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RECENT RESULTS ON
NEW PARTICLE SEARCHES AT PETRA

Abstract

Recent searches for new particles at PETRA are reviewed. Results on heavy lepton searches (charged
and neutral), supersymmetry searches (SUSY partners of the electron, the photon, the W and Z
gauge bosons, and the Higgs), and on searches for compositeness (excited leptons and leptoquarks)

are presented.

NEUE ERGEBNISSE ZUR
SUCHE NACH NEUEN TEILCHEN BEI PETRA

Zusammenfassung

Neue Ergebnisse zur Suche nach neuen Teilchen werden diskutiert. Ergebnisse zur Suche nach schw-
eren Leptonen (geladen und neutral), zur Suche nach Supersymmetrie (SUSY Partner des Elektrons,
des Photons, der W und Z Eichbosonen und der Higgs Teilchen), und zur Suche nach Substrukturen
(angeregte Leptonen und Leptoquarks) werden vorgestellt.



1 Introduction

The Standard Model of electroweak and strong interactions gives a very simple and elegant view of
the spectrum of fundamental particles and their interactions. Although at present it describes all ex-
perimental observations with remarkable accuracy it leaves many fundamental questions unanswered:

e what determines the quark and lepton mass spectrum ?
e why are there at least 3 repetitive fermion families 7
e a fundamental theory should unify all interactions, including gravity

e what stabilizes the Higgs mass with respect to radiative corrections ?

This partial list illustrates the need to beyond the Standard Model. Prominent candidates for such a
theory are compositeness where part or all of the Standard Model particles are thought to be composite
particles and supersymmetry which proposes a symmetry between bosons and fermions by introducing
a fermionic partner for each boson and vice versa. Unambigious guidelines on the way beyond the
Standard Model can only come from the finding or non finding of new particles not accounted for by
the Standard Model.

High energy ete~ collisions are a good place to look for the production of new particles. Before
discussing specific searches I would like to make some general remarks on new particle production
rr}echanisms in ete™ collisions. The most simple case is the pair production of charged particles via
single photon annihilation (Fig. la). The cross section depends on charge, spin, and mass of the
particle:

olefe” - X+*X7)= Qzﬂ—@%ﬂ—zlaw for spin 1/2

olete” - XtX~)=Q%1p%,, for spin 0
Here 0, stands for the lowest order QED p pair cross section. Fig. 2 illustrates the threshold behavior
for pair production of spin 0 and spin 1/2 particles. In the spin O case the cross section is suppressed
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{a) (b) Figure 1: New particle production processes in

ete™ collisions.
(a): pair production of a charged particle (e.g.
ete” = LTL™)

e
(b): pair production of a neutral particle via virtual
Y Z'exchange (e.g. ete™ — NN) ,
e (c): single production of a charged particle together

with a neutral one in e7y collisions (e.g. eTe™ — (e)€¥)
(d): new particle in the propagator (e.g. ete™ — 7y
via e*exchange).



Figure 2: Threshold behavior for pair
production of a m = 20 GeV, |Q| = 1
partricle w th spin O and spin 1/2.
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by a #® threshold factor and by a factor 1/4 due to spin statistics. Neutral particles can be pair
produced by annihilation into a (at present energies virtual) Z°. Fo' instance, at present PETRA
energy (/s = 44 GeV) the neutrino pair production cross section is:

ofete” = 2° - v,p,) = 1.1pb

Correspondingly, the total cross section for Z° production at PETRA is

_ 0 v ofeter = Z2° -y p,)
e — Z° — anything) = BR(ZO = vr) 19pb.

+

ofe

This means that ~ 900 Z%’s have been produced at each of the four PETRA interaction regions. Seen
this way, at present PETRA (and PEP) are the largest Z° factories a ailable! This large production
rate opens up the possibility to search for unusual Z° decays at present energy e*e™ colliders. (c.f.
searches for monojets from Z° decays at PETRA and PEP [1] which will not be discussed here.)

Obviously, pair production of new particles is limited to masses b:low the beam energy. Higher
masses can be probed in the associated production of a charged particle together with a (possibly
light) neutral one in e collisions (Fig. 1c). This process is sensitive tc masses up to /s - mxuo.

Particles with masses above the c.m. energy can still be detected as virtual particles in the
propagator (Fig. 1d).

Although limited in the available c.m. energy, as compared to hadron colliders, e* e~ machines offer
a very clean laboratory where potential new processes would stick out clearly over a well understood
background.

