Results on searches for exotic baryon states at HERA
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Recent results from H1, HERMES and ZEUS on searches for exotic baryons in ep collisions and eD scattering at
HERA are summarized. Evidence for the production of the strange pentaquark ©% and of a narrow anti-charmed
baryon state decaying into D*~ p together with negative results of pentaquark searches at HERA are presented.

1. INTRODUCTION

Several experiments have recently reported evi-
dence for a narrow resonance with a mass of about
1.540 GeVdecaying to K*n or K2%p 2[1]. Since
K*n has both baryon number and strangeness
of +1, the minimal composition of such a state in
the constituent quark model is uudds. It thus has
been interpreted as the strange pentaquark (PQ)
[2,3], the ©F. There is also evidence for two re-
lated states with strangeness of —2 [4]. Various
models have been put forward to explain the na-
ture of these states and the structure of the mul-
tiplet that contains them [3,5,6]. The possibility
of PQ states in the charm sector has also been
discussed [7], and their expected properties [5,8]
have been calculated.

This paper presents the results of the searches
for strange PQs from HERMES [9] and ZEUS [10]
and for an anti-charmed baryon state decaying
into D*~p from H1 [11] and ZEUS [12].

2. KINEMATICS AT HERA

At HERA electrons with an energy of 27.6
GeV are collided on protons of 820-920 GeV in
two interaction regions (H1 and ZEUS) yielding
a centre-of-mass (cms) energy of /s = 300 —
318 GeV. In the third interaction region (HER-
MES) both beams are separated and the electrons
interact on a deuteron target at /s = 7.2 GeV.

The kinematics is described by three indepen-
dent variables, the cms energy /s, the four-
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2The charge conjugate state is always implied if not oth-
erwise stated.

momentum transfer squared ¢> = —Q? and either
one of the scaling variables y = (¢- P)/(l- P), the
inelasticity of the eN interaction, or Bjorken-z
z = Q*/(2P -1). Here P and | denote the four-
momentum of the nucleon and the electron, re-
spectively. The vyp center-of-mass energy squared
is given by W2, =W? =y -5 — Q>

3. STRANGE PENTAQUARKS

The production of ©F has been studied via
its decay into K2p in two different kinematic re-
gions by HERMES [9] and ZEUS [10], respec-
tively. Furthermore the ZEUS collaboration has
searched for the S = —2 baryons 2, and =9 /2

[13].

3.1. Ot results

It is the comparision of ©% cross sections in
different kinematic regions which is of specific in-
terest because it offers the possibility of some un-
derstanding of the ®F production mechanism.

At low energies HERMES has collected eN
scattering data having an integrated luminosity
of 250 pb—! on a deuteron gas target. The anal-
ysis is restricted to photoproduction (Q? = 0).

The ©F search uses the decay chain @t —
pK%prtn~. Hadron identification is accom-
plished with the Ring-Imaging Cerenkov detec-
tor which provides good separation of pions,
kaons and protons. Identified protons are com-
bined with K2 candidates from well identified sec-
ondary vertices with an invariant M, +,- mass
within 20 of the reconstructed K2 mass. Pos-
sible A contamination is suppressed by rejecting
K¢ candidates with a M- mass within 20 of
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Figure 1. Invariant M, +,- mass distribution observed by (a) HERMES at Q? > 1 GeV? and ZEUS at
(b) Q% > 1 GeV? and (c) Q2 > 20 GeV?. See text for explanations.

the nominal A mass.

The resulting Mp,+,- mass distribution is
shown in Figure la. A narrow peak structure is
observed around the ©% mass. No such structure
is obtained when the 7t7~ mass combinations
from the K% side bands are used instead. The
data is also compared with expectations from the
PYTHIA6 Monte Carlo simulation (shaded his-
togram) and from the mixed-event model (open
histogram) normalized to PYTHIA6. No peak
structure is visible in these expectations but they
fall about a factor of 2 below the data. The PDG
[14] reports the possible existence, with at most
fair evidence, of several ¥ bumps decaying to NK
in this mass region not included in the simulation,
which may account for the discrepancy.

