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ABSTRACT 

Sow recant results of e e~ physics in tha 1 to 2 GeV region are 
reviewed. They begin with studies of electromagnetic final states in wide 
angle Breasstrahlung and in photon-photon collisions. Next, the measurements 
of the hadronic production ratio R are pressnted, together with the new 
determination of tha inclusive K* ratio. Then the exclusive multipion channels 
and the status of claimed vector meson recurrences is reviewed, e* veil as new 
results on electromagnetic form factors in the time like region. 

• Invited talk at tha EPS International Conforme* on High Energy Physio* 
Geneva, 27 June - 4 July, 1979. 
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INTRODUCTION 

e e~ collisions below 3 GeV c.m. energy have been intensively studied 
in the recent years» especially between t and 2 GeV, These studies are aimed 
both at a precise measurement of the total cross section and inclusive 
particle production» and at a search for vector meson recurrences by looking 
at exclusive channels. The e e storage rings covering this domain are Vepp 2M 
at Novosibirsk, Adone at Frascati and DCI at Orsay. Vepp 2H energy range goes 
up to 1.4 GeV, which is about the lower energy limit of DCI and Àdone. Data 
taking has stopped at Adone since June 1978 and we are in the situation where 
only one machine covers a given range in energy. The experiments concerned are : 
OLYA at Novosibirsk, BD, MEA and YY2 at Frascati, H3N and DMl at Orsay. Only 
MEA and DMl have a magnetic analysis for momentum measurement. OLYA» YY2 and 
M3N allowed charged particles and photon detection. 

Because of the small amount of time alloted to my talk, I cannot do 
justice to all the work done in this field, and I have only selected some 
aspects of the results. Section 1 covers new QED studies and section 2 some 
results on total and inclusive cross sections. In section 3 the most prominent 
inclusive channels are discussed and in section 4 results on proton and kaon 
form factors are covered. 

I. ELECTROMAGNETIC FINAL STATES 

a) e e •* e e Y has been studied at Fraecati1' by the YY2 group in 
the two kinematical cases where the three final particles are emitted at large 
angle (wide angle Bremsstrahlung) or only one electron and the Y ray are at large 
angle, and the other electron is detected as small angle (virtual compton 
scattering). The results are in agreement with predictions in both cases. The 
e-Y invariant mass spectra were searched for a heavy electron e , and neu upper 
limits for the coupling constant of this hypothetical e •*• BY are obtained for 
a mass in the range 0.3 to 2.5 GeV. 

b ) e e + « e i 4 where & * stands for e e or p u is the simplest 
photon-photon collisions channel. At Orsay, the two rings system of DCI has 

2) been used by an Orsay-Clermont collaboration to investigate this process at 
2 x 1.2 GeV. 
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The only particles detected were the lepton pair whose momenta and 

angles were measured in the DM1 detector. The use of two e beams eliminated 

the elastic scattering and annihilation background to the photon-photon events. 

For 8.8 nb" 1 of integrated luminosity corresponding to 1300 Moellar scattering 

events, 88 YY events have bean detected with a background contamination of 

K 
6 ± 2. They correspond to YY collisions in a range of small x (x - = — • — ~ 0.1) 

beam 
and small invariant mass (W * 200 MeV). This clean sample of events hat been 

used to test the theory on the distributions of the polar and azimuthal angles, 

of the velocity of the pair center of mass, of the transverse momentum and of 

the pair invariant mass. As an example, this last distribution is shown on 

figure 1. The agreement with theory is excellent, and shows that photon-photon 

collisions are well understood. The next step will be the study of TTTT and 

KK C - + final states. 

2. R AND INCLUSIVE CROSS SECTIONS 

A) The ratio of the total hadronic cross section to the point like u v 

cross section in the energy range 1 to 2 GeV has been measured by the experiments 

YY2 , H3N and MEA . The measurement results from a multipion statistical ana

lysis of the observed topologies of charged particles and photons. The assump

tions made are almost identical for these experiments : 

a) all particles in the final state are pions 

b) Lorentz invariant phase space angular and momentum distributions 

c) maximum multiplicity 7 pions (M3N) or 6 below 2 GeV and 8 above 

(YY2) 

d) two body (ÏÏ it , K K ( pp> final states are not included. 

Moreover, in the YY2 analysis, the 5 pions channel is constrained such that 

a(4 ir1
 TT°) - 2c(2 IT* 3 ir*). 

