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The EURIDICE pro ect focuses on a precise determination of masses, coupling constants
and order parameters in the Standard Model. The ma or theoretical and phenomenological
ob ectives of EURIDICE, stated in Annex I of the contract, can be grouped into six main
research pro ects, respectively:

1.

2.

S.
6.

Notice that, following progress in the field, the fourth of the above ob ectives has been
enlarged to include precision determination of other Standard Model Parameters like the
-boson mass and the effective weak mixing angle.

In the sections to follow, the progress achieved towards attainment of these ob ectives
during the first 28 months of operation will be discussed. During this period, remarkable
progress was done by the experimental group LOE, whose members in the network work
in close collaboration with the theorists. A separate subsection has thus been devoted to
describe the main scientific highlights obtained by the experimental group.



e now describe the main scientific highlights obtained by the network. These highlights
have been grouped following the ob ectives stated in the work program,and are not in order
of importance.

A calculation of the standard model 2 matrix element relevant for indirect
CP violation in the decay modes was done by the Marseille node using
Neuberger s formulation of lattice fermions.

Together with the experimental groups at BaBaR, BELLE and FOCUS, the U node
of the network is engaged in a comprehensive analysis of all  to  decays relevant to
the determination of -violation parameters. ith the huge statistics of the data
provided by these experiments, this analysis programme will extend over several years
with the aim of precision determination of both the C M angle and the parameters
of all light mesons appearing in  and  decays.

A sum rule of superconvergence type for parity violating (p.v.) amplitudes (p.v.
analogue of Gerasimov-Drell- earn sum rule) in the frame of p.v. nucleon-meson
effective interactions, was studied by the arsaw node and found to be useful to
limit the range of poorly known parameters. The asymmetries for the p.v. and
production, measurable in future high intensity polarized photon beams experiments,
were given.

The theoretical analysis of the rare decays and , per-
formed by the LNF and Napoli groups (INFN node), marks the beginning of a new
era in the study of such decays. For the first time, it has been possible to present
firm theoretical predictions for the two branching ratios within the SM. The analysis
demonstrates that these two modes are among the best probes to perform precision
studies of short-distance avour dynamics and CP violation in 1 transitions.

The parameter is a measure of direct CP violation in the ~ system. For
a meaningful interpretation of the measurements and comparison with the Standard
Model, the first complete calculation of isospin breaking effects for  was performed
by the Valencia and Vienna nodes showing destructive interference between three
different sources of isospin violation.

The CP conserving 3 decays have now been studied including all isospin
breaking effects (Lund). This should allow better future predictions of CP violation
in these processes beyond the isospin conserving approximation. A first step here was
taken by the Valencia/Granada collaboration.

The matrix elements of 3 2 transitions in were studied by the Valencia
node within lattice CD.



The role of the charm avour in the 1 2 rule of non-leptonic kaon decays was
analyzed by the Valencia group within Chiral Perturbation Theory.

The decay modes were considered by the Marseille node in a combined
framework of chiral perturbation theory and large-N  CD. For ,
both the experimental decay rate and the leptonic invariant mass spectrum are well

reproduced. The predicted branching ratio for is, within errors, con-
sistent with the recent experimental result from the NA48 collaboration. Predictions
for the modes were also obtained.

A second possible solution to the weak mixing angle in the B-system (2 in the

SM) was explored by the Barcelona group and a new and useful method to determine
the unitarity triangle has been identified. Moreover, this second solution seems to be
preferred by some rare decays such as

aons are an ideal laboratory for studying uantum mechanics and possible alterna-
tives. A collaboration including the Barcelona, Turin and Vienna nodes has explored
the capabilities of the neutral kaon pairs copiously produced at Daphne to test ba-
sic issues of uantum Mechanics. Experiments were suggested to test the ideas of

uantum marking and uantum erasure. Interferometric duality and a uantitative
formulation of complementarity were also investigated. The entangled kaon pairs have
been found to be very useful in two cases: i) Bell ine uality tests closing the usual
loopholes and ii) uantum marking and uantum erasure phenomena.

The past year has witnessed intense experimental activities in connection with the
so-called unitarity problem of the C M matrix. The systematic account of isospin
breaking including electromagnetic corrections performed by members of the Network
from Vienna and Valencia nodes, turned out to be crucial for solving the problem on
the basis of new data.

A new high-precision determination of the form factor, relevant for the extrac-
tion of the C M matrix element from decays, has been obtained by the LNF
group (INFN node) in collaboration with external members from Rome universities.
This analysis has been performed combining Lattice CD and C PT techni ues: an
innovative strategy which opens very interesting perspectives also in the longer term.

The Lund-Barcelona collaboration has extended the ChPT calculation of decays
to two-loop order and has shown that all needed parameters can be independently
experimentally determined. This has removed one of the ma or blocks towards a
higher precision from this decay.

The determination of the C M angle through CP asymmetries in three-body -
decays was investigated for , , and
(with the invariant mass below the charm threshold) by the Orsay group.

A determination of from hadronic tau decays was done by the Valencia group.



The Bern group has set up renormalization group e uations for non renormalizable
theories. These apply in particular to ChPT.

The Bern group has finalized the evaluation of the spectra and decay widths of
atoms and the decay width of atom, and compared the result with
potential models.

The theoretical predictions of radiative decays have been revisited in view of recent
experimental results and ongoing measurements by a oint Bern-Trieste/INFN collab-
oration. Special emphasis has been given to the stability of the inner bremsstrahlung-
dominated relative branching ratio vs. the form factors, and on the separation of
the structure dependent amplitude in differential distributions over the phase space.

ChPT allows one to perform extrapolation to large volumes and small uark masses
in lattice calculations through analytic methods. The group Bern- euthen has taken
up this issue and analyzed the behaviour of the pion mass in a finite volume

The Barcelona and Lund nodes have performed a full two loop calculation in three
avour ChPT of the and scattering and the first two loop calculation in
partially uenched ChPT.