The fit to the data based on the mixed-event
model, the ¥ bumps and a Gaussian for a pos-
sible ©T signal yields a good description. A
peak of about 80 ©F events with a significance
of 4.30 is observed at a mass M = 1.527 +
0.0023(stat.) GeV.

A similar analysis has been performed by ZEUS
at higher energies using the ep data taken in the
years 1996—2000 with an integrated luminosity of
121 pb~!. The kinematic region is restricted to
Q? > 1 GeV? and 0.01 < y < 0.95.

The decay chain ©F — pK2% — prT7~ has also
been used here. About 866,800 K2 candidates are
selected for Q2 > 1 GeV?. They are combined

with proton candidates selected via dE/dzx.

The M, +,~ mass distribution does not show
any significant peak structure below 1.7 GeV
(Fig. 1b). When raising the lower Q2 cut, how-
ever, a peak emerges at a mass of about 1.52 GeV.
In Figure 1c the M, +,- mass distribution is
shown for Q2 > 20 GeV?. For this Q2 region
the number of K2 is reduced to 171,000. The fig-
ure includes the Monte Carlo expectation from
ARIADNE scaled to the data for Mp,+.- >
1.65 GeV. Even after scaling ARTADNE does not
describe the data at low masses because of the
absence of the ¥ bumps in the simulation.

A fit to the data of a smooth background func-
tion and two Gaussians, also shown in Figure
1c, gives a signal of 221448 events at a mass of
1.5215+0.0015(stat.) GeV with a significance of
4.60. The Gaussian width of 6.1 MeV is found to
be consistent with the experimental resolution.
The signal is observed at similar rate for protons
and for antiprotons suggesting the existence of
the anti-pentaquark ©~.

Both experiments have also searched for a @+
signal via its possible decay @7+ — K*trt. No
signals are found in the ®F mass range suggesting
that the ©7 is isoscalar.

Unfortunately it is not possible to get further
insight in the ©1 production physics since only
event rates are available from the experiments.
However, the ©7F signal from deep inelastic ep
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Figure 2. M=z, mass distribution.

scattering suggests that it is formed by fragmen-
tation. On the other hand, if one assumes that
the Q? dependence of ®F and K2 production
are similar, as expected from fragmentation, one
would expect about 1100 ©1 candidates visible
in the ZEUS data for Q2 > 1 GeV? which is not
supported by the data. This indicates a different
@Q? dependence of either the ©F and K2 produc-
tion mechanism or their acceptances.

3.2. Search for Z,,, and Eg/2

ZEUS has performed an analysis in the channel
E-7* to search for 2=~ and its neutral partner.
A candidates, which are selected in a similar way
to K2 mesons, are combined with pions to form
= candidates using tertiary vertices. These are
then combined with another pion from the pri-
mary vertex. Figure 2 shows the M=, mass distri-
bution for all possible =7 charge combinations for
Q? > 1 GeV?. While the Z9*(1530) is clearly vis-
ible, no signal is observed around 1.86 GeV where
the exotic E signals are expected [4]. Even when
restricting to Q2 > 20 GeV? where the O signal
was best, nothing is observed here. It is currently
unclear to what extent this analysis contradicts
the observation of Reference [4].

4. ANTI-CHARMED BARYON STATE

If ©F production at high energies is driven
by the QCD vacuum, PQs with charm should
also exist. Experimentally, final states with D**
mesons are most promising because of its clean
signature. This has motivated the search by
H1 for exotic anti-charmed baryons decaying to
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Figure 3. Mp«-, mass distribution from H1 for
Q? > 1 GeV?. See text for explanations.

D*~p. The analysis is based on the data taken in
the years 1996—2000 with an integrated luminos-
ity of 75 pb~! in the kinematic region 1 < Q? <
100 GeV? and 0.05 < y < 0.7.

The D*T is reconstructed in its decay mode
D** - D%rF — K—ntn} using a D* selection
similar to the F§¢ analysis [15] with additional
cuts for further background reduction. About
3400 D* mesons are selected. D* candidates
having a mass difference AMp, = m(Knm,) —
m(Km) within 2.5 MeV around the nominal
M(D*t) — M(D°) mass difference are combined
with proton candidates selected via dE/dx.

