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Abstract:

A search for narrow resonances in e'e  annihilation between 33.00 and 36.72 GeV
is reported. No evidence is found for the existence of such states. The 90% con-
fidence upper 1imit on the integrated resonance cross section is determined to
be 28 nb - MeV,a value significantly below that expected for the lowest

tt bound state.



In previous papers we have presented the results of experimental searches
for the production of a new heavy quark in efe” annihilation at PETRA

for C.M. energies W up to 35 GeV. These have concentrated on three possible
manifestations of this production by a) looking for an increase in the ratio
R = c(e+e— -+ hadrons)/s(e+e_ - U+u_)(1) or an excess of non-collinear, non-
planar events(z) expected from the production of a new heavy quark above
threshold; b) searching (29.90 < W < 31.46 GeV) for the formation of narrow
bound states of heavy quarks (QQ)(3) which are predicted to 1ie below the
thresheld for the corresponding flavour production; c¢) looking for a yield of
prompt muons(q) greater than that expected from hadrons containing only the five
known quarks u, d, s, ¢ and b.

In this Tetter we extend our search for narrow resonances to higher energies.
We have measured the total cross section, Otot(e+e" + hadrons}, using the JADE
detector over the C.M. energy range 33.00 to 36.72 GeV in steps of 20 MeV.
This increment was chosen to match the energy resolution of PETRA which,

at these energies, -is about 27 MeV. The luminosity accumulated per point was
determined by measuring small angle Bhabha scattering and averaged at 43 nbpl.
The JADE detector is sensitive to charged particles and photons over 97% and 90%*
of the full solid angle, respectively, and has been described previousiy in

ref. (1}. The trigger conditions and event selection criteria applied to select
and identify e'e annihilaticn into hadrons were the same as those used in our
earlier measurements of Otot(l)' The detection efficiency was calculated to be
80% by a Monte Carlo simulation of the experiment based on a jet model including
u, d, s, ¢ and b guark productiOnL Radiative corrections, including the vacuum
polarization effect of e, u, T and hadrons, were applied to the production

process according to ref. (5}.

Fig. 1(a) shows the result of this analysis, where the ratio R = o(e+e_ > ha-
drons)/ 0(e+e' > u+u‘) is plotted as a function of the C.M. energy. No signi-
ficant structure i1s evidents

In order to obtain an upper 1imit on the production cross section of a hypothe-
tical narrow resonance in these data, we have assumed that the resorance width,

* These numbers are printed, wrongly, in the reverse order in our previous
paper (ref. (3)).



T4 (Gev)

(W in GeV) and performed a series of maximum Tikelihood fits to the sum of a

I'y is much smaller than the C.M. energy resolution 0, = 2.2 x 10

constant and a Gaussian of fixed width o, (for more detail see ref. (3)). The
fit to this hypothesis which yielded the largest Gaussian amplitude was ob-
tained with the Gaussian centred at a mass of MR = 33.34 GeV and is entirely
consistent with expected statistical fluctuations. The curve shown in Fig. 1(a)
corresponds toc the 90% upper Timit from this fit.

The integrated cross section of a narrow JP = 1~ Breit-Wigner rescnance is

2 1T
b= sop(ydn = (BT e h
Me T

where Tee and Fh are the leptonic and hadronic decay widths respectively. From
the fit at-‘MR = 33.34 GeV, taking radiative corrections into account(6),

we have used this relation to obtain an upper 1imit on the production of a
narrow (I' << 20 MeV) resonance of £ < 28 nb - MeV or Tee'rh/r < 1.3 keV

(90% confidence).

The sensitivity of this method to the production of a heavy (QQ) bound state
can be enhanced by further selecting events on the basis of their reconstructed
sphericity, S, where

37 P L
S =5 5 for P. = momentum of particle i and P_.. = transverse
r pl i T1
3
;

momentum of particle i relative to the axiswhich minimises ZP?& At these energies

the dominant continuum process of two jet production is k%own to produce final
~states of small sphericity whereas the direct hadronic decays of heavy (QU)
bound states are expected to yield states of relatively Targe sphericity. Any
signal from the latter will therefore be enhanced relative to the background
continuum process by selecting only those events with large S. Fig. 1(b) shows
R for events with S > 0.25. Once more no significant structure is seen.

The leptonic width,-Tee, of the lowest Tying bound state of a new charge 2/3
quark (tt) is expected to be about 5 keV(7). Even if we pessimistically assume

a hadronic branching ratio (Fh/T) of 0.5, our upper limit on Fee-Fh/r clearly
excludes the existence of such a state within the energy region covered. A bound
state of charge 1/3 quarks however, with a Teptonic width four times smaller
than this, cannot be excluded.