Each of the four PETRA experiments now has collected a data sample of ~ 50 pb~! at c.m.
energies around 44 GeV with a peak energy of 46.78 GeV. During the last shutdown in winter 85/86
RF cavities were removed and PETRA is running now at \/s= 35 GeV. The reason for running at
this reduced energy is a threefold increase in luminosity compared to the high energy running.




In this review I will concentrate on the following topics on most of which new results were obtained
recently:

e Search for Heavy Leptons

1. charged

2. neutral

e Supersymmetry
1. searches for € and 4 (in particular search for single photons)
2. searches for gauginos (Z and @ ) and higgsinos

e Compositeness

1. limits on the preon mass scale
2. search for excited leptons (e*, p*, 7* )

3. search for leptoquarks

For a summary of searches not covered here I refer to previous reviews [1].

2 Heavy Leptons

The repetitive nature of the three known fermion generations suggests a search for new leptons of a
possible fourth generation.

2.1 Charged Heavy Lepton

A new charged lepton would be pair produced via one photon annihilation with a cross section (ne-
glecting ZO effects)
A(3 — B?)

olefe” - LYL7) = — Oun

where 0, is the u pair cross section.

+
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Figure 3: Pair production and decay of a sequential heavy lepton.
It is expected to decay via W exchange into a lighter lepton and neutrinos or into hadrons and

neutrino with a leptonic branching fraction of ~ 3-11%. A general signature is missing energy and
momentum carried away by neutrinos (Fig. 4).




\ ,"' Exp. | sign. [mL>
b CELLO | (a),(b),(c) | 221

JADE (a),(b),(c) | 22.7

MARK-J | (a),(b) | 225

(a) (b) (c)

Figure 4: Signatures of heavy lepton pair production and decay. The table summarizes recent PETRA limits.
The signature from which the actual limit was derived is underlined.

CELLO (2], JADE (3], and MARK-J [4] searched for these signatures in their high energy data
obtaining lower mass limits of 22.1, 22.7, and 22.5 GeV respectivly. These limits assume a vanishing
mass for the fourth generation neutrino although they are quite insensitive to my and hold up to
my ~ 3/dmy,.

2.2 Neutral Heavy Lepton

One should not be discouraged by the fact that a charged fourth generation lepton must be too heavy
to be produced at PETRA. When looking at the lepton mass spectrum (Fig. 5) one observes that
there is plenty of room for massive neutrinos, in particular since there may be indications of a finite
electron neutrino mass [6]. A multi-GeV fourth generation neutrino together with a charged lepton
above 22 GeV would fit nicely into this mass pattern. A heavy neutrino can be pair produced in

e*e” annihilation via Z° exchange with a cross section of

olete” > NN) = ﬂs—j’ﬂau”pp oy,p, = 1.1pb at \/s = 44GeV

If the neutrinos had a finite mass, mixing between the lepton generations would occur and the new
heavy neutrino would decay via W exchange into leptons and a neutrino (BR ~ 3-11% if my > m,)
or into lepton and quarks (BR ~ 67%). The lifetime depends on the neutrino mass and on the mixing
matrix element Upy,:

_m} _ BR(N — lev)
™N m?v H® El [UNI!Z

M
(GeV) ~ T .
o ®
= e - -1
10‘3 . e -] Figure 5: Mass pattern of the first three
N i ] lepton generations. Also indicated are the
present limits on neutrino masses [5]. There
— . are indications of a finite v, mass in the range
-6 _ from 17 - 40 eV although another group quotes
10 a limit of < 20 eV.
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Figure 6: Pair production and charged current decay of a heavy neutrino.

CELLO (6] has searched for heavy neutrino pair production considering the following decay signatures:

(b)

Figure 7: Signatures of heavy neutrino pair production investigated by CELLO

(a): mixing matrix element sufficiently large to give a short decay length less than ~ 1 cm. In all three cases
there are at least two leptons.

(b): flight path sufficiently long to give rise to two seperated secondary vertices inside the tracking chamber.

2.2.1 short lived heavy neutrino

To study this case use was made of the (at least) two leptons in the final state. The basic selection
requirements were

e 2 leptons (e or u) of the same flavour and opposite charge, one of them isolated by at least 18°

e at least two more additional tracks

For events with exactly four tracks some missing energy and momentum was required to suppres o

QED background from ete™ — ee Il.

