
I 

t 

l 
l 
j 

t 
i 

OtSY85-001 
Jimu~ry 1985,: 

"'c,!.';' 

. ~ !,. 

'·:;' 

. ~·· 
~ ' I 

.>· .· 

I. 
I' 
I 



~ .. 

·"~· .. 
',''. J.:·::: 

,.;: 

I' • • .,,, 

' ' ' 

.l 

' 

,, 

'· ~ 

; , 
' 



DESY 85-001 ISSN 0418-9833 
January 1985 

Search for Spinless Bosons in e+e- Annihilation 
TASSO COLLABORATION 

M.ALTHOFF, W.BRAUNSCHWEIG, F.J.KJRSCHFINK, H.-U.MARTYN, R.ROSSKAMP, O.SCHMITZ, 
H.SIEBKE, W.WALLRAFF 

L Phyrikalirchtr lnrlitut der RWTH Aachen, 5100 Aachen, Germany 13 

J.EISENMANN, H.M.FISOHER, H.HARTMANN, A.JoOKsoH, G.KNOP, H.KOLANOSKI, H.Kiiox •, 
V .MERTENS, R. WEDEMEYER 

Pkyrikalirckel lntlil'ld tier Uni11er•itat Bonn, 5900 Bonn, Germany 1 ~ 

B.FOSTER 
H.H. Will• Pky1icr Laboratory, UnitJerrily of Bri.tol, Bri1tol BS8 1TL, UK H 

A.ESKREYS~, R.FOHRN:ANN, K.GATHER 1 H.HULTSOIDG, l>.Joos, B.KLIMA, U.K0Tz, H.KOWALSKI, 
A.LADAGE 1 B.LQHR, D.LiiKE, P.MATTIG, D.NOTZ, R.J.NOWAK 8 , J.PYRLIK, M.RUSHTON 4 , 

W.SOHi.lTTE, D. TRINES, T,TYN:IENIECKA 6, G. WOLF 6 , G.YEKUTIELI 7 , W. ZEUNER 
Dt'!JI1ckt1 Elelrtronen-Synckrotron, DESY, f!OOO Homkrg 5111 Germany 13 

E.HILGER, T.KRAOHT, H,L.KRASEMANN, P.LEU 8 , E.LOHBMANN 1 D.PANDOULAS, 
G.POELZ, K.U.P0SNEOKER 

ll.lmti,hd fUr &perimentalphg1ik tier Uni11er1iflf Hamburg, 11000 Homkrg, Germany 18 

R.BEUSELINOK, D.M.BINNIE1 P.J.DORNAN 1 D.A.GARBUTT, C.JENKINS 1 T.D.JONES, W.G.JONES, 
J.MOCARDLE, J.K.SEDGBEER) J.THOMAS, W.A.T.WAN ABDULLAH 9 

Department of Pky•ict, Imperial College, London SW7 .eAZ, UK t-t 

M.G.BOWLER, P.BULL, R.l.CASHMORE, P.E.L.(JLARKE, P.DAUNOEY, R.DEVENJSH, 
P.GROSSMANN 10 , C.M.HAWKES, D.J.MELLOR, C. YOUNGMAN 11 

DeptJdment of Nuclear Ph.y1ic1, O~ford Uni1!tr.ity, O~ord OX1 9RH, UK I-t 

S.L.LLOYD 
Department of Pkyricr, Q.een Mary Oollege, London El -iNS, UK U 

K.W.BELL, G.E.FORDEN, J.C.HART, J.HARVEY 1 D.K.HASELL, D.H.SAXON 
Rutherford Appleton Laboratory, Chilton, Didcct, Ozon OX11 OQX, UK 14 

F.BARREmo, S.BRANDT, M.DITTMAR, M.HOLDER, G.KREUTZ, B.NEUMANN 
Fackbereich Pkyrih tier Uni1!i:rlitat.Getamthocluchufe Siegen, 5900 Siegen, Germany 13 

