Examining the evidence for exotic hadrons
Adam Szczepaniak (Indiana U.)

Renaissance of QCD and hadron speciroscopy

RHIC : QCD super-fluid, highly correlated, low
viscosity liquid

Belle, CLEO, Babar: new heavy quark states,
possibly meson-molecules or hybrids

CERN (Crystal Barrel) : scalar glueball
BNL (E852) : hybrid mesons

Spring8, Jlab, and others : pentaquark



In this talk:

JPC exotic : hybrid mesons

flavor exofic : pentaquarks



Mesons with JPC = 07-,0%-, 1+ 2+~ : Exotic Quantum Numbers

Determine JPC through
Partial Wave Analysis

No need for muti-quarks (which have fall apart modes)
Can be formed from excitations of the confining (gluon) field
= Probe of the confinement mechanism
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What's new

e Unprecedented statistics
e Computational resources
e New theoretical developments :
low energy, (chiral) phenomenology

QCD, lattice

e High quality photon beams (exotic searches)



Light quark 1+
Ref. Method N; M (GeV)

UKQCD 97 SW 1.87(20)

MILC 97 Y, 1.97(9)(30)
MILC 99 SW 2.11(10)

LaSch 99 W 1.9(2)

Calculation of lightest 1-1 Exotic
suggests mass ~ 2GeV

Charmonium 171
Ref. Method AM (GeV)

MILC 97 Y, 1.34(8)(20)
MILC 99 SW 1.22(15)

CP-PACS 99 NR 1.323(13)
JKM 99 LBO 1.19

Excitations in excess of 1GeV
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Results of coupled channel analysis of w=p->nrnp
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Have we seen exotic mesons

The m1(1600) story in ntn 7~
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Notice how leakage shows up in all exotic waves,
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Further results from charge-exchange photoproduction

G. T. Condo, T. Handler, W. M. Bugg, G. R. Blackett, M. Pisharody, and K. A. Danyo
Department of Physies, University of Tennessee, Knoxville, Tennessee 37996-1200
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Role of Photons

Excited

Quarks Flux Tube

Hybrid Meson
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L A
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So only parallel quark spins lead to exotic JPC
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the pentaquark story

Work done in part in collaboration with Alex Dzierba and Curtis Meyer
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Table 1. Positive signals for pentaquark states. Please see the text regarding the final state
nentron in the LEPS. CLAS and SAPHIR experiments.

State  Mode

Reaction Reference

Experiment

LEPS(1)
LEPS5(2)
CLAS(d)
CLAS(p)
SAPHIR
COSY
JINR
SVD
DIANA
vBC
NOMAD
HERMES
ZEUS

'I'Clg — K_I_K_.X
vd - KYK-X

vd — KYK~(n)p
Tp — KtK—=t {ﬂ]
vp — K2K+(n)
pp— ETK2p
p(C3Hg) — K EFX
pA — KEFX
KtXe — Kgp[}fe}’
vA — KopX

vA — KEFX
quasi-real photoproduction
ep — I{gp}f

K+n
K+n
K*tn

NA49

pp — =S

H1

ep — (D*p) X




Table 2. Recent negative searches for pentaquark states. For each pentaquark state (P) we
indicated with a — that the state was not included in the search while || indicates that the state
was searched for and not observed and { indicates that the state was searched for and observed.

Experiment Search Reaction

(1]
on

Reference

ALEPH Hadronic 7 decays
BaBar ete” — T(49)

BELLE KN — PX

BES ete™ — J/ip(1(28) — 66

| — |
[
=

i
—

| ==

CDF pp — PX
COMPASS  u*+(°LiD) — PX
DELFPHI Hadronic Z decays
E690 pp — PX

FOCUS wp— PX
HERA-BE pd — PX
HyperCP (7t,K+.p)Cu — PX
LASS Ktp — Ktnrt
L3 Yy — a0

PHENIX AvAdu — PX
SELEX (m.p.E)p — PX
SPHINX pC(N)— 6+C(N)
WARD ¥~N—FPX
ZEUS ep — PX
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Table 3. A tabulation of statistics for the observations of the 8. See text for descriptions of the
statistical significance as quoted in the three columns of ratios. The column labeled Published
is the significance quoted in the publication.