Two candidate events (one e*e™ X and one p*p~ X) were observed compatible with the expected
background from o* QED processes. Supposing for the moment that Uy, or Uy, is large enough
such that the decay occurs close to the interaction region, the following neutrino mass range can be
excluded at 95 % C.L.:

3.1 GeV < my < 18.0 GeV if N-e coupling dominant
3.2 GeV <mpy < 174 GeV if N-p coupling dominant



CELLO preliminary

Y T T !
10 . ]
.
N N
RN N J .
1! vBer—\} AR
=1m R q
1N :
-2 » ‘;‘S S —
10 \ J
A J
-3t \ N -
10 CHARM 3 | 2
\ N Figure 8: Limits on |Un.[? or [Un,|
o~ \ E as function of the heavy neutrino mass.
16 J ] Also indicated are previous limits on
;5-10 v \ N 0 1 p
.”DZ \|/u | \ S |Un.|? (dashed lines) and |Uy,|? (dash--
{ i K decays
— | \ N dotted lines) from = and y
L --&'l \ \ and from the CHARM experiment. For
o -5t \/ \ BN o .
~_ 10 \ /r \ \ \ comparison, also a recent limit from
P \ | \'\ I\ I LREN a secondary vertex search at MARK
S NN '\‘é i by Il is shown [7]. The diagonal line
-} T—ev /\/j‘j i i N - corresponds to a neutrino flight path
10 K=oV K—pv “ ,: “‘: NBer = lmfor ete™ — NN at /s=
i
‘ , N I\\ 44 GeV.
\ ] N
W ) il
101 &\
CHARM
-8 |
10
F MARKI—
| ! 2
- - 0 ]
0?2 107 0 100 0
MN (GeV)

2.2.2 long lived heavy neutrino

To extend the sensitivity to smaller mixings between the lepton generations and thus larger N lifetimes,
a search for secondary vertices was made. The essential cuts were

e at least four charged particle tracks
e an average impact parameter d of the tracks > lcm

e at least half of the tracks should have d > 1cm
After a visual scan no candidate event with two separate vertices is observed.
Fig. 8 shows the excluded heavy neutrino mass region as a function of the mixing with the first or

second generation. This analysis improves the existing limits in the high mass region. Note, however,
that the limit in this form holds only if either |Upn,|? or |Un [ > [Un,|?.




standard particle  |Ajj=1/2 SUSY partner
j=1/2 j=o0
gL.gp ¢ =u,d,8, .. i gr a=uds,.
Il 1=ep71 IL. TIp I=enr
vy Uy,
. . j=1 =1/2
Table 1: The Standard Model particles ! =1/
spectrum together with the minimal su- L ]
persymmetric  extension. 20 w Fooir S
13 F 1 o |
|
j=o0 |Neutra-: lCharge-I
{ linos | | inos l
HY HS too ol [
HY HY VROORY Y Re
R
G Goldstino

3 Supersymmetry

T'he main feature of supersymmetric models [8] is the prediction of a partner for each known particle
with the same couplings and quantum numbers except spin which differs by |Aj| = 1/2. In this
case many divergencies in Feynman graphs are cancelled, since the fermions and bosons contribute
equally with opposite signs, provided the supersymmetric particles are not too heavy. The absence of
mass degenerate supersymmetric partners of the known particles shows that supersymmetry must be
broken. The details of this symmetry breaking are unknown. Therefore there are no firm predictions
for the masses of the supersymmetric particles.

Table 1 summarizes the minimal SUSY extension of the Standard Model. Note that two Higgs
doublets are needed to preserve the one to one correspondence between Higgs and higgsino states. In
general, the SUSY partners of the gauge bosons and the Higgs particles are expected to mix forming
so-called neutralino and chargino mass eigenstates.

SUSY particles carry a (in most models) conserved quantum number R-parity. For this reason,
t.hey can be produced only in associated production. Of particular phenomenological importance is the
lightest SUSY particle (LSP) since all SUSY particles eventually will decay into it. It is favoured to be
unc.olored and neutral. Moreover it is stable (R-parity conservation) and only weakly interacting, i.e.
l/—hkg. Therefore a general signature for supersymmetric processes is missing energy and momentum
Carrled.away by the LSP. LSP candidates are |9] the photino, the neutral higgsino the scalar neutrino,
or a spin 1/2 Goldstino G appearing in globally supersymmetric models (10].

3.1 Unstable Photino

If a light Goldstino is the LSP the photino is expected to decay into a photon and a Goldstino (see
Fig. 9b) with a lifetime 7 = 87rd2/m (see Ref. [11]) where d characterizes the scale of supersymmetry
breaking. In locally supersymmetrlc models, however, the Goldstino is absorbed into a massive spin
3/2 gravitino.