Isospin violation is generically a small effect that can be enhanced in certain cases
such as in 2 decays. A systematic treatment of such effects was performed by
a oint Vienna-Valencia collaboration to obtain reliable values for the 1 2 ratio
and for the amplitudes themselves.

The Bern group has clarified the role of the scale dependence of Low Energy Couplings
(LEC s) in case of electromagnetic interactions, in the framework of the linear sigma
model.

The Lund group including the young researcher has calculated the pseudoscalar masses
to two-loop order in the partially uenched theory. A first work in a simplified mass
case is finished and many more are in progress.

The Lund-Granda group has constructed a systematic ladder resummation based
hadronic model which will allow to analytically study the earlier numerical results.
A general con ict between uark counting rules, CD short distance constraints and
saturation by a finite number of resonances was found also for a class of order param-
eters.

The Valencia-Marseille-DES euthen nodes, studying the long-distance behavior of
two-point functions of avor non-singlet axial and vector currents in a finite volume,
found that uenching has a dramatic effect on the vector correlator.

Through finite-size scaling studies in lattice =~ CD, the parameters of the effective
Chiral Lagrangian has been investigated through a oint collaboration between Bern
and DES - euthen.



The relation between a low energy hadronic scale and the fundamental CD parameter
has been computed from first principles in N 2 avor CD.

CD low-energy couplings from lattice CD simulations in a finite volume with
Ginsparg- ilson fermions were determined by the Valencia group.

The Valencia group performed a non-perturbative renormalisation of coupling con-
stants on the lattice.

The wuark condensate and the pion decay constant in the chiral limit, as well as the
chiral coupling were determined by the Marseille group from lattice simulations
with  ilson-Ginsparg fermions, in a finite volume and in the uenched approximation.
This study rests on analytical computations of non singlet axial and vector two point
functions in sectors of fixed topology at next-to-leading order in the -expansion of
chiral perturbation theory

The promising method of using large-N approximations to interpolate between low
and high energies was pursued for certain three-point functions by the Vienna and
Valencia nodes. The matching procedure yields values for some of the low-energy
constants of (). Constraints on the spectrum of scalar resonances were also inves-
tigated with similar methods.

The decay ( ) was studied by the Valencia group within the framework
of the Resonance Effective Theory of CD.

The and Green Functions were studied phenomenologically by the
Valencia group within the Resonance Chiral Theory.

The Orsay group has derived a set of coupled e uations of the Roy and Steiner type for
the -and -waves of the and amplitudes. From experimental
data above 1 GeV, tight constraints on the two -waves scattering lenghts were
obtained, and some () low-energy constants estimated.

The Orsay group has obtained a set of sum rules for the electromagnetic chiral pa-
rameters which involve CD four-point correlators. These sum rules were estimated
through an effective Lagrangian for light resonances where CD constraints were
implemented, and implications for radiative corrections were considered.

The Lund Barcelona collaboration has calculated and scattering to two-loop
order. This allowed to determine the N N effect experimentally by comparing with
the scattering lengths in both channels. The results were compatible with the large
N based expectations.

The Orsay group has investigated the effect of vacuum uctuations of  pairs on three-

avour ChPT. This effect is described by the () low-energy constants and
which are suppressed at large-V , violate the O I rule and are poorly known. Large
vacuum uctuations would lead to significantly different patterns of chiral symmetry
breaking in the two- and three- avour chiral limits.



The Valencia and Barcelona nodes performed an analysis of the dynamical gener-
ation of baryonic resonances using unitary extensions of chiral perturbation theory
and a new analysis of chiral meson dynamics in nuclear matter, obtaining valuable
progress in hypernuclei studies and (1405) production in ~ Nucleon interactions,
which included

Development of the aplan-Savage- ise Effective Field Theory for nucleon-nucleon
interactions.

Study of the interaction between the meson and baryon octet.

Determination of the N scattering lengths through the study of pionic hydrogen
and pionic deuteron.

Effects of (1020) in nucleus.

Barcelona and Torino nodes have studied the in uence of Final State Interactions on
the characterization of the nonmesonic decay of -hypernuclei from two-nucleon coin-

cidence observables, providing a cleaner determination of than single-nucleon
observables. The comparison of our results with preliminary FE data has allowed
us to extract a ratio much smaller than previous single-nucleon based values,

and in agreement with most theoretical predictions at present.

A comprehensive investigation was made of the nucleon form factors and the baryon
magnetic moments in the constituent uark model with instant, point and front form
kinematics by the elsinki node. The study was extended to a uantitative assessment
of the need for sea- uark configurations in the pion decays of the low-lying nucleon
resonances.

The elsinki and arsaw nodes have investigated the mixing from recent

uelich / asa data on . These data, used
to extract 3 scattering length, indicate existence of virtual state. An
attempt was made to extract the mixing parameter.

arsaw and elsinki analysis of coupled N N N N systems based on  ma-
trix method and the recent data for () reactions from Crystal Ball (Brookhaven)
suggests a good chance to find eta-nucleon uasi-bound states in  asa and GSI ex-
periments.

Professor Dalitz from Oxford, U mnode, remains a world authority on all aspects
of hypernuclear physics and is regularly consulted by theorists and experimentalists
within the network.

The Valencia group obtained a new determination of the mass of the strange uark
() from hadronic tau decays.

From the available data, the Orsay group derived a lower bound for the uark
mass ratio 14 with 95  confidence level, keeping open the possibility of
large vacuum uctuations of  pairs.



A new strategy has been developed at DES  euthen for a non-perturbative computa-
tion of the b- uark mass to leading order in 1 in the eavy uark Effective Theory
( ET). The approach avoids the perturbative subtraction of power law divergencies,
and the continuum limit may be taken.