Assumption b can be checked by looking at the variation of efficiencies 

with the model for some specific channels. Assumption a is probably more deli

cate. As we will see, slready at these energies, about \ out of 4 of the nulti-

hadronic events includes a K pair. These kaons and their decay products tend to 
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mix up topologies, but th« total cross section measurement is probably safe 

at the 10 Z level because it is only the differences between the true and 

assumed efficiencies which enters in. 

The overall accuracy of the measurements depends then most on the 

total solid angle of the detector (70 Z of 4ÏÏ for M3N and 90 % of ATT for the 

improved YY2 apparatus). 

The results are shown on figure 2 as R - a

T 0 T / ° l i U with o » 87 rib/s. 

The YY2 and M3N points are shown together with a point from the MEA group, 

previous measurements from the YY group ^ and the Hark I SLAC-LBL collaboration 
7) at SPEAR . It is worth noticing that radiative corrections have been applied to 

the YY2 data, but not to the M3N one. In any case, the systematic uncertainty is 

of order 10 to 20 1 due to the hypothesis made. Between 1.5 and 2.2 GeV the 

mean value for the Orsay data is R - 2.18 ± .07 (± .2). The Fraacati data Beams 

to show à slight minimum around 2 GeV. The fact that already at 1.5 GeV, R has 

reached a reasonable vicinity to the quark parton model value of 2 is compa

rable to the precocious scaling observed in deep inelastic lepton scattering. 

Taking the QCD time like result at face value 

Z«l , - i£ i 
u,d,s 

B) 4) 

and a given by Yndurain one gets R • 2.16 to 2.26 at 1.5 GeV with a norma

lization point between .45 and .15 GeV. A more precise determination of R is 

clearly necessary to reach definite conclusions on QCD applicability. 

6) As far as inclusive cross sections are concerned, many interesting 

results have been obtained by the MEA group. I think that the most interes-

ting new result is a DM1 measurement of the inclusive K croas section 

between 1.6 and 2.2 GeV. An evaluation of R„ given by 2a^<>/o is plotted on 

figure 2(b). It seems to stay constant around .5 already at these energies. 

RK<> values have been measured at 3.6 GeV by Pluto and SLAC-LBL11J and R K+ 

by DASP '. The DM I measurement is consistent with a constancy of R K in the 

whole range of the old physics - but measurements have to be done between 

2.2 and 3.6 GeV. 



In terms of the quark parton model, a value of IL • 1/3 is expected 
from direct production of strange quarks. The remaining part of K^ could then, 
following Field and Feynman , be translated into a 10 % probability that 
uu and dd quarks get dressed using an BS pair, if such a statement is meaning
ful at these energies. 

3. EXCLUSIVE CHANNELS 

a ) 4 p i o n s ; TT TT n TT a n d TT TT TT°T C 

The 4 charged pions channel is the only one in which photoproduction 
experiments and previous Adone data have clearly established a vector meson 
recurrence, the p'(1600). New data o n e e + ^ H n n come from the DM1 expe
riment at Orsay. The M3N , 7Y2 and MEA experiments have also measured 
it together with the f TT TT°T[0 final state. These results are shown on figure 3: 
À very clear P' signal is visible in the 4 charged pions channel, but a word 
of caution is in order : the left side of the resonance comes from Novosibirsk 
data , except from one point from Orsay at !.35 GeV - so that relative norma
lization problems may occur. The accuracy of the high energy side is greatly 
improved by the DM1 data. For the T TT TT0TT0 channel, besides this relative nor
malization uncertainty, the structure seems quite different. 

If quasi two body final states dominate, isospin symmetry relates these 
two channels : for example, A," or A„TT would contribute equally, whereas 

t + - + -
pe and pf contribute two times more to 4TT , and UTT and p p only to v if 2x e 

+ The yyl group has chosen to fit independently their 4ir" data together 
with Novosibirsk one. Using a p 3 threshold dependence, where p is the cm, momentum 
of the quaai-two body, they get an excellent fit to a resonance with the following 
parameters : 

M - 1649 ± 23 MeV r_ m. - 500 ± 50 MeV r - 3.1 ± .2 KeV FWHA ee 

and a threshold at ^ 900 MeV, One question about this fit is that a p 3 factor 
is quite arbitrary since a p' •* pe or A.TT has a p factor only, and A«TT would 
need a p 5 term. Also, the question of the Tt TT TT0TT° channel is left open. 

