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@(1540)+ /(JP) = 0(??) Status: X

OMITTED FROM SUMMARY TABLE
PENTAQUARK UPDATE
Written February 2006 by G. Trilling (LBNL).

In 2003, the field of baryon spectroscopy was almost revo-
lutionized by experimental evidence for the existence of baryon
states constructed from five quarks (actually four quarks and
an antiquark) rather than the usual three quarks. In a 1997
paper [1], considering only u,d, and s quarks, Diakonov et
al. proposed the existence of a low-mass anti-decuplet of pen-
taquark baryons, with spin 1/2 and even parity, and provided
specific estimates for the masses and widths. In particular, they
predicted an exotic positive-strangeness baryon, @, consisting
of the quark combination uudds, with a mass of about 1530
MeV and a width of 15 MeV or less. In 2003, from an analysis
of yn — nK1tK~ data taken in 2000-2001 at the LEPS facility
in Japan, Nakano et al. reported the observation of a narrow
nK ™ peak at a mass of 1540 MeV, with a quoted significance of
4.6 standard deviations (o). (See Data Listings and references
for the ©(1540)% following this note.)

This remarkable result was followed, over the next year,
by reports from nine other experiments, all different and each
claiming to observe a narrow nKT or pK? peak at a mass
between 1522 and 1555 MeV, with a confidence level of 4 ¢ or
more. Half of these signals came from photoproduction exper-
iments (with incident real or virtual photons), and the others
came from other production processes at a variety of energies.
As remarked below, there were questions about some of these

HTTP://PDG.LBL.GOV Page 1 Created: 7/6/2006 16:34



Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.Ibl.gov)

observations; but, given the weight of positive supporting ev-
idence reported by early 2004, this Review assigned a 3-star
status to the ©F in its 2004 edition.

Further evidence in support of pentaquark states seemed to
come from the claimed observations of a doubly-charged ssddu
state at 1862 MeV, and a neutral uuddc state at 3099 MeV.
(See Data Listings and references for the @(1860) and ©.(3100)°
following this note.) However, there has been no confirmation
of either of these states, with several subsequently reported
high-statistics searches showing zero signal. There is thus no
credible evidence that either of these positive observations is
more than a statistical fluctuation, and they do not provide
support for the reality of the ©F.

As pointed out in the 2004 Review, the evidence for the O,
as statistically compelling as it seemed, had some problems. In
many cases, backgrounds appeared to be underestimated; cuts
seemed specifically designed to make signals look as convinc-
ing as possible; mass-peak locations varied from experiment
to experiment by much more than would be expected from a
narrow resonance; published data samples of low-energy kaon
and pion inelastic interactions showed no indication of a signal;
and charge-exchange and partial-wave analyses of KN interac-
tions required an extremely small O width (< 1-2 MeV). It
was clear that further confirmation with better statistics was
essential.

In fact, subsequent to Nakano et al’s initial paper, about
ten different searches for the ©T in a variety of reactions and
energies have reported null results, many with high statistics
(see the Data Listings). Some of these involve higher energies
or reactions different from those that produced positive results,
and therefore, while providing no support for these results, may

not directly contradict them. Indeed a significant amount of
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theoretical activity has been devoted to trying to devise selective
pentaquark production mechanisms that might be consistent
with both the positive and the negative observations. However,
it is worth noting that conventional low-mass resonances, such
as A(1520), are observed at practically all energies above
threshold, from any reaction that leads to their decay products.