) (2

2)

INFN/Bologna and arsaw/ atowice groups developed numerical methods, based
on differential e uations, to calculate multi-loop scalar integrals.

The Bologna group (INFN node), in collaboration with the arlsruhe and arsaw
nodes, has continued an intense activity about analytic and/or numeric evaluations
of multi-loop amplitudes: i) two loop (and more) analytic calculations for Bhabha
scattering and others ED uantities ii) two loop analytic corrections to CD uan-
tities iii) two loop precise numerical evaluations (even on thresholds) of a selfmass
with arbitrary masses from differential e uations.

Two ma or observables, the mass of the  boson and the effective weak mixing angle
sin , have been calculated at two-loops as a result of a collaboration between the
DES - euthen and the Durham nodes. The results have substantial impact on the
indirect determination of the iggs boson mass. The contribution is large enough to
compare with the effects of the recent shift in the measured top wuark mass. The
results have been used by the experimental groups to derive the most recent iggs
mass limits.

The electroweak hadronic contribution to ( 2) was improved in a oint Barcelona-
Marseille analysis via the implementation of the current algebra ard identities and
the inclusion of the correct short-distance CD behaviour of the relevant hadronic
Green s function. New non renormalization theorems for the non anomalous sector
were also proven.

The DES / arlsruhe team made substantial progress in the investigation of low
energy hadronic cross sections both experimentally ( LOE) and theoretically (P O -

ARA). The new LOE result for the cross section ( ) plays an
important role in improving the calculation of hadronic effects in electroweak precision

observables like  and ().

The collaboration between the DES / arlsruhe and atowice group from the arsaw
node has developed theoretical concepts which allow to utilize the Radiative Return
at LOE, CLEO-C, BABAR and BELLE for a precise measurement of the pion form
factor at low . The impact of the FSR contribution on the anomalous magnetic
moment of the muon was evaluated.



Common efforts of euthen/ arlsruhe, Valencia and arsaw/ atowice groups re-
sulted in developing of the state-of-the-art Monte Carlo event generator P O ARA
of processes + and + . It has
helped in  LOE ( ) measurement via the radiative return method. It
was shown also, that this method can be used at B-factories to measure separately
nucleon form factors in time-like region.

The Desy- euthen node showed that isospin breaking effects due to the differences
between masses and widths of the charged and neutral mesons indicate that - data
cannot be used to improve the evaluation of the vacuum polarization effects without
further input from theory.

New precise data on the low energy annihilation into hadrons from Novosibirsk
were used by the arsaw node to obtain bounds on the elasticity parameter and the
difference between the phase of the pion form factor and that of the scattering.

A new analysis of the vector form factor of the pion at next-to-leading order in the
1 N expansion was performed by the Valencia group.

The extraction of charge and matter radial distributions for S-wave heavy-light mesons
using lattice CD in addition to the P-, D-, F-wave energies was done by the elsinki
node.

The role of pion exchange in the two-pion decays of exited charmonia and bottomonia
was investigated uantitatively. The isospin symmetry breaking decay
was studied for extracting the coupling of  mesons to strange and charm uarks.

The nature of the newly discovered positive parity charmed mesons and that of the
scalar resonance  (980) have been investigated by the Bari/INFN group.

It has been shown by the Marseille node that the introduction of a radial exci-
tation of the or mesons allows the large experimental value of the
constant from light cone sum rules to be reproduced.

The group Bern-Frascati has investigated the rare decay B to NNLL
precision for arbitrary dilepton invariant mass.

The first of the three steps in the NNLO CD calculation of the

decay rate was performed by arsaw node taking into account different masses

of the top wuark () and the -boson (). The strength of the relevant
avour-changing interactions is determined at the electroweak scale to the ()

accuracy.
It was demonstrated by arsaw node that the sign of the amplitude can
be determined from the current data on . This has a large impact on

parameters of extensions of Standard Model.



Semileptonic  -decays in the heavy- uark limit of CD were studied through
B orken-like sum rules by the Orsay node. New results came from considerations
of the non-forward amplitude and the systematic use of particular boundary
conditions that allow to put bounds on derivatives of the Isgur- ise function.
These results were extended to include 1 corrections.

The Orsay group proved CD factorisation at one loop for the radiative B-

decays , and , and large Sudakov logarithms were
resummed in the framework of Soft Collinear Effective Theory. The radiative
decays (with  a vector meson) were also shown to factorise at one
loop.

The Orsay group showed that nonfactorisable contributions to some two-body

-decays could be numerically significant, even though they are suppressed in
the heavy- uark limit (charming penguin, final-state interactions). Experimental
data on these decays support this conclusion.

The U node has been engaged in solving the field e uations of CD in the
strong coupling limit. Numerical studies of the Schwinger-Dyson e uations have
been pioneered in Durham. Current investigations focus on the behaviour of

in the infrared region and its relation to hadron dynamics.

The INFN-LNF and Granada groups have investigate the impact of the infrared
behaviour of  upon the energy behaviour of total cross-sections, showing the
need for a singular, integrable, limit.

The new 5 avour LO and NLO global fits and parton parametrizations were
constructed for a real photon by arsaw and Granada nodes.

The properties of the ilson loop in CD for large contours were investigated by
the Orsay group. The resulting covariant three-dimensional bound state e uation
for the uarkonium system was studied in the nonrelativistic and ultrarelativistic
limits.

In the light scalar meson sector the experimental evidence has been strengthened
for the existence of the controversial (800). This means that we could have a
complete scalar nonet:  (600), (980), (980), and (800). This possibility
which was originally suggested by affe was discussd by C. Amsler and N.A.
Torn vist in their recent Physics Reports review.