E.0UOHOVNI 1 Y .EISENBERG, U .KARSHON, G.MlKENBERG, R.MIR, O.REVEL, E.RONAT, 
A.SHAPIRA 

WeUmann lnllitute, RekotJol 78100, lrraef 16 

G.BARANKO, A.CALDWELL, M.CHER.NEY, J.M.IZEN, M.MERMIKIDES, S.RlTZ, G.RUDOLPH t:l, 

D.STROM, M.TAKASIDMA, H.VENKATARAMANIA,·E.WJOKLUND 1 SAU LAN Wu, G.ZOBERNIG 
Department of Pky•ict, Uni1!trrily of Wilcontin, Matli•on, WI 59708, USA 16 

JANUARY 1986 
;;;c:-::c;;::--:-;:-;::-;-:-;;,::;:-;:;::;:;:::::TO BE SUBMITTED TO PHYSICS LETTERS 
1Now at Fraunhofer ln•tl-taat, Dui1burg, G.!nna~ 
20n leave from Infi"ute of Nudear Phy1ie1, Cracow, Poland 
SNow 111; Warsaw Univeni$)', Poland 
"Now lit Argonne NuionM LaborMory, Ar;l)nne, IL, USA 
60n \eave from Wanaw Univenii)', Poland 
'Now at SLAO, Stanford, CA, USA 
7 On leave from Webmann lndhute, Rehavot, IarMI 
1Now ai SCS, Hamburg, German)' 
$On leave from Univanity of Millay a, Kuala Lumpur 
IONow at GEC Reaeareh Laboratoriou, Wembler, UK 
11N()Vf at CERN, Gerutva, Swiberland 
UNow at lndhut f. Experimenb.lphrsik der Uninnltiit Inn~bruck, Austria 
18 Supported br the Bundenninistedum filr Fonchuna: und Teehnoloa:ie 
14Supported br the UK Science and Engineering Researo:h Council 
Usupporied br th<l Minerva G<ls<llltchaft flir Fonehung mbH 
ltiSupported br the US Depariment of Energy, contract DE-A002·1~ER0088t 

..... ___ -
"···· ~ ··- ·--·- .- .... ,...., ·p~ .... ·-·--·0"> ~------~ ............. ~.-·-...---

!)!!_STllACT 

We have measured the cross sections for e+e-..;.e+e-, e+e··_,ft+J.l.·-. e+e-·""'Y!' 
and e·1 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 zo found at the CERN SPS pjS 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. 
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The observation of electroweak interference effects in e+e- reactions at 
PETRA and PEP energies Ill and the discovery at the CERN pj5 collider of the 
W and zo bosons 121 ·constitute major triumphs of the 
Glashow-Weinbeig-Salam theory of electroweak interactions 131. However 
the indications of a large radiative width-for Z0 -~-e+e-)', JL+f-l--)'141, 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 161 to explain the dynamical ori
gin of these events. In models of composite quarks and leptons the zo is 
not elementary and the existence of a lighter spin zero partner X is 
expected, so that radiative transitions Z0-).Xy could conceivably take place, 
followed by subsequent decays of X into lepton, quark or photon pairs (1+1-, 
qq. n). 

The implications for e+e- reactions that would follow from such a scenario 
have been worked out in detail in Refs. 171 and 181. They can be summarized 
as follows: 

1. If the mass of the X boson is within the energy range attainable with 
PETRA, one should observe resonance excitations in the cross sections 
for e+e--).l+I-, qq, 'l'l as a function of the c.m. energy. 

2. If lhe 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-4e+e·· should exhibit deviations from the QED 
expectations in a pattern which can be well distinguished from the 
7-Z0 interference effects. 

We describe here an experimental search for spin zero bosons with the 
properties described above. The data were obtained 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, 
collecting at each step a luminosity of ..... eo nb-1 . Similar searches have 
been reported recently !9,101. 

Hadronic events were selected using the information on charged particle 
momenta measured in the central detector. For the selection of lepton 
and photon pair events , additional information provided by the barrel liq
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- 1, the systematic 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. 1111. A total of 2377 events passed the 
acceptance criteria from which the total hadronic cross section was 
obtained as described in Ref. 1111. The ratio R=a(e+e--+hadrons)/O'pt. of 
the total hadronic cross-section to the pointlike cross-section, 
Opt=4m:x 2/3S, (s=W2),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=4.15±0.09 over 
the scanned energy range. 