Two of the negative papers, namely those of the Belle
Collaboration (Mizuk et al.) and the CLAS Collaboration
(Battaglieri et al.), have particular impact, because they both
involve energies and reactions that almost repeat experiments
that had given positive results. Mizuk et al., using data from
their eTe™ B-physics experiment, report an analysis of K™n
charge exchange taking place in the material in the inner part
of the BELLE detector, where the incident KT arises from
charm-particle decay near the eTe™ interaction. Measuring
K% final-state masses, they see no enhancement near 1540
MeV, in disagreement with the charge-exchange results of the
Diana Collaboration (Barmin et al.). Mizuk et al. quote a O
width upper limit of 0.64 MeV at a mass of 1539 MeV (the
mass reported by Barmin et al.), to be compared with the
actual estimate of 0.9 MeV made from the Barmin reported
signal. (This upper limit is somewhat mass-dependent, going
as high as 1 MeV for some values between 1520 and 1550 MeV.)
Thus, while the BELLE results do not, for the proper choice of
mass, statistically contradict the DIANA results, they show no
evidence for the signal reported by DIANA.

Battaglieri et al. (CLAS Collaboration) basically repeat
with greatly increased statistics the photoproduction measure-
ments of Barth et al. (SAPHIR Collaboration) using the reac-
tion yp — KYK*n. Whereas the SAPHIR Group had reported
a 4.8 o signal in the K*n mass spectrum, the new CLAS ex-

periment shows no signal at all. Indeed the upper limit on the
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ratio of ©F to A(1520) production from CLAS is more than
a factor of 50 lower than the value claimed by the SAPHIR
group. This result completely negates what appeared to be one
of the strongest of the positive observations. Combined with
the other negative reports, it leaves the reality of the ©F in
great doubt.

All the results quoted so far are from papers either pub-
lished or submitted and approved for publication. However,
for completeness, it is worth mentioning that, in addition
to its high-statistics yp experiment just discussed, the CLAS
Collaboration has submitted for publication the results of a
high-statistics yd — nK ™K " p experiment in the same energy
range [2].  The integrated luminosity for the new data is about
30 times that corresponding to the previously published CLAS
paper on the same reaction at the same energy (Stepanyan
et al.) in which a signal with a significance above 4.6 o was
claimed. In the new work, no signal is observed. The CLAS
Collaboration has reexamined its earlier work, using a back-
ground shape based on the new data, and concludes that the
background in the earlier sample was underestimated, and that
the signal, now at just the 3 o level, probably is a statistical
fluctuation.

In all fairness, it should be mentioned that, in a September
2005 preprint [3], the SVD-2 Collaboration claimed to confirm
its earlier positive @1 observation at the level of 8 0. However,
with the very same incident 70 GeV proton beam interacting
with a carbon rather than a silicon target, the SPHINX Collab-
oration [Antipov et al.], with comparable statistics, observes no
OT signal.

To summarize, with the exception described in the previous
paragraph, there has not been a high-statistics confirmation of

any of the original experiments that claimed to see the ©T;
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there have been two high-statistics repeats from Jefferson Lab
that have clearly shown the original positive claims in those
two cases to be wrong; there have been a number of other high-
statistics experiments, none of which have found any evidence
for the ©T; and all attempts to confirm the two other claimed
pentaquark states have led to negative results. The conclusion
that pentaquarks in general, and the ©*, in particular, do not
exist, appears compelling.

It is perhaps useful to comment on how it is that so much
apparent statistical strength was claimed for a set of results
that, in retrospect, do not appear to be correct. One obvious
problem was the large variation in the locations of the observed
mass peaks (~30 MeV) for what had to be a very narrow reso-
nance; thus, the various experiments were not truly confirming
one another. Another concern arises from the uncertainties in
background shapes which perhaps were not adequately reflected
in the large confidence levels claimed. Other technical problems
may have involved resonance reflections and “ghost tracks.” The
main issue, however, concerns the burden of proof required in
the confirmation of a major new discovery. Here, “burden” ap-
plies solely to the work of the confirming authors, independently
of the existence of a discovery paper. Should the burden be as
high as for the discovery itself? What should be the burden
if there have already been several claimed confirmations? It
seems unlikely to us that some of the confirming results for the
O™ would have been published had there not been a discovery
claim already on the table. We believe that the burden of proof
for the confirmation of an important new result should be about
as high as for the original claim of discovery. Only then can
one hope to separate the influence of the original discovery from

the supposedly independent results of the confirming papers
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and convince oneself that the confirmation adds significantly to

the confidence in the discovery.
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©(1540)* MASS

As is done through the Review, papers are listed by year, with the latest
year first, and within each year they are listed alphabetically. NAKANO 03
was the earliest paper.

