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1. Introduction

In this contribution recent results on e’e” arnnihilation are presented, which were obtained with

detectors of very different but complementary designs at the storage ring DORIS.

The accelerator and storage ring complex DESY-DORIS is shown in fig.1. DORIS consists of two vert=
ically separated rings which ceross each other at two interaction points. The rings are filled in the
following way: elecirons are injected from the linear accelerator I into the synchrotron, accelerated
10 the desired energy and transferred to DORIS. Fositrons are produded in the linear accelerator II
by conversion of electrons striking a target; they are collected after the target and accelerated
prior to injection into the synchrotron. Each ring can be filled with 480, 240, or 120 bunches,

where the lower bunch numbers optimise the luminosity at higher energies. The double ring stiructure
permits also to store particle combinations such as e e or e p, but in view of the exciting results
frem e'e” ccllisions those other combinations have not been used up to now, DORIS has been operated

ancm-2 c"'1 at

at total CMS energies between 3.0 and 5.2 GeV with a maximum luminosity of 2.1 se

mashine currenta of about 200 mi.

The four detectors which have taksn dats &t DORIS are described briefly in the following chapters.
The majority of experimental results reported here comes, however, from data taken during the year
1976, where the detectors DASP and PLUTO cccupied the two interaction regions and collected each

a total integrated luminosity of about 6000 nb-1.
The double arm spectrometer DASP{TH Aachen, DESY, Univ.Hamburg, MPI Hinchen, Univ.Tokyo)} is a device
which is partly megnetic, covering 0.072¥4f of sclid angle, and which has a normagretic inner part
that subtends over O.70x4% sterrad. & top view of the detector is shown in fig.2. Each of the two
identical spectrometer arms has three proportional wire chambers in front of the magnet and six
spark chambers behind, which define

the track of & charged particle. &

particle further proceeds through _ /ga——% 26538
ti f flight counter, a shcower .
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Fig.1 Schematic view of DORIS storage ring and injection system
between the two magnets. A view
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along the beam pipe is shown in fig.3. A particle from the s_rw_\gqgr_co_t,_sntgrj .“
origin penetrates four layers of sandwiches, consisting of proportional chambers | tube chamber
| ‘
lead ;

scintillators, lead and proportional tubes, which measure 1 o '
| scintiltator . legd

the conversionpoints of photons, and a lead-scintillator
shower c¢ounter, This detector determines the direction of
charged pariicles and photons %o within £ 2% ang gives an Fig.3 View of the inner detsctor of DASP
energy measurement for photons and electrons. Also shown

are two Cerenkov counters which improve the electron separation in the cuter arms considerably. The
spectrometer is irigeered on & single track, that penetrates to the shower counter. The inner dets
ector can be triggered either on the number of tracks or photons seen, or on the amount of energy
deposited. DASP provides a precise momentum cdetermination and s good particle sepsration in a lim=

ited so0lid angle and measures the directions of charged particles and photons in a large part of 47N

4 completely magnetic device with 'full' solid angle coverage is the solenoid PLUTO {DESY, Univ.
Eamburg, Univ.Siegen, Univ.Wuppertal), as shown in fig.4. It has a superconductive ceil with a
usable volume of 1.4 m diameter and 1.05 m langth, The maximum magnetic field is 20 ¥G., The inner
region is filled with 14 cylindrical proportional chambers. Two lead converters are inserted at
radii of 37.% cm and 59.4 cm which have a thickness of 0.44 and 1.72 radiation length respectively.
They allow thg detection of
iron yoke -._ photons by pair- or shower prods

ucticn, and alsc the separation

superconducting coil :
’ of electrons from hadrons. The
mucn chambers

-

s,

momentum resclutien Ap/p = 16.06
at 1.5 GeV/c is still dominated

lead converters by multiple scattering in the
chamber wells and lead converters.
Muons are identified in prepor=

proportional —.. .. - tional tube chambers on the yoke

chambers surface, where the iron acts as
filter agsinst the hadrons. The
detector is triggered by a wire
logie on two or more tracks in
0.86*4fr s0lid arigle. The solid

angles covered for the detection

DESY

of charged tracks, electreons or
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t . 1 photons, and muons are 0,94, 0.56
Pig.4 View of the solencvid detector PLUTO and 0.50%447 respectively. The
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outstanding feature of FLUTC is the clean identification of muons, The moments of charged particles

are measured with mocderate accuracy in a large solid angle, Electrons and photons are separated,

4 nonmagnetic detector, DESY-HD {DESY,

I
Univ.Heidelberg), is shown in fig.5, The ron

In
beam pipe is surrounded by cylindrical an Ieom

drift chambers, followed by NaJ- and lead
glass cotnters, cosmic ray counters, and
en iron shield which is covered by a layer
of muon chambers. & cylinder filled with
mercury of two radiation lengths thickness
in front of the last drift chambers, which
can be filled or emptied between runs,

acts as photon converter, 5Solid angles

covered feor detection of muons, electrons . Iran
. Details of the

or photona, and charged particles are Cyﬁndrmalﬂaedor H
G.32, 0.45, and 0.95x4f respectively.
Energy resolutions are 4E/8 = 0.11 at

1 GeV (FWHM) for NaJ and AE/E = 0.30 at

o e e P N—
i 5 Mm% Hem
Fig.> Neutral detector DESY-HD, N = NaJ, L = leadglass, ¢ = coamic c.

1 GeV {FWHM) for lesd gless. The event trigger can be varied according to the desired mumber of visibvle charged
tracks, and the amount of energy deposited in the counters. The detector measures directions c¢f charged part-
icles and photons, and distinguishes leptons and photons from hadrons. Events with up to four tracks or showers

can be reconstructed kinemetically from the particle directions.