The recently observed X(3872) charmonium state of Belle, BaBar and CDFII
collaborations is likely to be one the deuteronlike states predicted by
N.Torn vist 10 years ago, ust below the thresholds.

The Barcelona node has studied the connection between the old known Linear
Sigma Model and the low energy constants of ChPT. From the values of these
latter constants, interesting constraints for the spectrum of the low mass scalar
mesons are derived.



The nature of the lightest scalar nonet was discussed by the Valencia and Vienna
nodes.

Radiative decays of the meson were studied by the Valencia node and compared
with experimental data from LOE (DAP NE). Both and (1020) radiative
decays were analyzed by the Valencia node in connection of the nature of  (980)
and  (980) resonances.

The U node has led extensive studies of exotic hadrons during the first period
of the network. The work of the node includes the first proposal that the newly
discovered  (2317) and  (2460) are and bound states, now known as
tetra uarks (hep-ph/0305025). The Oxford group has proposed that the X(3872)
isal state at threshold (hep-ph/0309253), implying a large violation
of isospin invariance in decays. This appears to be confirmed by the observation
of and decays.

A dynamical generation of baryonic resonances was obtained by the Valencia
group.

The claimed penta uark baryon has been investigated in a series of papers by
the U group at Oxford and reviewed in the summary talk by F.E. Close at

adron03 (hep-ph/0311087). These studies have investigated the implications
for the production of the sibling  (hep-ph/04031159), the decays and selection
rules for penta uarks (hep-ph/0311258, 0401192), as well as the implications the
existence of a narrow penta uark baryon has for exotic mesons with strangeness
+2 (hep-ph/0411160). These recent ideas have been developed building on the
work of others in the EURIDICE network, viz. Vento

Penta uark states were analyzed by the Valencia group to determine spin and

parity of , its origin as a N bound state and the existence of hypernuclei
of

The arsaw node has shown that level shift and widths in kaonic deuterium may
constrain the subthreshold N scattering amplitudes. That is an interesting
region of (1405) resonance which may be a uark state and/or N uasibound
state.

The possibility for narrow strange penta uarks in the uark model was investi-
gated in the elsinki group.

The loe experiment took data during year 2002 (about 300 ) in year 2003 there was a
long machine shutdown for the installation and first data taking of the Finuda experiment.
In year 2004 loe resumed the data taking in May and has collected up to the end of the
year another 800 in this period the machine luminosity reached the 1.0 10

milestone with a record of 1.2 10 . The loe program foresees to continue data
taking in 2005 to collect at least another

In the mean time the analysis criteria and tools have been refined and in particular
great care has been given to the MonteCarlo program in order to simulate the detector



behaviour as accurately as possible, including also the effects of machine background. Up
to now loe has published 10 physics papers and 2 more have been accepted and are in
press. Preliminary results from new or updated analyses are being presented to international
conferences.

The loe physics analysis is performed inside three working groups. In the following for
each working groups the analysis items are described.

Through the study of the dynamic of the decay estimates of the masses
and widths of the 3 states of charge of the meson have been obtained, together with
a clear evidence of a direct term.

Through the radiative decay the rare and forbidden decays ,
and have been searched for. For all the three wuoted decays the
LOE sensitivity improves the previous experiments. Moreoever a complete study of

the dynamic of the less rare decays and is in progress.

The decay has been observed in 2 different decay modes of the and the
branching ratio has been measured. From this measurement a new improved estimate
of the pseudoscalar mixing angle has been obtained.

A complete study of the radiative decay of the to the scalar mesons f (980) and
a (980) is in progress involving the decays f , f and a . The
data are compared with several models based on different approaches.

ith the method of the radiative return, the cross section of the process
has been obtained in the center of mass energy range 590 ~ 980 MeV. This, in
turn, allows to get an estimate of the hadronic contribution to the muon anomaly
with very good accuracy.

From the energy scan done in the end of the 2002 data taking, measurements of the
leptonic widths of the and have been performed. Moreoever the cross-
section of the process in the region around the resonance energy has
been measured and the analysis is in progress to extract the branching ratio.

Using the decay , high purity samples of tagged and are obtained.
A complete study of the semileptonic decays of the neutral kaon is in progress. New
improved values for the branching ratios of and for the corresponding
charge asimmetry have been obtained. The branching ratios of and

have also been obtained together with a direct measurement of the lifetime.
All these informations contribute in a very significant way in the determination of the
C M matrix element and in the assessment of the unitarity of the C M matrix
itself.

The branching ratios of the other main decays, , and
are also determined.



The high purity of the samples allows to extract the best present direct upper
limit on the CP violating decay . Analysis is also in progress to study
the rare decay

The most accurate measurement of the ratio  ( ) ( ) has
been measured using also the pure beam.
The ratio of branching ratios ( ) ( ) has also been mea-

sured with high accuracy.

Evidence has been found of the interference pattern of the decay with both
kaons decaying in . From the shape of the interference pattern the decoherence
parameter is estimated.

Using the copious decay , the charged kaon decays ,
and have been studied and the measurement of the
branching ratios is in progress.

The branching ratio of the decay has been measured with high accu-
racy.

A new measurement of the charged kaon lifetime is in progress.

In the following, we list the oint publications which have been completed by two or more
nodes of our network.  henever a young researcher is one of the co-authors of a paper,
his/her name is underlined. e distinguish between papers published in refereed ournals,
papers published in Proceedings of Conferences, and we list, as the last, papers recently
completed and posted in the international bulletin board at Los Alamos and submitted to
a ournal for publication. The published papers have been grouped in six ma or categories,
most of which correspond to the research highlights described in the previous section.

e have refrained from listing the oint publications in order of importance: the only
semi-ob ective way to do this is through use of the impact parameter index, but it is the
opinion of many members of this network that it is often unfair to recent papers and
sometimes it also fails to do proper ustice.
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All the research ob ectives described in the Contract and reproduced in the previous section,
are still relevant and, in our opinion, achievable. In the subsection dedicated to the work
plan, more details about the progress of the pro ect, can be found.

