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+ -SEARCH FOR NEW PARTICLES IN e e Annihilation 

ABSTRACT 

+ -
Extensive searches for new particles have been performed at e e sto-

rage rings. No new leptons or quark flavours have been found up to 

centre of mass energies of 36.75 GeV. Also the search for new scalars 

has been negative. In particular, Supersymmetrie leptons must have 

masses larger than 16 GeV and charged technipions and "standard" axi­

ons can be excluded. 

SUCHE NACH NEUEN TEILCHEN IN 

ZUSAMMENFASSUNG 

+ -
e e ANNIHILATION 

Eine umfassende Suche nach neuen Teilchen ist an e+e- Speicherringen 

durchgeführt worden. Bis zu Schwerpunktsenergien von 36.75 GeV wurden 

keine neuen Leptonen oder Quarks gefunden. Auch die Suche nach neuen 

skalaren Teilchen blieb ergebnislos. Insbesondere müssen supersymme­

trische Leptonen Massen von mehr als 16 GeV haben und können geladene 

Technipionen und "Standard"-Axionen ausgeschlossen werden. 

Talk at the DESY Workshop 1982; Electroweak Interactions at High 

Energies, September 28-30, 1982 
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I. Introduction 

As the title indicates, this is a report on the discoveries which 
+ -

have not (yet) been rnade at e e storage rings. Motivations to search 

for new particles corne frorn rnany sources. Even in the "standard" GWS­

GIM-rnodel1'2) several particles arestill rnissing. Nurnerous alternati­

ves and extension to this rnodel call for a large variety of other or 

additional particles: 

- Fermions 

Besides the top quark and the T neutrin~ for which direct ev~­

dence is still rnissing,further farnilies of quarks and leptons 

(sequential leptons) rnay still exißt. More exotic leptons (sta­

ble, excited, or neutral) are predicted in specific rnodels and 

fractional charged quarks (and rnonopoles) are under heated dis­

cussion again. Moreover, Supersymmetrie theories predict spin 0 

partners of quarks and leptons (squarks, sleptons). 

- Vector Bosons 

+ 0 
The rnediators of the weak interaction, lr and Z , are not the 

only particles on the shopping list for new vector bosons. 

Again, in particular supersyrnrnetry, predicts ferrnion partners. 

Sorne of thern, photinos and gravitinos, will be discussed. 

- Scalar Bosons 

\Vhereas the standard rnodel asks for one single physical scalar 

(Riggs) boson H0
, also charged Higgses, ax~ons and technipions 

are predicted in other rnodels. 

Many of the new particles suggested above are directly or indi­

rectly accessible in e+e- reactions. In e+e- annihilation the direct 

production of charged (eq), pointlike particles is given by (ß = v/c, 

s = centre of rnass energy squared, OQED = 4na 2 /3s 
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0 
2 ß(3-ß 2

) 
0 QED • eq 2 spin 1/2 (I) 

0 OQED • e! 1/4 ß
3 spin 0 (2) 

i.e. the production of scalars is 4 times smaller and suppressed by an 

additional threshold factor with respect to the production of spin 1/2 

fermians (see Fig. 1). We will start with the discussion of fermians 

and then proceed to scalar particles. 

F s: 1/2 F:13 

s = 0 F = 133 
1. 

15. 20. 

3-13 2 

2 

25. 

Ebeam [GeVl 

30. 

Fig. I 

Threshold behaviour of 
pointlike scalars and spin 
1/2 fermians in e+e- anni­
hilation3c) 

This report will include searches carried out by the MAC, MARK II, 

PEPI2 and PEP14 experiments at PEP, the CELLO, JADE, MARK J, PLUTO, and 

TASSO experiments at PETRA, the CLEO and CUSB experiments at CESR,and 

the Crystal Ball and MARK II experiments at SPEAR. Similar reports have 

been published previously3). 

2. Search for New Fermions 

2.1 The "Old" Sequential Heavy Lepton T 

Before we talk about new lepton families, let us first have a 

quick look at the last one4). 
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The T lepton has so far not shown any deviation from the Straight­

forward predictions for a sequential heavy lepton. Latest results from 

high energies show pointlike behaviour 

a 
TT OQED (1.03 ±0.05 ±0.07) 

OQED (0.97 ±0.05 ±0,06) 

CELLO 5) 

MARK I1 6 ) 

and a charge asymmetry 1n the angular distribution 

A -8.0 ± 2.3 PETRA average 7) 

1n good agreement with the prediction of the standard model 

A -9.3 ± 0.2 Theory 

As reported 1n Paris, several groups have now been able to measure the 

lifetime of the T lepton. In particular, the beautiful measurement of 

the MARK II group yields 

(3.31 ±0.57 ±0,6) • 10-13s MARK I1 8) 

1n agreement with the value expected from e-~-T universality 

(2.8 ± 0.2) • 10-!3 s Theory 

Apart from the value this measurement has in itself, it bears heavily 
. . 4b) 

on the question of whether or not the T neutr1no ex1sts . 

