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An update of the main physics items to be studied at the ¢-factory
DA®NE under operation in Frascati is presented. Such studies include
extraction of the CP-violating parameter ¢'/e, rare and very rare Kaon
decays, tests of Chiral Perturbation Theory, scalar and pseudoscalar spec-
troscopy through radiative ¢ decays, and measurement of the hadronic
cross-section with aim to improve present limits on the accuracy of theo-
retical determination of aqrp(Mz) and (g — 2),.

PACS numbers: 11.30.Er, 12.20.Fv, 13.20.Eb, 13.25.Gv

1. Introduction

In this talk I shall review the main physics items to be studied at the
¢-factory Double Accelerator For Nice Experiments (DA®NE), which has
recently started operating in the INFN National Laboratories in Frascati.
The design luminosity of DA®NE is £ = 5 x 10*2cm 2sec!. With such lu-
minosity, there are many interesting precision measurements expected from
the three detectors which will operate at DA®NE. These are the K-Long
Observation Experiment (KLOE) for particle physics, the nuclear physics
detector FINUDA, and DEAR, DA®NE Exotic Atom Reasearch Detector,
a detector for measuring the formation of Kaonic atoms.

From the beginning, the main scope of DA®NE has ben the study
of direct CP-violation in the Kaon system through the copious number of
¢-decays into K Kpairs. But many other interesting and important measure-
ments can be done [1], namely study of rare K-decays, scalar (S) and pseu-
doscalar (PS) meson spectroscopy through the radiative decays ¢ — v S/PS,
rare p and w-decays through the decays ¢ — 7 p/w, the measurement of
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the hadronic eTe™ cross-section, and, through this, of the hadronic contri-
bution to vacuum polarization in the evaluation of (g — 2),, the scattering
Kaon-nucleon at threshold, formation and decay properties of hypernuclei,
and, as mentioned, formation of kaonic atoms.

Since the first proposal and operation of AdA in 1960 [2], Frascati has
occupied a special place in the history of electron-positron storage rings.
AdA had an orbit 408 cm long and an energy of 250 MeV per beam, and
was soon followed by a bigger project, to be named ADONE, a storage ring
with a 100 meter long orbit and an energy per beam of 1500 MeV. Radiative
corrections to the experiments were known to be important and the special
name of Bond factor was invented by Bruno Touschek for the value of the
photon spectrum at this energy [3]. The first multihadronic production was
observed at ADONE, which confirmed also the the discovery of the J/¥ in
1974. ADONE was subsequently transformed into a synchtron light facility
and again operated as an electron-positron facility in 1989, when it was used
to study the nucleon form factor at threshold in the time-like region with
the detector FENICE. Soon after, the DA®NE project for a ¢-factory with
a c.of m. energy /s = 1.020 GeV, was approved and construction began in
1993.

The Frascati ¢-factory project consists of a LINAC feeding an accumu-
lator which injects positrons and electrons into two separate storage rings.
The two separate rings cross at half angle # =~ 1015 mrad in two interaction
regions. DA®NE is a multibunch machine, which is presently approaching
its first phase of operation with 30 bunches, each of which should reach the
design luminosity of Lgingle bunch ~ 4 X 103%cm—2sec™!. In the second phase,
the number of bunches will be increased to a maximum of 120, so as to reach
the project luminosity of 5 x 103?cm 2sec!. For such luminosity, we show
in Table I the number of events in 1 year of running expected in the main
channels of interest. In the next sections we shall describe some of inter-

TABLE 1
Main ¢-decay modes and Branching Ratioes at DA®NE

Decay channel Branching ratio FEventsin 1y

KtK- 49% 1.1 x 10'°
KAKY 34% 7.5 x 10°

pr +rtr 70 16% 3.4 x 10°
N+ 1.3 % 2.8 x 108
N+ 1.2x10~*

foy <1x10~*
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esting measurements to be performed and their physics content, starting in
Sect. 2 with the measurement of direct CP-violation in the Kaon system. A
discussion of rare K-decays, in particular of Kj4-decays will follow in Sect.
3, where there will also be mentioned the complementarity of such measure-
ments with possible studies in the 7y channel. Sect. 4 will be dedicated to
proposed experiments to measure the hadronic cross-section. For the many
other items of interest, we refer the reader to Ref. [1].