Since our 2004 edition, there have been several new claimed sightings of
the ©(1540) T (see entries below marked with bars to the right), but there
have also been several searches with negative results:

e ANTIPOV 04 (SPHINX Collab.) in pN — (nKT, pKQ,

or pK?) KON in proton—carbon reactions at 70 GeV/c.

e BAI 04G (BES Collab.) in J/v¢ and ¢(2S) decays.

e SCHAEL 04 (ALEPH Collab.) in Z decays.

e ABT 04A (HERA-B Collab.) in p nucleus reactions at
midrapidity and \/s=41.6 GeV.

e LONGO 04 (HyperCP Collab.) in interactions of a high-
energy beam of *t, KT, p, and charged hyperons with
tungsten.

e ADAMOVICH 05 (WA89 Collab.) in X~ nucleus —

Kg,pX at 340 GeV/c.
e BATTAGLIERI 05 (CLAS Collab.) in vp — K% Ktn
with far greater statistics than BARTH 03 for the same

reaction.
e WANG 05A (BELLE Collab.) in BT — ©1T1p —

K"’pTJ and B0 — @"’TJ — KOSpTJ.
e AUBERT,B 05D (BABAR Collab.) in ete ™ — pK%X

at the T(4S).
e MIZUK 06 (BELLE Collab.) in secondary interactions of

low-energy kaons in K N — ©(1540)1 X, ©(1540)1t —
ng and in Kt n — ©(1540)t — ng.
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In general, these experiments with negative results have many more events
than do the experiments with positive results. Some, but not all, involve
reactions or energies different from those giving positive results.

Furthermore, the @(1540)"’ finds no support from the claimed observa-
tions of other pentaquarks, the ®(1860) and the ©.(3100); for each of
these, there are several non-sightings against a single claim of sighting.
(See the Listings following the ©(1540)1.) Thus we have reduced the

status of the @(1540)T to one star.

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

1533.6+ 2.4 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram below.
1526 + 3 +3 1 ALEEV 05 SVD2 p nucleus — pKX

1530 + 5 2 ABDEL-BARY 04 COSY pp— Xt KOp

1528.0+ 2.6+2.1 59 3 AIRAPETIAN 04 HERM ~*d — pKEX

1533 =+ 5 27 4 ASRATYAN 04 BC v, 7in p,d,Ne, BEBC, 15-ft
1521.5+ 1.5728 201 5CHEKANOV  04A ZEUS ~*p — p/BKQ X

1555 +10 41 6 KUBAROVSKY04 CLAS ~p — 7t K~ Ktn

1539 + 2 29 7 BARMIN 03 XEBC KtXe— KOpXe

1540 + 4 +2 63 8 BARTH 03 SPHR yp— nKTKY

1540 =+10 19 9 NAKANO 03 LEPS ~12Cc — KTk nX
1542 + 5 43  10STEPANYAN 03 CLAS ~d — KT K™ pn

e o o We do not use the following data for averages, fits, limits, etc. o o @

1559 + 3 11 GIBBS 04 KT d total cross section

WEIGHTED AVERAGE
1533.6+2.4 (Error scaled by 2.1)

|

2
X
""""""""" ALEEV 05 SvD2 32

‘‘‘‘‘‘‘‘‘‘ ABDEL-BARY 04 COSY 0.5

‘‘‘‘‘‘‘‘‘‘ AIRAPETIAN 04 HERM 238
""""" ASRATYAN 04 BC 0.0
""""" CHEKANOV  04A ZEUS 145
—+— - - - KUBAROVSKY 04 CLAS 46

‘‘‘‘‘‘‘‘‘ BARMIN 03 XEBC 7.3
‘‘‘‘‘‘‘ BARTH 03 SPHR 2.0
------- NAKANO 03 LEPS 04
"""" STEPANYAN 03 CLAS _ 238

38.2
(Confidence Level 0.001)
| | | J

1500 1520 1540 1560 1580 1600

©(1540) " mass (MeV)
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©(1540)* WIDTH