Already before the new measurements on the T lifetime were per­

formed in 1982, it was known that an extra neutrinowas involved in T 
- 4c) 

decays and that this neutrino was different from V~, V~ and Ve 

However, the one case V = V could not be excluded. Now, arguments 
T e 

similar to those which already led to the exclusion of VT = V~ can 

also be applied for Ve· 
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Let us consider the coupling strength E(T - V ) of a hypothetical e 
T-V vertex. lf E(T-V ) ~ 0, this would lead to a production of T 1 s in 

e e 
Ve interactions. In a beam dump experiment, the BEBC group has deter-

. d . . 9) m1ne an upper l1m1t 

E(T-V ) < 0.35 of universal coupling strength (90% C.L.) 
e 

from the compar1son of charged/neutral current V interactions. On the 
e 

other hand, the MARK II lifetime value constrains the value from below 

E(T-V) > 0.75 of universal coupling strength (90% C.L.) 
e 

This contradiction indicates that VT cannot be identical to Ve. Thus, 

by exclusion of all alternatives, we have indirect experimental evi­

dence for a new neutrino V in T decays. 
T 

2.2 The Next Sequential Heavy Lepton L 

The production and decay of a hypothetical new heavy lepton L is 

shown 1n Figs. 2a and b. As an example the predicted branching ratios 

for a mass of 16 GeV are g1ven in Table I IO). The signatures which 

Table I: Branching ratios for a hypothetical sequential heavy lepton 
C o f mas s ML = 16 Ge V I 0) 

BR(L -+.Q.vv) ce 10.7% (.Q, = e,)J,T) 

BR(L -+v~d) ce BR(L -+v~s) ce 32% 

BR(L -+v~s) ce BR(L -+V~d) ce 2% 

can be used are similar to those forT detection (Figs. 2c,d,e). Sig­

nature (c) - a )J acoplanar with a jet of invariant mass larger than 

the T mass - has been used by most groups to search for a new lepton. 

Signature (d) - two acoplanar jets of invariant mass larger than the T 

mass - has been used by JADE, the signature (e) -acoplanar e )J pair -
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·- /VL 
~ 

\W . - -c-
'~ ~ ~ _ . Hadrons 

---...._ Ve Y\l Vt 

Fig. 2: Production (a) and decay (b) of sequential heavy leptons and 
different experimental signatures (c,d,e). 

by the MARK II group. The results are surnrnarized ~n Table 2. 

Table 2: Experimental lower limits (95% C.L.) on the mass ML of a new 
sequential heavy lepton L 

experiment mass limit Ref. 

CELLO ~> 16.3 Ge V II 

JADE ~> 18. I Ge V 3a 

MAC ~> 14.5 Ge V 12' 13 

MARK J ML > 16.0 Ge V 14 

MARK II ~> 13.8 Ge V 12 

PLUTO ~> 14.5 Ge V 15 

TASSO ~> 15.5 Ge V 16 

- - -
The cases of ortho (% = v ,v ,vT) or para (V = V e' v11, VT) lep-

e 11 L 
tons have not been evaluated in detail, but would lead to similar li-

mit s. 
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2.3 Stahle Charged and Heavy Neutral l~ptons 

New lepton families may exist, in which the neutral partner is 

heavier than the charged one 17): 

with ~0 > ~- ( 3) 

This would lead to lepton signatures much different from the sequen­

tnal case discussed above. 

If the new lepton family has its own conserved quantum number, 

the charged partners are stable and behave like additional 11
)J pairs" 

with low momenta 

+ - + -
e e -+ L L 

+ 
L- stable (4) 

The ~RK J and JADE groups have searched for such signals. Fig. 3 

~ N 
z 
w 
~ 
u.. 120 

10 

0 1----------
0:: 100 w 
m 
:::iE ab 
::::> 
z 
c 60 
w 
~ 4 
c 
w 20 
0:: 
ll. 

95%C.L. 

0 5 10 15 

MASS (GeV) 

0 5 10 15 20 
MASS (GeV) 

Fig. 3 

Experimental limit on 
the production of stable 
charged leptons 
(MARK J) 19) 
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shows the upper limit deduced from ~ pa~r production in MARK J compa­

red to the expected nurober of events. The JADE group has looked for 

excessive stable charged particle pair production (see below). The ex­

perimental limits of the two groups are (95% C.L.) 

~± > 12 GeV JADE 18 ) 

(for charges > 2/3) 

~± > 14 GeV MARK J 19) 

It should be kept in mind that these limits only hold for 

~O > ~- 4a). If both masses would be similar with the charged lepton 

slightly heavier,L- decays of the type 

L + L0 + e + V 
e 

etc. (5) 

would be very difficult to detect. Because of the low electron energy 

and large missing mass they would probably be indistinguishible from 

2y events. 