The other non magnetic detector at DORIS is specialised in the detection of neutrons arnd antinentrons: 3ONANTA
(Univ.Bonn, Univ,Mainz). It is shown in fig.6 in a view perpendicular to the beams. Four cylindrical proportiocnal
chambers allow the tracking of charged particles.They are surrounded by veto counters, by a sguare sheped ring

of neutzon counters and by another ring of veto counters, Alsoc the endfaces are covered by veto counters as
indicated. The fig,7 shows the star from s2n antineutrcn cbtsined in & run taken early this vear at DORIS. The
event is traced by a precise messurement of energy deposit and time of passage, q;t= 0.4 nseec, through the

various counters. ﬁ- 0.8% £ 0.6 for the N is derived from & beam crossing signael,
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II. Spectroscopy of the resonances 3/ ¥(3.1) ana Yi(s,7)

Decays of the resonancea have been cobserved in different modes. With the DASP detector the three :
photok final state has been analysed, using events from the inner detector. The detector DESY-HD
investigated the Xorte channel, snd results from PLUTO concern the decays J/ V»;T'n—*'ﬂ’"?ro and
fy‘-bb’rJ/’}/f. The branching ratios &nd decay widths measured are collected in table %+ and table 2,
The data in the tables are selected according to the aim of this talk, which presents the more
recent results from DORIS experimentm. In the following only some important decays of the list

will te discussed here.

The analysis of the three photon final state reguires the three showers to lie in & plane with

the interaction point. Compared to earlier results ! the data reported here are bamsed on mPre
statistics and & new study of the QED backgreund. There are two kinematic soiutions for the inve
ariant two photon maes. The low mass solution is shown in fig.a. The s0lid line ig & fit to the

data wifh 7Zand '+ which includes the background as Indicated. The resulting branching ratios

I/ V—-ré/?g‘, and J/ Y= )’7[ are listed in table 1. The rather large error in the latter decay results
from the low fraction of the decay 12"-13/3’ of 2, The DESY-Heidelberg groupz)observed the'rz‘also in the
decay mode #9° with 30% fractional decay. The invariant mass distribution, M¥T'T™) iz shown in
£ig.?. The shaded area is a result of cuts which reduce the background below the n' signal by

o
excluding the 'Ircmass and restricting the Tmass to the § region.

There is improved evidence 1) for the exsistance of the state X{2,8) in the deca.y_.}’/ V"’ ¥ x->¥¥y.
Fig.loshows the high maass sdlution of the three photon mode, where the =olid line is the result of
a fit which includes thé background as indicated. It yields a mass Mx = 3,83 i 0,03 GeV,. The
evidence for this state, suppcosed to be the expected speudoscaler )Zc':' is now a 5 standard deviation
effect.

Most of the decsy widths listed in table 1 lie between 50 and 500 eV. Small widths are in fact
expecied on the basieg of the 0ZI rule 5). There have heen attempts 4) to arrive at more gquantitative

predictions bY assuming SU(4) btreaking which, with & 107% admixture of o3 to the final state part=

icles is partly successful to predict the decay ¢ with T;ﬁ. = 600 eV, whereas the radiative decays
come out much toe high T;,l = 670 eV, 1;.,2. = 3600 eV {see list). Note that three decays of table 1.
have much smaller widihs than the rest. In the cc - mixing model, the small width of the channel

31T° is understandable since such & compenent in the ‘n’o is forbidden by isospin. The measured rate
also agrees roughly with a value predicted from the vector dominarnce model 5). For the direct

decay J/ V-DWX only 5 svents were found, yielding the upper limit of T;ﬂ < 5.1 eV quoted, This low
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Table 1
List of branching ratics J/ ¥/'—f

channel £ BR x 10° T (e} detector
yn®© 0.073%0.047 5.055.2  DAsP
¥y 0.20 *o.18 55 12 Dase
1.3 0.4 g1 fos TRSY-HD
¥y 2.2 1.7 152 Y117 Dpasp
2,4 tc.7 165 fgs  DpESY-HD
¥ X 0.12 0.0 8.553.5  DASP
XYYy < 0.078. <. 5.1 DASP
gfr 10,0 2.0 630 1138  DESY-HD
wirtt™ 7.8 1.6 543 It00  PLUTO
wf 4.0 Ttz 276 fes  priTO
2EMT 58 fo.r 193 47 PLOTO

width is in good agreement with a prediction6)
where the decay rate shpuld be proportional
to the sixth power of the gquark charges. For
unit charges the prediction is E%Tn 30 eV, much
above the experimental value. For & charge 2/3
however, one expects 2.6 eV. There is no expls=
anation up to now for the.small decay width

X' Moreover, no cother decay channels of the
%{2.8) have been observed besides the two
photon transiticn. The only conclusion as to
the nature of this state is that its spin is
J £ 1, and its G-parity is positive. The
assignment as vg = 1SO

because of its small coupling to the J/ ¥I

causeg difficulties

The three photon final state has alsc been
investigated at the ?f‘ with the neutral
detector DESY-KD 2) and the DASF inner

7)

detector . Table 2 shows that none of
the decay channels listed have been obs=
erved, The upper limits of the product of
branching ratios have 90 confidence., The
decay ¥/L,Yx(2.s) would appear as a peak
in the high mass spectrum, ceniered around
Myy = 2.83 GeV, The present experimental

evidence is shown in fig.11 It suggests,

Table 2
List of upper limits ?ﬁ -+ f

channel £ BR(¥>¥h)xBR(h->f) detector
¥n—338 1.6 x 1274 DASP
Yy's ¥l <12 x 1074 DASP
¥YX(2.9) = Y6 25,4 x 1074 DASD
g~ ¥frr <10 DESY-HD
YY(3.41)¥ < 4.0 x 107¢ DASP
EX(5.45)%008 < 3.1 x 1072 DAST
¥P(3.51)>¥ < 2.6 x 1074 DASP
¥X(3.55)2¥¥ < 2.0 x 1074 DASP




T that with mere statistics the urper limit
3418 e PLUTO given in table 2 for this decay might turn

j into an observed branching ratio.

34 -
l Two photon decays have not been observed

o 3808 for any of the states with even charge con=
jugation below the 1/’, but all are seen

9 3.552 as radiative cascade decays 1#'—*31-511’3/;1{
;0 . l at DORIS in the DASF detector 8  at SPEAR
by the SLAC-LBL group 9), and by the MP252
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J/@V“*ff/al-. 411 four states show up in
the high (J/ ¥,&) mass; in particular the
evidence for the decayX(3.45)-P Y3/% is

improved by three more date points. The
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branching ratic for this decay, hovever, is

Fig.12 High mass(KJ/'V) vs. low mass, from the still unknown.

reaction &'e !A+{(-K¥ at 'V/I(S-684),

MS’:}O censtrained to J/¥, N(Xf}:? excluded, Another experimental resuli from PLUTO
concerns the inclusive production of J/ s
mesons in the energy region 4.0<€'<¢5.0 Gev'?