The resulting Mp--, distribution in Figure 3
shows a clear narrow peak close to threshold. The
data is compared with the absolute expectations
from the D** Monte Carlo (dark histogram) and
the non-charm induced background® (light his-
togram). No enhancement is seen in any of the
background samples. The sum of the two sam-
ples reproduces the data well except for the sig-
nal region. No peak is observed when selecting ei-
ther K7y combinations from the D** side band
or K combinations with masses above the re-
gion where charm contributes or selecting pions
instead of protons. The signal is observed in both,
the D*~p and in the D*+p sample with compati-
ble mass, width and rate. No significant enhance-
ment is observed in the like sign D*p sample.

Possible kinematic reflections that could fake
the signal have been ruled out by studying invari-
ant mass distributions and correlations involving
the K, m, 75 and proton candidates under various

3This background is estimated from the data by forming
“D” candidates from same charge K7 combinations.
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ticles yielding Mp-, values falling in the signal
and side band regions.

particle mass hypotheses. In particular, the pos-
sible contamination from orbitally excited D; and
D, mesons is found to be negligible. All events
in the Mp-, signal region have been scanned vi-
sually. No anomalies are observed in the recon-
struction of the candidate tracks.

Several studies were performed to test the D*
and proton content of the signal. It was shown
that the D*p signal region has a larger D* yield
compared to the side bands. The observed excess
of D* mesons in the D*p signal region compared
to the sidebands is found to be consistent with
the signal seen in the Mp-, distribution when
selecting the D* signal region. The signal is also
observed for low momentum proton candidates
where protons are unambiguously identified and
in the independent photoproduction sample.

In order to check that the signal is due to the
decay of a new particle the momentum distri-
bution of the proton candidates without dE/dx
cuts has been studied. A background fluctuation
should show the same distribution in the signal
region and in the side bands. It is governed by
the steeply falling inclusive spectra of the parti-
cles randomly combined. For a real decay, how-
ever, a harder spectrum is expected because of
the Lorentz boost from the decaying particle, ir-
respective of the angular momentum involved in
the decay. As expected, Figure 4 reveals a signifi-
cantly harder spectrum in the Mp-, signal region
compared to the side bands. The same difference
is observed when selecting events in the Mp-,
signal region but comparing the D* signal region
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Figure 5. Mp«-, mass distribution from H1 for
Q? > 1 GeV? together with the fit results with
two hypotheses: (full line) signal plus background
and (dashed line) background only.

20

Entries per 10 MeV

10 +

with the side band in the AMp+ distribution.

The log-likelihood fits to the Mp.—, distribu-
tion are shown in Fig. 5. The background is pa-
rameterised with a power law while a Gaussian
is used for the signal. A signal of 51 events is
observed with a mass of 3.099 + 0.003(stat.) +
0.005(syst.) GeV and a width of 12+3(stat.) MeV
consistent with the experimental resolution. The
background fluctuation probability is obtained
from a fit using the background-only hypothesis.
Different background functions have been inves-
tigated. The most conservative limit of 4 x 1078
is obtained from the power law fit. This corre-
sponds to 5.40 in terms of Gaussian standard de-
viations. The change in maximum log-likelihood
A(ln £) between the two fits gives a statistical sig-
nificance of 6.20 for a signal in the Mp.-, mass
distribution.

A similar search has been performed by ZEUS
in both photoproduction and DIS. Data from the
years 1995-2000 with an integrated luminosity of
126 pb~! are analysed. About 9700/43000 D*
candidates for Q2 > 1 GeV? and all Q?2, respec-
tively, are combined with proton candidates se-
lected via dE/dz. The preliminary results on the
M p-p, mass distributions are shown in Figure 6 for
Q? > 1 GeVZ. The points with error bars and the
histogram correspond to the opposite sign and the
like-sign D*p samples respectively. The momen-
tum region in which pions and protons have the
same dF/dz is excluded in this analysis. There-
fore the data are shown in Fig. 6a for low mo-
mentum protons, where protons are well identi-
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mentum protons.
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fied, and in Fig. 6b for proton candidates with
p > 2 GeV where according to Fig. 4, a good
signal to background ratio is expected. No signal
at 3.1 GeV is observed. A similar conclusion is
drawn from the all-Q? sample.

