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New analyses from DELPHI concerning the spectroscopy of excited b-hadron states from data
collected during the years 1992-98 are reported. Both the total B∗∗
u,d -production rate and the pro∗∗
duction rate of the narrow Bu,d -states have been measured. The masses of both narrow states B∗2
and B1 have been determined to be m(B∗2 ) = 5738±14 MeV/c2 and m(B1 ) = 5732±20 MeV/c2 .
The splitting between these two states has been measured to be m(B∗2 ) − m(B1 ) = 6 ± 14 MeV/c2
2
and an upper limit on the intrinsic width of a narrow B∗∗
u,d -state has been set to be 40 MeV/c @
95% C.L.
For B∗∗
s -mesons, only one narrow peak has been observed which has been interpreted as originating from the decay of the B∗s2 -state to BK. The production rate of that meson has been measured
and its mass has been determined to be 5852 ± 5 MeV/c2 . An upper limit on the intrinsic width
of the narrow B∗s2 -state has been set at 13 MeV/c2 @ 95% C.L.
(∗)
For Σb -baryons, no narrow signal is observed. An upper limit for the production rate of a narrow
resonance decaying into Λb π has been extracted.
The pseudoscalar meson ηb has been searched for in two-photon interactions at LEP II. The
data sample corresponds to a total integrated luminosity of 617 pb−1 at centre-of-mass energies ranging from 161 to 209 GeV. Upper limits at a confidence level of 95% on the product
Γγγ (ηb ) × BR(η b) are 150, 450 and 660 eV/c2 for the ηb decaying into 4, 6 and 8 charged particles, respectively.
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1. B∗∗
u,d -Mesons

narrow

The systematic uncertainty is dominated by the modeling of the background in the fit. The mass
splitting within the narrow doublet has been left as a free parameter and has been determined to be
m(B∗2 ) − m(B1 ) = 6 ± 11(stat.) ± 7(syst.) ± 6(model) MeV/c2 . The main systematic uncertainty
is due to the reconstructed B energy. The model uncertainty has been evaluated by changing the
parameters fixed in the fit within their uncertainties and by combining the results from spin and state
counting. The masses of the narrow states have been measured to be m(B ∗2 ) = 5738 ± 14 MeV/c2
and m(B1 ) = 5732 ± 20 MeV/c2 respectively. An upper limit for the intrinsic width of a narrow
resonance has been measured to be 40 MeV/c2 @ 95% C.L.

2. B∗∗
s -Mesons
Within the neural network approach a search for B∗∗
s -mesons have been performed by replacing the decay pion by a kaon. The background has been parametrised by an analytical function, the
1 The

Q-value is defined as Q = m(Bπ ) − m(B) − m(π ).
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DELPHI data from 1992-1998 have been re-analysed for excited b-hadrons. The reasons for
that are manyfold. First, B-factories do not have access at their energies to excited b-hadrons.
Second, up to now there is only one published result for B ∗∗
s -mesons from OPAL [1] and there
(∗)
are no published results for Σb . Additionally, the contributions of narrow and broad states to the
signal is unknown in the published analyses [1, 2]. The recent results in the charm sector [3] allow
together with the predictions of HQET [4] a consistent extractions of the masses of the narrow
B∗∗
u,d -states.
Two different approaches have been used for this analysis. The first is cut-based and works at
high efficiency, the second uses neural networks and works at high purity. Both approaches have in
common that the B∗∗ -candidate is inclusively reconstructed. The weakly decaying B-meson (B +
and B0 respectively) is inclusively reconstructed, identified and combined with a pion candidate
with the appropriate charge by using charge correlation variables. These variables take advantage
+
0∗∗
0
of the fact that a B+∗∗
u -meson, containing an anti-b-quark, decays into a B and a π and a Bd −
+
meson, also containing an anti-b-quark, decays into a B and a π . Such variables allow right and
wrong sign samples to be defined. Q-value spectra1 have been determined for right and wrong sign
samples. One expects three contributions from the decays of the narrow states. The rates of the
broad states and the mass differences within the broad doublet and between the broad and narrow
doublet have been fixed according to both spin and state counting, the predictions of HQET and
the results from the charm sector [3]. The fit results from both approaches and are well compatible
with each other and have been combined leading to the following results for the total and narrow
rate:
!
∗∗
(∗)
σ (B∗∗
u,d ) · BR(Bu,d → B π )
+0.022
= 0.156 ± 0.011(stat.)−0.014
(syst.) ± 0.019(model)
σb
! total
∗∗ → B(∗) π )
)
·
BR(B
σ (B∗∗
u,d
u,d
+0.013
= 0.091 ± 0.007(stat.)−0.008
(syst.) ± 0.011(model)
σb
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resolution has been fixed to the expected one from simulation. The fit result to the reconstructed
Q-spectrum is shown in figure 1. The extracted production rate is:
∗∗
σ (B∗∗
s ) · BR(Bs → BK)
= 0.0093 ± 0.0020(stat) ± 0.0013(syst).
σb