Another LSP candidate is the neutral higgsino. In this case the photino would decay into a photon
and a higgsino (see Fig 9c). For a wide range of parameters (mz, my, my, my, § - h mixing) the
Photino lifetime is sufficiently short such that the decay occurs 1331de a detector [12]. This scenario
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Figure 9: Diagrams for photino pair production (a) and decay into photon and Goldstino (b) or photon and

higgsino (c).
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(a): Excluded domain in photino and scalar electron mass for unstable photinos decaying inside the detector.
(b): Excluded 5 mass as function of the SUSY breaking scale d (assuming m~ = 40 GeV).

Figure 10:

was discussed by G.L. Kane [13] as a possibility to weaken the missing p; signature of photinos, thus
making more room for SUSY reactions in the pp collider data.

Photinos can be pair produced in eTe~ interactions by t-channel exchange of a scalar electron (see
Fig. 9a.). The subsequent decay into photon and one of the LSP’s discussed above produces, in case
of a heavy photino, an acoplanar pair of photons with missing energy and momentum carried away
by the unobserved LSP’s, whereas for a light photino its decay photons are boosted into the original
photino direction giving rise to a pair of collinear photons with missing energy. All four PETRA
experiments [14,15,16,17] looked for these signatures and did not observe any candidates.

Fig 10a shows the status of the relevant searches. The indicated region in photino and scalar

electron mass is excluded if the photino decays inside the detector in a photon and a light penetrating
particle, independent of any specific model. For this reason further searches discussed below assume




Figure 11: € and 4 production processes in

¢T e~ annihilation
(a): € pair production
(b): single € production

(c): radiative ¥ pair production

an inyisible photino (either stable or long lived or decaying invisibly, e.g. into Dv).
Fig. 10b indicates the excluded domain in photino mass and SUSY breaking scale d in the frame-
work of the light Goldstino model discussed above.

3.2 Combined Searches for ¢ and 5 , invisible 4

Searches for scalar electrons and photinos have been carried out by looking for the processes shown
in Fig. 11.

Pair production of ¢ ’s followed by the decay € — €% results in an acoplanar pair of electrons
and missing energy and momentum in the unobserved photinos. Obviously, this process is limited to
my < Ebeam‘

Higher € masses up to Vs - mz can be reached in the production of a single ¢ and a 4 in
the collision of a beam electron with a radiated quasi real photon (Fig. 11b.). The signature for
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25 ¥ T T T T
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single production (contour B) of scalar S B
electrons. Contour C indicates a limit > 10 T
on stable scalar electrons. €
S_. —
0 1 1 1 ] L
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mz (GeVic?)
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single 7y trigger threshold (¢ = 50%) 2.0GeV = z,~.1

search region |cos®,| < .83

minimum veto angle ©,,ip 50mrad 2 Tyy = .06

time resolution on showers At = 45(25)ns  for E,=2(> 4)GeV
shower angular resolution 3.5° in two projections

data sample 37T pb~! at /< s> =426 GeV

Table 2: Summary of the CELLO detector parameters relevant to the single photon search.

this reaction is a single hard electron from the ¢ decay and nothing else in the detector (the second
electron escapes unobserved along the beam pipe).

€ pair production was studied by all four PETRA experiments {13,18,16,19] while single € pro-
duction was investigated by CELLO [13] and JADE [18]. The CELLO limits an ¢ and § mass are
indicated in Fig. 12.

3.3 Search for Single Photons (CELLO)

CELLO [20] studied a third possibility to search for scalar electrons and photinos, namely to tag
(invisible) 5 pair production by a photon radiated in the initial state (Fig. 11c) very similar to the
v-counting reaction ete” — ~uvb. The signature is a single photon in the detector and nothing else.
The single photon spectrum is of the Bremsstrahlung type peaked at low energies and small angles
with respect to the electron beam. This requires a low trigger threshold for single photons and a large
acceptance for the trigger photon.

In order to be able to reject QED background from radiative Bhabha scattering and photon pair
production hermetic calorimetry down to small angles is essential (see Fig. 13).