2. e+e--).p,+f-l--

The analysis for J-l- pair production has been described in Ref. 11gl. 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 predic
tion, for polar angles ® satisfying lcos®1<0.8. The results are shown in 
Fig. lb. 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. e+e-·"'TY 

The analysis for e+e--~-?'?' has been described in Ref.l13l. A total of 282 
events satisfied Lhe selection criteria for polar angles lcos®l<0.7. We 
determined for this angular range the ratio of the corrected 
cross-section to the cross-section for e+e--+)')' 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. e+e- . .,.e+e-

Bhabha events were selected as described in Ref. llgl. Basically two 
collinear tracks were demanded. A total of 8965 events satisfied the 
acceptance criteria, We estimated the contamination from J1- and r 
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 lcos81<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. ld. 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 
ei'e-4hadrons can be written as 17,81 

du(X~had) rXee ~had 
(5) 

s 

dO mi (s - mfl 2+ (mxfx) 2 

where rxee and fxhad are the partial widths for the decay of X into e+e- and 

hadrons respectively and rx is the total width of the X-boson with mass 

mx. For a narrow resonance the integration over the c.m. energy yields 

f u(X~had) dW 
2rr2 

2 mx 

rxee IXhad 
(6) 

I'x 

The contribution to the reaction e+-e-,...,.1-L+I,r mediated by X-exchange is 

given by Eqs. {5-6) after replacing rxhad by rX#I'• while that to the reaction 
e+e--l-)")' is given by 

du(x~n) 

2 
dO 

s 

2 mx (s - m,€)2+ (mxfx) 2 
(7) 

rXee r Xhad 

which in the limit of small rx can be integrated to yield a result identical 

to Eq. (6) with rxhad replaced by fxn· 

The implications for Bhabha scattering are more complicated. Neglecting 

the electron mass and zo exchange contributions we can write 

do( X-~ ee) 
an 

+al'Xees s-m~ 
----;:- t (s-m;)z + (m/x)2 

2 2 

+ 
t 2 rXee arXee t 2 s-mx 
2~ + 22-::--2 + ,-
smx (t-mx) s mx t-mx mx 

2 
rXee 

t 2 2 
t-m2 (s-m~) + (m/x) 

X 
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where a(X-ry.e+e-) is the contribution of X to the cross section, .ncluding 

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 fx these can be i1 tegrated 

to give 

f u(X~ee ) dW 
"' ~e (cosef- cosSb) 
mt rx 

(9) 

where ®r and @b are the forward and backward limits of the CCls® inte

gration, introduced to avoid the divergence originating from U.e second 
term in the r.h.s of Eq.(8). 

We made maximum likelihood fits to the data shown in Fig. 1 usin.g a con

stant term plus a Gaussian centered at a given c.m. energy w-hich was 

increased in steps of 2 MeV. Its r.m.s. width was given by the c.rn. energy 
spread which is proportional to s and is estimated to be 40 MeV at. 42.5 GeV. 

Radiative .effects were taken into ~ccounl following Ref. 1141. Using a simi

lar procedure as for the search for narrow toponium states 1111 the 
following upper limits at the 95% confidence level were obtained 

f Xeef Xhad/I'x < 7.5 keV *) (10) 

fxeefx,,l-f-/f'x < 6.0 keY (11) 

rxeer xn/f'x < 10.5 keY (12) 

fxee2 /fx < 23.7 keY (13) 

We find that the limit (12) is incompatible with the relation given in 
Ref.I71,Eq. (17): 

r r { m 
Xee Xyy = 6sin28w -' -

rx mx 

m }-3 
_x r(z"~e+e-?')/ p 

m, 
0.213 f(Z0~e+e-')')/ p (14) 

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

ratio of a narrow toponium resonance an upper limit of fu13h<2.5 keV with 
95% confidence level. 
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where ®w is the weak mixing angle, mz the zo mass, r(Z0-~"e+e-7) the 
radiative width of the zo which is estimated to be around 20 MeV 141 and p a 
model dependent factor characterizing the relative strength of the cou
plings XZ')' and Xy')'. It is uncertain within the range 1 to 4, Refs. 17,81. 