There has been no change in the research method described in our Contract, which is based
on the use of applied to the study of elementary
particle interactions through data collected by experiments in the low and intermediate
energy region, like LOE and DEAR at DAP NE, ASA, NA48, DIRAC, BaBar, BELLE,
CESR-C, FOCUS, SELEX, B-TeV, ERA-B, L. C-B. The theoretical methods used have
included

Chiral Perturbation Theory
Large N - expansion
eavy uark Effective Theory
Exact Renormalization Group
ED and Perturbative CD

uantum Mechanics

The work plan of the EURIDICE network is structured in a number of tasks, grouped into
three main groups. This structure is reproduced in the three tables which follow, where,
together with a  to indicate the assigned tasks at the time of the Contract, we have included



a  to indicate the involvement of the groups during the first year of operation (see First
Periodic Report),

a for the involvement during the second year of operation (see Second Periodic Report),
a  for involvement at the time of this midterm report.

Notice that the last two columns in Table 2 have been more generally labelled to include
items related to the given task. Thus, the column includes now also

, whereas includes the study of scalar mesons and
the newly observed (but not yet fully confirmed) penta uark state. From these tables one
can see that most groups are actually performing the tasks as originally planned. Further
updates and completions of tasks can be expected as the pro ect moves toward completion.

Table 1: Task Assignments in theoretical developments in Effective Field Theories

Team uark | ChPT | Isospin | Large N /N Lattice ET
masses 3 breaking N dependence CD and and
av effects CD and LEET
ours ChPT

EFT
in
Nuclear
matter

INFN

UVEG

UAB

CNRS DR12

CNRS-IN2P3

DUR

ULUND

U ELS

DES euthen

UNIBE

Vienna

arsaw




Table 2: Task Assignments in theoretical estimates and modelling of precision measurements

Team CP C M | Rare | Charm | (  2) glueballs
CPT | Matrix - and and in scalars
M decays | Beauty infrared exotics
decays and and
structure | spectro
functions | scopy
INFN
UVEG
UAB
CNRS DR12
CNRS-IN2P3
DUR
ULUND
U ELS
DES euthen
UNIBE
Vienna
arsaw

Table 3: Task Assignments in studies for future or upcoming experiments

Team

adronic
atoms at
DEAR and
DIRAC

at

ASA

and LOE

MC and
Rad.Corr.
for
at LOE
and PEPII

Charm
factories

Nucleon
scattering

aon- yper
nuclei
from

FINUDA

INFN

UVEG

UAB

CNRS DR12

CNRS-IN2P3

DUR

ULUND

U ELS

DES euthen

UNIBE

Vienna

arsaw




The EURIDICE pro ect is a oint effort between experimentalists and theorists, aimed to
extract informations in the low energy regime explored by the accelerator DA®PNE . As
such, some of our milestones are necessarily connected to the progress of the experimental
program and may not be completely in line with the original milestones. Such is the case
for one particular item, the last one in the milestone table, since the data analysis of the
FINUDA experiment is not yet available for theoretical work.

Concerning the other milestones, the general schedule of our work appears well in line
with the predictions. To illustrate this, we reproduce the milestone table in our contract.
At the right of this table, the ob ectives of the pro ect are reproduced, while the numbers
in the table refer to the specific tasks related to each ob ective. Status of accomplishment
of the milestones is discussed in con uction with the table in the next page.
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ere we list the tasks using different markings to indicate whether a given milestone has
been reached or not. Complementary to the table, and to substantiate the status of progress
in each task, we have included an Annex where a series of comments following the table are
meant to support our assessment,via a bibliographic information.

As a final comment, concerning the milestone table, we point out that a theoretical
pro ect in fundamental physics is really never completed. There are always new features
that appear when a given part of the puzzle has been solved. This is why we have refrained
from indicating as many tasks, where work in continuing, although the initial
endeavour had been fully undertaken

1 uark masses (9

2 ChPT with 3 avours ( )

3 Isospin breaking effects ()

4 Large-N CD Q®

5 N N dependence

6 Lattice CD and ChPT ()

7 ET and LEET

8 EFT in nuclear matter ( )

9 CP,CPTand M ()

10 C M matrix ()

11 Rare -decays (O

12 Charm and Beauty decays ( )

13 ( 2) and ()

14 in the infrared region and structure functions ¢
15  Glueballs, scalars, exotics and spectroscopy ( )

16 adronic atoms at DEAR and DIRAC

17 and at ASA and LOE ()

18 Monte-Carlo methods and radiative corrections for at  LOE and PEPII (©
19  aon-Nucleon scattering ( )

20  ypernuclei at FINUDA ()

completed,
() near completion,
() work in progress,

@® initial plan completed, new features under study



This network consists of 1 Coordinator and 11 participants, 10 of which from Member
States and 1 from Switzerland. Some of the teams include researchers belonging to different
institutions, as we specify in the following.

1.

10.

11.

12.

Istituto Nazionale di Fisica Nucleare INFN-LNF established in Italy which includes
external team members from Sezione INFN di Romal, Sezione INFN di Roma3,
Sezione INFN di Napoli, Sezione INFN di Bari, Sezione INFN di Perugia, Sezione
INFN di Bologna, Sezione INFN di Trieste, Sezione INFN di Torino.