2. CP-violation
DA®NE Main Goal from the beginning has been the measurement of

direct CP-violation in K7, decay through the measurement of the ratio %’

defined through the amplitude ratios

A(Ky, = mtn) , A(Ky, — n%70)

= — N = = —_ 2 ! 21
7+ A(Ks — ntn—) etes Moo A(Kg — ©070) e—2 (21)

The recent mesurement of this parameter at FermiLab [4] and the existence
of previous measurements [5,6] not quite in agreement with each other, ren-
der particularly interesting the measurement to be done at DA®NE, where
the experimental conditions are quite different. Indeed, the study of CP-
violation is usually done at hadron accelerators, where the cross-section is
large, i.e. of order ~ mb, whereas at an eTe™ collider it is always an order

a? smaller. However DA®NE special conditions, namely

e large project luminosity — 5 x 10%2cm2sec ™!
e low background at resonance

e tagged Kg, K1, K° K° because of the special quantum state through
the reaction

ete” = ¢ — KKy,
— K'K°

can make the measurement competitive.

In the neutral Kaon-system the classification of CP-violation distin-
guishes between violation in in the mixing matrix, or indirect CP-violation,
i.€.

(1+e)K +(1-¢)K
V2

with € the amount of mixing in the mass matrix which is revealed through
the ratio

KS,L ~

(2.2)

I'(Ky, — 77 1tv) — I'(Ky — 7t~ o)
F(KL — 7Tfl+1/) + I’(KL — 7T+lfl;)

~ 2Re (2.3)
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and which was measured to be of the order of 1072, and CP-violation in the
decay amplitude, also called direct CP-violation, which could in principle be
measured through the ratio

'K —atn ) - T(K —7tr)

'K —natn )+ T'(K = 7tr)
Actually direct CP-violation is measured via interference of mixing and
decay, through the ratioes 74— and ng: direct CP implies — n,_ #
Moo i.e. ’ ¢’ # 0. In Table II we show the present status of our knowl-

3]
egde on <.

~ 2Re’ (2.4)

TABLE II

Theoretical and experimental status of ¢'/e

Group Theory Experiment
Re'/e x 107*  RNe' /e x 1074

A.J.Buras et al. [7]
0.26 + 22.0
(S)
(G) 7.7, . (NDR)
5.248 (HV )

M. Ciuchini et al. [8] 4.6+3.0+04

Bertolini et al. [9] 17t
E. Paschos et al. [10] 9.9+4.1
NA31 [5] 923+ 7
E731 [6] 74459
E832 [4] 98 + 4.1

The recent KTeV [4] result is based on analysis of & 20% of the collected
data, and further statistics will be presented in the near future. The CERN
experiment NA48 is also expected to present the analysis very shortly. Re-
sults from KLOE should be available within one year. At DA®NE the
method of the Double Ratio

N /NG _ |A(KL — 1) JA(Ks — ntn7)
NP /N2 A(K;p, = 7970) JA(Kg — 70x0)

2 =1+ 6Re' /e

is expected to bring a sensitivity of & (¢/e) = 1 x 107% QL =
5 x 10%2cm~2sec~!. The special conditions in which DA®NE will operate,
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make possible another type of measurements of the ratio ¢'/e, i.e. through
interferometry, to be sketched below. Although the method of the double
ratio leads to a to a higher sensitivity than in the interferometry case, the
latter method can bring information not just on Re'/e but also on Je’/e.
This type of experiments measures the number of events for which there
is interference between the final states in which the { K7, Kg} pair decays.
Consider in fact the decay

¢ — KK = (f1,t1) + (fa, t2)

where fi o are two possible final states of the Ky, ¢ decays and ¢; o the two
decay times, measured through the distance [11] travelled by the Kaons
before decaying. The number of events observed to decay into a given set
of final states {fi, fo} with the time set {¢1,%2} is a function of the various
parameter of the Kaon system and of the CP-violation ratio ¢'/e, , i.e. one
has [12]

1
I(flaf?aAt) ﬁ|<f1|KS >< f2|KS>|2Xg7
g _ |7]1|26_FLAt+|’I72|26_FSAt
—2lmi||n2]e A2 cos (AmAL + Ag)
with n; =< f;|K1, > / < fi|Ks > and the time difference At =t; — t5. For

fi =7t7r and fy = 7%70 the inteference pattern is shown in Fig. 1, which
we reproduce from Ref. [12]
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Fig. 1. The interference pattern shown corresponds to §(Re'/e) = 1.8 x 10~* and
§(Je’fe) =3.4x 1073,
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3. Rare K-decays

With the expected luminosity rare and very rare K-decays up to branch-
ing ratioes of 1079, can be expected to be measured at DA®NE. Within
Standard model expectations, rare decays of interest and measurable at
DA®NE include radiative Kaon decays, measurement of the scalar form
factor in Kj3-decays, checks of ChPT in Kj4-decays. Radiative Kaon-decays
have been studied in great detail within Chiral Perturbation Theory and we
list in Table III some of the expected [13] branching ratioes and the actual
statistical significance which can be reached at DA®NE.