For the heavy neutral lepton in a hypothetical new family the 

following phenomenlogical cases have to be considered (~ = e,~,T:) 

(Ref. 4a) 

New conserved lepton number, charged (L) or neutral CvJpartner 

or 

or 

\) + hadrons 0 

L 

- + 
L + hadrons 

No new conserved lepton number, "old" lepton partners (~-,V~) 

or \) + hadrons
0 

~ 

(6a) 

(6b) 

(6c) 
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+ n+ + \)9, XJ or + + hadrons (6d) 

Since the production of 1° can only occur through weak interac­

tions (Fig. 4), cross sections will be low. The cross section of 
. d . . 0 ( • 4 ). . . d b f h d f 20) pa~r pro uct~on v~a Z F~g. a ~s est~mate to e o t e or er o 

(18 40 GeV) 

at PEP/PETRA energies, corresponding to about 60 events/100 
-I 

pb Note 

h . . . . I 2 t at the cross sect~on rat~o ~ncreases l~ke a aQED ~ s 

For the particular case of 9, being an electron in (6d), the heavy 
+ 

neutral electron E0 can also be produced 'via w- exchange (Fig. 4b) 

with a substantially higher cross section 

a(e+e- + E0 \! ) 
e 0. I OQED 

at PEP/PETRA energies. This possibility has been studied by the JADE 
3a,c) f h h 0 d · 1 d h d group or t e case, w ere E ecays ~nto an e ectron an a rons. 

The experimental signature and the expected cross section are given in 

Fig. 5. No event has been observed, which corresponds to the following 

95% C.L. lower limits on the mass of E0 in case of V+A or V-A interac-
. 21) 

t~on . 

a) 

M(E0
) > 24.5 GeV 

M(E0
) > 22.5 GeV 

(V+A) 

(V-A) 

Eo 

JADE 

JADE 

Fig. 4 

Production of neu-
tral leptons in 
e+e- annihilation 
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JADE 

e•e--E 0 v 

20GeV 

l hadrons 
• electron 

95 "/. C.L. 

Mass of neutral heavy electron (GeV) 

2.4 Excited Charged Leptons 

Fig. 5 

Experimental limits on 
the production of neu­
tral electrons (JADE) 
(Ref. 3a) 

If leptons were composite particles,one would expect to observe 

finite structures and excited states. As far as structures are concer­

ned, no deviation from pointlike behaviour of e, ~. and T has been ob­
-1 

served up to 0 (100 GeV) . 

There are two reactions through which excited leptons (heavier 

particles with the same quantum numbers as the corresponding leptons) 

could be produced directly in e+e- annihilation (Fig. 6) 

+ -
e e (7) 
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b) 

e 

+ -
e e 
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y 

y 

Fig. 6 

Production of excited charged 
leptons 

(8) 

\fuereas the cross section for (7) in the case of a pointlike ~* with a 

mass less than the beam energy would be given by (l),reaction (8)would 

require an unconventional current of the type22 ) (coupling strength A) 

The cross section then reads (M * 
~ 

(j 

If ~* decays rapidly 

~ + y 

one would observe a signal 

mass of ~*) 

+ -
e e 

+ -
~ ~ y (y) 

(9) 

(I 0) 

(I I) 

which has to be separated from the radiative QED background. Mass li­

mits on M * are of course restricted to less than the beam energy in 
~ 
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reaction (7), whereas higher values (~ /S) can be reached in reaction 

(8). 

Searches for excited muons ~have been performed by the CELLO, 

JADE, MARK J, and MAC collaborations. For masses below beam energy, 

mass limits can be deduced from the observed limits on excess events 

of type (I I) compared tothe expected cross section (1). The experimen­

tal limits are summarized in Table 3. 

Table 3: * + -Experimental limits on ~ masses from reaction e e + ~*~* 

Experiment 

CELLO 

JADE 

MARK J 

MAC 

Mass Limit 
(95% C.L.) 

> 16.9 

> 10 

> 10 

> 14 

(Ge V) Ref. 

II 

3a 

19 

12' 13 

In the case of reaction (8),an excited muon would show up as a peak in 

the invariant mass distribution of the ~y system. As an example, the 

data of ~he MAC group 13) are shown in Fig. 7. No such signal has 

been observed. From a comparison withfue QED expectatio~ upper limits 

on the observed cross section for reaction (8) can be obtained. By 

means of the expected cross section (10) this can be transformed into 

limits on the coupling constant A as a function of M *' Figs. 7 and 8 
13) 19Y show two recent results from the ·M_~C and MARK J groups. Similar 

1 . . . d 1 b ' 3b) F' 8 ~m~ts were obta~ned by the CELLO an JADE col a orat~ons . ~g. 

also shows the constraints on A which can be obtained from the anoma-

l . f h 23) aus magnet~c moment o t e muon . 

At SPEAR the MARK II collaboration has also searched for signals 

of excited electrons and muons. They can put stingent limits on the 

production of e* and ~* up to masses of about 3 GeV. The results are 

shown in Fig. 9 24 ) 
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1.0 
N-

e•e·_..,. ~· ~-y u 

> 30 154 Events Observed 
Q) 

(!) - QED Prediction 140 Events 
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Fig. 7 

Experimental limits on the pro­
duction of excited muons ~* 
(MAC) 13) 

Fig. 8 

Experimental limits on the pro-
duction of excited muons ~* 
(MARK J) 19) tagether with li-
mits from the anomalaus magne-
tic moment of the muon23) 
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Experimental limits on the pro­
duction of excited muons ~* and 
e* ('11ARK II) 24) 

Virtual Excited Electrons -------------

If currents of the type (9) would exist, they would interfere 

with the electron exchange diagram of the reaction 

+ -
e e + yy (12) 

1n the way indicated in Fig. 10. This modifies the cross section for 

( 12) 

where A 

(9). 