’I’here-"'ﬂ‘a.ve beern spéculations that 'cherm-molecules' i.e. bound states of four gusarks (chE} may
13). In particular the cE - cortributions of the enhencements in the toiel cross sec;c'zc))n for
. Most

- exist
e*e_ annihilation at f§’= 4.0% and 2.4 CeV ars atiributed to the formation of such states
of the models predict tranching ratios of the order 10_1 for the decay into J/ ¥~ and hadrons. Fig.13
shows (right diagram) that the cross secticn observed for the production of inclusive 3/ V¥ mesons is
10"5 below the to-al cross section. Cnly four events are seen, but none at the resonances 4.03 or ¢.4
GeV. The left part of the diagram shows the

expected {sclid line) and messured cross

100 T T T T T 100:] | N R B R LA A
g PLUTO i F PLUTO 3 section for J/ V¥ production from the radia=
[nbl: b ot [ -] tive tail of ihe q;V., These events can be
dowao%ﬁ%&%&%*ﬁ o L %:c Hama? clearly identified by kinematic fits (12
b i ok i events). The level of inclusive J/ % prod=
E E E ] uction is thus compatible with the expected
E ] i ] violation of the 0ZI rule 3)
. ete =y | an e*e” =)/ +hadrons |
] i W .
g )
i ” Fig.13 Icelusive J/¥ - production
s = 0l o o
015 E : 3 tetween 4,0 and 5.0 GeV,
N ] o 1 Left: background from radimtive tamil
B E - 1 o .
[ ) i o of V , czlculated and measured,
: L L PO Y S ~ Right: inclusive events (four) and
001 L L :
0 i5 ﬁ[Gev]iO w0 LE—E[GeV] 50 upper limits (hatched bars),
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ITI. The total hadronic cross section and hadronic spectra

The large solid angle for the detection of charged tracks makes the supercenductive solencid FLUTO
an ideal instrument to measure the teotal e e~ annihilation cross section. The published data 14 have
beer reanelysed and more date were taken up to 5.0 GeV. The preagent result is presented in fig.14.
Radistive corrections are applied. The error bars are not purely statistical but include the errer
due to thé unfolding procedure of the prong c¢lasses. The systematic error quoted by the authors
is 11%, ircluding the error for the Monte Carlo simulation (#10%), and for the small angle Bhabha
scattering monitor (S%). The efficiency to detect multiprong events in the detector is 904, for
twoprongs it is 40%., The figure is lower because of the cuts necessary to remove the large QED -
background, which dominates in the twoprohg ¢lass. The Monte Carlo simulation uses the jet model
with an angular distribution of the jet axis~1 + coszO, and an average transverse momentum of
<Pf> = 550 MeV/c. It requires in its present form as an all pion model a 1 : 1 ratic for charged
to neutral pions, and uses & 159 gontribution of kaons. The jet model is clearly favoured over the
isotropic phase space distribution, as seen by comparing the angular distribution of hadronic tracks.
This is shown in fig.315, where the number of tracks observed divided by the number of tracks simulsted
is plotted per bin in cos @ for {;1= 5 GeV, The ratio must ke 1 for a successful simulation, case B.
Studies of the sphericity, the asphericity, and the prclaticity 15) of the PLUTC events show that
the angular distribution is the most sensitive test at 5 CeV for the jet model, because effecis of
the limited trensverse momenta are no% much pronounced in the energy range of these data between
VE’* 3,6 and 5.0 GeV. Fig. 16 shows the fraction & of the total energy ohserved, essuming the parte
fcles are pions, compared to the sssumptions of the Monte Carle simulatien, which are in good
agreement, No dats were taken between Q;j- 2,7 and 4.0 CeV. As fig.14 shows, there is a large step
from Re*2 near 3.6 GeV up to E+=% at the first resonance at 4.03-Gev, which is attributed to the
production of charmed D mesons ?E stove the charm threshold. The normalised cross section then
stays at the higher level around Razd.D with resonances at 4.1% and 4.4 GeV, there masy be other
unresolved resconances, The shaded areas in fig.14 are intented to indicate that the date are in
general agreement with the expectation of the $riplet quark sum rule, if the new beavy leption is
taken into account. For the arsa marked as ROld. the sum rule yields R°1d= 3 Z:qi - 2 (q = Qquark=
charges, i = u,d,s). The cross section of the heavy lepton, Ry , fellows the threshold behav10ur
of & pointlike fermion above 3.8 GeV {see z:ciion V) and approaches one unit in R at high energies.
new_ 5q2= 1.33
c

where the threshould behavicur is not quite clear. The excess of the experimental cross section of

For the production of charmed mesons above 3.73 GeV the sum rule predicts an increzse R

R#0,5 above the predicted lewvel beyonddg’n 4.5 Ge¥ may be due to resonant behaviour or simply a

systematic effect in the data. Note that the date around 3.6 GeV have also an excess of 2=10% sbvove

old

the predicted R =~ 2. In the presence of the heavy lepton the cross section plotted is no more

purely hadronic, but centains a leptonic -comtribution.
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Monte Carle expectation.

As Yo the resomant sfructure, the FLUTO data are in good agreement with the totml cross section

17), these data are, however, higher by 10 - 15¢ in the lower energy

measured by the SLAC-LBL group
Tegion up to 4.5 GeV. Fig.17 shows the measured two prong cross section, in units of R, It Treproduces
the structure of the total cross section, and thus constitutes a roughly constant, ~30%, ard large
fraction of the total cross section. If *he contribution of the heavy lepton ¥, which has a laxge

two prong fraction of decays, is subtracted, there remains still an apprecviable amcunt of two pIong
events in the charm region, also at the rescpnances. The average multiplicity of charged prongs

as function of 5 has a smooth logarithmic dependence with <hc£>¢4 in the rgion {s'= 3.6 to 5.0,
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The data teken in the energy region Y& = 3.6 %o 9.0 GeV have been analysed for the distribution of
. 18
momenta of the final state particles. If scaling kclds, one expects ) a dependence sjg-dﬁfde ~
xrf1(xE), where X,= ZE}/{§1(h = hadror}, independent of s. If only the momenis of the hadrons are -
o ) 1
meagsured, instead of x_ the variable xp: 2ph/f§'is used. They disagree only at the lpw mementa.

Fig.18 shows the hadronic spectira for energies {21= 3,6, 4.03, 4.5, and 5.0 GeV as function of xp.