. University of Valencia UVEG established in Spain which includes external team

members from University of Madrid

Universitat Autonoma de Barcelona UAB established in Spain which includes exter-
nal team members from Universidad de Granada, Universitat de Barcelona, Univer-
sitat Politecnica de Catalunya

. CNRS-CPT Luminy, Marseille CNRS-DR12 established in France

. CNRS - Institut National de Physi ue Nucleaire et de Physi ue des Particules

CNRS/IN2P3 established in France, which includes external team members from
IPN- Orsay, LPT - Orsay, Ecole Polytechni ue - Palaiseau, LPN E - Paris.

Universiy of Durham DUR established in the United ingdom which includes exter-
nal team members from Oxford University, University of Manchester

University of Lund ULUND established in Sweden which includes external team
members from University of Oslo, Norway

University of elsinki U ELS established in Finland

DES  euthen DES  euthen established in Germany which includes external team
members from University of arslruhe

University of Bern UNIBE established in Switzerland which includes external team
members from University of urich

Universitat ien U IEN.ITP established in Austria

arsaw University = arsaw established in Poland which includes external team mem-
bers from IP (Soltan Institute of Nuclear Studies), arsaw and University of Silesia,
atowice

The network has two subnodes

University of Oslo, Norway, as a subcontractor of University of Lund, Sweden

University of arslruhe, Germany, as a subcontractor of DES  euthen, Germany

Table 4 illustrates the present involvement of scientists from different nodes in com-
parison with what was stated in Annex I of the Contract. As one can see, the original
involvement is very similar to the present one. The main disagreement concerns the Bern



Table 4: EURIDICE Research Effort after 2 years of operation: Columns (c) and (d) include

also the young researchers financed by the Contract

Professional research effort on the network pro ect

oung Researchers Total Researchers Researchers
N.° Team to be financed by financed contributing
the contract from all sources to the pro ect
(person-months) (person-months) /year | (number of individuals)
(a) as in the contract, | (¢) as in the contract, | (e) as in the contract,
(b) as of 31/12/04 (d) as of 31/12/04 (f) as of 31/12/04

(a) (b) (c) (d) (¢) (f)

1. INFN 48 30 155 183 30 30
2. UVEG 30 3 200 180 19 19
3. UAB 30 26 222 240 26 28
4. CNRS DR12 24 15 80 94 12 12
5. CNRS-IN2P3 24 3 66 66 12 12
6. DUR 48 16 60 76 10 11
7. ULUND 13 15 53 131 6 7
8. U ELS 13 13 58 55 8 8
9. DES euthen | 24 14 122 136 13 18
10. UNIBE 24 23 226 132 13 15
11. Vienna 24 15 60 60 9 8
12. arsaw 0 67 52 11 8

Totals 302 173 1369 1405 169 176

node, with 226 pm/year vs. actual 132 pm/year in colums (c) and (d).
involvement by the Bern node as stated in the contract contained a factual mistake, since
it is impossible to have 226 months/year with 13 researchers. The actual numbers are as

stated in the Table.

Notice that the




In our network, there is one group located in a less favoured region, Granada in Andalusia,
and two nodes lovcated in less favoured regiona, namely UVEG, University of Valencia and
DES - euthen, located in Brandenburg. All of these groups are extremely well integrated
in the network.

For Granada, integration in the network is demonstrated by the many close links between
Granada and the other nodes and subnodes, some of which presently include :

A long standing collaboration between G. Pancheri from Frascati and A. Grau from
Granada, presently focussed on understanding the infrared behaviou of the strong
coupling constant

A collaboration between . Prades from Granada and . Binens from Lund which has
made several ma or steps forward in understanding the value of both and in the
standard model.

A collaboration between F. Cornet from Granada and the arsaw group, concerning
photon structure functions.

As for Valencia, its integration in the network is demonstrated by the very large number
of oint publications and its central role in most of the pro ect ob ectives. Then, for DES

euthen, this node, together with its arlsruhe subnode, is in charge of one of the ma or re-
search ob ectives, the study of the muon anomaly. Researchers from these nodes collaborate
both with Frascati as well as with members of the arsaw and exchange fre uent visits.
Scientists from arlsruhe are part of the experimental group LOE working on extracting
data from DA®NE .

The network has been organized following
the guidelines described in the ork Program. Coordination and communications
were based on the Team Committee constituted by the 12 scientists in charge, who
exchanged fre uent e-mails and telephone calls to discuss and plan both network
meetings as well as the training programme. The state of the network could be regu-
larly checked through the network web page,
where announcement of meetings as well as available positions were posted.

The process followed along the work program, through operation
of the Network Executive Committee, consisting of the 12 scientists in charge, im-
plemented by representatives from the two subnodes, i.e. arlsruhe (DES - euthen
subnode) and Oslo (Lund subnode), by the representative from the Granada team, by
the monitor of progress in B-physics, L. Oliver fom the Orsay node, and the Analysis
Coordinator of the LOE experiment, . Lee Franzini from the LNF-INFN node.
During the first 28 months of operation 6 meetings were held, namely

1. Frascati, October 18th 2002, during the Start-off Collaboration meeting : the
Executive Committee decided the dates for the call for young researcher training



positions and planned for the various meetings and workshops organized by the
participants

Orsay, February 2003, during the Second Collaboration Meeting : the hiring for
the year 2003 proposed by each node was approved.

Paris, December 5th 2003 : assessment of working group activities and prepara-
tion of next Collaboration Meeting were discussed.

Vienna, February 13th, 2004, during the third Collaboration Meeting: young
researcher hiring for 2004 was approved, working groups progress and planning
for the LNF Spring School and for other topical workshops were discussed

Frascati, November 20th 2004 : The Midterm Report, the Midterm Review
Meeting and of the Collaboration Meeting were discussed and prepared.

The network results have been pub-

lished in ournals, and/or electronic bulletin boards, and /or presented at Conferences.
The publication record of the network can be found from the network webpage, where
the publications from each node have a dedicated space. In this space, accessing
SPIRES, the link http://www.Inf.infn.it /theory /rtn/papers.htm lists in real time the
publications by each member of each node of the network.