TABLE III
Radiative kaon decays of interest for DA®NE [13]
Channel BRexp BRiheor # events/yr
Two photons in the final state
Ks — vy (2.441.2)-1076 2.1-10-6 3.6-10°%
K1, — vy (5.73+£0.27)-107% ~5-107% 6.3-10°
K1, — 70yy (1.70 £ 0.28) - 10~ ~ 106 1.9-102
Ks — w0y (M >220 MeV) - 3.8-10°% 65
K+ — ntyy <1.5-1074 ~5.1077 ~4.5-103
K1, — 7970y (| Moy — Mr|>20 MeV) - 3-1078 33
Kg = n'n%yy (|Myy — Mz |>20 MeV) - 5-10° 8
One photon in the final state, internal bremsstrahlung
Kg = ntn—y (Bx>50 Mev) (178 £0.05) - 10-3%  1.75-1073 3-106
Ky —»ntn—y (E2>20 MeV) (1.49£0.08)-107%  1.42-1075 1.5-10%
Kt = ntaly (T*=(55-90) Mev) (257 £0.16)-10"*  2.61-10"* 2.3-106
One photon in the final state, direct emission
Ks — ntn—y (E%>50 MeV) <9-107° ~ 10~6 ~1.7-108
Ki - rmtn—y (E%>20 MeV) (3.19 4+ 0.16) - 10~5 ~ 1075 3.5-104
K+ - ntn0y (T* =(55-90) MeV) (1.84+0.4) - 1077 ~ 1075 1.6 - 10°
Lepton pair without pions
Ky, — ptp~ (7.440.4)-1079 ~7-1079 8
K1, — yete~ (9.1+0.5)-10-6 9-106 1.0 - 104
Ky = yputp~ (2.84+2.8) 1077 3.6-10"7 4.0-102
Kg — vyete™ — 3.4-108 58
K —ete ete™ (3.940.7)-10—8 — 43
Lepton pair with pions
Kg — mYete™ <1.1-1076 >5-10710 >1
Kg — n%utpu— - > 1010 -
Kt = rtete~ (2.74 £0.23)-107  ~3-1077 2.5-10%
K+ o atutpu~ <23-1077 6-10~8 5.4-102

Ky = ntn—ete~ <25-.10-6 2.8-10"7 3.1-102
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Other interesting Kaon decays to be studied concern the scalar form
factor in K3 decay and the measurement of 77 phaseshift at threshold in
Kj4-decays. For the first of these, the high statistics expected at DA®NE
should definitely clarify the theoretical situation [14]. Here, we shall describe
in some detail the more complex situation situation concerning K, decays
[14]. These decays constitute the only available source of clear information
on 77 scattering at threshold. From the decays K = mwwlv one can in fact
learn about nm — w7 and hence about the pion-pion scattering length in
the isospin I = 0 channels, aJ. There are various theoretical predictions for
this number, starting from the current algebra value a9 = 0.16 m_! [15], to
the more recent predictions in Chiral Perturbation Theory to leading [16]
and mnext to leading order [17], aJ = 0.2 & 0.01 in units of m;!, and in
G(eneralized)Chiral Perturbation Theory [18] where al = 0.263 4 0.052.
These number can be compared with the experimental information from the
CERN-Saclay experiment [19] which has been fitted with aJ = 0.26 & 0.05.
A fit to the data with different values of the scattering lemgth, is shown in
Fig. 2 from [20].