For the numerical estimates on the r.h.s. of Eq. (14) we have taken 
sin29w=0.23, mz=93.5 GeV as an average of the UA1 12al and UA2 l2bl values, 
and mx=40.67 GeV from our fits to the data in Fig. 1c. Taking the UA1 and 
UA2 results at face value i.e. r(Z0 -~"e+e-')')=20 MeV and using p=4 one 
obtains from Eq. (14) rxeerxn/rx= 1.06 MeV, in disagreement with the upper 
limit given in (12). 

Under the assumption that qq pairs, IT pairs and Tf pairs are the only open 
decay channels of the X-boson, and taking rxn=r~=rxvv. i.e. fx = 
rxhad+rx •• +5fxP#+rxn, we find fxee<71.7 keV. This value is incompatible with 
the relation given in Ref. 171, Eq. (18b): 

{ 
m, 

rx •• > 6 sin2®w - -
mx 

m -3 _x} r(z•~e+e-?')/p 0.376 r(z•~ee-7)/p (15) 
mz 

For the numerical estimates on the r.h.s. of Eq. (15) we have taken mz and 
sin28w as above and mx=45.97 GeV which is where the maximum hypothet~ 
ical signal for rxee is found. Taking again r(Z0 "-4e+e-')'}-:-w20 MeV 141 and p=4, 
one obtains from Eq. (15) the lower limit rx •• > 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 spinless 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. (5) 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 rx=lOO MeV we obtain upper limits comparable to those 
given in ( 10~ 12) for narrow resonances. With increasing r x the correspond
ing upper limits increase steadily until reaching a plateau for rx values 
larger than ,....1GeV. At the 95% CL they amount to 

r:x:eerXhad/rx < 21.1 keV (16) 

rxeer~/rx < 12.3 keY (17) 

rxeerxrr/rx < 25.5 keY ( 18) 

Search for spinless bosons 5 
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The upper limit given in (18) is more than an order of magnitude smaller 
than the expectation derived from 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
grated cross sections for Bhabha scattering and photon pair production. 

In order to extract upper limits on rx •• and rx •• rxn the differential and the 
integrated cross-sections for the e+e- and 77 final states were fitted to 
the corresponding electroweak predictions plus additional X-boson con
tributions discussed above. 

F'rom these fits we derived 95% C.L. upper limits for rx •• rxn and I'xee which 
correspond to deviations from the electroweak predictions of 
O={ameuured/aGws)-1, namely 

077 ( lcos91 < 0.7 < 0.07 at W~43.1 GeV. (19) 

o,, (-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 
mass and width of the X-boson used in the fits. Following the spirit of 
Refs. 171 and 181 we now assume a universal coupling constant of the 
X-boson to fermions given by 

ah= 2r:x:rr/mx , f=q,l (21) 

so that in Eq. (14) rx can be replaced by 21rxrr+rx1..,. For a given radiative Z0 

width r(Z0~e+e-)'), Eq. (14) yields a relation between f:xrr and rxn so that 
the latter width can be eliminated. As proposed in Ref. 171 contour plots 
can be constructed in the (ah,mx) plane for a given ratio r(Z0~e+e-')')/p if 
a limit Ot. (i=e+e-,')'')'), is known at a given c.m. energy W. A combined con
tour plot for the e+e--~"e+e- and e+e---~'77 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 On rules out r(Z0~e+e-')')/p>10 MeV for all mx values below the zo 
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mass. The lim_it on Oee excludes the existence of a pseudoscalar boson to 
the left of the dashed line in fig. 3 provided r(Z0 --1-e+e-7)/ p> 5 MeV. 
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2.0 FIGURE CAPTIONS 

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

Fig. tb: The cross-section for e+e---+JJ.,+Ji-- integrated in the polar region 

leas@ I <0.8 and normalized to the GWS prediction as a function of c.m. 

energy 

Fig. 1c: The cross-section for e+e---+-y"f integrated in the polar region 

O.O<cos8<0.7 arid normalized to the QED prediction as a function of c.m. 

energy 

Fig. td: The cross-section for e+e---+e+e·· integrated in the polar region 

lcos81<0.8 and normalized to the GWS prediction as a function of c.m. 

energy 

Fig. 2a: The differential cross section for e+e--+n 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 ( ah,mx) plane for various values of 

r(z'~e+e--y)/ p. 
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