/! '

e

\@v\eto Y evem
e

Y

Figure 13: QED background processes in the single photon search. This background can be kinematically

. > .
excluded by a hermetic e.m. calorimetry if 2, = Ety/Ejcam > 20©,,i,. For practical purposes zy, ~ Oy is
sufficient since the dominant background contribution is the virtual Compton configuration of Bhabha scattering

were one electron is scattered under ~ 0°,

Another important background are cosmic showers in the calorimeter. They can be suppressed by

1. timing cuts on the calorimeter energy sum signals,

2. requiring that the shower points back to the interaction region,

3. cuts on the lateral and longitudinal shower development and

4. on the hit pattern in the central drift chamber.
Fig. 14 shows a single photon event in the CELLO detector and Table 2 summarizes the relevant
detector parameters.

The ultimate background for this reaction are single photons from radiative neutrino pair produc-

tion.

After an automatic selection requiring a single photon (z; = E;/Ejeqm > .05) in the barrel calorime-
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Figure 14; Example of an event with a single photon in the barrel calorimeter vetoed in the hole tagger.

(a): The various components of calorimetric coverage are indicated: barrel (B) and end cap (EC) lead-liquid
argon calorimeter, hole tagger (HT, a simple lead scintillator to veto photons between barrel and end cap
calorimeter) and forward lead glass array (FW). The wiggled line indicates the direction of the additional

photon detected in the hole tagger.

(b): Data of the calorimeter module containing the shower. The lead strips of the seven layers in the U direction
run parallel to the beam, those of the 7 layers in V direction transverse to it, and those of the 5 layers in W
direction at 45° with respect to U and V. The magnification varies with depth such that a shower pointing to

the interaction vertex always appears perpendicular to the layers.
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Figure 15: 90% C.L. limits on ¥ and 5 mass obtained by the search for single
degenerate partners of the left- and right-handed electron (A) or my > (B).
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ter and no other signals in the detector and applying cosmic rejection cuts 30 events remained. They
could be unambigiously rejected by a visual scan as beam gas or beam wall interactions with unre-
constructed tracks or as cosmic showers, thus leaving no candidate event. The efficiency of the trigger
and the selection procedure was monitored by control samples of

1. single electron events from radiative Bhabha scattering triggered by a hit in the end cap

or forward calorimeter,
2. photons from eey final states, and

3. ’empty’ events taken at random beam crossings.

For the analyzed data sample .68 events are expected from radiative v pair production giving a
51 % probability to observe no event. The 90 % C.L. upper limit on the number of light neutrino
species obtained from this analysis is 14.9. Combining this result with the most recent ones obtained
by ASP [21] and MAC [22] in a similar analysis, one obtains a 90% (95%) C.L. limit of 8(10) on the
total number of light neutrinos.

Interpreting this result in terms of photino pair production, the € and % mass region indicated
in Fig. 15 can be excluded.

3.4 Gauginos

The weak vector bosons W* and Z° are too heavy to be produced at present energy ete™ colliders.
On the other hand, many models predict their supersymmetric partners, the wino # and zino % , to
be lighter. First we will assume the # and @ to be unmixed and postpone the discussion of gaugino

higgsino mixing.

3.4.1 Zinos

In eTe™ interactions zinos can be produced together with a 5 via ¢ exchange (see Fig. 16a). The
experimental signature for this reaction of course depends on the decay modes of the zino. Depending
on the SUSY mass spectrum, various scenarios are possible:

heavy gluino (my > my), heavy sneutrino (my > my):
In this case the zino decays via scalar exchange into an fermion anti-fermion pair and a photino
(diagram b,c in Fig. 16). In case of equal scalar quark and lepton masses one expects a leptonic
branching fraction of 13 % per lepton generation. The signature is an acoplanar lepton resp. jet pair
or, for smaller zino masses, a single jet with an empty opposite hemisphere.

light gluino (my < my):
In this case the dominant zino decay would be hadronically into ¢gg followed by § — ¢g5 (diagrams
d,m in Fig. 16), due to the stronger hadronic §¢g§ coupling. Also here one expects acoplanar jets resp.
single jets.

light sneutrino (my < my):
Perhaps the scalar neutrino is the lightest SUSY particle [23]. Then the zino would decay exclusively
into an invisible Pv final state (Fig. 16e) and the only possibility to put limits on its mass would be
initial state radiation tagging similar to ete™ — ~%% and ete™ — v discussed above.

MARK-J has searched for leptonic zino decays [24], while CELLO [14] and JADE [25] considered
both hadronic and leptonic final states. Figs. 17a and b show excluded zino masses for different decay
scenarios.
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cussion of the various processes see text.
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Figure 17: Limits on ¥ production assuming my > my.