R e e




Data points below xp = 0,15 have been omitted
because they do not match with the Monte Carle’
simulation. The simulation fits the datas perfectly
except for the region near the lowest momenta
triggered, that is 0.24 GeV/e. There is a large
increase cof the differential cross section between
V§1= 2.6 and 4.03 GeV for the lower momenta,
xp<:0.5. This indicates, that the step in the
total cross section at the same energy is due
meinly to low momenta particles., Above Jgﬂé 4.03
the data have a common exponential decrease,
exp(-b-xp), independent of s, beyond xp}-0.2,
which is the expected feature of scaling. The

line in fig.,18 is handdrawn and represents & slope

b = 7,56, The date agree well with hadron spec=

tra measured in the DASP detector 18). This is
shown in fig.19, where the line is repeated for
comparigson., There is e discrepency with the same
spectra measured by the SLAC-LEL group 12) for
xp)’G.S. Fig.20 shows the spectrum ofsgharged

pions measured in the DASP detector as func=
tion of the true scaling variable Xg s which
again confirms scaling. The slope of the line

is b = 8.80 .
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The data from the PLUTO detector have been invest=

@ |

", .

igated further by analysing the invariant mass of SOOU'
two hadrons, considered as pions, The mass spectrum L
obteined is shown in fig.21a, where the lower histe Ho0O |-
cgram represents the uncorrelated background from

the combination of pions of two different events. 3000:
In fig.27b the uncorrelated background is subtrac= i
ted, A clear signal at the energy of the rho mass 20001 l
is visible. The peak near 0.5 GeV is from K° o-prod= [
uction and a reflecticn of the () -meson, the large L
enhencement at 0.28 CeV is due to misinterpreted oo
electrons from photon conversion in the beam pipe. J
The lefthand shoulder of the rho peak is 1ifted or

by a broad underlying signal of the K* reflection. 12007 i
The spectrum is very similar to the TMness-distr= i
ibution obtained from the SFM detector at the 900t

21) taken

CERN ISR in inelastic pp-collisions
at {s'= 53 GeV. An analysis of this spectrum
yielded dominant production of vector mesons , L
which accounts for more that 60% of all picns

rroduced. The solid and dashed lins in fig.27b T J
are the result of a fit with the known shape of L Jjwﬁ'

the rhao resonance to the fata. The figs.21 cont= 0-

ain all erergies betweer 3.6 and 5,0 GeV. In

fig.22 the preliminary cross section for inclu= -300
sive 30- producticn is plotted versus ¥5] in units
of H. It increzses from Re0.8 st 3.6 GeV to rig.21 {a)
R2=1,3 above the charm threshold, Adding the ’ (%)
inclusive cross sections for 3+ and 9' one

arrives at Ra=3.9, which suggests that a large

fraction of rho mesons asre produced primarily,

. + =
Invarient mass spectrun ArTy

Backgroud anhtracted.

s dey DESY
whose decay pions feed the hadronic spectrum, E'_jf
fig.20, 2t lower energies. Fig.23 shows the pre= 26560
liminary energy spectrum of inclusive goq Prod= 10 = I T ] ' ! ' r ' I E
uction. Note that the data point at x_ = .93 - PLUTO 1
E - preliminary
has 2n a2dditional large systematic error(dashed), L - b
- Q

28551 & o 5=222GeV?
T T T T T T T 3.7 ~§ 7
e PLUTO B _
R(g) . ole'e” —<¢®+any! preliminary 10k .
Cup L -
21 = 4
01k -
- -
C 0]
1k ] L “T’-
= .

| '

- L i

1 I 1 | I | 1 | L
3 02 04 08 08 10
| 1 ) 1 | 1 H
X z2EME
35 L0 4.5 50 Gev E
Fig.22 Tnclusive cross section fer goproduction, units n. Fig.2% Energy spectrum for inclusive go
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The dﬁta lie within errors on the slope of the charged pion spectrum shown in fig.2C (full line),
the expected inclusivelg- - gpectrum is therefore a fhctor of two higher. The dominant production
of vector mesons at high Xp oy no;ngserved also-in ete” collisions, has & simple interpretaticn

in the convemtional quark model which, based on spin &nd statistical arguments, predicts that

the majority of all observed pa rticles be decay products of vector mescn resonances, having spin

and parity.JP =1,

IV. Experimental Evidence for Charm

Before disccvery of the J/?’ all hadrons could be built from three guarks, s,u,d, & status which

we have described as "old physice" in chapter III. The concept of a fourth quark with quantum number
e =11 {charm) was introduced much before the discovery of the new particles in an attempt to

23)

achieve symmetry between leptons and quarks and later in order to explain the absence of neutral
strangeness changing currents 24) by inventing the GIM mechanism, named after the initials of the

three authore, While the decays of J/¥ and ¥’ reported in chapter II deal with ce - states, which
have charm quantum number zero (hidden charm), this chapter covers the evidence found in DORIS expers=
iments for the existance of states with non vanishing cherm quantum number, By introducing a new
quark the scheme of hadrens is generalised from SU(3) to SU(4), which is illustrated in fig.24 for

| pacudos KT B 5y
in the middle plane, ¢ z 0, and the'new mesons” T D", F with ¢ = +1 atove, D, D, F with ¢ = -1

the case of pseudoscalar mesons. We find the "old" pseudoscalar mesons 0, K

below this plane. The F - meson carries in addition to charm elsc strangeness s ¢ 0. To prove the
existance of chermed partieles one has to find their characteristic weak decays. As a consequence

of the GIM mechanism menticned above the relative rate of decays of the charm guark inte strange and
non stange particles is given by the ratic cosEOc/Sin2GC =1 : 0,0%, where Qc is the Cabbibo angle.
There are hadrcnic and semi leptonic

N .. o_
Table 3. Decays and relative decay rates of D mesons decays. Table 3 illustrates the

cosQOc 1 COSZOC t/20 situation for the exzmple of a
deceying D°- meson, from which we
o 1] - o u - draw the following general conclu=
o 3 KD [ d T thadronto sions, keepi i ind that th
. . ) + ’ ping in min a e
w EJ_ ™ \;\1‘:3 bid decays mesong are produced in pairs with
d d eTe” collisions and that meny nore
_ N chennels are opén than shown ia the
D° U u K" DO u Y Tr- semi table by picking up qq states from
c "I, 5 C o) d leptonie the vacuam.
VV+ e+ w -~ 9+ decays (1) Feglecting the 5 nen strange

contribution, we =xpect two kaons

per charm event,

{2) We expect the kaons correlated
with electrons (muons) from the

semi leptonic decays,

{3) 4t least in comperisor with the
heavy lepton {chaepter V),one expects
a high multiplicity of charged proﬁgs,
(4) as a consegusnce of {3) ihe
specirum of electrons (muons) should
be soft.