0' ( 13) 

M * ~~ and A1 is the relative coupling strength of current e 

Many groups have looked for deviations from QED 1n reaction (12) 

for which radiative corrections have been calculated up to 0 (a 3
) and 

which is unaffected in lowest order by weak interactions. Figs. 11 and 

12 show two recent results of the MARK II and CELLO collaborations. 

Both agree well with the QED predictions. According to (13) this can 
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a.,ol < 15' 

so. 

20. 

10. 
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cos e 

Fig. 10 

Passihle contributions to 
e+e- -+ yy 

Fig. II 

Invariant differential cross 
section for the reaction e+e- -+ 
yy. Data are compared to the 
QED prediction to 0 (a 3

) 

(MARK II) 12) 

Fig. 12 

Invariant differential cross 
section for the reaction e+e- -+ 

yy. Data are corrected for ra-
diative effects to 0 (a 3) and 
compared to lowest order QED 
(CELLO) 25) 

be transformed into a limit on ~ * · ~lA'. Table 4 summar1zes the re­
e 

sults obtained by different groups at PEP and PETRA: 
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Table 4: Experimental Limits on M * • ~· (95% C.L.) 
e 

Experiment M • ~· e* Ref. 

CELLO > 59 Ge V 25 

JADE > 47 Ge V 26 

MARK J > 58 Ge V 19' 27 

MARK II > so Ge V 12 

PLUTO > 46 Ge V 15,28 

TASSO > 34 Ge V 29 

2.5 Search for New Quark Flavours 

One of the main objectives of the high energy e +e- machirres is 

the search for new quark flavours. I will only very briefly sketch the 

extensive experimental program which has been carried out at highest 

PETRA energies to search for thresholds or resonances in the hadronic 

cross section3a,b,c). 

Search for Thresholds 

Variations in the total cross section, event shapes and inclusive 

lepton rates would be indicative of new quark thresholds. No such 

changes have been observed up to center of mass energies of /S = 
36.75 GeV. This excludes new quark flavours with charge 2/3 (from to­

tal cross section) or 1/3 (from event shape analysis). 

Search for Narrow Resonances --------------

The highest energy region 33 GeV < 18 < 36.75 GeV has been scan­

ned in steps of 20 MeV to look for narrow resonances. No resonances 

have been found. Quantitatively, an upper limit of 

Bh • r ee 
< 0.65 keV (90% C.L.) 



15. w 
ree KeV 

+'+ 
J/lj! 

e2 
t q 

10. p 4> 

5. 

0.4 I. 2. 

- 16 -

I 

V 

+ . 
m-eq=lt3 

5. 10. 20. so. 
M(GeV) 

Fig. 13 

The reduced leptanie width fee/q~ 
of the known vector mesons compa­
red to the experimental limit at 
highest PETRA energies3c) 

can be deduced from the combined PETRA data where Bh is the hadronic 

branching ratio and r the leptanie width of the resonance. If we as­
ee 

sume Bh = 0.7 this gives an upper limit of 

r ee < 0.93 keV (90% C. L.) 

In Fig. 13, this limit is compared to the width of known narrow vector 

mesons 1n terms of r /e 2 , e being the quark charge. If we assume ee q q 
r /e 2 to be about constant, as previous data suggest, we can safely ee q 
exclude a tt bound state with et = 2/3. 

2.6 Search for Free Fractionally Charged Quarks 

Searches for fractional charges have been performed in several 

experiments at PEP and PETRA. They all rely on a measurement in the 

specific ionisation 

dE/dx e 2 
• f(ß) q (14) 

The JADE group measures dE/dx and the reduced momentum p/e in a 11 jet 11 

chamber
18

). The PEPI4 collaboration has no magnetic field ~nd· uses 

dE/dx and TOF measurements in scintillation counters 30 • 31 ). In addi­

tion, tracks are defined in proportional chambers. The MARK II group 

combines the dE/dx and TOF information from scintillation counters 

with a p/eq measurement in the drift chambers 32 ). 
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Experimental upper li­
mits on the cross sec­
tion for inclusive and 
exclusive quark produc­
tion as a function of 

::1.. the quark mass (JADE, 
::1.. MARK 11, PEP14)3a) 
0 
._ (a) limits on inclusive 
ICT 
CT production 
o (b) limits on exclusive 

production 

All three groups have searched for the exclusive production of 

quarks 

+ -
e e + qq (15) 

JADE and MARK 11 have also determined limits on the inclusive produc­

tion 

+ - -
e e + qqX (16) 

No signals have been seen. The upper limits relative to the pointlike 

cross section 0 as a function of the quark mass are shown in Fig. 14 
1.11.1 

(Ref. 3a). 

