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SUMMARY

A short review of recent experimental results ob
tained at Adone, on multihadronic ete~ annihilation is
given,

Results and comments concern:

1) R values, compared QCD and EVMD predictions ;

2) Charged and neutral multiplicities, threshold for
"energy crisis", G parities and SU3 checks;

3) o(2at, 27t7): evidence for a large p"(1600);

4) g(am +n 2m°): lack of evidence for a 0'(1250);

5) (2n+, 257, n©): possible interpretation of the 1.82
GeV structure.

INTRODUCTION

The results I'll report about are some of the la-
test results from the Frascati ete~ storage ring Adone,
Recently interesting results have been obtained on QED
tests, search for a heavy electron, 7y interactions.
I'1l concentrate only on results on multihadronic e’e~
annihilation, mainly coming from the yy2 experiment.
Results on total cross sections and two body reactions
will be available also from MEA and BB experiments
in the next months.

Adone isanete” storage ring covering the 1nterva1

1.4=W=3.1 GeV with a typical luminosity L.~ 3x 10 29
cm-2sec-l at W = 3 GeV, which drops down to
L~2x1028 at W = 1.5 GeV,

Three of the four interaction regions of Adone
are equipped with experimental set-ups; in the fourth a
small angle (3° - 6°) Bhabha scattering detector, which
serves as a high rate luminosity monitor, is installed.
The luminosity used by the experiments is directly mea
sured by counting wide angle electron pairs detected in
each apparatus.

The three set-ups are somewhat complementary
since MEA has magnetic analysis (42 = 40%), 7?72 is
oriented toward 7 detection (425 90%, A.Q 66%) and
BB uses calorimetric information from large liquid
scintillators (4 = 70%). They are described in detail
in refs. (2, 3, 4) respectively. The three experiments
ran at Adone up to June 1978,

NARROW RESONANCES

All data have been collected in scanning mode. As
first,combining all the results of the three Adone expe
riments, we obtain for the J/-like particle existence,
in the full energy range (1.42=W=3,1 GeV) an upper-
limit of ~0.05 Ige(J/w) with 90% C.L..

R VALUES

In order to obtain R, multiplicities and exclusive
cross sections, using the standard likelihood method,
the following assumptions were made:

Italy

a) all particles in the final states are 7

b) invariant phase space (IPS) momenta distributions ;

c) isospin relation (nt> = 2 n°> for n*¥+n° - 5;

d) maximum multiplicity n-+n® = 6 up to 2 GeV and
nt+no -3 up to 3.1 GeV,

The first assumption is reasonable especially at
lower energies. In a more quantitative way the MEA 9
group has measured the percentage of kaons respect to
the total prongs in a given momentum window (see Fig.
1). This K fraction is lower than 20%.,
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Fig. 1. Ratio between the numbers of K and prongs
whose momentum falls in the range 400=< p=< 600
MeV/ec.

Using a special category of events the yy group
has also estimated an upper limit at 1.5 GeV for KKX
production of 8 nb (95% c.1.), that is 20% of the total
cross section

The DCI-DM1 expemmen‘c7 gives also the ratio
6(KKX) )/61oT = 20-30%. In conclusion this assumption
leads to a systematic error on R of 10-20% at the low-
est energies, that becomes negligible at higher ener-
gies.

The rationale for the second assumption can be
found in the energy distribution of produced hadrons
(Fig. 2) well fitted by a thermodynamical spectrum with
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Fig. 2. Invariant distribution for @ and K as func
tion of the total energy of the particle.
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KT = 14513 MeV. This distribution can be independen
tly reproduced summing the IPS momentum distribu-

tions for each channel weighted with their own exclusi
ve cross sections we will see after, -

The values of R for at least 3m in the final sta-
tes are reported in Fig, 3 together with a large pano-
rama of already published values®-13, The values of
VEPP2M are calculated summing fhe two most impor
tant cross sections that are ¢(2a~, 2a°) and o(4n¥),
The agreement between all the machines is very good.

of R, calculated by

fits very well the value of R above 2.4 Ge\?.