On the contrary, the M3N group at Orsay has first measured the ai"0TT** 
content of the TT TT TT0TTQ channel. The resulting cross section is quite flat, 
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and so the remaining part was fitted jointly with the 4TT channel. A one -
resonance fit cannot be found, and the M3N group suggest that two structures 
could exist * the second being almost decoupled from the 4 charged pions 
channel. As an example they get 

oij - 1533 ± 21 MeV T] - 202 ± 70 MeV 

Oj - 1690 ± 14 MeV r - 180 ± 87 MeV 

Magnetic detectors result for the 4n go further in analysing the final state : 
MEA and DMl * confirm the photoproduction* result of a p TT TT dominance. 
The question of A," or even A,1* is much more difficult because of the symme
trize t ion of identical particles which is important. DMl finds that in the 
2 GeV region, the A." channel does not seem to dominate. On the contrary in 
the low energy side the rise of the cross section is predicted to necessitate 
A.* dominance. Detailed dynamical studies are necessary in both channels» and 
in the whole energy range. In particular the existence of a p'(1250) is still 
an open question. 

b) The other multipion channels have been extracted by the unfolding 
procedure» but the YY2 and M3N groups give somewhat different results» especially 
in the 4 ir~2n° channel where Adone data is consistently higher than the Orsay 
points. In these channels, hints for relatively narrow (T < 50 MeV) resonances 
have been found : at 1820 MeV at Adone , and at Orsay3' in 5 TT at 1770 MeV 
and in 5 IT and 3 IT at 1660 MeV. Preliminary 5irdata from the DMl group is shown in 
figure 4 together with the previous M3N measurements. The DMl data does not 
show evidence for the 1770 structure» but is not incompatible with the 1660 

+ one. The 4 TT IT final state is found by DM! to be more than 50 Z u TTTT. 

c) Hew exclusive channels» containing kaons, have been measured by 
the DMl experiment / at Orsay. For example the K K TT IT channel gives a cross 
section quite flat between 1.6 and 2,2 GeV with a mean value of order 4 nb. 
Dynamically» the DMl group finds this channel dominated by K Kir. A resonance 
in the K inclusive final state has been claimed by the MEA group at a mass 
of 2130 MeV. A preliminary analysis of the DMl data in this region does not 
seem to show this effect» but an analysis identical to the MEA group one has 
not yet been done. 



4. ^ K AND p FORM FACTORS 

A very precise measurement of the pion form factor near threshold 
done at Novosibirsk20 confirms th« value predicted by an analytic fit of all 

21) existing data ' both in the time-like and space-like regions. 

The e e -*• pp cross section near the threshold has been measured by 
22) + — 

the DM1 group '. Analysed in terms of hypothetical e e couplings of the narrow 
Baryonium states , they result in upper limits cf 

B - x r < 10 eV for the 1935 MeV state 
pp ee 

B - x r < 25 eV for the 2020 MeV state. 
PP ee 

The resulting squared proton form factor, assuming JC„|2 - IG»!2 *-B 

in agreement with the Adone ^ measurement and with pp •*• e e results » and 
confirms a value about an order of magnitude higher than simple extrapolations 
of the space-like dipole fit. 

The DMI has also measured the charged and neutral kaon form factors 
in the energy range 1.6 to 2.2 GeV. In figure 5 their result is compared to 
previous Adone data and to a p-u-4> extrapolation by F. Renard . The K° 
form factor remains quite small, but the K one seems to show a structure in 
the 1.6 to 1.7 GeV region. If a definite iaospin state dominated the KK channel, 
the K* and K~ form factors would be equal. This is not the case and would in
dicate an interference effect. 

One has here an example of the complicated behaviour of exclusive 
channels. Definite conclusions on the existence of vector meson recurrences 
besides the p'(1600) effect will need detailed dynamical studies and coupled 
channels analysis. Other DMI results also show that kaonic channels give a 
fruitful way to study this energy region were resonance and asymptotic proper
ties mix together. Such a transition region ought to be importance for the 
understanding of badronic physics, and asks for an important experimental 
effort. It seems that an interesting region it almost between the Vcpp 2M 
and DCI energies. The situation would be very improved by the construction of 
the Frascati 1 to 2.4 GeV ALA project . In any case, new and better detectors 
are expected to operate so-- at Novosibirsk and Orsay. 
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Fig. 1 : Invariant mass distribution of the lepton pairs from photon-photon collisions. 
Solid line : Monte-Carlo prediction ; shaded ar<;a : rauon contribution. 
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fig, i : Cross section for the production of (a) A TT" and 
(b) 2 IT" 2 i* final states. 
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Fig» 4 : 5 pion cross section (A IT" TT°) as measured by 
(a) M3N and (b) DMI experiments at DCI. 



Fig. 5 : Kaon form factors. Full line : nu* tail for K +K from Renard. 


