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We have measured the cross sections forete” »e*e ,e*e” > pu*p”, eTe” — yy and e*e” — hadrons in an energy scan
at 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 the anomalously large radiative width of the Z° found at the CERN SPS pp collider,
are ruled out in the scan region. The data are used to set limits on the couplings to lepton, photon and quark pairs of bosons

with masses above 46.72 GeV.

We describe in this letter an experimental search for

spin-zero bosons with masses below the Z0 pole. This
search has been motivated by the indications from the
CERN pp collider data of a large radiative width for
Z0 > ete™y, utuy [1]. This is not expected within
the Glashow—Weinberg—Salam theory of electroweak
interactions [2] otherwise strongly supported by ex-
perimental data [3—6].
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Several attempts have been made [7,8] to explain
the dynamical origin of these supposedly anomalous
events. In models of composite quarks and leptons the
Z9 is not elementary and the existence of a lighter spin-
zero partner X is expected, so that radiative transitions
Z9 - Xy could conceivably take place, followed by
subsequent decays of X into lepton, quark or photon
pairs (227, qq, 7).

The data presented here were obtained with the
TASSO detector working at the DESY e*e™ storage
ring PETRA. An energy scan was performed in steps
of 30 MeV between CM energies W of 39.79 and 46.72
GeV, collecting at each step a luminosity of ~60 nb—1,
Similar searches have been reported recently [9,10].

Hadronic events were selected using the informa-
tion on charged-particle momenta measured in the
central detector. For the selection of lepton and pho-
ton pair events, additional information provided by
the barrel liquid argon calorimeter and the muon cham-
bers was used.

The luminosity was measured via small-angle
Bhabha scattering [11]. The total integrated luminos-
ity was 13.4 pb—1, the systematic error being esti-
mated to be 3.4%.

We analysed the following reactions:

(1) e*e™ — hadrons. The data taking, analysis pro-
cedure and event selection have been described in de-
tail in ref. [11]. A total of 2377 events passed the ac-
ceptance criteria from which the total hadronic cross
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Fig. 1. (a) The values of R as a function of CM energy. (b) The
cross section for e*e™ — u*u~ integrated in the polar region
|cos @] < 0.8 and normalized to the GWS prediction as a func-
tion of CM energy. (c) The cross section for e*e™ — v inte-
grated in the polar region 0.0 < cos 6 < 0.7 and normalized to
the QED prediction as a function of CM energy. (d) The cross
section for e*e™ — e*e~ integrated in the polar region |cos 6|
< 0.8 and normalized to the GWS prediction as a function of
CM energy.
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section was obtained as described in ref. [11]. The
ratio R = ¢(e*e™ ~ hadrons)/o,, of the total hadron-
ic cross section to the pomthke cross section, oy =
4ma?/3s, (s = W2), is shown in fig. 1a. These values for
R, as well as all other cross sections shown below,
were corrected for QED radiative effects [12]. The
result is consistent with a constant R = 4.15 * 0.09
over the scanned energy range.

(2)e*e™ > u*u~ . The analysis for u pair produc-
tion has been described in ref. [4]. 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 prediction, for
polar angles 8 satisfying |{cos 8| < 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 luminosity measurement.

(3) efe™ = vv. The analysis for ete™ — vy has been
described in ref. {13]. A total of 282 events satisfied
the selection criteria for polar angles |[cos 6 { < 0.7. We
determined for this angular range the ratio of the cor-
rected cross section to the cross section for e*e™ = yy
expected in lowest order QED. The results are shown
in fig. 1c. 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) efe” > e*e™ . Bhabha events were selected as
described in ref. [4]. Basically two collinear tracks
were demanded. A total of 8965 events satisfied the
acceptance criteria. We estimated the contamination
from u and 7 pairs to be 4.2% and 0.6% respectively.
These contributions were subtracted on a statistical
basis. We determined for polar angles satisfying |cos 0|
< 0.8 the ratio of the corrected cross section to the
Bhabha cross section calculated in the GWS theory.
The results are shown in fig. 1d. The systematic error
was estimated to be 4.9%. The differential cross 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 briefly discuss the cross-section expressions for
production of a spin-zero boson. The contribution of
a spinless boson to the reaction e*¢™ — hadrons can
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Fig. 2. (a) The differential cross section for e*te™ > yy ata
mean CM energy of 43.1 GeV. The solid curve represents the
QED prediction. (b) The differential cross section for Bhabha
scattering at a mean CM energy of 43.1 GeV. The solid curve
represents the GWS prediction.

be written as [14,15]

do(X > had) _ s PxeeMXhad
d2 m% (s - m%)? +(myTy)?’