(a): mr > iy, combined limit including searches for acoplanar leptons, acoplanar jets, and single jets.
(b): m~ < myy, assuming the zino to decay 100 % into qg3.
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3.4.2 Winos

Winos can be pair produced via one photon annihilation and via t-channel sneutrino exchange. Similar
to the zino case various decay scenarios are possible:

heavy gluino (my > mw), heavy sneutrino (my > my):
The wino decays into IV"1 or ¢§'9 via W or via scalar exchange (Fig. 16 h-k) with a leptonic branching
fraction of O(10%) per lepton generation. One expects acoplanar lepton and jet pairs.

light gluino (m~ < mg):
The wino decays dommantly hadronically into ¢g'g, followed by § — ¢34 (Fig. 16 1,m). Winos are
pair produced, so that one has 8 quarks in the final state resulting in spherical events with relatively
small missing p;.

light sneutrino (m~ < mg)s
If the scalar neutrino is light the winos decays exclusively into 1& final states (Fig. 16n) with the
sneutrino escaping unseen, resulting in a final state of two acoplanar leptons.

MARK-J[24] has looked for acoplanar leptons, while JADE|26] and CELLO|14] also searched for
acoplanar jets (see Fig. 18). Moreover, CELLO and JADE looked for an excess of spherical events
from % — ¢g'§ and exclude this decay mode for wino masses of up to 22.4 GeV. We can conclude that
winos below 22 GeV are excluded for ALL potential wino decay modes.

If the scalar neutrino is light, wino masses above the beam energy can be probed by the single
Production of winos in ey collisions (see Fig. 16 o,p), the signature being a single lepton and an
escaping sneutrino from the wino decay # — I¥. This process was studied by CELLO [14] and
MARK-J [24]. Contour C in Fig. 18b indicates the CELLO limit. Pair production of scalar electron
neutrinos via @ exchange, tagged by an radiative photon (see Fig. 16 q,r), is sensitive to even higher
W masses. ® and U masses excluded by the CELLO single photon search [20] are indicated by
contour D in Fig. 18b.

3.4.3 Gaugino Higgsino Mixing

In general, photino, zino, and the neutral higgsinos are expected to mix forming so called neutralino
Mmass eigenstates, while winos and charged higgsinos may mix forming charginos {27,28].

In efe” — 4 7 a higgsino admixture in the zino would cause a lowered production cross section
due to the small & ¢ e coupling while the zino decay properties would be essentially unaltered [217].

If the wino in ete™ — @™ ©~ isreplaced by a charged higgsino only the one photon annihilation
amplitude contributes to production. The decay of a charged higgsino is expected to proceed via W
exchange (28] giving a sugnature identical to wino pair production. In case the scalar neutrino is light
the dominant decay will be h — TV, giving rise to an acoplanar 7 pair. CELLO and JADE also studied
this signature (see Fig. 18, contour B) so that the limit m > 22 GeV also holds for a charged higgsino.

The cross section for single % production and ¥ pair production via i exchange, however, would
be reduced by a higgsino admixture, so that these limits are valid only for a relatively pure wino.

4 Compositeness

Compositeness of all or part of the Standard Model particle zoo could show up experimentally either
by deviations from Standard Model predictions in known processes or by direct production of new
Particles expected in composite models.
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nLL nrRrR nRL = nLr | CELLO JADE MARK-J PLUTO TASSO
AT, 11 0 0 1.1 8 9 1.1 7
Ap, | -1 0 0 1.2 1.5 1.0 8 1.9
Afp | O 1 0 1.1 8 9 1.1 7
Agp | O -1 0 1.2 1.5 1.0 8 1.9
Afy |1 1 1 2.4 2.4 1.7 2.2 1.9
Apy | -1 -1 -1 2.7 2.9 2.4 1.9 2.9
A 1 1 -1 1.9 2.2 2.3 2.0 2.0
Aga | -1 -1 1 2.5 2.7 9 1.6 2.3

Table 3: 95% C.L. limits on the preon mass scale (in TeV) obtained from Bhabha scattering by CELLO [30],
JADE [31], MARK-J [32], PLUTO [33], and TASSO [34].

4.1 Limits on the Preon Mass Scale

If the fermions were built from preons one, would expect residual contact interactions which would
modify cross sections for Standard Model processes. In Bhabha scattering, for instance, an additional
contact interaction amplitude besides v and Z° exchange would show up (Fig. 19).

ee __ee e e\/e e e
v ﬂ\ >‘5 vad
e e e e e/\e e e

e e

e

Figure 19: The lower order amplitude for ete~ — ete™ in the Standard Model and and the additional

amplitude due to contact interactions expected in preon models.