The assoclation of electron and
strange particle , which is a char=

agteristic signum for charm, was

c
Y

first shown by an experiment in PLUTO
where the KZ mags was reconstructed
from the inveriant two pion mass of

Fig. 24 57(4) multiplet of the pseudoscaler mescns opposite charge, as shown in fig,25.



The events found in the Ko band were then investigated for asssociated electrens, using the lead
converter of “he detector The result is shown in fig.26, where the visidle ¢rogs section for
K e - production is plotted vs. ¥s from 3.6 to 4.4 GeV. There is & strong signal around 4. 05 GeV
6 standert deviations above the background at 3.6 GeV, which repeats the step seen in the total
cross section {chapter Il). After corre:‘tlons the cross sect:.or for associnted K'e - productlon
waz estimated at the pesk as G(ete s ¥ i enything)= 3 ¥ 1 nb.

T T 1 T T v T T T T T |
T ' .. isP? PLUTO -
ete—’ wranything w2 460< M, < 540 MeV
200 . » B
o &
100 ~ 1
% 4
£
E
i S50 -
100 +
! | [
36 4.0 4.4
Vs'{GeV)
1 ]

L00 500 600

. - ¥ig.26 Visible eross section for
Mt} [MeV]

.
r(se - evente vs, Ys'.
Fig.,25 Invariant ﬂrﬂ' megs {or piors missing

the interactinn point.
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Inclusive spectra for kaon production were measured in the FLUTO detector 26) for neutral kacns

+
(K:) and in the DASP detector 27) for charged kaons (K ). The result is shown in fig.27, where

the spectra taken at energies Y& = 3.6 are compared to those taken at Vs = 4.0% (4.0%), the first
resonance. Both experiments verify that the increase in kenon production beyond Y§1= 4.0 GeV comés
from the low energy kaons, EK:EEbeam/Q' This behaviour confirms the expectation that, with two
eharmed mesons produced at threshold, each carries roughly the beam energy, and ebout half of this
energy or less is left for the decey kacn. Data were analysed between J;1= 3.6 and 5.0 GeV, and

fig.28a shows the inclusive cross section for kaon producticon in this energy range. In a simple
model we expect production of K+K—,K§,Ki in the ratio 1:%1:71:1; the'cross sections given in the
figure are normalised to K:. Both messurement agree well and ghow a strong increese of kaon prod=
uction atove 4.0 CeV, like the total cross section. The dashed line indicates the contribution

from the '"old" physics. With fig.28b an attempt is made to relate the excess of kaon production,

R;ew’ ghev
definition), in order %o estimate the number of kaons per new event. The average of this ratic

sbhove Vs = 4.0 GeV ia 0,39 ¥ 0.06 for Kz— production, the number of kaons per event is therefore

to the excess in total cross section, (not inecluding the heavy lepton, see fig.14 for

four times larger: 1.56 p 0,24, which comes close %o the projected number of 2.

inother approach tc reveal open charm is the investigation of the inclusive electron spectra. This
has been done.uith the DASP spectrometer 28). The original electron identification was improved
for this purpose by adding Cerenkov counters (see fig.3). In fig.29 the observed number of charged
prongs (including the electron) is plotted with and without photons for two energy intervals.
After corrections, the snalysis yields a very high average charged multiplicity, as indicated in
the figure, Both energy intervels agree in this respect and also in the very high content of two
prongs {cross hatched area), The authoras seperate now the class of two prongs without photons, and
investigate the reat.fbr characteristic features of charm. One of these features is the copious

production of kaons by virtue of the GIM current, which can be compared experimentally to kaon -

pp[ T T T T T PRV IR A 26562
o= ete —Kg+anything) , PLUTO 1
Bho  o-lpolete—Ktanything), DASP (@) 39 <F'<4520ev
1+ i
.l 30 4 [j withX
T [ without y
st § —
of t #+ ++ v 20+
3E oK™ + +ht t ] Ne 2o 55203
]2 i 10 1 Ny2,3 1903
] TR S B BRI T I S IV§TfEEVT:h
L0 L5 5.0 ‘ : — ,
Inclusive Cross Section of Kaons ot 2 3 4L 5 6 7 8 8 10
] Number of Charged Prongs
T L T ] T T T T I T T T T I T
10 e =R[K2)Mw/ ROV PLUTD b)Y I 452<15<52 Gev
- o=l R{KE)"e*/R"Y QASP &) . 524fS<5.20¢
L % 4 30 +
&5; . : 50l <NC%%r&7:03
i & + 1 (Ny2= 1.820.3
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Number of Kaons per new Event Number of Charged Prongs
Fig.28 Inclusive kaon cross section (a) and Fig.29 Experimental distribution of
its ratic to the new total cross prong classes for two energy

section (b) versus Vs, intervals, DASP detector.



production from the normal Cabbibo current. This wag done by observing an identified charged

nadren (", K or p) in

the spectirometer arm, and &n electron in the inner detector of +he double

arm spectrometer - The corrected ratic for the number of events eKX to the number of events
e X for the multiprong class was found %o be R = 0,25 t 0.06, dbut only 0.06 s 0.06 for the

two prong class. Using

the measured charged multlpllclty of <n h> = 5.5 the conclusion is that

each event of the multlprong class contains on the average .90 Y o.18 charged kaons/event,

eguivalent to 0. 45 - 0.09 X /event and in good agreement with the number derived from the inelu=

sive kaon cross sections, fig.28. The two prong class, however, contains an average of only

0. 07 = 0.06 kaons/event consistent with the normal Cabbibo current, Fig.30 shows the inclusive

electron spectrum for the multiprong class in the energy region of the first regonance at 4.03

GeV, The expected soft

character of the spectrum is confirmed, P, <1 GeV/c. The 20lid curve

represents the predicted spectrum 29) of electrons from the decay D —'K*(BQE)eQ, which is favoured

over other decays. The

) . . : + - *
total cross section for inclusive electron production e e — ¢ + X, where