¢y
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where 'y, and I'yxy,, 4 are the partial widths for the
decay of X into e*te~ and hadrons, respectively and
[y is the total width of the X-boson with mass my.
For a narrow resonance the integration over the CM
energy yields

Jo(X~had) dW = (27 /m%) xee xnag/Tx - (2)

The contribution to the reaction ete™ = u*u~ medi-
ated by X-exchange is given by egs. (1), (2) after re-
placing I'xp,q by I'x ., While that to the reaction
ete™ = vy is given by

do(X—>y7) _ ) S Pxee'Xhad 3)
dQ m3, (s — mE)? + (my Ty )2
which in the limit of small 'y can be integrated to
yield a result identical to eq. (2) with I'xy,.4 replaced
by r Xyy:

The implications for Bhabha scattering are more
complicated. Neglecting the electron mass and Z0 ex-
change contributions we can write

2
do(X—>ee)_ s Ixee
dQ mg( s - mg()2 + (mxl"x)2
2
ol s—m
" Xeei X

mx t(s- mg()2 + (mXFX)Z

2
t2 I‘Xee aFXee t2
2 _ m2)2 22 #_ ml
smg (f—my)”  smy t—myg
2 2
s—mx ¢ IXee
* 2 2 232 2° (4)
myg t—my (s - mx) + (mXFX)

where o(X = e*e ™) is the contribution of X to the
cross section, including interference terms.

The two dominant contributions are those due to
the s-channel exchange of the X-boson and that com-
ing from its interference with the #-channel photon
exchange. In the limit of a small width 'y these can
be integrated to give

fa(X —ee)dW = (nz/mg()(l"g(ee/r‘x)(cos 0 —cosfly),
)
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where 0 and 6y, are the forward and backward limits
of the cos @ integration, introduced to avoid the diver-
gence originating from the second term on the RHS of
eq. (4).

We made maximum likelihood fits to the data
shown in fig. 1 using a constant term plus a gaussian
centered at a given CM energy which was increased in
steps of 2 MeV. Its RMS width was given by the CM
energy spread which is proportional to s and is esti-
mated to be 40 MeV at 42.5 GeV. Radiative effects
were taken into account following ref. [16]. Using a
similar procedure as for the search for narrow topo-
nium [16] states [11] the following upper limits at the
95% confidence level were obtained *!

Tyeel'xhaa/Tx < 7.5 keV , (6)
Txeel'x /T <6.0keV, ©)
xeeTxy7/Tx < 10.5keV, ®)
I%e/Tx <23.7keV . ©)

We find that the limit (8) is incompatible with the rela-
tion given in ref. [14] eq. (17):

Pxeel'xy4/Tx
=6 sin20W (nglmyx — mX/mZ)‘31"(Z0 ->ete y)/p
=0.2131(Z% > et e y)/p , 10)

where Oy, is the weak mixing angle, my the Z9 mass,
[(Z0 - e*e™7) the radiative width of the Z0 which is
estimated to be around 20 MeV [5,6] and p a model

dependent factor characterizing the relative strength

of the couplings XZvy and Xvyy. It is uncertain within
the range 1 to 4 (refs. [14,15]).

