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ABSTRACT

We have measured lhe cross sections for ete —»ete™, ete »pufu”, ete  »yy
and e'e " -shadrons in an energy scan al center of mass energies between
39.79 and 46.72 GeV in 30 MeV steps. New spinless bosons, whose existence
has been postulated as a possible means to explain Lthe anomalously large
radiative width of the Z° found at the CERN SPS pp collider, are ruled out
in the scan region. The dala are used to set limits on the couplings te
leptorn, photen and quark pairs of bosons with masses above 46.72 GeV.
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The observation of electroweak interference effects in e*e™ reactions at
PETRA and PEP energies |1l and the discovery at the CERN pf collider of the
W end 2°  bosons |21 constitute major triumphs of the
Glashow-Weinberg-Salam theory of electroweak interactions 13l However
the indications of a large radiative width for Z%-»e*e~y, p*tu™y 4l, were not
expected within this framework. '

Several attempts have been made within the "standard” theory 151 as well
as in some "converitional” extensions of it 16! to explain the dynamical ori-
gin of these events. In models of composite quarks and leptons the 29 is
not elementary and the existence of a lighter spin zero partner X is
expected, so that radiative transitions Z%-»Xy could conceivably take place,
followed by subsequent decays of X into lepton, quark or photon pairs (1*17,

“qd, 7).

The implications for e*e™ reactions that would follow from such a scenario
have been worked out in detail in Refs. 7l and 18]. They can be summarized
as follows:

1. If the rmass of the X boson is within the energy range attainable with
PETRA, one should observe resonance excitations in the cross sections
for ete~-1*1", qd, ¥y as a function of the c.m. energy.

2. It &he mass of the X-boson lies beyond the highest energies that PETRA
can reach, the cross sections for the processes mentioned above and
in particular for e'*e —se*e” should exhibit deviations from the QED
expectations in a pattern which can be well distinguished from the
y-Z% interference effects.

We describe here an experimental search for spin zero bosons with the
properties described above. The data were oblained with the TASSO detec-

tor working at the DESY e*e~ storage ring PETRA. An energy scan was per-.

formed in steps of 30 MeV between c.m. energies W of 39.79 and 46.72 GeV,
coliecting at each step a luminosity of ~60 nb~!. Similar searches have
been reported recently 19,101

Hadronic events were selected using the information on charged particle
momenta measured in the central detector. For the selection of lepten
and photon pair events , additional information provided by the barrel lig-
uid argon calorimeter and the muon chambers was used.

The luminosity was measured via small angle Bhabha scattering 1111. The

' total integrated luminosity was 13.4 pb~i, the sysiematic error being esti-
mated to be 3.4%.
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We analysed the following reactions:
1, e*e -~hadrons

The data taking, analysis procedure and event selection have been
described in detail in Ref. 111l A total of 2377 evenis passed the
acceptance crileria from which the total hadronic cross section was
obtained as described in Ref. I11l. The ratio R=og{ete shadrons}/oy, of
the total hadronic c¢ross-section to the pointlike cross-section,
op=4na®/3s, (s=W?),is shown in Fig. la. These values for R, as well as
all other cross-sections shown below, were corrected for QED radiative
effects 1121, The result is consistent with a constant R=4.1610.09 over
the scanned energy range.

2. eteoutur

The analysis for g pair production has been described in Ref. I1gl. At
least one track was required to be identified as a muon by the muon
chambers or as a minimum ionizing particle by the liquid argon
calorimeter. A total of 225 events passed the acceptance criteria. We
determined the ratio of the corrected cross-section to the GWS predie-
tion, for polar angles @ satisfying lcos®I<0.8. The results are shown in
Fig. 1b. The systematic uncertainty in the cross section determination
is 4.5%, of which 3.0% stems from the overall detection efficiency and
3.4% from the luminosily measurement.

3. ete yy

The analysis for ete -vyy has been described in Ref.|13!. A total of 282
evenls satisfied Lhe selection criteria for polar angles icos®I<0.7. We
determined for this angular range the ratio of the corrected
cross-section to the cross-section for ete -yy expected in lowest
order QED. The results are shown in Fig. le¢. The systematic error was
determined to be 5%. The differential cross section multiplied by s and
averaged over the scanned energy range is shown in Fig. 2a.

4. ete sete”

Bhabha events were selected as described in Ref. llgl. Basically two
collinear itracks were demanded. A total of 8965 events satisfied Lhe
acceptance criteria. We estimated the contamination from p and v
pairs to be 4.2% and 0.6% respectively. These contributions were sub-
tracted on a statistical basis. We determined for polar angles satisfy-
ing lcos@1<0.8 the ratio of the corrected cross-section to the Bhabha
cross-section calculated in the GWS theory. The results are shown in
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Fig. 1d. The systematic error was estimated to be 4.9%. The differential
erosg-section multiplied by s and averaged over the scanned energy
region is presented in Fig. 2b.