X ccontzins at least two charged tracks and any number of photons, is plotted im fig.3%1a as

function of energy. Rediative corrections, = background subtraction, and & subtraction of the

contribution from a heavy sequential lepton have been mesde, Note the large cross section at

{87= 4.03 GeV of 2.1 nb,

which corresponds to the peak in the cross section for K'e - events

measured earlier by the FPLUTO cellaboration, fig.26. The average semileptonic branching ratic

for charmed hadrons is
the inclusive electron

derived from the PLUTO

independent of energy,

ploited as functiorn of energy in fig.31b. It has been obtained by dividing
cross section by twice the cross section for charmed hadron production
data, marked ag R°°" in fig.14. The branching ratio of fig.31% is nearly

and has an average BR( c —eVX) = 0.11 £ .03, an independent determination

of that number, which does not use ihe charm cross section, is obtained from a fraction of events,

where z sacond eslectron was seen (27 events). These svents lead to BR{ c—»e¥X) = 0.16 T .06 in

agreement with the value above.
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inclisive n: production between J&7= 4.0 and 5.2 GeV. While the I - mescns have been identified
25)26)27)28)

The first evidence for the F - meson was obtained recently in the DASP detector by observing

by invariant mass ) and semileptonic decays the F - mesong have so far eacaped
detection, The lowest mass member of the ce - mesons should have a weak decay predominantly into

an ss - system, leading to final states with KE, ¢.1z, ortf. The first excited state F* is pred=
jcted to be so close to the F, that F*— ¥F is the only possible decay channel, since toth F and px
are isosiﬁgleta.The energy of the photon is expected to be ~ 0.1 GeV 31). The experiment was

done mainly with the inner detector, shown in fig.3. The detection efficiency for photons was

50% at 0,05 Ge¥, 80% =t 0,10 GeV and 95% above 0.30 GeV, without regerd of the geometrical accep=
tance. The energy resolution of the shower counters was O(E) = 0.14/yYE in GeV for E > 0.05 GeV,
The resulting rms invariant mass resoclutiocn is 0.05 to G.10 GeV in the region of the ﬂ@, and is
0,08 in the region of the ¥. Events were required to have more than one charged track from the
interaction point, and wmore than one photon with energies > 0.10 GeV, Any two photons are used

for the invarisnt mass MXK’ with their vector sum enclosed between 0.3 and 1.2 GeV/c. An additional
rhoton of less than 0.14 GeV energy is called Xlow' Fig.%2a shows the ratio measured of events
with guch an additional Klow over those without versus the invariant mass MYK for five energies,
centered around ys = 4.0. 4.19, 4.4, 4.5, and 5.1 GeV. There iy & pesk at the 1P mass for ¥5'= 4.4
GeV, indicating that % production is correlated with a low energy photon. If the events without.
¥low ) +
corresponding to & visible cross secticn of .29 - 0.07 nb, Fig.32b shows the distribution Myy for
evenis with ¥

are considered as background, one arrives at T1 t 17 events ?Z+}iow observed at 4.4 GeV ,

1o’ again for the five energy intervals. The solid line represents a smeoothed backs

ground. A °- peak i3 seen at all energies, but &an ¥- peak conly at 4.4 GeV, The shaded area is

. . : +
cbtained by more stringent cuts tc the photons. 60 - 14 events 1a+xiow are counted above the backs=
ground, corresponding to & visible cross section of C.24 Y 5,06 nb. This cross section is plotted

, for all five energies in fig.33, comp=
26531 26532
. s aring the two methods. in estimate of

02r + B

, @ LGV | the detection efficiency for TZ+F10w
indicates that the true cross section
"is a few nanobvarns, corresponding to

~one unit in R in the total cress

section, which is a substancial f{raction

of the ¥ (4.4) cross section.

§++++ - 415 Gev

- . The occurance of 77 production with low

energy photons at 4.4 Gev strongly

susgests the formation of FF* or F*F*.

+ +
A search for the two body decay F 7T

o
-
T

was performed by detecting the pion in
one of the spectremeter arms, and asking
for two photens to form the mnmss and

an additional low energy photon in the

inner detector., 19 events of this type
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were {ound, three of these with two T‘s

Ratio ( Y ow / N0 Yiow)

+ ‘ t ++ ' + + L5Gev and three with two % ‘s, The events
40/ oW .

[=]
[
T
—
F|
1

were fitted eitier to the reaction
+ o - *
(1) e+e +F‘Ylowf‘ - F glowﬂ;q or to+
Z Ty T o -
{(2) e e>> FP*Fir 5 F X&ow"’ F¥ Xloth y.

45 GeV
I A

[=]

Six events geve & fit to hypothesis (1)
with X?‘:?O. These are shown in fig.34
as scatter plot of the fitted mass M(T#)
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Fig.32 Retio (Klow/ ne K&OV) (a),and invariant gave also an acceptable fit to hypothesis (2)
mass distribution Myy (b)’for five energies. with My = 2.01 and m, = 2,11 GeV. Thi bast
estimates for the masses are m = 2.03-0.06.

+
and Ty = 2.14-0.06 GeV.

versus the recoil mass. Four events

G

cluster arcund mrq = 2.04 GeV and

2,17 GeV. Only these six events
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V. Experimental Evidence for the heavy Leptonz at DORIS

S3ince the first results on e finsl stmtes in e'e” annihilation, ohtmined at SPRAR 32) thare has
been increasing evidence fOI‘/ the existance of a new heavy lepton from DORIS- and SPEAR~-experiments 55).
The evidence from NORIS experiments stems from four different final state channels: inclusive muon.
spectira and electron-muon events were observed in the PLUTO detector, inclusive electron spectra and

the eK/efr- ratio for tweprong events were measured in the DASP specirometer,

Table 4 The experimental evidence reported here will he compared
Decays of T for D= 1.0 Ge\f'/c;2 with the model of a sequentisal heavy lepton 54), called 7.
This lepton continues the sequence of the known leptons :
decay |branching | number Vg1 /\/‘u,/u /\/'t" T and thus has its own massless left=
mode ratio of prongs handed neutrino, has spin 1/2, and is produced in e's”
\]te—-; .20 3 annihilation inﬁfpairssd like a }s)ointlike fermion with the
\/-rébf:%. 20 ; :;ors(sfjic;on t‘;,: /:‘I“(Bﬁ -,8 /2, ».-'here ﬁ is the.veloc:.ty
\/-; " 11 1 pMpe see Tig, 4. Forﬂ-aﬂ it adds one unit of R to
Ve K7 .01 1 the total annihilation cross section, as indicated in i‘ig.;gj
\Jz g— e 1 The decay scheme of T has been caleculated by many authors f
N K‘_ ' .01 s agsuming a conventional V-4 coupling of T and V. to the
e A: .07 1,3 usual weak current. A list of gecay modes and branching ratios
Ve ety 18 1,3,5 based on a mass Me= 1.9 GeV/e” is given in table 4. It is

remarkable that the dominant fraction of final states con=
tain only cne charged particle, BR{1)}=£85%, we therefore expect a high fraction of two prongs from
& decaying pair: BR(1}+BR(1)= 70%. Alsc, & high percentage of the decays are purely leptonic, BR(e)+

PR( )& 40%. The chance to see two leptonic decays (i.e. e u. e, ee, and /u/u) in an event is =~16%.