We also see no evidence for any broader structure in the data. Averaging the
data in Fig. 1(a) within different energy intervals yields the same values

of <R> within the statistical uncertainties. The overall average is

<R> =3.95+ 0.08 + 0.4, a value in good agreement with our previous measure-
ments at Tower energies (1,3). The systematic error of + 0.4 is a conservative
estimate of our present systematic uncertainties and will be improved in a
forthcoming paper.
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the cpportunity of doing this experiment, and also the efforts of the technical
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and by the U.K. Science Research Council through the Rutherford Laborateory.
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Figure Captions

Figure 1: The ratio R = o(e'e - hadrons)/c(e’e” > u'n7) as a function of

C.M. energy W for all events (a) and for events with sphericity
> 0.25(b). The curve shown represents the 90% confidence upper
Timit quoted in the text.
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Appendix
Table of cross sections shown in Fig. la

W lumi. No. of | W Lumi. No. of
(GeV) (nb-l) events N (GeV) (nb'l) avents R
I3.00 I3EL.0 &2 3,72 * J.57 23.60  31.2 19 3.98
I3.n2 ac.t O 3.07 * le02 3362 37.8 16 5.26
2204 47,9 16 8,48 + 1.12 I3.64 37.2 T 167
33.06 4.l 1T 4.28 % 1.3l 33.6C 271 7 3.22
I3L.0E 42 .3 14 3.98 % 1406 I3.68 33,7 ¢ 3.33
23,80 33.9 11 3.91 % 1.18 23,70 32.0 12 5.07
334120 3C.1 © 3.61 * 1,20 3372 31.5 12 4.76
23.14  ar .0 I8 4053 % 1.17 32.74  3%,9 11 3.03
23.1€ 38 .4 14 64.41 #* 1.18 33.76 33,2 13 4.94
23418 3.7 E Z.52 *+ 1.88 33.7¢ 31.2 7 2.1
33.27 5ol 10 34406 % 1.09 33.8¢ IC.1 ¢ 3,76
33.22 470 I 3487 % (.00 33.82  37.3 20 6.74
23.24  34.B 1L 54264 2 1.35 33.84 1B.1 T 209
33.26€ 49.8 7 171 % .65 246,00  A3.8 16 4,64
33.2¢F 38.3 1€ G099 * 1,27 34,02 56.5 1F 4,05
Z3.3C 3246 12 4.86 * .35 34,04 402 .4 1T 4,5}
33.32 37 .4 17 4.26 * 1.18 34,06 39,3 11 3.57
23.36  26.5 16 T38 *  1.84 384,06 AC.O 1T 4.06
32436 33,7 17 6417 & 1450 34410 43,2 ¢ 5.33
33438 2€ .2 O 2481 % (415 34412 Al .E 7 2.1l
33.60 35,9 1 3.81 * 1.11 J4e14 37.5 © 308
23.42 30.7 i 146% * (.80 24.1C 36.5 18 S.27
3Z.448 34.4 £ 1479 *  Ua80 I4.18  22.3 £ 2.88
33.46 37.2 IE 5.99 0+ 1.4} 34.0¢C 24,3 C 4,76
3z.a0 Ile4 123 5410 % la.42 34,22 3T .0 18 4.41%
3350 34,1 £ 2.89 + 1.G2 Z4e24 44.3 € 2462
32.52  33.4 7 2.59 % l.o8 364.26  aC.C 16 509
33.584 3c .7 il 3.8 * 1.1% 24,28 34.9 1 5,55

33-5( 35-1 11 3.82 3‘0.3( “2-1 32 3.69
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b tumi, No. of W Lumr. No. of

(GeV) (nb_l) events N (GeV) (nbnl) events N
34,324 34,3 Il 4416 * .25 34,94 42.6 G 2,77 * LL.O2
24,3¢C 3T .0 11 4.21 * .77 24,06 47.8 27 G a62 % 126
24,3C 3¢ .2 IS NI . T 34,0¢ 34 .6 1€ S .4& + 1445
34,68, 42.2 It 4,62 *  1.16G IELDD 363.4  1CC 3.93 %+ D.3E
4,87 43,3 6.5 1417 I6.02 Tl 34 4 .62 &+ .04
24,44 A1 10 8.96 *  1.24 3,04 6G.T 16 3.24 4 2.8}
34,80 37.7 il 4.1t 0+ -2 ILLOE 30.D C 4,05 % 1,35
Fb A0 30.C 1T 5.61 * 1436 IEL0F 22.2 12 G.08 % 1,46
34,50 46,5 17T 500 * 1.21 RIS 4 27 o4 7 Ze8C 1 131
T4 .50 3G .4 £ 2466 %+ [.G4 A0, 20,3 E 3,70+ 1.21
34,54 4340 O 2.7E % .02 TEL.14 31.6 11 4472 % l.a2
T4, BE 43,2 1 Z46% & 1405 £.16 3.7 7 2.1 + 1.10
34.5¢ 37.8 T Te48 % 1430 IEL1E Izt 1F 6,36 + l1e64&
4,61 A6, 1 ¢ 1.7 DlTY 30 ,2¢ 34,2 7T 2.79 %+ 1.08
THLED 8D L3 PG G408 * 107 I WAL IZ.3 1L 4,80 % 1.3¢
Shetid i Lg It 44,70 % lelE IL.I4 60 .4 20 32.99 + .89