None of the cross-section ratios presented in Fig. 1 shows evidence for a
significant narrow enhancement.

We briefiy discuss the cross section expressions for production of a spin
zero boson. The contribution of a spinless boson to the reaction
ete~—+hadrons can be written as 7,8

do(X-+had) 5 FXee I;Ehad
=. (8)
40 mé (s - m§)2+ (myFy)?

where Iy, and [ynag are the partial widths for the decay of X into e*e™ and
hadrons respectively and Iy is the total width of the X-boson with mass
my. For a narrow resonance the integration over the c.m. energy yields

2% Byee Kpad
J o(¥+had) ¥ = — ——— (6)

mg I'x

The contribution to the reaction e*e -pu*u” mediated by X-exchange is
given by Egs. (5-8) after replacing I'ynae by I'ky, while that to the reaction
ete +yy is given by

I
_ 2 Xee * Xhad 7
dq mg (s - m,§)2+ (m,(l"x)2

da(X-yy) s I

which in the limit of small I'y can be integrated to yield a result identical
to Eq. (8) with ypa.q replaced by [xqq-

The implications for Bhabha scattering are more complicated. Neglecting
the electron mass and Z° exchange contributions we can write

1”2 al s - m2
do(X +~ee) _ s Xee +_Xee s X
& T 72 ? T 77 Y
m, (s mx) + (mxl‘x) _ m, (s—mx) + (mxlx)
5 2 2 (8)
N 2 Tee 5+ Tyee t° . My g Xee
? z z 2 z ? P z2.2 NS
smy (E=m)S sl tem oml tem (sem)T o+ (T
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where o(X-»e*e~) is the contribution of X to the cross section, mcluding
interference terms.

The two dominant contributions are those due to the s-channel=xchange
of the X-boson and that coming from its interference with the —channel
photon exchange. In the limit of a small width I'y these can be tegrated
to give

n? 1::3
ee

mg Px

f o{X-see } dW = {cos®.— cos8) (9)

where @; and 9, are the forward and backward limits of the s0 inte-
gration, introduced to avoid the divergence originating from tke second
term in the rh.s of Eq.(8).

We made maximum likelihood fits to the data shown in Fig. 1 using a con-
stant term plus a Gaussian centered at a given c.m. energy vhich was
increased in sieps of 2 MeV. lig r.m.s. width was given by the c.m, energy
spread which is proportional to s and is estimated to be 40 MeV at 42.5 GeV.
Radiative effects were taken into account following Ref. 114i. Using a simi-
lar procedure as for the search for narrow toponiurmn states [11 the
follewing upper limits at the 95% confidence level were obtained

Tyeelwnad/Tx < 7.5 keV *) (10)
Ixeelmn/Tx < 6.0 keV (11)
Txeelxys/Tx < 105 keV (12)
Txee? /Tx < 23.7 keV (13)

We find that the limit (12) is incompatible with the relation given in
Rel.I7.Eq. (17):

rr m m -3
Hee Xyv_ Bsin®@y {—Z— ___x} T(Z%etey)/p = 0213 T(Z%~e*e™y)/p (14)
Px Iy I‘l’lZ

*)The data presented here yields for the leptonic width times branching

ratio of a narrow toponium resonance an upper limit of T'eBr<2.5 keV with
95% confidence level.
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where @y is the weak mixing angle, my the Z° mass, 1'(Z%°-e*e~y) the
radiative width of the Z° which is estimated to be around 20 MeV 14l and p a
model dependent factor characterizing the relative strength of the cou-
plings XZy and Xyy. It is uncertain within the range 1 to 4, Refs. 7,81

For the numerical estimates on the r.h.s. of Eq. (14) we have taken
sin*@y=0.23, my=03.56 GeV as an average of the UA1 |2al and UAZ 12bl values,
and my=40.67 GeV from our fits to the data in Fig. lc. Taking the UA1 and
UAZ results at face value ie. T{2%se*e™y)=20 MeV and using p=4 one
obtaing from Eq. (14) Myeel'xyy/Tx= 1.06 MeV, in disagreement with the upper
limit given in (12). : ’

Under the assumption that q§ pairs, il pairs and »y pairs are the onty open
decay channels of the X-hoson, and taking Iy;r=Tyu,=Tx., i€ Iy =
Txnad*ea "By + ey, We find Dg.<71.7 keV. This value is incompatible with
the relation given in Ref. 7i, Eq. (18b):

m m .-3
I'tee > 6 sin@y {—Z~ -——x} I'(2%+e*eTy)/p = 0376 I(Z%-ete v)/p (15)
my Mg

For the numerical estimates on the r.h.s. of Eq. (i5) we have taken my and
sin®@y as above and mx=45.97 GeV which is where the maximurm hypothet-
ical sighal for I'ye is found. Taking again I'(Z%»>e*e~y)~20 MeV I4l and p=4,
one obtains from Eq. (156) the lower limit I'gee> 1.88 MeV which is more than
an order of magnitude larger than our upper limit. In conclusion we can
exclude the existence of a narrow spiniess boson with the expected prop-
erties and a mass between 39.79 and 46.72 GeV.