During the reporting period, network

members have participated with presentations to the following International Confer-
ences:

1.
2.
3.

American Physical Society Meeting in Baltimore, USA, April 2003
Linear Collider School in Ambleside, U , August 2003

Tenth International Conference on adron Spectroscopy, Aschaffenburg, Ger-
many

Photon 2003 International Conference on the Structure and Interactions of the
Photon, including the 15th International orkshop on Photon-Photon collisions,
Frascati, Italy, April 2003

10th  igh Energy Physics International Conference on CD (Montpellier, 2-9
uly 2003).
adron 03: 10th International Conference on adron Spectroscopy, Aschaffen-
burg, Germany, Aug-Sept. 2003

Chiral Dynamics 2003, Bonn, Germany, Sept. 2003

8. Beauty 2003, Carnegie Mellon, Pittsburg, USA, October 2003

10.
11.
12.
13.
14.

39 Rencontres de Moriond in La Thuile, 21-28 March 2004

Linear Collider orld Study in Paris, April 2004

Meson04, rakow, une 4-8, 2004.

DA®NE 2004, 4th International Conference on Meson factories, une 2004
Lattice 2004 Conference at Fermilab, 21-26 une 2004

BEAC 2004, 6th International Conference on yperons, Charm and Beauty
adrons, Illinois Institute of Technology, une 27.- uly 3., Chicago, 2004



15. CD 2004 Conference in Montpellier, uly 2004

16. XXXIV International Symposium on Multiparticle Dynamics, Sonoma County,
California, USA, uly 26th-August 1st, 2004

17. International Conference on igh Energy Physics 2004, Bei ing, August 2004

18. 19th FEuropean Few-Body Conference on Problems in Physics, Groningen, The
Netherlands, 23-27 Aug 2004.

19. 10th International Symposium on Meson-Nucleon Physics and the Structure of
the Nucleon, Bei ing, China, August 29 - September 4, 2004

20. Baryons 04, Palaiseau, Oct. 2004

21. Effective Field Theories in Nuclear, Particle and Atomic Physics Bad on-
nef/Germany, Dec. 13 - 17, 2004

As part of the training and networking program, three types of meetings were organized,
namely

Collaboration meetings,

Topical workshops

LNF Spring School.

All these meetings were advertized through the network webpage. They were often extended
to external participants, and always included presentations by young researchers of the
network attending the meeting. The list of such meetings follows :

1.

Start-off Collaboration Meeting, Frascati, 18-20 October 2002.

Organized by G. Pancheri, attended by about 50 participants from the network. No
external experts were invited.

. Second Collaboration Meeting, Orsay, 6-8 February 2003.

Organized by . Stern and attended by about 70 scientists, with external experts
invited.

LNF Spring School Bruno Touschek, Frascati May 19-23rd 2003.

Organized by G. Pancheri, attended by approximately 50 students, including some
young researchers of the network already hired or to be soon hired, and young re-
searcher from another RTN network, ESOP, which traditionally has held oint sessions
with EURIDICE.

orkshop on Chiral Dynamics of adrons and adrons in a Medium, une 26-28th,
2003, Valencia, Spain.

Organized by E. Oset from the Valencia node ointly with A. Ramos of Barcelona
node, and attended by about 64 people with external experts.

orkshop on in the 1 2 GeV range, September 10-13th, 2003, Alghero, Italy.
Organized by INFN with network participation.



o

orkshop on adronic Cross-section at Low Energy, organized by G. Venanzoni from
INFN-LNF and . luge from the arlsruhe subnode of the DES - EUT EN node,
Pisa, Italy, October 8-10th, 2003.

7. orkshop on adronic Atoms, organized with the collaboration of the Bern node,
Trento (Italy) 13-17 October 2003.

8. Third Collaboration Meeting, Vienna, Austria, 12-14 February 2004.
Organized by G. Ecker , attended by 66 participants from the network.

9. LNF Spring School Bruno Touschek, Frascati May 17-21st 2004.

Organized by G. Pancheri, attended by approximately 50 students, including young
researchers of the network already hired or to be soon hired, and PhD students from
Italian and European Universities from the network.

10. 4Th Conference on Physics at Meson Factories DA®NE 2004, 7-11th une 2004, Fras-
cati.

Organized by Frascati INFN Laboratories with network collaboration. Attended by
150 participants, with young researchers from the network and external attendees.

11. Meeting of EURIDICE Spectroscopy Group, September 18-20th, 2004, in Barcelona.

Organized by A. Bramon and R. Escribano, attended by 30 participants from the
network and 10 participants from outside the network.

This is a network in theoretical particle physics with phenomenological applications. From
this point of view, there are few connections to industry, except from the ones resulting
from the work of the experimental group LOE, some of whose members are part of the
network. In general the close collaboration between experimentalists and theorists in our
network already allows for a large and partly uni ue exchange between theoretical work
and industry.

The training programme is proceeding well. Vacant positions were advertized through the
Cordis page, through the network page, through electronic distribution of the advertisement
to the CERN theoretical group mailing list and to individual node e-mail lists. All nodes
have advertised the available positions.

The training programime is proceeding well. In the following tables we illustrate the status
of training of our network. In Table 5 we summarize the number of young researchers (in
man-months) whose employment has so far been financed by the contract and compare
it with the overall deliverable specified in the contract. In Table 6 we show the original
training plan together with the hiring at the end of 28 months of operation and the presently
committed positions, where pm indicates the length of the contract in person-months.



From the tables one can see that 57 of proposed training has already taken place with
90  of the position committed.