Ty P I
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36)

n- and e/u-experiments with the PLUTO detector .
14)

We start with discussing the inclusive mue
The high percentage of twoprongs in the total ¢ross section observed in PLUTC do in faect

of a mew object which favours to feed this
that fraction of twoprongs

find its most natural explanation in the assumption
prong class, compare fig.17. To find more evidence for this conjecture,

containing & muon was separated. Because of its compact iron yoke and the resulting short decay

path for pions or kaons, the superconductive detector PLUTO is particularely suited to identify

muons behind the iron yoke which ebscrbs the hadrons. The measured percentage of hadrons

nisidentified as muons is reported Py _ . = 2.8%0.7 % (punchthrough and decay}. The hadron absorber

causes a momentum cutoff at 2“;>1.O GeV/o, and the solid angle used for mucn detection wWas
A(?- 0.435%40 ¢ by the resiriction |cos 0&(0.75. The second track was limited to p>0.24 Gev/c
and |[coe @<0.87. Any number of phctons were admitted, The twoprong class thus defined, e e —>

* -
u + tpr + n-¥ , has background from four scurces : e+e—97u/u, /u/u Y', /u/ua%’; h-ayu. The first is

large but easy to remove by an acoplanarity cut, the last two sources are rather small and known

from measurement: Pha . OT calculation:/u/u33’57). The sesond contribution is again large, and is

removed by a cut in the squared missing mass as shown in fig.3%. The applied cut is energy
dependent and can be controlled by the fact that = large part of the /u/u ¥ events are seen in

the detector (sheded area). After subtraction of the backgrounds the resulting muon spectiTa above

the cutoff momentum are shown in fig.36 for three energy intervals. The figure contains 215 events

obtained with an integrated luminosity of 5700 nb-1. The spectra display two features which
decay. Firstly, they move with increasing center of mass energy to higher

are

charecteristic for the

monmenta,vhich is typical for the decay from & peir of fixed mass particles {Lorentz boost) .
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Fig.35 Square cf missing mass for twoprong events
the

with one converted photon.S3haded area:

photon conversion point is conaistent with

migsging momentum direction.

Fig.36 Muon momentum distribution,

cross section corrected for

trigger and acceptance.



Wi—T 1T B This can also be shown by the coplenarity
distribution of the twoprongs as plotted in
30 I/S_‘:LEEV fig.37 for the three energies, because it
shrinks when the decay particles are forced
back to back by increasing energ"y. Secondly,
the finite slope of the gpecirum, which
B requires a trianguler shape in the uncbserved
_] '_r—l ﬂ I__!—|_I—I ]_}_l region P <1 GeV/c, is incompatible with a
T T L " twobody decay, but agrees with the threebody
decay T =V \7(‘/(.4. of the heavy lepton. There

is a large missing mass of typically 2.5 GeV/CZ

Qeopt. |

I
=)
T
m ]
1
~
—
@
5
-

in the events, as can be seen from fig.37.

~a
=3
T

Of the 215 twoprong events, 85 have a photon
and 130 have nc observed photon. The average

=]

nunber of photons observed rer twoprong event

| Vs =5.06e

; . 0
is (nr§ <0.7, which rules ocut, that = f oz

are among the missing neutral particles,

because for their two photon decays .(na>,r-_-.1.2

(%]
(=]

is expected.

Numberofevents per 0.1 in units | cos

0 The spectra of fig.36 have been fitted to the
. T model by varying spin, coupling, and neutrino
K E mass. The result is presented in table 5. The
P ey S PR IR : spin zeroc assignment can be ruled out (Higgs
-05% 0.0 0.5 cCsPeopt boson?),even though the XE is smallest, because
¥ig.37 Inclyusive mudns,coplanarity distribution the resulting branching product lesds to &n
Two prongs ‘ unphysical bdranching ratio BR(’M)I.:: 100%, The
large xz of the next fit with m(Ve) = 0.5 0eV/e®
Table 5 excludes the assumption thet 8 new baryon is’
Fits to inclusive muon spectra cbserved, which decays into. n + /u +y, Among
spin | decay m(Vq:) . BR(1) BR({&() f/DF the last two fits the V-4 coupling is faveoured,
This fit is represented by the solid lines in
0 |ekys |0 1.67%0.08 | 1.35%0.29 |6.5/9 fig.36. The resulting mass is then m.= 1.91
/2 v-n | 0.5 [i1.72%0.09 | ,130%0.017 22.5/9 20.03 cev/c?,
1/2] Ver [0 1.7920.07 | .136%0.019 [15.1/9
1/2 Yo 0 1_91fo,o5 .1.09-:0.012 .10.5/9 In order to determine the branching ratio intoc

mueong the multiprong class {,(+>2pr wag

__pi T + | T T T measured and compared to the classf(+1pr+n-h/
GQV/C e-"e-—-'u-*'(?z Chqrged trackS) at {37= 5 GeV. The spectrum is presented in-

300 = : V_A,M(L)= ]SIGeV . flijjﬂ for this energy, but the 11r.1e shown is
_CL..: | a fit to the data 8% all CMS-energies {108
dp“ | 'rs-' = 5GeV events) with the parameters of table S,line 4.