2. 7 Search for Monopoles 

Monopoles (which, strictly speaking, do not fit in here, but are 

somewhat related to the question of fractional charges) were originally 

proposed by Dirac to symmetrize the Maxwell equations anq to quantize 

the electric charge32 ), These Dirac Monopoles have a magnetic charge g 

which is related to the ~lectric charge e by 



g/e n/2a 

The mass of these monopoles M 
M 
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68.5 n n = 1,2, ... 

is predicted to be (M p 

2.56 n 2 
• M 

p 

(I 7) 

proton mass) 

( 18) 

Later, T'Hooft and Polyakov34 ) pointed out that monopoles appear 

as soliton solutions of the classical field equations and must exist 

in unified gauge theories. Their mass is much higher than that of 

Dirac monopoles, ~ ~ MG/a, where MG is a typical mass of the gauge, 

e.g. 100 GeV for electroweak theories or 10 14 GeV for unified theories. 
+ -

Clearly, this kind of monopale is inaccessible in e e interactions 

and our search is restricted to Dirac mo~opoles (18). 

+ -
To search for monopoles in e e reaction~ we make use of the high 

specific ionisation which is expected from (17) 

dE/dx (g/e) 2 (dE/dx) . for ß"' I 
m~n 

( 19) 

This is about 4 700 times the ionisation of a minimum ionising par.ticle 

~or n =I, and rises quadratically with n. 

The experimental procedure to look for these highly ionising par­

ticles is quite simple and has been applied at PEP and PETRA. Plastic 

foils are wrapped araund the vacuum pipe near an interaction point and 

later analyzed for traces of heavily ionising particles. Searches in 

the PEPI6 experiment have yielded an upper limit for monopale produc-

t
. 30) 
~on 

+ -a(e e + monopoles + X) < 0.007 • a . 
po~nt 

for ~ < 14 GeV and n=l. For n >2 these simple experiments are insensi­

tive because the particles are absorbed in the beam pipe. Therefore, 

foils have been put into the vacuum of the beam pipe in the MARK J de-
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tector at PETRA. No results have been reported yet. 

3. Search for New Sealars 

Motivation to look for new scalar particles has recently corne 

frorn two sources: 

a) Ta explain symmetry breaking, rnodels of increasing cornplexity 

have been proposed which require one or several (rnany) new scalar 
. 1 35) 

part~c es • 

b) S . . h f . 36' 3d) upersymmetry assoc~ates a new scalar part~cle to eac errn~on -

+ - . As already rnentioned above, the search for scalars in e e ~s ren-

dered rnore difficult cornpared to ferrnion searches by a factor 1/4 in 

the asyrnptotic cross section and a slowly rising threshold function 

"'ß 3 (seeFig. 1). 

3. I Search for Supersymmetrie Particles 

In supersymmetry, each ferrnion with spin J has one boson counter­

part with spin J ± 1/2 and vice versa. Thus, to each particle, ther~ 

exists a Supersymmetrie partner (itsparticle") 3d). Table 5 contains a 

few exarnples which will be relevant to the further discussion. 

Table 5: Supersymmetrie Partners 

Particle J Sparticle J ± 1/2 

lepton 1 1/2 slepton SQ, tQ, 0 

photon y photino A. 1/2 y 

graviton 2 gravitino A. g 3/2 

Same properties of these hypothetical particles are illustrated in 

Fig. 15. The sleptons sQ,, tQ, (one for each helicity state of the lep-



- 20 -

a) b) 

c) 

e 

Fig. 15 

Production,and decay of 
supersymmetric particles 

a) Supersymmetrie lepton 
decay, 

b) ~odel-dependent pho­
tino decay, 

c) production and decay 
of supersymmetric 
leptons in e+e- anni­
hilation 

ton 1) decay rapidly into the related leptons and a photino Ay or gra­

vitino A (which could also be a goldstino if gravity were not inclu-
g 

ded 1n the theory). The photino may be stable or may decay into a pho-

ton and a gravitino (Fig. 15b). This process is strongly model-depen­

dent and will be discussed later. 

3. I. I Search for Direct Production of Supersymmetrie Leptons 

Pointlike sleptons are pair produced with the cross section (2) in 
+ -

e e annihilation and decay rapidly aceording to Fig. 15. Thus the sig-

nature is (1 = e, ~' T) 

+ -
e e + (aeollinear) (20) 

Although this is a simple and clean signature in prineiple, baekground, 

in partieular from radiative QED proeesses,has to be eliminated eare­

fully. Many groups at PEP/PETRA have searehed for sleptons. As examples, 

the results of the CELLO group on Supersymmetrie eleetron (t~,s~) and 

muon (t~,s~) searehes and of the MARK J eollaboration on a Supersymme­

trie tau ( t , s ) seareh are shown in Figs. 16 and 17 . It should be noted 
T T 

that the additional graph of A exehange eontributes to the supersymme­
y 

trie produetion and inereases. the expeeted rate eonsiderably (Fig. 16a). 
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Fig. 16 

Experimental limits on Super­
symmetrie eleetrons and 
muons (CELL0)37) 

(a) suypersymmetrie elee­
trons 

(b) supersymmetrie muons 

Fig. 17 

Experimental limits on Super­
symmetrie taus (MARK J)39) 
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This improves the experimental limits whieh ean be obtained. The signa­

ture used by the MARK J group to seareh for Supersymmetrie taus is si-

milar to (2e) in the ease of the sequential lepton seareh and the hy­

perpion seareh diseussed below. The results of the experimental sear­

ehes at PEP/PETRA are summarized in Table 6. The value derived from 

the anomalaus magnetie moment of the muon is also ineluded. 