The same contradictory situation comes from

QCD corrections 17

formula R = 1677/ Am2 12 ~ 2,516

2

to the asymptotic value R = 3Zqu

= 2 which gives a R = 2.3 between 2.4 and 3.6 GeV,
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Fig. 3. R versus total energy. The dotted and dashed lines represent the QCD and EVMD

expectations respectively.

The quoted errors are statistical only while the
systematical ones on 7y group data are ~ 20% (due to
luminosity, efficiencies, K presence),

Data from DCI-M3N14, not quoted, are in gene-
ral good agreement with the Adone 7?7 data,

The energy behaviour of the ratio R is now rat-
her well established above 1 GeV,

In the low energy region after the ¢, there is a
sharp rise whose pattern is typical of the opening of
new channelg, In this behaviour the more important
contribution comes from ¢(47-) as we will see later,

Theoretical calculations give good asymptotic va
lues but are not able to reproduce the low energy behg_
viour. The asymptotic value is expected to be reached
from above at the lowest energies where, on the con-
trary, the measured R is growing. More precisely,
the EVMD, with the help of the local duality}®, pre-
dicts, around the asymptotic value, a series of oscil-
lations due to the vectgr meson recurrences, Using
the mass formula Am; =1 GeV2 and scaling I';é and
Iy, with the masses the expected values of R do not
fit the data concluding that, as we will see also later,
some of these recurrences do not exist or have I,
much smaller, On the contrary, the asymptotic value

MULTIPLICITIES, G-PARITIES

Mean charged and neutral multiplicities are re-
ported in Fig, 4. New InW fits are reported also,
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Fig. 4. Charged and neutral multiplicity.
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Comparing neutral multiplicity with 1/2 of the charg
ed multiplicity clearly the so called "energy crisis"
appears starting from ~2 GeV. A possible inter-

pretation for' such a phenomenon is 7%'s production.

Before considering the various reactions which
contribute to the total cross section, let us divide them
in two categories, according to the G-parities. The to-
tal cross section for even, G+, and odd, G-, number
of pions are reported in Fig, 5 (n=>=3ux). G* dominan-
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Fig. 5. GT (sum of ¢(nn) with n even) and G~ (sum
of o(nm) with n odd) versus total energy.

Adone-rr data are in fair agreement with SUg predic-
tion, if no dramatic contribution to G~ is present for
Mgp< W< 1,42 GeV,

EXCLUSIVE CROSS SECTIONS

s(atm-ata-).
The better established channel is the 4 charged
pions. The yy and MEA values are reported in Fig. 7
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ce is expected, Taking into account the quarks content 10

of the p-like and w-like states, one finds:

2 19, Q)

|aete” = w-like =GO _ 1
9

la(ete™ = o-like »aM? |Qu - Qd|2
/ w
. G (W)dwW
I’e(w-hke) ) Mg
T (o-like) W
e / GT(W)aw

Mg

being the I‘e proportional to the integrated cross sec-
tion over the resonance, Data have been collected at
Adone in scanning mode, so a real energy integration
can be done, The result is reported in Fig. 6.
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Fig. 6. Ratio between G' and G~ after the energy in
tegration starting from W = 1,42 GeV,
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Fig. 1. a(:r+:'r “nta “). The dashed line represents

the Breit-Wigner best fit,

together with those already publishedlo' 18,19, 20. The
general behaviour shows a broad resonance centered at

1.5 GeV interpreted as the p-recurrence 0"(1.6).
The dashed line represents a best fit over all the va-
lues with only one relativistic Breit-Wigner with an
energy dependent width for threshold effect (for sake
of simplicity assumed as a simple function of the IPS
of 0"(1.6)~»omm in S wave) according to the following
formulas :

2
o = 127 Mv Fv Fee r=r aK
= 5 = —_—
s (s-M2)2+M2F \% o l+aK
v vV v

where K = IPS(enn)/s and a a free parameter.

The result of the fit gives the following parame
ters:
M_ = 1650 T 20 MeV,
I (M) =17107160 Mev,
vV

I' =287%0.2 kev .

ee

All these parameters are in a rather good agreement
with those known of the "1, 6). The Fe value expec-
ted by local duality is TI'g = 3.1.

Dynamical correlations in the final state have be
en investigated by the MEA grouplo.