A model independent parametrisation for this contact interaction was proposed by Eichten et
al.|29]:
2
g —_ —_
Leontact = 2AZ Z Nij * YiYuths - ¢j’7u"/’j (1)
i,j=L,R
were g is the preon coupling constant and A is the preon mass scale. Fig. 20 illustrates the expected
deviation in the differential Bhabha scattering cross section for compositeness scales of order TeV.

Table 3 summarizes the PETRA limits on the preon mass scale from Bhabha scattering. The
preon binding force is assumed to be strong (g2/4m = 1) at present Q2.
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4.2 Search for Excited Leptons

The rnoxst direc.t evidence for lepton compositeness would come from the observation of excited lepton
sta..tes I" decaying into the lepton ground state and a photon. This decay involves a v{!* coupling
which can be described by the following Lagrangian
€  —y
Lint = )\2—@1/) oY F*  + h.c (2)
were M* is thf-: excited lepton mass and ) is 2 dimensionless parameter describing the strength of this
coupling relative to the normal QED type coupling.

Excited leptons can .be pair produced (Fig. 21 a,b) giving rise to a lly~ final state with two equal
mass Iy mass combinations. Amplitude (a) is independent of the coupling strength A. Possible form
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Figure 21: Excited lepton produc- ( ) (b)
tion mechanisms (a - d), pair produc- + * + N
tion (a, b) and single production (e, e I e e
d). Diagrams (b) and (d) are for ex-
cited electrons only. (e) shows pho- N
ton pair production via e* exchange.
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proportional to the (unknown) coupling (c) (d)
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(e)

factor effects can be safely neglected at present energies since the compositeness scale must be greater
than a few TeV as discussed before. CELLO [35] (JADE) have searched for this signature in their
high energy data and obtain 95% C.L. mass limits for the e*, u*, and 7 of 23.0 (23.1 [1]), 23.0, and
22.7 (22.5 [36]) GeV respectively, independent of A.

" masses above the beam energy can be probed by single I" production via diagrams (c, d) in Fig.
21, giving rise to /ly final states. Background from a® QED processes can be suppressed by looking
for a peak in the I invariant mass spectrum (Fig. 22). In case of single ¢ production the ’virtual
Compton’ configuration of diagram (D) is dominant [37] for the mass region of interest (my+ > Epeqm).
Here one electron is scattered under a small angle and stays unobserved in the beam pipe giving rise
to an e v final state from the e decay.

A virtual e* in the propagator (Fig. 21e) modifies the ete™ — ~ cross section even for e’ masses
above the c.m. energy.

Fig. 23a shows limits from CELLO [35] and JADE [1] on A as function of the the e* mass from
pair production (independent of A), single production, and e” propagator effects in ete™ — v~. Fig.
23b indicates the corresponding limits for excited p’s and 7’s.

4.3 Search for Leptoquarks
4.3.1 The CELLO dimuon event

As a motivation for the following discussions on leptoquarks I would like to remind the reader of a
peculiar dimuon dijet event observed by the CELLO collaboration back in 1984 [38] at \/s= 43.45
GeV. Fig. 24a shows the event in momentum space. Remarkable properties are
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Figure 22: Invariant ly mass spectrum for pu~ (a, 2 entries per event) and (e)ey (b, 1 entry per event) final
states together with the expectation from o® QED. The ly mass resolution obtained by kinematic fitting is ~
300 MeV in both cases. No significant peak is observed.
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Figure 23: Limits on excited lepton couplings X as function of the I* mass for an excited electron (a) and for
excited p’s and 7’s (b). The wiggliness of the limit from single ¢* and single p* production reflects statistical
fluctuations in the ly invariant mass spectrum (see Fig. 22).



- 20 -

. p'
e
\ /IJ-
e ;\l-l
b ”~_<q
. e/ gq
et iet 2
369813
T T T Ge V)

o

Figure 24: (a): momentum diagram of the dimuon event in the u*u~ plane
(b): Feynman diagram for ete™ — 4*4* — ptpqq.

e little or no missing energy (.5 + 4 GeV)
e high and similar 1 momenta of ~ 1/2 Eyeam (p,+ = 11.0£ 2.5GeV, p,- = 12.6 £ 3.2GeV)

e the extreme planarity of the event (< p;o,ut > of the hadrons w.r.t. the u*u~ plane is only 270
MeV)

e high and similar p-jet masses close to \/s/2 (m,- ;1 = 22.5 £ 1.6, M4 4y = 19.4+ 1.3)

These features are suggestive of the pair production just above threshold (i.e. almost at rest) of a
heavy object decaying back to back into a muon and a jet.