180 T T T T T T T

(degrees)
=}
o
T
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0.3 0.5 0.7 09
Vs (GeV)

Fig.2. I = 0 S—wave 7w phase shifts, 63, below 1 GeV: experimental values
compared to BFP’s fits [21] using the Roy [22] equations, fitting 4] above 500 MeV

to the phases. Curves a,b and ¢ correspond to alternative values for the I = 0
S—wave scattering length aJ = 0.17,0.30 and 0.50.
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Fig. 3. Results for the w7 phase shift difference 6 — ] inferred from the Geneva-
Saclay K.4 experiment and different theoretical calculations.
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Fig.4. We show the data for vy — 7%7° from Crystal Ball Collaboration [24]
in comparison with results from Chiral Perturbation Theory one loop result [25]
O(p*) (dashes), Chiral Perturbation Theory two loop result [26] O(p®) (full) and
those from a dispersive analysis [27] with aJ = 0.2 (band).

Recent theoretical estimates [17,18| are shown in Fig. 3.

Complementary information on a can be extracted from the process
vy — 7% and 4y — w7 ~. Phase space is limited for 4y physics at
DA®NE, but detector capabilities (KLOE) and full phase space utilization
make it a possibility worth pursuing. The physics items of interest are mainly
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Fig.5. Integrated cross-section data for yy — 7%7% as a function of the 7 invariant

mass.

e study of 7m system at threshold, where one can study the loop structure
of Chiral Perturbation Theory [23], pion polarizability and azymuthal
correlations both in the 77~ and 7%7% system:;

e study of the decay constant and transition form factors for 7,7

The present theoretical and experimental status of yy — 7%7%, which is the
most interesting process from the Chiral Perturbation Theory point of view,
is shown in Fig. 4.

It is worth noticing the strong dependence of the process vy — 7070

from the value of aJ. This is shown in Fig. 5 reproduced from [28].

In Fig. 5 data are from Crystal Ball scaled to the full angular range by a
factor of 1.25 [28] and the lines, labelled by the value of the I = 0 77w S-wave
scattering length in steps of 0.05 from 0.1 to 0.3, illustrate the effect on the
dispersive predictions of different extrapolations of the w7 phases above 520
MeV down to threshold. The bands above 500 MeV on the @) = 0.1 and
0.3 curves mark the range generated by different asymptotics for the vector
exchanges.

Finally, in view of the observed K™ — 7tvi event [29] at Brookhaven, it
has been suggested [30] that DA®NE and KLOE may have a chance to im-
prove present experimental limits for the decay K — 7’v. Although there
is no chance to positively observe this decay, whose B.R. in the Standard
Model is a very small 3 x 10~ [31], the special experimental conditions
at DA®NE and the characteristics of the detector may be able to exclude
possible deviations from the Standard Model expectations.
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4. The hadronic cross-section and the contribution to (g — 2),

One of the most important precision measurements in particle physics
is the measurement of the anomalous magnetic moment of the muon. The
present experimental status of this measurement is summarized in Table IV

TABLE IV

Status of measurement of anomalous magnetic moment of the muon

Laboratory ap Xt ~ (g;—Q)) u Precision  Year
(1162+5)x10°° 4300 ppm 1960

CERN [32] (116 616+31) x 10°% 270 ppm 1970
(1165924+85)x 107 7.3 ppm 1979

BNL [33] (1165925+15) x 107 129 ppm 1998

BNL [34] (...£0.40) x 10~° <1lppm > 1999

Theoretically [35] this quantity is given as

th _ QED | _Weak | _had
a, =a;" +a,; " +a, (4.1)

where, in units of 107!,

a?FP = 116584705.6(2.9) has been calculated [36] up to order (o/7)>

aiIiVeak — 195(0ne loop) — 41(4) (tWO loops) [37,38]

had __ vac—pol light—light
a,"" = ay + ay

with aﬁ“d, to leading order, calculated through the first of the four graphs
shown in Fig. 6.

h

s
h
n n n I
Y v
ot

7 no n u

Fig. 6. Graphs contributing to af,*!
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In Ref. [36], the complete standard model prediction for a, is given as
a, = 116591596(67) x 10~ (4.2)

with a theoretical error already close to the goal of the K821 experiment
at BNL [34]. Such a small error was recently obtained through a number
of theoretical improvements in the calculation of aﬁad [39]. However, other
estimates differ on the size of the error, namely, the authors of Ref. [40]
attribute a larger uncertainty to the quantity aZad. Their updated evaluation

for the leading order contribution from vacuum polarization alone, in units
of 107! reads

ahad

4 = 6967 £ 119 from vacuum polarization to fourth order in a. (4.3)

To clarify the origin of the error and of the difference in evaluation, let us
examine this term in more detail. Up to sixth order in «, the contribution

to azad is written as
aﬁad = aZaC_pOl(élth order) + a}'f‘c_pOl(Gth order) + az_l , (4.4)
where [41]

a;/Lac—pOI(Gth order) = (—100 + 6) X 10_11 .