Selecting the 4 prongs events the corresponding
Dalitz plot is shown in Fig. 8,
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Fig. 8. Scatter plot of the invariant mass of opposi
tely charged pion pairs, M(sw@y) vs the invariant
mass of the remaining pair M(mwgmy).

The result largerly favours a @sm intermediate state
with the two pions in S-wave,

o(@w "n%x 0,

Another important channel in the total cross sec
tion is that with 2 charged plus 2 neutral pions in the
final state. The yy and MEA values are reported in
Fig. 9 together with those from VEPP2-M?, This cross
section shows a rather different behaviour respect to
the o(4n?),
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Fig. 9. o(a*n-a%x%), The dashed-dotted line is

the calculation of the .QTAIL@wno. The dashed
line is the incoherent sum of the @pa1r, — wa©®
and the 0"(1.6)—> 0°a%aC,

Two contributions must be taken into account.
First, the pg-tail going into wa, computed by Renard??2
starting from the w —> omw decay (dashed-dotted line),
Second, the g@"(1.6) decay via @°g%x° whose cross
section can be taken as (a(4nf))/2, if the two @ are
in S-wave. An incoherent sum of these two contribu-
tions is reported (dashed line) also in Fig. 9.

The measured values are systematically higher

with respect to this curve so that other contributions

should be present,

In the low energy region (W< 1.5 GeV) integra-
ting the cross section exceeding the dashed line of Fig,
9, we get a value I‘e < 0.6 keV. On the other hand
around 1.25 GeV the first @-recurrence is expected.
Local duality, that works rather well on J/% and T
families, gives~":

nlI;e nlrée nlI;e
(,Amz )Q = ( Amz )9, = (F)g“-

Applying this formula to the ¢"(1,6), we obtain, within

a factor 2, the values quoted above,

For the ¢'(1.25) we obtain, using Am?~1 GeVz,

I, = 4 keV that is far from the value I'c £0.6 quoted
above.

o(2a", 2a”, 12° and o(2at, 2a, 24°).

The separation between these two channels is a
very critical one: it depends essentially on how well
the photons detection efficiency is known. For the yy
apparatus this efficiency has been checked on the ob-
served photons taking in account also the optical spark
chamber efficiency for multisparks., However the sum
of these two cross sections does not depend on the pho
ton efficiency and is reported in Fig. 10. The high po-
int at W = 1,82 GeV represents, integrated in energy,
the resonance (I'~ 30 MeV) already published by the
3 Adone experiments4®,
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Fig. 10. Sum of o(2a*,2x",27° and o¢(2at, 22",
. 10),

A nice interpretation of this structure is a decay
of a barionium state near NN threshold according to
the following scheme:

Ba(l=1) - Ba(I=0) + @°

L*Zn‘" 2a” @0,

The small value Pe = 60 eV favours this interpre
tation instead of a standard vector meson recurrence,

Unfortunately, in separating these two channels the
errors become larger (Figs. 11 and 12) so that it is
impossible to determine the resonant channel,

The values of 6(2a%, 2n~, 17°) agree rather well
with the DM1 data21,
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Y2 Group (Frascati-Bologna-Rome Collaboration):
.o PO oADONE YV C.Bacci, R.Baldini-Celio, R.Battistoni, D, Bolli-
o et e—2m ) o ADONE MEA ni, G.Capon, R,Del Fabbro, G.De Zorzi, E, Iaroc
30~ ci, M, Massai, S, Moriggi, G, P, Murtas, G. Penso,
M. Spinetti, L. Trasatti and B, Stella,