The most likely conventional source for such an event topology is a* QED pair production of two
off shell photons decaying into 4" 1~ and ¢g (Fig. 24 b). The probability for QED to produce pu and
99 masses as high or higher than the observed ones was estimated to be Pggp = 3 - 107* based on a
data sample of 4 pb~!. This estimate does not take into account the planarity of the event. However,
since then no further event of this type was observed by any of the PETRA experiments. Combining
the data samples at /s ~ 44 GeV and /s ~ 35 GeV (no threshold effect is involved in the QED
process) of all 4 PETRA experiments the probability to observe such an event from QED rises to ~
3 %.

4.3.2 Leptoquark searches

If leptons were built from coloured preons one would expect colour octet lepton states and colour
triplet leptoquarks. These objects could be a candidate for a particle decaying into lepton and jet.
This interpretation of the CELLO dimuon event is discussed if Refs. [39,40]. Leptoquark masses are
expected to be of the order of the compositeness scale, i.e. above a few TeV. In Ref. [40], however,
the possibility of a light spinless leptoquark goldstone boson is discussed. In this model three light
leptoquark bosons of charge 2/3 are expected, one for each family:

X1 —>ub or de'

5 +
Xz — €D, OF s
xs—t v, or brt
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These particles could be pair produced in e*e™ annihilation with a cross section

_ _ 1
0(e+e - XiXi) = 3Q2Zﬁ30uu'

e Xi Lv
>—< Xi
Y
e X q.q

Figure 25: Feynman diagrams for leptoquark pair production and decay

The CELLO dimuon event is a natural candidate for pair production and muonic decay of a second
generation leptoquark with a mass of ~ 20 GeV. To further investigate this possibility, CELLO [41] and
JADE (42| made a systematic search for all three decay signatures of a second generation leptoquark
(Fig. 26)

K B
(a)

Figure 26: Signatures for pair production and decay of a second generation leptoquark:
peis (a), wig po (b), and 55 p (c)

The only unknowns in such a search are the leptoquark mass and its relative branching ratio into
cvy, compared to su*. CELLO (JADE) observe 1(1), 0(1), and 2(0) events for the topologies pujj,
133 i, and jj py (see Fig. 26) respectively. Except for the CELLO dimuon event these candidates
are compatible with known background sources. Fig. 27 shows the excluded leptoquark masses as a
function of the muonic branching fraction. This analysis makes the leptoquark interpretation of the
CELLO event unlikely, although it is interesting to note that it can not be completely excluded (see
Fig. 27). However, leptoquarks of mass ~ 20 GeV should be produced sufficiently copiously in high
energy pp collisions to check this hypothesis at the CERN SppS collider.

5 Summary

Recent results on new particle searches at PETRA were reviewed. No evidence was found for new
heavy leptons, neither charged nor neutral. Improved limits on mass and coupling of a heavy neutrino
were shown.

Searches were made for the supersymmetric signatures
e acoplanar lepton, photon, and jet pairs
e single leptons, single photons, and single jets

© an excess of spherical events.



- 22 -

: JADE
1 —70
8 312
1=
b L (?
A, k- leg
- S ] 8 o
'ZC .\\ % ik
O (0 aa ) 21 .'ﬁ'J_T'.—-:f:‘. | R 1
: . ! ! . 0
Figure 27: Excluded second generation lep- 00 50 N}OO(G :/?O 2,0_..0.4 “'2_SCELLUEVEN
toquark masses as function of the muonic XZ €
branching ratio. Also indicated is the ob- CELLO
served 4 - jet mass of the CELLO dimuon 1 j)"""—‘—'*'\. " 0
event (20.5 + 1.0GeV). s / N 12 —
S A 3
? 6 | 41
o] I
ekl o
@ 2k 4.8
. '\
0 Rt Tt s 1
00 50 100 150 200 250
Mx, (GeV)

No unexpected signal was observed in any of these signatures and improved mass limits on scalar
electrons, photinos, gauginos, and higgsinos were obtained.

Searches for excited leptons of the electron, muon, and tau type were negative. A systematic
search for light leptoquark scalar bosons makes the leptoquark interpretation of the CELLO dimuon
event unlikely.
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