Given the systematic uncertainties of the estimates of CAHN 04 and GIBBS 04, we
think it more reasonable to give the common value for the width and error rather than
average the two values.

VALUE (MeV) CL% EVTS DOCUMENT ID TECN COMMENT
0.9 £0.3 OUR ESTIMATE
0.9 +0.3 12 cAHN 04 Ktn— Kop in xenon
0.9 +0.3 GIBBS 04 PWA KTd total cross section
o o o We do not use the following data for averages, fits, limits, etc. ® o o
< 064 90 13 Mizuk 06 BELL KTn— K%p
<24 ALEEV 05 SVD2 p nucleus — ngX
17 +9 =43 AIRAPETIAN 04 HERM ~*d — ngx
<20 ASRATYAN 04 BC v, 7in p,d,Ne, BEBC and 15-
8 +4 221 CHEKANOV  04A ZEUS 7*2—» p/T)K%X
<26 KUBAROVSKY04 CLAS ~p — nt K~ Ktn
<1 14 gIBIRTSEV 04 KTd — KOpp reanalysis
SJ 1 15 ARNDT 03 DPWA Kt N partial-wave reanalysis
<9 90 BARMIN 03 XEBC KtXe— KOpxe
<25 90 BARTH 03 SPHR ~p — nKT K%
<25 90 NAKANO 03 LEPS ~12Cc — KtK—nX
<21 STEPANYAN 03 CLAS ~d — KT K™ pn

©(1540)* DECAY MODES

N K is the only strong decay mode allowed for a strangeness S=+1 reso-
nance of this mass.

Mode Fraction (I';/T)

KN 100%

©(1540)+ FOOTNOTES

L ALEEV 05 estimates 50 events over a background of 78, and claims a statistical signifi-
cance of 5.6 standard deviations.

2 ABDEL-BARY 04 finds a peak with a statistical significance of 4—to—6 standard devia-
tions, depending on background assumptions. The width is consistent with resolution.

3 AIRAPETIAN 04, in eT d at 27.6 GeV, finds 59 & 16 events (3.7 o) in the peak.

4 ASRATYAN 04 analyzes old BEBC and 15-ft bubble-chamber data and estimates a peak
of 27 KOp events (mostly from v, 7 in Ne) above a background of 8 events and claims
a statistical significance of 6.7 standard deviations.

5 CHEKANOV 04A, in eip at c.m. energies near 300 GeV and Q2 > 20 GeV2, finds
221 + 48 events (4.6 o) in the peak.

6 KUBAROVSKY 04 estimates a peak of 41 K1 n events and claims a statistical signifi-
cance of 7.8 & 1.0 standard deviations.

"BARMIN 03 estimates a peak of 29 Kop events above a background of 44 events and
claims a statistical significance of 4.4 standard deviations.

8BARTH 03 estimates a peak of 63 + 13 K+ n events and claims a significance of 4.8
standard deviations.
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9 NAKANO 03 estimates a peak of 19.0 + 2.8 K™ n events above a background of 17.0 +

2.8 events and claims a significance of 4.61‘%'% standard deviations.

10 STEPANYAN 03 estimates a peak of 43 K1 n events above a background of 54 events
and claims a statistical significance of 5.2 + 0.5 standard deviations.