The other three graphs shown in Fig. 6 contribute to the light-by-light scat-
tering term al, ! for which [42,43] one can use the average estimate [36]

ai:l = (—85 4 25) x 10~ !'. For the charged pion loop, the pointlike case
has been considered, as well as the case where p-dominated form factors
are associated with the vy — wm vertex. The error here is probably larger
than what is quoted [44]. The uncertainties can be reduced to both the
treatment of the p-dominated form factors and the masses circulating in the
loop. These terms are of the same order as the higher order contributions
to the vacuum polarization graphs (not shown) as well as of the two loops
contribution to a"V¢2k, Notice also that it is the vacuum polarization graphs
which drive the error on a,. These hadronic contributions to the anomaly
from vacuum polararization are not computed from firts principles with suf-
ficient accuracy [38] and it is necessary to use an experimental input through
dispersion relations. Indeed theoretical calculations for leading order are so
far based upon

o

1 . ds

—pol

axac pol _ H / Ue+e*—>hadrons($)K(3)? ’ (4'5)
4m?2

where the function K (s) has a monotonic behaviour. aZaC_pOl is then evalu-

ated using measured hadronic ete™ cross-sections and their error and, since
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the integral is strongly peaked for small s values, most of the error on a}* %

comes from the region < 1 GeV, basically around the p — w resonances.

We show in the following table the latest evaluation of these contributions
[40] and the accuracy which is requested in order to obtain a"*! with an error
comparable or below the one expected from E821.

TABLE V

Contributions to a}**~"* in units 107'° from a number of exclusive channels and
required accuracy [40].

Final state value acc. Final state value acc.
pyw — T 506 0.3% 3T 4 10%
w — 3T 47 ~ 1% KtK—- 4 d
40 J KsKj, 1
ata—a070 24 . ate—ata— a0 1.8
ato ntn~ 14 . sttt nta~ 0.5
- nta 7070 5 10% D 0.2
Mjg < My 20
E > My <5

This table reflects the fact that in the regione above ~ 2 GeV, remark-
able improvements have been obtained using PQCD [39, 45], but it also
shows the importance of the region below the ¢ resonance. Here the present
error is still in the range from 5% to 20% [40], with estimates which change
according as to whether one uses or not input from 7 decay data, with
results obtained through theoretical improvements like use of Conserved
Vector Current (CVC) and 7 spectral functions applied to ALEPH and
OPAL data, Perturbative Quantum ChromoDynamics (PQCD) and QCD
Sum Rules [39].

As a result while the region above ~ 1.5 GeV can be now safely evalu-
ated theoretically, there still remains the region below the ¢ where the main
portion of the present remaining error lies. An energy scan around the p at
DA®NE could reduce the error. Presently there is ongoing work at Novosi-
birsk where the goal is a 2 percent systematic uncertainty. The requirements
for energy scan at DA®NE to reduce the error can be estimated from the
fact that the contribution from ete™ — p — mT7~ represents ~ 70% of

the lowest order estimate of a;’ﬁc_had. Thus the p contribution should be

measured with an accuracy of at least 10% of axveak, i.e. £15 x 101, which
implies a measurement of the integral to an accuracy of ~ 0.3%. An in-
tegrated luminosity of ~ 10 nb ! is required for measurements around p
mass. For the complete measurement (at lower energies more statistics for
the same accuracy is required) the (modest ) requirement is ~ 380 nb ™!
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at DA®NE luminosity [47]. It has been realized however that DA®NE
will probably not go out of the ¢ peak for the next 5 years and alternative
proposals [48-50] have been put forward and are presently under scrutiny.
These proposals are based on the use of Initial State Bremsstrahlung to tune
the energy of the hadronic system and access c.m. energies below the ¢, i.e.
through the process [51]

Fig. 7. ISR and the Hadronic Contribution to a}2¢~P°!

et(p1)e (p2) — (k) + ~* — v(k) + hadrons
(p1+p2)° = M

To obtain an estimate of this cross-section for the DA®NE setup, consider
the simple case of soft photon approximation !, where, in leading order, the
process shown in Fig. 7 has cross-section

do(k,0,) Uhg% sin? 6,

dkdcos6, ~ " "m k (1 — 2cos26,)%’

where 6, is the photon angle with respect to the beam. For photons emitted
at an angle greater than 6p,;, the differential cross-section as a function of
the photon energy is shown in Fig. 8, from where one can see the reduction
of the the cross-section for two different values of the angle Opin-