Table 6: Experimental Lower Limits on the Masses of Supersymmetrie 
Leptons in GeV (95% C.L.) 

CELLO 

JADE 

MARK J 

MARK II 

TASSO 

MAC 

g-2 

16.8 

16 

16.6 

s t 
l-1 l-1 

16 

15 

16.4 

13 

13 

s t 
T T * Ref. 

15.3 37 

14 38 

14 14,39 

9.9 40 

41 

13 13 

42 

* mostly from hyperpion seareh (e.f. Fig. 24) 

The experiments quoted usually also g~ve upper limits for the 

lower masses. These values have not been ineluded in the table sinee 

the low mass region ~s already exeluded by preeision measurements on 

eleetron and muon pair produetion, in a way similar to that indieated ~n 

Fig. 17a for the ease of T' s. 

To improve the Supersymmetrie mass limit, a study of the single 

produetion shown in Fig. 18 was suggested43 ). The eleetron would stay 

invisible in the beam pipe and a single supersymmetrie eleetron would 

emerge under large angle and deeay into an eleetron and a photino. 



- 23 -

e 

a) 
e b) 

·-<~ e I ------e Se le 

Fig. 18: + -Single produetion of a Supersymmetrie eleetron in e e -eol-
lisions 

Thus the experiment would have to look for single eleetrons at 

large angle. The authors elaim that the Supersymmetrie eleetron mass 

limit eould be pushed to about 1.25 times the beam energy. 

3. 1.2 Seareh for Virtual Supersymmetrie Eleetrons and Seareh for 

Photinos 

One may try to study the supersymmetrie analogue to reaetion (12) 

as given in Fig. 19a 

+ - -
e e + A. A. y y 

We have to distinguish the following two alternatives: 

A , A are stable 
_Y __ g_ -- - - -

(21) 

As A. and A. are supposed to interaet only very weakly, they will y g 
be invisible if they do not deeay in the deteetor. Therefore, the only 

way to study this proeess experimentally would be through initial state 

radiation (Fig. 19b) as suggested by Fayet44 ). The expeeted rates of 

a(A. A. y) 
y y 0.3 pb 

0. I pb 

for M8 e 

for Ms e 

20 GeV 

40 GeV 

would lead to a signal of 10 ~30 events for 100 pb- 1. In view of the 
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a) b) 

•'3- _ Xy. "11. 9 =:IY __ Xy·Xg 

- Se, le 

X Xg e -

c) 

----< 
Xy ~ y 

Fig. 19: + -Production and decay of photinos in e e annihilation 

experimental problems of triggering on a single photon of 2 to 3 GeV 

and fighting the background from radiative QED processes,this is cer­

tainly a very low signal. It requires a very good trigger and complete 

solid angle coverage for electromagnetic showers. 

A 1.s unstable 
_y_-----

If the photino is massive, with a mass larger than the grav1.t1.no 

mass, it will decay according to Fig. 19c with a lifetime45 ) 

(22) 

where M>,. 1.s the photino mass and d is a parameter characterizing the 
y 

symmetry breaking, which 1.s unknown. If TAy is such that Ay decays in-

side the detector, the process (21) would lead to two photons in the 

final state (Fig. 19d) with the experimental signature 

+ -
e e + yy + missing energy (23) 

The CELLO group has searched for events of this type46 ). Fig. 20 
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Gorrelation of the two 
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(Ref. 46) 
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.... .... 

20.0 

shows the correlation of the energies of the two photans in reaction 

(23). All events pass the rnissing energy cut indicated in the figure. 

Fig. 21 shows the constraints which can be derived on the rnass of the 

photino and the scale pararneter d assurning rnse = 40 GeV, tagether with 
56) 

lirnits frorn cosrnological argurnents and search for the decay 

J/~ + nothing 42 ) 

3.2 Search for Riggs Particles 

3.2. I Search for the Neutral Riggs Particle H0 

In the Standard Model with one Riggs doublet only, one physical 
b particle, the neutral Riggs H , ernerges after syrnrnetry breaking. 

Since H
0 

couples preferentially to large rnass ferrnions, the best 

way to look for it in e+e- annihilation would be in the decay of heavy 
. 47) ( . ) . . . on1urn 0 F1g. 22a . The relative w1dth 1s est1rnated to be 

(rn0 ,~ = oniurn and Riggs rnass) 

rco Hoy) GF rn2 
(I ~ ) + 0 (24) ~ ----z + -rco + e e ) 4 /2 TI a \ rno 
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which leads to the following branching ratios48) 

CELLO 

a) b) 

~: e 

BR(J/lj! + Hoy) !:::! 1/2 

BR(Y + Hoy) !:::! 2 

BR(tt( 3s
1
) + Ho) !:::! 