11GIBBS 04 analyses K1 d total-cross-section data with corrections for Kt double scatter-
ing and for the neutron Fermi momentum. Evidence is found for a state at 1559 4+ 3 MeV
if it is in the POl wave, or at 1547 £+ 2 MeV if in the 501 wave (errors are statistical
only).

12 CAHN 04 uses the integrated Ktn— Kop cross section estimated from the DIANA
experiment in xenon (BARMIN 03); some assumptions are needed. Other of their es-
timates, based on measured Kt d cross sections, give upper limits in the 1-4 MeV
range.

13 MIZUK 06 finds no evidence for the ©(1540) 1 — see the list of negative results with the
(9(1540)"’ masses above.

14 SIBIRTSEV 04 introduces a test resonance at 1540 MeV in the Pg1 KN partial wave in
an analysis of Ktd — KOpp data. The analysis uses the Julich model and takes into
account Fermi motion in the deuteron.

15 ARNDT 03 introduces a test resonance in various partial waves in a reanalysis of Kt N
elastic-scattering data and finds that a width of more than an MeV or so would greatly
increase the X2 of the fit.

©(1540)* REFERENCES

MIZUK 06 PL B632 173 R. Mizuk et al. (BELLE Collab.)
ADAMOVICH 05 PR C72 055201 M.l Adamovich et al. (CERN WA89 Collab.)
ALEEV 05 PAN 68 974 A.N. Aleev et al. (IHEP SVD-2 Collab.)
Translated from YAF 68 1012.
AUBERT,B 05D PRL 95 042002 B. Aubert et al. (BABAR Collab.)
BATTAGLIERI 05  PRL 96 042001 M. Battaglieri et al. (JLab CLAS Collab.)
Submited to PRL.
WANG 05A PL B617 141 M.-Z. Wang et al. (BELLE Collab.)
ABDEL-BARY 04  PL B595 127 M. Abdel-Bary et al. (COSY-TOF Collab.)
ABT 04A PRL 93 212003 I. Abt et al. (HERA B Collab.)
AIRAPETIAN 04  PL B585 213 A. Airapetian et al. (HERA HERMES Collab.)
ANTIPOV 04 EPJ A21 455 Yu.M. Antipov et al. (IHEP SPHINX Collab.)
ASRATYAN 04 PAN 67 682 A.E. Asratyan, A. Dolgolenko, M. Kubantsev (ITEP)
Translated from YAF 67 704.
BAI 04G PR D70 012004 J.Z. Bai et al. (BEPC BES Collab.)
CAHN 04 PR D69 011501R R.N. Cahn, G.H. Trilling (LBNL)
CHEKANOV  04A PL B591 7 S. Chekanov et al. (HERA ZEUS Collab.)
GIBBS 04 PR C70 045208 W.R. Gibbs (NMSU)
KUBAROVSKY 04  PRL 92 032001 V. Kubarovsky et al. (Jefferson Lab CLAS Collab.)
LONGO 04 PR D70 111101R M.J. Longo et al. (FNAL HyperCP Collab.)
SCHAEL 04 PL B599 1 S. Schael et al. (ALEPH Collab.)
SIBIRTSEV 04 PL B599 230 A. Sibirtsev et al. (JULI, ADLD, BONN)
ARNDT 03 PR C68 042201R R.A. Arndt, I.I. Strakovsky, R.L. Workman (GWU)
BARMIN 03  PAN 66 1715 V.V. Barmin et al. (ITEP DIANA Collab.)
Translated from YAF 66 1763.
BARTH 03 PL B572 127 J. Barth et al. (Bonn SAPHIR Collab.)
NAKANO 03  PRL 91 012002 T. Nakano et al. (SPring-8 LEPS Collab.)
STEPANYAN 03  PRL 91 252001 S. Stepanyan et al. (Jefferson Lab CLAS Collab.)

HTTP://PDG.LBL.GOV Page 9 Created: 7/6/2006 16:34




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