In contrast to the case of B∗∗
u,d -mesons, it is expected that at least two peaks from the three
narrow state decays can be resolved due to improved resolution close to the threshold. However,
only one is observed. A likely interpretation of the observed peak is that it derives from the decay
B∗s2 → BK. The second peak, from the decay Bs1 → B∗ K and expected approximately 60 MeV/c2
below the observed signal, could be suppressed due to an enhancement of the isospin forbidden
decay into B∗s π 0 near threshold. Thus, the mass of the B∗s2 has been determined from the fit result
to be 5852 ± 5 MeV/c2 . An upper limit on the intrinsic width have been extracted to be 13 MeV/c 2
@ 95% C.L.
(∗)

3. Search for Σb -Baryons
(∗)

A search for Σb -baryons decaying into Λb π has been performed within the neural network
approach. No signal could be observed. An upper limit on the rate of a narrow resonance has been
extracted by scanning for a Gaussian signal over the Q-spectrum:
(∗)

(∗)

σ (Σb ) · BR(Σb → Λb π )
< 0.012 @ 95%C.L.
σb

4. Search for ηb -Mesons
The pseudoscalar bottomonium state has not yet been discovered. Models estimate its mass to
be 10 to 130 MeV/c2 below the ϒ. ALEPH determined the following limits: Γγγ (ηb )×BR(ηb ) →
4 charged particles < 48 eV/c2 and Γγγ (ηb )×BR(ηb ) → 6 charged particles < 132 eV/c2 respectively, L3 extracted the following limit by combining decay modes with 2, 4, 6 charged particles
only or associated with a π 0 : 200 eV/c2 at 95% C.L [5].
In the DELPHI analysis presented here, decays in 4, 6 and 8 charged pions and/or kaons with
zero net strangeness have been considered. The integrated luminosity is 617 pb −1 at centre-ofmass energies of 161 to 209 GeV. The pion and kaon identification is based on dE/dx and RICH
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Figure 1: B∗∗
s fit result. The hatched area is the fitted background, the cross-hatched is the fitted signal.
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GeV/c2 )

Nobs (9.2 < Wvis <9.4
Nobs (9.4 < Wvis <9.6 GeV/c2 )

4 ch.tracks (Nbkg )
0 (0.6)
0 (0.6)

ηb decay modes
6 ch.tracks (Nbkg )
2 (0.7)
0 (0.4)

8 ch.tracks (Nbkg )
0
(0.5)
1
(1.0)

3.9

5.7

4.1

5.9%
190

3.5%
470

1.8%
660

Table 1: Overview over the number of observed and expected background events in the invariant mass Wvis
intervals considered and the extracted limits for the different ηb decay modes.

measurements both separately and combined by a neural network. The considered backgrounds are
γγ → qq̄ which is the main background and e+ e− → e+ e− τ + τ − . The main systematic uncertainties
come from the statistical uncertainty of the background, the generator used for simulating the signal
and the uncertainities of the ηb parameters. The extracted limits for the different decay modes are
given in table 1. The combined upper limit for the sum of the three branching ratios assuming that
the branching ratio is the same for each channel is 360 eV/c 2 @ 95% C.L.

5. Summary
New analyses of excited b-hadrons have been presented. Both the narrow and total production
rate have been measured for B∗∗
u,d -mesons, with more control over the background than previous
inclusive measurements, as well as the masses of both narrow states. and the mass splitting between
them. For B∗∗
s -mesons only one narrow state has been observed, its production rate and mass have
(∗)
been measured. No signal for both Σb (in Z decays) and ηb (in two-photon interactions) has been
observed, limits on their production have been set.
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Signal events
(95% C.L. upper limit)
overall efficiency
Γγγ (ηb )×BR(ηb ), eV/c2
(95% C.L. upper limit)

Markus Moch