0 

0 

Fig. 21 

Experimental bounds on the 
mass. of the photino as a 
function of the scale pa­
rameter d of the supersym­
metry breaking (CELL0)46) 

lo-4 

I0-4 

I0-2 

y 

Fig. 22 

Production of 
neutral Riggs 
particles in 
e+e- reactions 

a) Decay of 
heavy onium 

b) Production in 
the continuum 

(M - = 40 GeV) tt . 

An upper limit on the J/lj! branching ratio of 10-3 is quoted by the 

Crystal Ball group48 ). 

Even if the mass of H0 were sufficently low, it would be very 

difficult to detect H0 on the J/lj! or Y because of the low branching 
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ratios. Toponium would certainly be an ideal place to look for Ho. 

Another possible way of producing H0 in e+e- annihilation is 

shown in Fig. 22b. This production in the continuum is however highly 

suppressed since it involves heavy quark and vector boson loops. The 
. f49) cross sect~on o 

+ - 0 
a(e e + H y) ~ 10

-6 
0

QED 

~s hopelessly small. Fig. 23 shows the radiative background 

+ -e e + y + qq + y + hadrons (25) 

From the absence of any structure or deviation from the expectation 
+ - 0 < -2 

for (25) an upper limit of a(e e + H y) - 10 aQED can be deduced 

(Ref. 3c, SO). 

3.2.2 Search for Charged Higgs Particles and Hyperpions 

There are several reasons why the Higgs sector may be rnore corn-
48) 

plicated than proposed in the Standard ~1odel e. g. 

CP violation rnay be due to Higgs fields 

asymptotiC:ally the electro-weak interaction is left-right syrnme­

tric 

Higgs particles have supersyrnmetric partners 

the strong CP problern is solved by Higgs particles. 

+ 
In all these cases, charged Higgs particles H- will occur. 

Moreover, in dynarnical schernes of symrnetry breaking like extended 

technicolour (ETC) rnany Goldstone bosons become physical particles and 

acquire mass (pseudo-Goldstone bosons, PGB). Same of these lie in the 

mass range accessible to high energy e+e- rnachines. In particular, ~n 

a minimal ETC, the colour singlet 0 PGB's acquire their rnass frorn 
+ 

electroweak interaction. The rnass of the charged states, P- is then 
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16 

8 

o~~_J~~~-L-L-L-L-L~~ 

-200 200 600 1000 

35) predicted to be 1n the range 

5 GeV < 
M + P-

< 

Fig. 23 

Search for neutral Higgs in the 
reaction e+e- + y + hadrons 

a) hadronic event with an iso­
lated photon as seen in the 
CELLO detector50) 

b) Photon recoil mass spectrum 
(JADE) of events with an 
isolated photon3c) 

14 GeV (26) 

Extensive searches for charged Higgs particles or hyperpions have 

been carried out at PEP and PETRA. Both types of particle have the 

same production and decay properties 
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+ - H+H-e e -+ 

+ -
or. p p deeay into heavy fermians 

I+ -
es, eb, T V 

- + 
-+ es, eb, T V 

The relative branehing ratios for hadronic and leptanie deeays are 

given by 

+ BR(H -+ es) 
+ 

T V) 

2 
m 

e 
2 m 
T 

X 

(2 7) 

(28) 

where X is, a priori, an unknown parameter .. In different models, X may 

vary over a wide range (X • 3 for Riggs, 1/3 or 27 for ~GB's) 51 ). We 

shall, therefore,eonsider X as a free parameter and diseuss the follo­

W1ng eases (Fig. 24): 

a) 

This situation is illustrated in Fig. 24a. Both H deeay into T 

and V. The events look identieal to the ones expeeted for supersymme­
+ 

trie T's. If Ay is undeteetable, H- deeaying with IOO%branehing ratio 

into TV is indistinguishable from s or t . Therefore, the limits de-
+ T T 

rived for H- produetion ean also be applied to s (speeial ease of 
T 

B 100% in Fig. 25, e.f. Table 6). 
T\) 

The CELL0 37 ) and MARK J 39 ) groups have used the deeay T -+ I prong 
+ 

- signature (I) in Fig. 24a - to seareh for H- signals: an aeoplanar 

pa1r of partieles with missing energy. Signature (2) implies T deeays 

into all ehannels: I prong aeoplanar w1th 3 or 5 prongs in the oppos1-

te hemisphere. The JADE eollaboration used this signature in the eom­

binations (I prong- 3 prong) and (1 prong- 5 prong) whereas the MARK 

II group looked for the (I prong - 3 prong) eombination. The mass of 

the 3 or 5 prong system is restrieted to less than the T mass (< 2GeV). 
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b) X~_!_ 

In this case, both the leptonic and hadronic decay modes occur 

with similar branching ratios. The situation is described in Fig. 24b. 