: IJ The comparison yields BR(1) = 0,70 = 0.10,
! P ] BR(Z2) = 0.30 I 0,10, which can be used to

extract BR(M) by dividing the préduct of
branching ratios of table 5 by BR(1), with
the result BR() - 0.15 ¥ 0,03,

200

We turn now to the twoprong class in the
O inclusive electron spectra observed in the
1 I ] DASP irner detector (fig.2%) and look at the

N
|
!
|
II
1

2 spectrum of these electrons 38), ghown in
(GGV/C) fig.39. It reaches up to 2 GeV/e in striking
p}‘J contrast to the electron spectrum of the -

Fig.38 Inclusive muon spectrum for miltiprongs respective multiprong cless {fig.30). The
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ocEsY gsolid line indicates further

e" e —e+1charged ,
- L2654 ;
I 40-5.2 G]ev ‘ - S with the heavy lepton hypothethis.

I
DASP ) Going back to chapter IV we find

pre[iminqry more support for ihe conclusion,
that the events of the twoprong

that the spectrum is compatible

30 L : ‘class are dominantly from
another source than charm, in
the measured ratioc of 0.0710.06
2-0 — ) - kaons/event, which is again in
HL ML=1.9 GeV agreement with what is expected
10 from the decay 'r_——>v1'=K_, table 4.
. " - Also the energy dependence of
cross section for inclusive

electronag, found by integration

I ] |
05 ) 10 15 20 of the spectra, is in gross

agreement with the heavy lépton
Pa {GeV)

Fig.39 Inclusive electron spectrum for the iwoprongs, DASF

hypothesis as indicated in fig.40.

The most selective signature for deitecting the T is the em - channel, which at the same time yields
the smallest crosa sections. 23 of these zvents have been observed in the PIUTO detector 39) with
the integrated luminosity already mentioned. Fig.41 shows one event et u” where the electron radiates
in the first lead ccnverter sznd the photon showers in the second converter. The efficiency tc detect
electrons rises from 20% at 0.3 GeV/c to B0% abdove 0.7 GeV/c, The probtability to misidentify a
hadron as electron wes measured P, = 3.5 * 0.7 %. The photon detection efficiency was 80%. The
result of a search for e,m « events is shown in table 6. uix events w’a” have been found, which

are In egreement with the expectation (high momentum cut). Fo e m - events with like sign have been
seen. The observed numbers of e - events with photons or charged tracks are compatible with
background estimates. In particular it is estimated that the contribution of charm events to the

23 g, - events could be at most two events. The branching ratic for electrons is cobtaired by comp=

aring the cress section for e/u +nothing with the inclusive muon cross sections, shown in fig.42.

CESY BESY
e'e"—» e+1 charged Muon .
{no photons) 26566 chambers 26092
T 1T 17T 17T 17T 1T f | 1T T 1T 71 | T T
DASP
o (nb) preliminary
0.4 - - ' Lead converters
03k HL Me=196ev | 957 A=
0.2+ 4
01 | 7 Superconductin?
A ____B5. cor
Y 359 N WORE VRN NN T U U N O T S Y B B
3.5 40 " 45 50 55
ECM (Gev) T0 . e'j Proportional
PLUTO: e -p event chambers

Fig.40 Cross section for inclusive electrons

versus fs?for the tweprong class,DASP Fig.41 Electron-much event in PLUTO



T T ' Table 6
{pb) Fete 17, tral PLUTO e - and jusu - events and backgrounds,
H neutrais for 4.0 (57«5.C GeV.
200 |- avent number | back= vigible
gignsture of ground cross
events section
100+ ei./u+ 23 2 35 pb
uyu' 6 o} 8 pb
-l ei/ut‘ ¢! o} 0 pb
3 . . V-AM(L:191 Gev GFand |4 > 5 b
> ! . I i euf + 21pr 7 8 o}
& 150 -e*e™w =+ (#2charged tracks) | -
:£1|00'" ] Note that all three cross sections have the same
o threshold behaviour, so that we conclude they
I; S0 also have the same origin., The solid curves are
again calculated with the parameters of tsble 5,
01— } V—A}’M(U:w] Ge{\' line 4, The comparison yields a branching ratio
e‘e‘—*p.!ea no other BR(e) = 0.14 I 0.04, & Ffinal evidence in support
80 detected-purticles 7 of the heavy lepton hypothesis is given by the
60 ' experimental spectrum of these electrons, pres=
ented in fig.43. The comparing curve takes the
40~ L decaying detection efficiency for electrons at
20k 4 E low mementa inte account, It confirms egsin the
] : V—ﬂl,M(L)ﬂ.gl GG:V o compatability with theT'- conjecture.

35 5

" Summimg up the experimental evidence for the new
heavy lepton T from PLUTO - and DASP - experiments
we find the following features in agreement with

table 4:

4 45
Vs {GeV)}

Fig.42 Comparison for cross sections for
e+e-->e/u, /0 +2»2pr, i tpr + n.¥ the properties of the model outlined in

vS. Y53 corrections are spplied

{1) The object is produced in pairs, as seen by

€y
except for the momenta E:l“<1 GeV/cu the boest of the inclusive mueon spectra

with energy;
{2) It has the expected threshold behaviour, seen

in four final state channels: /u-inclusive for

T |
ete"—+ te¥+ no other PLUTO
detected particles 40GeV<i5<50GeV

— 3-body decay (V-A)_

-

Events per 100 MeV/c

o

Fig.43
| Experimental electron

20

0 l 1 |
05 10 15
Pe (GeV/c)

spectrum of the e u -
events, compared with

the expectation



twopr?ngs, /u-inclusive for muitiprongs, e-inclusive for twoprongs, and e/q, which implies that

a pointlike particle is produced,

(3) épin 1/2 is very likely because spin zers is ruled out,

(4) The muon- and electron-spectra show the expected threebody decay,

(5) The measured branching ratios for muons, electrons, and kaons are in agreement with the meodel,
(6) The weak coupling V- is favéured, )

(7) The neutrino mess is < 0.5 GeV/CZ, but 4? or ? are ruled ocut as missing neutral particle.

wWe conclude that the observed object is in fact identical with the sefuentiel heavy lepton7 . For

the excluaion of other hypothetic objects with similar signatures, like paraleptons, ortholeptons
etc,, by the present experimental evidence see ref. 40 . The complete evidence for the new seguential
lepton, however, still lacks a proof that V44 is excluded, its needs a measurement of its 1ifetimé,

and requires more information about the neutrino mass and its lepton number.

Acknowledgement: I thank my ccllegues of the experimental groups at DORIS, who have helped tp
prepare thie review in any pessible way, sand apologize for not quoting names in lack of & suitable

gelection criterium.
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