For the numerical estimates on the RHS of eq.(10)
we have taken sin20W =0.23,mz =93.5 GeV as an
average of the UA1 [5] and UA2 [6] values, and my
= 40.67 GeV from our fits to the data in fig. 1c. Tak-
ing the UA1 and UA2 results at face value i.e. I'(Z°
- ete”y) = 20 MeV and using p = 4 one obtains from
€q. (10) I'xeeI'x.y,/T'x = 1.06 MeV, in disagreement
with the upper limit given in (8). _

Under the assumption that qg pairs, 22 pairs and vy

#1 The data presented here yields for the leptonic width times
branching ratio of a narrow toponium resonance an upper
limit of T,e By, < 2.5 keV with 95% confidence level.
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pairs are the only open decay channels of the X-boson,
and taking FXTT = quu = Fva’ i.e. FX = FXhad
+Txee +STxyu * x> we find I'y .. <71.7 keV.
This value is incompatible with the relation given in
ref. [14], eq. (18b):

Pxee =6 sin20w (my/my mX/mZ)—3I‘(ZO~>e+e—'y)/p
=0.376 (2% > e*e y)/p . (11)

For the numerical estimates on the RHS of eq. (11) we
have taken my and sin249w as above and my = 45.97
GeV, which is where the maximum hypothetical signal
for I'y ., is found. Taking again I'(Z0 > e*e~y) ~ 20
MeV [5,6] and p = 4, one obtains from eq. (11) the
lower limit I'x ., > 1.88 MeV, which is more than an
order of magnitude larger than our upper limit. In con-
clusion we can exclude the existence of a narrow spin-
less boson with the expected properties 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. 1a—1c
using a constant term plus a Breit—Wigner contribu-
tion given by egs. (1) or (3). Its mass was centered at a
given CM 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 (6)—(9) for narrow resonances. With in-
creasing I'y the corresponding upper limits increase
steadily until reaching a plateau for I'y values larger
than ~1 GeV. At the 95% CL they amount to

ere PXhad/FX <21.1keV . (12)
TxeeTx,u/Tx <123 keV, (13)
Txeexyy/Tx < 25.5keV | (14)

The upper limit given in (14) is more than an order of
magnitude smaller than the expectation derived from
eq. (10), 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 definiteness we consider X to be a pseudoscalar.
Such an object would lead to deviations from the elec-
troweak predictions for the angular distributions and
for the integrated cross sections for Bhabha scattering
and photon pair production.

In order to extract upper limits on 'y, and
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Fig. 3. Allowed regions in the (ap,, mx) plane for various values
of T(Z° —e*e™y)/p.

I'xee I'x 4 the differential and the integrated cross
sections for the ete™ and vy final states were fitted to
the corresponding electroweak predictions plus addi-
tional X-boson contributions discussed above.

From these fits we derived 95% CL upper limits for
Ix e 'x yy and I'xee Which correspond to deviations
from the electroweak predictions of 8 = (0 peasured/

Ogws) — 1, namely

8,,(lcos 8] <0.7)<0.07 at W=43.1GeV, (15)

8ee(—0.8<c0s0 < 0.0)<0.07 at W=43.1 GeV.
(16)

These limits are within a wide range independent of
the values for the mass and width of the X-boson used
in the fits. Following the spirit of refs. [14,15] we now
assume a universal coupling constant of the X-boson
to fermions given by

f =q, ,Q s (1 7)
so that in eq. (10) ['x can be replaced by 21y ¢ +
T'x., - For a given radiative Z0 width T(Z0 > e¥e™y),
eq. (10) yields a relation between I'x ¢y and 'y ,., s0
that the latter width can be eliminated. As proposed

ap = 20xeelmy
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in ref. {14] contour plots can be constructed in the
(a, my) plane for a given ratio N(Z0 > e*e ™ y)/p if

a limit §;, (i =e*e™, ¥y), is known at a given CM ener-
gy W. A combined contour plot for the ete™ > ete™
and e*e™ - vy channels is shown in fig. 3.

In summary, we exclude the existence of spinless
bosons with masses in the region 39.79—46.72 GeV
both for narrow and broad resonances. Our limit for
8., Tules out N(Z% > e*e™y)/p > 10 MeV for all my
values below the Z0 mass. The limit on 8, excludes
the existence of a pseudoscalar boson to the left of
the dashed line in fig. 3 provided I'(Z0 - e*e " v)/p
> 5 MeV.
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