Four groups have looked for events characterized by one or three 

prongs (originating from the T) acoplanar with a hadronic jet of mass 

MB> MT (c.f. Fig. 24b) 

group 

JADE 

MARK II 

MARK J 

MAC 

> 2.5 GeV 

> 2 

> 2 

> 2 

Ge V 

Ge V 

Ge V 

T -+ p 

1,3 prongs + y's 

prong. + y's 

< 2 GeV 

< 2 GeV 

Ref. 

38 

40 

39 

13 

The results of searches a) and b) are summarized in Fig. 25 which. 
+ 

shows the experimental boundaries for H- production as a function of 

mass and branching ratio. Combining the results of all groups, the 

mass range from about 3 to 13 GeV can be excluded except for very lm.;r 

leptonic branching ratios of about 10%. This interesting area is again 

shown in Fig. 26. 

6.0 12.0 14.0 

ffiH (GeV) 

Fig. 26 

Experimental bounds 
like in Fig. 25 
(JADE, MAC) 
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Experimental bounds 
on the hyperpion mass 
(TASS0)52) 

To fill in the gap in Fig. 25,the TASSO eollaboration has studied 

H± deeays into hadrons aecording to Fig. 24e SZ). 75 pb-I with about 

20 000 hadrenie events at 18 = 34.5 GeV energy were analysed. The expe­

rimental proeedure is illustrated in Fig. 24e. The group has searehed 

for four jet events and deterroined the jet energies,E.,and the operring 
~ 

angles,B .. ,between jets. Cutsare then applied aeeording to the eon-
~J 

straint that two pairs of jets have to form systems of equal invariant 

mass with beam energy. Two events survive in the 5 to 7.5 GeV mass 

range, no eandidates are found between 7.5 and 13 GeV. The resulting 
± . limit o~ the leptanie brauehing ratio as a funetion of H mass ~s 

shown ~n Fig. 27. Tagether with the limits from Fig. 26,this exeludes 

eharged Riggs partieles or teehnieolour partieles in the mass range 5 
13) 

to 13 GeV. Similar results are quoted by the HAC group . 
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b) 
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3.2.3 Search for the Axion 

Fig. 28 

Search for the axion 
at the Y resonances. 
Events with one sing­
le photon of beam 
energy (Ey > 5 GeV). 
Arrows indicate, 
where an axion signal 
would be expected 
(CUSB)SS) -

To explain the absence of P and T violation in QC~ it has been 

proposed to introduce two Higgs doublets ~I and ~2 . In such a model, 

1 . h d . 1 h . 53 ) . . a 1g t neutral pseu oscalar part1c e appears, t e ax1on a . S1m1-

lar to H0
, heavy quarkonia decay into an ax1on and a photon (Fig. 28a). 

The brauehing ratio for the decay of J/~ and Y can be precisely pre­

dicted up to a parameter X = <~2 >/<'~ 1 > which 1s the ratio of the ex­

pectation values of the two Higgs fields. Since c and b have opposite 

weak isospin, the two brauehing ratios have different proportionality 

to X 

BR(JN ya) 
(29) 

BR(Y + ya) 

so that the product of the two is a precisely predictible number 
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BR(J/~ + ya) X BR(Y + ya) 

(1.6 
-8 ± 0.3) X 10 . 

The experimental signature for reaction (29) is rather clear 

(Fig. 28b) 

+ -e e + J/~ or Y + y + NOTHING 

if the axion decays outside the detector (M << 10 MeV). 
a 

The Crystal Ball group has published a negative result for a 

search at the J/~ resonance54 ) 

BR(J/~ + ya) < 1.4 • 10-S 

(30) 

(31) 

(32) 

Recently, the CUSB and CLEO groups have looked for a signal at 

the Y(1s) and Y(3s) resonances. Fig. 28 shows the CUSB result. No 

events have been found (arrows in Fig. 28) which implies the following 

1 . . 55) 1m1ts 

CUSB: 

CUSB: 

CLEO: 

BR(Y(1s) +ya) 

BR(Y ( 3s) +ya) 

BR(Y(1s) +ya) 

< 

< 

< 

3.5 • 10-4 (90% C.L.) 

1.2 • 10-4 (90% C.L.) 

9.0 • 10-4 (90% C.L.) 

The combined result of (32) and (33) is then 

BR(Y + ya) X BR(J/~ + ya) < Ü. 6 X 10-9 (90% C.L.) 

(33) 

which is more than an order of magnitude lower than the expectation 

(30). Thus the "standard" axion is ruled out. 
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4. Summary 

We ean surnmarize the seareh for new partieles as follows 

Fermions 

There is now (indireet) experimental evidenee that the "old" se­

quential heavy lepton T has its own neutrino. 

No new leptons (sequential, stable, neutral, exeited) have shown 

up in the PEP/PETRA energy range. 

The mass limit on toponium is larger than 36.75 GeV. 

No free quarks or monopoles have been seen at PEP/PETRA. 

Sealars 

If they exist, supersyrnmetrie leptons have masses larger than 

about 16 GeV. 

Charged Riggs partieles are exeluded ~n the mass range from 

5 GeV to 13 GeV. 

Charged teehnipions do not exist ~n the proposed mass range 

from 5 GeV to 13 GeV. 

The "standard" axion does not exist. 
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