and
excellent. The number of publications in leading journals and the citing coefficient is
very high when compared with activities of other countries with the possible exception
of the US. In many areas, Italian groups have developed decisive technologies and are
world leaders. The level of innovation is exceptionally high. It is evident that in some
areas only a few nations have the technological and intellectual basis for such a research,
amongst them Italy. To remain on this forefront constant attention and willingness to
accept changes are needed. The educational prospects in this field are large.

* Some comments on individual projects

Across the field, we currently see a culmination of changes in experiments. Many of the
larger experiments of the first generation are terminated (NOMAD, CHORUS,
CHOOZ, EAS-TOP, MACRO, GALLEX, CLUE...) and many new activities have
started construction or have just been approved.

¢ Neutrino beam experiments

Besides the search for the Higgs and to understand CP violation, one of the main
questions in particle physics is to understand neutrinos, fundamental building blocks of
nature. Due to the extreme low interaction cross section the experiments are on the limit
of today’s technology and are the most challenging ones in this decade(s). The research
to understand neutrinos is particularly strong in Italy. INFN is involved in many leading
experiments. The currently leading direction is the search for neutrino oscillations. The
experiments at CHOOZ and at CERN (NOMAD and CHORUS, all with strong INFN

A2-9



participation) have reached their objectives and have set stringent limits on mixing
parameters. As mentioned above, these experiments are now terminated. After the very
strong evidence of a small but significant v, to v, transition, which was observed by the
Superkamiokande experiment and supported by the MACRO and SOUDAN
experiments, it became evident that the real experimental proof will come from direct
observations of v, events in a T appearance experiment. A very important next step in
this direction is the decision to direct the CERN neutrino beam towards Gran Sasso and
to set up an v, appearance experiment in the Gran Sasso underground laboratory.
OPERA, a unique experiment specifically designed to observe with high precision v,
interactions, is expected to be ready when the CERN neutrino beam becomes
operational. Although the experiment is a multinational activity, this experiment has a
very strong Italian participation with leadership in many detector areas.

* Extraterrestrial and atmospheric Neutrinos (from the Sun, Supemnova explosions,
extragalactic sources, and atmospheric showers)

The Gran Sasso low background laboratory is a natural place for the study of solar
neutrinos and many leading experiments with large international participation are
concentrated there. The GALLEX experiment made the most precise measurement of the
deficit of solar neutrinos and research is going on at high pace. GALLEX and its follow-
up experiment GNO are highlights of the laboratory. Similarly, this is expected for the
BOREXINO experiment, which will come on line in early 2002. BOREXINO will be
essential to understand the solar neutrino puzzle and is complementary to SNO.
Important efforts are needed to avoid a delay of the BOREXINO start-up.

As mentioned, the findings of the Superkamiokande experiment on neutrino mixing are
of extreme importance for our understanding of neutrinos, respectively the development
of particle physics models. While the implications of this experiment are pursued by the
long baseline neutrino experiments, it can be argued that the Superkamiokande results
need an independent high-significance confirmation by a second-generation experiment.
The opportunity to install such an experiment in the Gran Sasso laboratory exists. Two
detector projects, ICARUS and MONOLITH, have been proposed and are pursued
strongly by INFN groups. Attention should be paid in considering this issue to the
presence of a strong international contribution and to muster a large collaboration
necessary for such experiments.

LVD is a typical example of a long-term monitoring detector of cosmological events
emitting neutrinos, such as from SNRs and perhaps from Gamma Ray Bursts. Such
detectors require very low background environments, large volumes, long operation time
and nearly 100% uptime due to the unpredictable and rare Supernova explosions. One
of the issues with such long term monitoring projects is the difficulty of maintenance, as
the installed technologies slowly become obsolete.

Neutrino astronomy in the higher energy domain is beginning worldwide. One project
(ICE CUBE) is foreseen to be located at the South Pole and a northern detector is
needed to obtain a 4m survey. There are excellent prospects that the northern detector,
possibly NEMO, might be located in the Mediterranean. Here the INFN activities,
although currently rather modest, might pave the way to install such a detector south of
Sicily where experimental conditions are excellent. The construction of such a facility-
conceptually a Gran Sasso laboratory deep under the sea- will take many years and
requires substantial technological progress not only in the field of particle detectors but
also in areas of common interest such as marine technology, marine biology and
geophysics. The nearby Catania lab might provide infrastructure. The committee
appreciates very much the efforts to continue to collect experience (on modest scale)
through the planned collaboration with France on the smaller scale ANTARES detector
near Toulon. As very likely in the near future important decisions concerning this
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