5. CONCLUSIONS

Recent results on searches for exotic baryons
in ep and eD scattering at HERA have been pre-
sented. The observation of O in different kine-
matic regions allows an understandig of PQ pro-
duction physics at high energies. The @7 signal
in ep collisions suggests © production by frag-
mentation but the (? dependence seems not to
meet naive expectation.

The situation on the D*~p resonance is un-
clear. The observation by H1 has passed all tests
for a real particle decaying to D*~p but is not
confirmed by the preliminary ZEUS result in a
similar kinematic region.

It is too early to judge the consistency of all
results. Cross section measurements or limits in
comparable kinematic regions and information on
the production dynamics from the positive obser-
vations are needed to finally decide on the issue.

REFERENCES

1. T. Nakano et al., Phys. Rev. Lett. 91
(2003) 012002; V. V. Barmin et al., Phys.
Atom. Nucl. 66 (2003) 1715 [Yad. Fiz. 66
(2003) 1763; S. Stepanyan et al., Phys. Rev.
Lett. 91 (2003) 252001; J. Barth et al.,

10.

11.
12.

13.

14.

15

Phys. Lett. B572 (2003) 127; A. E. As-
ratyan, A. G. Dolgolenko and M. A. Kubant-
sev, submitted to Phys. Atom. Nucl. [hep-
ex/0309042]; V. Kubarovsky et al., Phys.
Rev. Lett. 92 (2004) 032001; erratum-ibid.
92 (2004) 049902; A. Aleev et al., submitted
to Yad. Fiz. [hep-ex/0401024]; M. Abdel-Bary
et al., [hep-ex/0403011].

R. Jaffe, SLAC-PUB-1774, talk presented at
the Topical Conf. on Baryon Resonances, Ox-
ford, UK, 1976; H. Hggaasen and P. Sorba,
Nucl. Phys. B 145 (1978) 119; D. Strottman,
Phys. Rev. D 20 (1979) 748; C. Roisnel, Phys.
Rev. D 20 (1979) 1646.

D. Diakonov, V. Petrov and M. V. Polyakov,
Z. Phys. A 359 (1997) 305.

C. Alt et al., Phys. Rev. Lett. 92 (2004)
042003.

R. L. Jaffe and F. Wilczek, Phys. Rev. Lett.
91 (2003) 232003.

H. Walliser and V. B. Kopeliovich, J. Exp.
Theor. Phys. 97 (2003) 433; Zh. Eksp. Teor.
Fiz. 124 (2003) 483; S. Capstick, P. R. Page
and W. Roberts, Phys. Lett. B 570 (2003)
185; M. Karliner and H. Lipkin, Phys. Lett. B
575 (2003) 249; D. E. Kahana and S. H. Ka-
hana, [hep-ph/0310026]; E. Shuryak and
I. Zahed, [hep-ph/0310270].

H. Lipkin, Phys. Lett. B 195 (1987) 484; C.
Cignoux, B. Silvestre-Brac and J. Richard,
Phys. Lett. B 193 (1987) 323; D. Riska,
N. Scoccola, Phys. Lett. B 299 (1993) 338;
F. Stancu, Phys. Rev. D 58 (1998) 111501.
M. Karliner and H. J. Lipkin, [hep-
ph/0307343]; K. Cheung, [hep-ph/0308176].
A. Airapetian et al., Phys. Lett. B 585 (2004)
213.

S. Chekanovet al., accepted by Phys. Lett. B,
[hep-ex/0404007].

A.Aktas et al., Phys. Lett. B 588 (2004) 17.
U. Karshon, presented at DIS2004, Strbske
Pleso, Slovakia, 2004, [hep-ex/0407004]

S. Chekanov, presented at DIS2004, Strbske
Pleso, Slovakia, 2004, [hep-ex/0405065]
PDG, Phys. Rev. D 66 (2002) 1.

C. Adloff et al., Phys. Lett. B 528 (2002) 199.