We now describe the search for a broad spinless boson. We made fits to the
data shown in Figs. la-c¢ using a constant term plus a Breit-Wigner con-
tribution given by Eqs. (6} or (7). Its mass was centered at a given c.m.
energy and increased in 2 MeV steps. The width was varied between 100 MeV
and 3.5 GeV. For I'y=100 MeV we obtain upper limits comparable to those
given in {10-12) for narrow resonances. With inereasing I'y the correspond-
ing upper limits increase steadily until reaching a plateau for I} values
larger than ~1GeV. At the 95% CL they amount to

Preel'wnaa/Tx < 21.1 keV (16)
Preelsun/Tx < 123 keV : (17)
Teelayy/Tx < 25.5 keV {18)

Search for spinless bosons 5

The upper limit given in (18) is more then an order of magnitude smaller
than the expectation derived frorn Eq. (14), thus excluding the existence of
broad spinless resonances with the properties discussed before and a mass
within the limits of the energy scan.

We now describe the search for a spinless boson with mass outside of the
range covered by the scan. For definitness we consider X to be a
pseudoscalar. Such an object would lead to deviations from the
electroweak predictions for the angular distributions and for the inte-
graled cross sections for Bhabha scattering and photon pair production.

In order to extract upper limits on It and xeal'xyy the differential and the
integrated cross-sections for the e*te™ and 7y final states were fitted to
the corresponding electroweak predictions plus additional X-boson con-
tributions discussed above.

From these fits we derived 95% C.L. upper limits for Txeel'%yy and I'ree which
correspond to deviations from the electroweak predictions of
6=(Umenaured/acwﬂ)"l, namely

Gy ( lcos®l < 0.7 ) < 0.07 at W=43.1 GeV. {19)

Gee (~0.8< cos® < 0.0 ) < 0.07 at W=43.1 GeV. (20)

These limits are within a wide range independent of the values for the
mess and width of the X-boson used in the fits. Following the spirit of
Refs. 171 and 18] we now assume a universal coupling constant of the
X-boson to fermions given by

On= Zl“xf,/mx ) f:q.l (21)

so that in Eq. (14) Tk can be replaced by 21Tx+I'%y,. For a given radiative Z°
width T(Z°+e*e~y), Eq. (14) yields a relation between I'yy and I'ryy so that
the latter width can be eliminated. As proposed in Ref. I} contour plots
can be constructed in the {oy.mx) plane for a given ratio I(Z%se*e~v)/p if
a limit &, {i=e*e”,7y), is known at a given c.m. energy W. A combined con-
tour plot for the e*e”ve*e” and e*e”>yy channels is shown in Fig. 3.

In summary, we exclude the existence of spinless bosons with masses in

the region 39.79 - 46.Y2 GeV both for narrow and broad resonances. Qur
limmit for &y, rules out I'(Z%-se*e™y)/p>10 MeV for all mx values below the 79

Search for spinless bosons 8



mass. The limit on .. exgludes the existence of a pseudoscalar bosen to
the left of the dashed line in fig. 3 provided I'(Z%>e*e~y)/p> 5 MeV.
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2.0 FIGURE CAPTIONS

Fig. 1a: The values of R as a function of c.m. energy.

Fig. 1b: The cross-section for e*e »p*u~ integrated in the polar region
lcos®<0.8 and normalized to the GWS prediction as a function of c.m.
energy

Fig. tc: The cross-section for ete -»yy integrated in the polar region
0.0<cos9<0.7 ard normalized to the QED prediction as a function of ¢.m.
energy

Fig. 1d: The cross-section for ete —e*e” integrated in the polar region
lcos®1<0.8 and normalized to the GWS prediction as a function of can.
energy

Fig. 2a: The differential cross secticn for ete -syy at a mean c.m. energy
of 43.1 GeV. The solid curve represents the QED prediction.

Fig. 2b: The differential cross section for Bhabha scattering at a mean
c.m. energy of 43.1 GeV. The solid curve represents the GWS prediction.

Fig. 3 : Allowed regions in the { ou.my) plane for various values of
r{zZ%+e*te y)/p.
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