T Vel £ 245U 2 L .BQ 2C.2¢6 52 49 24 Ge2D 0+ 1427
2460 1S .2 It B.E9 F  2.1E 3E.28 37.3 £ 2.93 + 1.04
AT 1C .6 B 2467 * 0,98 IELAD 37.2 14 5,16 + 1.3
T4LTD O S04 15 4.2+ 1427 38,32 3L.8 13 4467 1427
Th,74 20,8 7 Z.1% % 1419 FELIA6 3T.C O 2,34 4 f.1}
34,76 30 .7 IE S.11 F 1432 3,36 30,0 ¢ 3,17 3 l.06
34,70 4 o4 17 287 * D.9; TELAL 30.7 12 S5.B3 *  1.62
J4.PC ar .1 PO I 7 T S S IC.AL B1,) 7 235 &  1.E9
T4.B2 44.9 i1 3T 0+ LS8 I5.&87 30,0 7 3.02 0+ l.14
T4.84  4F o€ 12 3.35 0* Jeol 3 .44 3% .6 £ 5,82 % 1.50
T4.8¢C a45,D 16 4.73 % 1.1 TG 4¢€ 34,4 12 5422 + 1445
24,88 32.7 10 3,97 2 1426 3LeBl  3B.2 C 3.27 * 1409
24,090 34,6 € 2.32 % D.9% 2O LEZ at.1 € 2.03 % J.83
34,02 4.1 19 3426 & 1,03 IE,BE 40,2 13 4.49 %+ 1.25
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W Lumi. No. of W Lumi. No. of
(GeV) (nb™1) events R (GeV) (nb™) -events

Fo&T 36,7 € 3403 0t 1407 3€.1€ 338 C 3,87 * 1420
16,50 60.0 0 D1 4e37 ¥ .94 oot 32.9 1&é Ge25 + 1e82
61 843 i3 44C% + 113 e 20 17.6 12 4.98 * 1.3&
Y-S . PR 6 3462 & 1,97 IC 20 HE LY i 3.76 + 1.0
W64 30,7 11 4.70 % 1.3: Jea24 14,3 £ 2410 * .94
o 28 .32 7 3.4C F 1431 J6.2¢€C 34.2 13 5.4¢ % 1l.52
Catf 3162 19 4447 * 1441 36.26 33.8 I 1.2 0+ D.74
TS 30 a4 1! .27 % 1453 JE.IL 31.8 10 4.56 %+ 1.44
TS TTed 2T 2.900  F I LES TELAL 37.8 11 4.2z 0+ 1.27
I T4 68 o4 RTINS T - . I 3o Jo.04 3c.l i 4.87 %+ 14329
W7 Ta5 U 3.63 %+ .86 36.43¢ 37.5 6 B4Pt  t  1.€0
TE LTI KD .6 16 6.62 % l.24 36.36  3Z .3 17 8,50 + 1442
CoBC 13248 34 3,61 +  1e€2 TC 4L 6.6 17 3.98 + 1426
EoBI a4l o4 1L 4419 % 1.Z1 I 82 32.6 € 2.68 + 1417
ILLRE T .9 i 4ecf 0+ 1423 Te.a4 23,3 € 3.7¢ * 1,53
RELBE 43D 10 .4 * 1409 36.4¢C  2€.3 € 3,32 &+ 1.36
LA e L4 7 2.72 % 1.03 3687 177.1 51 4.T1 % [.59
£.00 3C .4 15 5439 2 1.3 Je.at 7.2 7T 3.TT O+ 1.42
3L.02 AT.T 14 2.93 + .78 IE.50 37.3 T 2.7 % 1.04
I6.04 5546 17 4.77 %+ 1eif 36.50 32.1 £ 3.65 & 1.29
IEL0E A€ LE i 3.0¢ % S.97 36.54 32,6 11 4.9 + 1.4¢0
3L.0F 4345 1€ 3493 % 1433 €56 2E LD € 3.C8 + 1.25
TCPT 6143 1 4,42 * 1.0l 36.5C 30 .6 il B.2% %+ 1459
36402 el 1L 3.43 * Z.6S 3 60 FE L6 EO2.07T + .93
TC Nh - 32 .6 ¢ 2463 F 1eC7 TE.6D 35 .4 11 6.5 + 1.38
TEeNE BEl] 12 4.03 % 1.42 3¢ 64 31,2 £ 2.TE O+ 1.2
TG 3646 10 3.91 * 1.24 66 3T.0 1 2.59 %  le€2
6.1 1%,2 € 2.88 % 1.16 3EL67 19645 4T 35T & G52
TE.1D 0 3246 o 2.13 % .85 36.6C 34,9 12 5.0¢ 1447
Ic 14 2.4 19 4443 % 1.4C €7 3345 T 3,54 2+ 1475
TELTD 151 & 2,02 4 1496
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