nb

MEA Group (Frascati-Maryland-Naples-Padua-Ro
me Collaboration) :
R.Bernabei, S.D'Angelo, B, Esposito, A.Marini,
P.Monacelli, N, Moricca, M, Nigro, L. Paoluzi, L.
10r Pescara, G.Piano Mortari, F.Ronga, R, Santonico,
| + + A, Sebastiani, B. Sechi-Zorn and G. Zorn.,
+ + 2. C.Bacci et al., Phys. Letters 64B, 356 (1976).
‘ J | ‘+ | + ‘ t ‘ 3. W.W.Ash et al., Frascati report LNF-77/18(1977);
0 12 14 16 18 20 22 W(GeV) Lett, Nuovo Cimento 11, 705 (1974).
4, G.Barbiellini et al., Phys. Letters 68B, 397(1977).
Fig. 11. o(2a", 2n°, 17°), 5. B. Espo'sito et al,, Accepted by Nuovo Cimento,
6. C.Bacci et al,, Frascati report LNF-79/34 (1979);
Phys, Letters 86B, 234 (1979).
7. B.Delcourt, Talk in these Proceedings.
8. G. Cosme et al,, Phys. Letters 63B 349 (1976) ;G.
oADONE YY Parrour et al,, Phys. Letters 63B, 357 (1976).
¢ ABONE MEA 9, V.A,Sidorov, Talk in these Proceedings.
10. B. Esposito et al., Lett. Nuovo Cimento 19, 21
(1977); 25, 5 (1979).
201 11, J. Siegrist et al., to be submitted to Phys. Rev.
12. S.Yamada, Proc, of Intern, Symp, on Lepton and
+ Photon Interactions at High Energies, Hamburg

10- M ++ ﬂ + + 13, (c:.glgliés, ibid,

14, G, Cosme et al,, Orsay report LAL 78/32 (1978),

20r

nb
30 Ole e—2m*2m2m’)

+ + 15. M., Greco, Phys. Letters 77B, 84 (1978),
L e e 16, M. Greco, Nuclear Phys., 63B, 398 (1978),
10 12 14 16 18 20 22 WiGeV) 17. T.Appelquist et al,, Phys. Rev. 12, 43 (1975).
Fig. 12. 6(2.ﬂ+, 20", 249). 18. A, Cordier et al,, Orsay report LAL 78/31 (1978).

19. R.F, Schwitters, Proc. of 1975 Intern, Symp. on
Lepton and Photon Interaction, Stanford (1975).
6(«T+ﬂ'ﬂo)- 20, V, A, Sidorov, Proc, of the XVIII Intern. Conf, on
High Energy Physics, Tbilisi (1976).

For completness in Fig. 13 the o(ntn-n0) is
21, B, Delcourt, Talk in these Proceedings.

reported.
22, F.M.Renard, Nuovo Cimento 64A, 979 (1969).
23, B.Esposito et al,, Phys, Letters 68B, 389 (1978);
nb e o oADONE YV C.Bacci et al., Phys Letters 68B, 393 (1978); G.
3o Ole*e—m'nm) ~ADONE MEA Barbiellini et al., Phys. Letters 68B, 397 (1978).
20
DISCUSSION
o Speaker: M. Spinetti
Question: R. Diebold, Argonne National Laboratory
Could you very briefly tell us what the plans
L are for future e"e~ work at Frascati--the

IR ¥ L :
10 12 14 16 20 2.2 W(GeV) time scale?

Fig, 13. o(ntr-mO), Spinetti: At Frascati we are planning to build a new
machine called ALLA that for economic
reasons uses the old machine. The maxi-

REFERENCES mum energy of ALLA will be 2.4 GeV, but

1. List of authors: it will have a very high luminosity. The

goal is 1031em=2sec™?. It could be good to

BB Group (Frascati-Naples-Pisa-Rome Collabora- study very rare channels,

tion) :

M. Ambrosio, C.Bemporad, R.Biancastelli, G.Bro Diebold: How soon would that be operating then?

sco, M, Calvetti, L, Cerrito, F, Costantini, G. Glaﬁ_ How long will it take until one can take data?

SH;’ P.Lariccia, G.Paternoster, L. Tortora and " Spinetti: It has been designed but we need financial
roya,

support for this project.
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Diebold:
Spinetti:

Question:

Spinetti:
Perez:

Spinetti:

When is that being decided ?

It will be decided in about six months.

J. Perez, Orsay
How does your R value compare with the R

Perez:

Perez:

value you measured at Orsay and reported at  Spinetti:

Tokyo one year ago?

The agreement is very good.
The agreement is good.

Yes.
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Okay.

What is the final state of your 1.82 GeV
resonance and why are you obliged to add
one I = 0 and one [ = 1 channel to observe it?

There are uncertainties separating the chan-
nel with one 7© and two m°, so the evidence
in each of these channels is not so strong.

In fact, we say that the barionium interpre-
tation is only possible--we cannot demon-
strate it.