To leading order, the photon spectrum is factorizable, and therefore the
contribution to aZaC_pOl in a region from threshold to just below the ¢ is
now obtained as an integral sum over the photon energy, rather than over

the eTe™ c.m. energy, i.e. one can write [48]

kmax
M? do(k
h_ ¢ 2 o(k)
au——ﬂ /dkF(k,M¢,0min)—dk , (4.6)

kmin

where

! for an expression of arbitrary photon energy, see [51]
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Fig.8. From [48]: differential cross-section for ISR process

do(k)/dk is the cross-section for Initial State Radiation processes (ISR)
integrated over 0.,

F(k, M;, Omin) is inversely proportional to the radiative factor for emission
of a photon of energy k at all angles larger than 6, relative to the
beam direction.

Preliminary findings by Spagnolo [48], using the photon resolution of the
KLOE detector, for 3 months running at full luminosity, indicated that the
error on a;’fc_pOl from the region below the the ¢ could be as small as 1073.

The errors come from two distinct sources, i.e.

statistics, which indicate 5Xac*p01’smt = 1.7 x 10~ for one year of run at
full luminosity and pessimistic efficiencies for photon detection

systematics, which give 5Zacfp01’sys‘t =9.2x 107" from approximating the
integral with a finite sum and because of the finite energy resolution
of the Electromagnetic Calorimeter.

This method needs calculation of radiative corrections and full detector sim-
ulations. Particular attention will be needed to estimate the contribution of
hard collinear radiation from the initial state which can affect the determi-
nation of the available energy to the hadronic system [49]. This proposed
measurements relies uniquely on the photon detection and may be affected
by errors due to misidentification of the photon, in particular the possible
sources of brackground are
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— T which appears as w7 <y 1f one O e photons from the m

+ 0 which Ty if f the phot f the 70
goes undetected ( as it is the case if £, <20 MeV). This process has
a large cross-section and it should not be undeestimated.

¢ — w7, with the photon emitted from the final state pions, i.e. due
to FSR.

The background due to FSR is particularly dangerous for low photon ener-
gies, as one see from Fig. 9 from Ref. [48]. In such case, a cut on the photon
energy is mandatory to reduce the uncertainty on the determination of the
energy of the hadronic system. An interesting possibility [50] is to measure
both the photon energy, using the photon as a trigger to select the energy
of the hadronic system, as well as the Q2 of the final state. This method
takes advantage of the high precision of the hadronic calorimeter in KLOE.
In particular, present studies are concentrating on the determination of the
p excitation curve and the two pion final state. Final State Radiation is still
a dangerous source of background when the energy of the photon is a few
ten MeV’s. Simulation and detailed suggestion for cuts both on the photon
and the pions are proposed in Ref. [50].

1
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:

Fig.9. Cross-section for the process eTe™ — ntm =y at /s = Mg, with the photon
emitted from the initial electrons (heavy line) or the final pions (thin line).

5. Conclusion

Some of the highlights of the DA®NE physics program have been been
presented, namely the measurement of direct CP-violation, rare K-decays
and the measurement of the hadronic ete™ cross-section. Many other in-
teresting measurements, in addition to the ones discussed here, will be per-
formed and we present in Table VI a summary of what can be expected at
DA®NE in the future years of operation 5.
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TABLE VI

The physics spectrum that can be explored by the ete " DA®NE collider in the
next 5 years and physics results which can be expected. Estimates are based on a

—2 -1

design luminosity of 5 x 1032cm™2sec
Vs in MeV 5001000 1020 1100+ 1500
CP/CPT e'/e
K-decays up to
precision 1078 +107"
.1 ¢ —n.n'y
physics
T ¢ — KK
phase-shifts K — evnm
Scalar and o — ao/ foy p,w(1450)
Pseudoscalar
meson structure =1y = (p,w)yy = (n,n', )y
Light Vector VMD and the ¢qq content

mesons ChPT refined of ¢, w

Higher decay width
Vector Mesons mass parameters
Scalar Glueballs ¢ — ao/ foy

Ototal — ete”
and hadronic
contribution

to (g —2)u

presently most of
the error (60%)
comes from here

5% of the error

15%
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