Experiment Signal  Backeground Significance <

s b Published 5 —fo —2o

LEPS(1) [4] 10 17 16 16 32 26
LEPS(2) [5] 56 162 44 38 29
CLAS(d) [6] 43 54 5.2 59 44 35
CLAS(p) [7] 4 35 7.8 69 47 39
SAPHIR [8] 55 56 48 73 52 43
COSY [9] 5T 05 4—6 59 47 37
JINR [10] 88 5.5 64 53 41

SVD [11] 35 93 5.6 3.6 3.1 2.4
DIANA [12] 29 44 4.4 44 34 2.7
vBC [13] 18 9 6.7 6.0 3.5 3.0
NOMAD [14] a3 59 4.3 43 34 2.7
HERMES [15] 51 43—-6.2 42 3.6 2.7
ZEUS [16] 230 4.6 7.0 6.4 4.7




nK+ Mass Spectrum
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» the nK+ mass spectrum is smooth
» no structure is observed at a mass of ~1540 MeV
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w=24GeV
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FIZ. 1: Boundaries of the micp versus mi-y Dalitz plot for
three different values of w, the energy available to the K KN
system, 2.1, 2.4 and 2.6 GeV. For the data of ref. [2], the
observed distribution in w rises from 2.1 GeV, peaks at 2.4
and falls to zero near 2.6 GeV. Horizontal lines denote the
recion spanned by the fz and as mesons defined by their half-
widths and the region of the ps starting with its central mass
less its half-width. The vertical line denotes the square of the
) mass.
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FIG:. 3:  The calculated (sclid line) myxn distribution, as

described in the text, compared with the data from [2]

Physical background has
structure >> reduces the
statistical significance of the
signal

Reaction Beam energy Cross Section  Hef
GeV ub
p — fap 2.3-2.6 1.3 £ 0.37 [6]
~p — fap 2.6-3.25 0.39£0.13  [A]
~p — fap 3.25-4.0 0.19+0.06  [6]
~p — fap 4.0-6.3 0.1£0.1 [6]
~p— atn 42405 114 £043  [7]
~p — atn 525 £ 055 0854043  [7]
wp—atn 7.5+07 0.43+043  [7]
~p— KtK™p 2.8 1.0+ 0.1 [5]
Ap — KHK—p 4.7 0.7+£01 [

TABLE I: Photoproduction cross sections for the fi(1275)
and az(1320) resonances and the KK~ final state.

Events | 001 (GeVie')
[
=
|
|

1080 - -




Fake Peaks

Enhancement is broad
- but starting with:
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SEARCH FOR THE Z* IN 7= +p - K™ + Z* AT & AND 8 GeV/cl

E. W.ANDERSON, E.J, BLESERY], 1. R BLIEDEN, G, B. COLLINS, D, GARELICK
J. MENES and F. TURKOT
Brookhaven Natlonal Laboratory, Upfon, New York, USA
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My = 2.64GeV

Mg+~ = My~

cos@- > 0.8



FIG. 3: The nKt mass distribution as described by [ depy |V 2y (O 4ns @ )7, for & = A(1232) and Jx = Ay = 2,
X = fa, (solid line), Jx = Ax =2, X = az, (dashed line), and Jx = 3, Ax =1, X = ps (dotted line). The M, g4 - invariant
masses for the three cases are 2.22, 2.27 and 2.64 GeV, respectively.
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Figure 2: The experimental beam momentum [Ej and MC mass spectra distribution corresponding, to: b)
reaction KtXe =K pXe'; ¢) reaction Ktn —K p; d) the summ of both b) and ¢); The histogram in red
corresponds to the experimental mass distribution from [5].
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Figure 5. Figure (a) is a schematic
of the decay A"(1115) — = p.
The effect of spurious ghost tracks
from the reconstruction software is
considered. In this case a 1 track

is generated. When combined with
the 7~ from the A? the effective
mass clusters about 0.5 l(}eﬁuf‘,u".':2
as in Figure (b) and when the
ghost track is combined with the
AY decay products the effective

mass clusters around 1.5 l{}\ﬂf‘,ﬂ'fs2
as seen in Figure (c). In the
shaded distributions the "mT"7~
mass 18 required to be near the E.’g.
The mean of the shaded portion
of the distribution in Figure (c) is
1.54 GeV/c?, the mass of the #+.
In this study the A" momentum in
the LAB frame was uniform from 2
to 100 GeV /c.
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~370 events out
of 150000 K%-p

candidates.
P1 1s the
amplitude of

the gaussian.
Bins are 2 MeV



Pentaquark sightings come from low statistics, low
resolution, low-enerqy experiments with kinematically
constrained final states after complicated cuts are
imposed.

High resolution, high stafisitcs,
experiments with both low- and high-
particle multiplicity do not report the

pentaquarks.






K~p missing mass in A(1520) and
sideband region.

Counts/5 MeV
Counts/5 MeV

L4 1.48 (] .58 L& 1.8 LY LTE LE .:Lll 1A= 15 L55 L 145 Ly .78 LE

MMd( ¥ ,K~p) GeV/c? MMd(y K~ p) GeV/c?

1.50 <« M(K~p) <1.54
0.4(1.46 < M(K~p) <1.50) +0.4(1.54 < M(K~p) < 1.58)

|



Nakano QNP2004

Kinematical reflection (II)

Remove A(1520) contribution
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counts / 10 MeV

w— | The Charm Pentagquark and Kinematic

Reflection.

M. Zaver Cyaey

hep-ex/0501028