Table 5: Training : Actual Person-months compared with Contract

oung Researchers financed

Contract Deliverable of young

Participant by contract 31-12-2004 researchers to be financed by
(person-months) the contract (person-months)
Pre-doc | Post-doc | Total || Pre-doc | Post-doc Total
12 18 30 24 24 48
3 3 30 30
26 26 30 30
15 15 24 24
3 3 24 24
14 2 16 24 24 48
15 15 13 13
13 13 13 13
14 14 24 24
23 23 24 24
15 15 24 24
Total 26 147 173 48 254 302




Table 6: Status of Training Programme

dgl(i)\lzlet;zkcje R financed Committed
Participant o R to be by the to start or
financed by contract so far continue after
the contract and in next period 01/01/2005
(a) | (b) | (ath) (c) (d) (c+d)
1.INFN-LNF 24 | 24 48 R. Unterdorfer C. Smith C. Smith
9 15 30 9
S. Tsatis S. Trine S.Trine
3 3 9
2.UVEG 30 30 irn 3 irn
3 20
3.UAB 30 30 B. iesmayr 26 M. Verbeni
6 6
1. Scimemi
6
M. Verbeni
14
4.CNRS-DR12 24 24 S. Necco 15 S. Necco
15 9
5.CNRS/IN2P3 24 24 . . Sanz-Cillero 3 Sanz-Cillero
3 20
6.DUR 24 | 24 48 . irn L. Edera 16 L. Edera
12 2 10
. Benhaddou
2
7.ULUND 13 13 T. Lahde 15 T. Lahde
15 9
8.U ELS 13 13 B. ulia-Diaz 13
13
9.DES euthen 24 24 M. Czakon 14
14
10.UNIBE 24 24 B. ubis 23
23
11.U IEN.IT 24 24 R. aiser 15 R. aiser
15 9
TOTAL | 48 [ 254 [ 302 26 147 | 173 | 101




All the young researchers so far have been fully integrated in the research programme, some
of them have already published their results in reeereed ournals, most of them in the form
of electronic preprints and the relative papers have been submitted for publication in the
international ournals.

The measures undertaken in the training program concerned both individual and com-
mon training. Common training was performed through attendance to the Spring School,
paticipation and attendance to the Collaboration Meeting and partecipation to the topical
orkshops dedicated to the research topic of interest for the young researcher. Individual
training consisted in collaboration exchanges and secondments to other nodes to work on
common pro ects. All these activities are listed in the individual nodes reports in the First
and Second Annual Report.
The network has a good proportion of women in leading positions, since 4 out of the
17 members of the Executive Committee are women, namely the Coordinator, the scientist
in charge of the arsaw node, the scientist in charge of the Granada team and the LOE
experiment analysis coordinator. This increases the visibility of women in the field.
Among the 17 young researchers being trained so far, 5 of them are women, representing
a proportion of 29 | higher what is usualy reported for the presence of women in the field
of theoretical physics (according to INFN statistics of the year 2000, in Italy only 11  of
the total number of theoretical particle physicists with permanent positions were women).

In the next Table 7, for each young researcher appointed with network funds, we show the
following information: name, nationality, age at time of appointment, start and likely end
date of appointment, category of researcher (post-doc, pre-doc mentioning if undertaking
PhD studies) scientific speciality, place of work, country of work, and whether the researcher
had previously worked or studied at another network partner.



Table 7: Factual Information on

oung Researchers

Name Nat | Age | Start of | End of Post Spe Place Previous
ion | at ap | appoint | appoi | (PD) or | cia and exp.
ali | point | ment ntment | pre-doc | i Country with
ty | ment (ST) ty of work network

Rene Au 26 1-09-03 | 31-05-04 ST PO1 LNF Student

Unterdorfer It Vienna,
Christopher | Be 29 1-10-03 | 30-9-05 PD PO1 LNF None
Smith It
Stratos Gr 26 1-05-04 | 28-2-01 PhD Po1 LNF Student
Tsatis ST It USA
Stephanie | Be 27 | 1-10-04 | 31-10-05 | ST/PD LNF None
Trine It
ohannes Fr 26 1-10-04 | 31-08-06 PD P01 UVEG Student
irn ES Paris
Beatrix Au 28 1-02-03 | 30-07-03 PD PO1 UAB Student
iesmayr Es Vienna
Ignazio It 34 1-10-03 | 31-03-04 PD Po1 UAB PD
Scimemi Es Bern
Michela It 33 1-11-03 | 31-06-05 PD PO1 Granada PD
Verbeni Es Bern
Sylvia It 29 1-10-03 | 30-09-05 PD PO1 CNRS-CPT None
Necco Fr
uan ose Es 28 1-10-04 | 31-08-06 PD P01 | CNRS-IN2P3 | Student
Sanz-Cillero Fr Valencia
ohannes Fr 25 1-10-03 | 30-09-04 ST PoO1 Durham Orsay
irn U Node
amel Fr 29 1-10-03 | 30-11-03 PD PO1 Durham Student
Benhaddou U Durham

Laura It 29 1-11-04 | 31-10-05 PD P01 Durham None

Edera U

Timo Fin 26 1-10-03 | 30-09-05 PD PO1 Lund ST

Lahde S elsinki

Bruno Es 27 1-06-03 | 30-06-04 PD PO1 elsinki None

ulia-Diaz Fin
Michal Pol 29 1-10-03 | 30-11-04 PD P01 | DES euthen None
Czakon De
Bastian De 28 1-11-02 | 30-10-04 PD PO1 Bern None
ubis Switz
Roland Swi 31 1-10-03 | 30-09-05 PD PO1 Vienna None

aiser




In the following, for each of the young researchers who will present their experience at the
Mid-Term Review Meeting, a description of the young researchers scientific background, of
his responsabilities in the network and of his experiences (positive and negative) to date,
is presented. These sketches have been written by the young researchers themselves, and
show their diverse backgrounds and experiences.













































































































