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The goal of amplitude analysis is to identify dynamical effects (bound
states, resonances, channel couplings). These appear as singularities of
scattering amplitude.

There is no unique “formula” for the scattering amplitude (not
even for pi-pi elastic scattering ! Do scalar resonances bootstrap
to the cross channel?)

rho and f's have to add coherently and

suppress u-channel reggions at all s
and t (FESR)

There are only (often incompatible) constraints
(or “truths”) : analyticity, crossing relations, unitarity.
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Classic EXD argument is based on absence of 5q
(<Im A> over low s = Im A at high s)
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FIG:. 6. Total #+p (left plot) and 7= p (right plot) cross sections as a function of laboratory
momantum, Prah, compared with Regge fita to high energy data. (Adapted from Ref. [15].)
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Fig. 2. Differential cross section at B, = 4GeV. The solid
line ehows the model ¢-distribution for the ¢ photoproduction,
the dottad line is the P-wave contribution with M = 0 mul-
tiplied by the branching ratic of the & decay into the KR~
pair. The dashed line is the S-wave part of the KK~ cross
saction calculated for normal p, w propagators, while the dou-
ble dotted-dashed line corresponds to the Regge propagators.
Model parameters are given in Table 1. The data are from
Fig.6b of [18]
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Regge vs elementary particle exchange
(pion exchange)
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Exciting (exotic) meson resonances

E852: E_=18GeV

p’aZ’T'Q, L, JU | - I;_+.-' 75’719--
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Peripheral production on the “meson cloud”

It is important to determine dependence on all
kinematical variables, s,t,Mab Q



Exotic story Tp>M 0N (ch) in P-wave has JPC= |-

>N T p
_ _ M =1370=16") MeV /c’ CBN]E_ (E832b)
T p—=mnNxp . onfirmed by
[ =385= 4077, MeV /c’ Crystal Barrel similar mass, width

. Mass dependent P-wave present in nno (E852)
Tp—nen New results: No consistent resonance
interpretation for the P-wave

_ o M =1597 10" MeV /¢’ -
Tp—=nNmn
P nmp [ =340 40720 MeV /¢’ ( )

P-wave strong and unambiguous: need to focus on
interpretation

0 M =1593+8"> MeV /¢’ (E852) Confirmed by
p— ) ) VES
Tp—=PpRp [ =168+20"3" MeV /c?
Disappears in the full data sample !

M = 1709 + 24 + 41 MeV¢? More from (E852)
TTrT T = fim I' =403 + 80 + 115 MeV<¢?

ata 770 = byr~ T = 185 + 25 + 28 MeV?
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Have we seen exotic mesons
The 71(1400)

story
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Clear P-wave in '
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Have we seen exotic mesons
The m1(1600) story in ntn 7~

Correlation of

Phase
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Non-exotic Wave
due to imperfectly
understood acceptance

Based on 250K events Full sample = 3M + 2M events!
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Motice how leakage shows up in all exotic waves.



Now onto the 5q



5q: positive results
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Table 1. Positive signals for pentaquark states. Please see the text regarding the final state
neutron in the LEPS, CLAS and SAPHIR experiments.

Experiment Reaction State  Mode Reference

LEPS(1) e — KTHK—X g+ K+n
LEPS(2) vd = KTK-X g+ K+n
CLAS(d) vd — KTK~(n)p Chs K™n
CLAS(p) vp— K™K 7% (n) g+ K*n
SAPHIR vp — K2K+(n) g+ K+n
COSY pp— ETK2p g+ H%p
JINR p(C3Hg) — KapX g+ Kep

SVD pA — K gp}f g+ K % 2
DIANA K*+Xe — Kip(Xe)' g+ Kg

vBC vA — KopX Zhs Kip
NOMAD vA — KgpX g+ K3p
HERMES quasi-real photoproduction &+ Kp
LZEUS ep — KgpX g+ K3p

NA49 pp — =S
H1 ep — (D'p) X

Dzierba, Meyer, AS




5q: negative results

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

Experiment

Search Reaction

Il

Reference

[
n

ALEPH
BaBar
BELLE
BES
CDF
COMPASS
DELPHI
E690
FOCTS
HERA-BE
HyperCP
LASS

L3
PHENIX
SELEX
SPHINX
WARD
ZEUS

Hadronic 7 decays

ete” — T[-—lSJ

KN — PX

ete™ — J/i(y(25) — 68
pp — PX

pt{®LiD) — PX
Hadronic Z decays

(7, K+, p)Cu — PX
K*p— Ktnrt

Yy — 2]

AuAuw — PX

(m,p, X)p — PX
pC(N) — 8+ C(N)
2N —=PX

ep — PX

[19]

= | EEEEEEEEEEEEEEEE
| === | =

16, 37, 38]




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 <

5 b Published ﬁ -.ISS—+5

LEPS(1) [4] 19 17 16 16 3.2
LEPS(2) [5] 56 162 14 3.8
CLAS(d) [6] 43 54 5.2 50 44
CLAS(p) [7] 11 35 7.8 69 4.7
SAPHIR [8] 55 56 48 73 5.2
COSY [9] 5T 95 1—6 59 47
JINR [10] 88 ) 5.5 64 5.3

SVD [11] 35 93 5.6 36 3.1
DIANA [12] 20 14 1.4 14 34
vBC [13] 18 9 6.7 60 3.5
NOMAD [14] 33 50 1.3 13 34
HERMES [15] 51 : 13-62 42 36
ZEUS [16] ; 16 70 64




Kinematic reflections 3 body kinematics

2 2 2
§1 + 82 +83 =8 —MmMj] — M5 — gy

cos of the helicity angle of
1 in the (12) rest frame

Sor— 82(81,5>$12)
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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 2326 13+037 [9)
wp — fap 2.6-3.25 0.39£0.13  [A]
Ap — Eap 3.25-4.0 0.19+0.06  [6]
wp — fap 4.0-6.3 01401  [6]
~p— ain 42405 1144043 [7]
~p — atn 525 £ 055 0854043  [7]
p— aln TEL0T 0.43 +£0.43  [7]
~p— KtK™p 2.8 1.0+£0.1 [5]
~p — KTK—p 4.7 0.7+£01 [

TABLE I: Photoproduction cross sections for the fi(1275)

and az(1320) resonances and the KK~ final state.
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Fake Peaks

Enhancement is broad
- but starting with:

145 1.50 1.55 1.60 165 170 175

as a parent distribution
generate 40 random
histograms with 600
events each - 3 of these
along with CLAS results
appear here
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SEARCH FOR THE Z* IN 7~ +p - K~ + Z* AT 6 AND 8 GeV/cl
E. W, ANDERSON, E,J, BLESERYL, 1. R, BLIEDEN, G, B. COLLINS, D, GARELICK

J. MENES and F. TURKOT
Ovonkhaver National Labovalory, Dhion, New York, IS4
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FIG. 3: The nKt mass distribution as described by [ depy Yoy 2y (O tns @ )7, for & = A(1232) and Jx = Ax = 2,
X = f2, (solid line), Jx = Ax =2, X = a2, (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 [EE]\ and MC mass spectra distribution corresponding to: b)
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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 7+ track

is generated. When combined with
the 7~ from the A? the effective
mass clusters about 0.5 GeV/c?
as in Figure (b) and when the
ghost track is combined with the
AY decay products the effective
mass clusters around 1.5 GeV/c?

as seen in Figure (c¢). In the
shaded distributions the "7 777~
mass 18 required to be near the I*.’g.
The mean of the shaded portion
of the distribution in Figure (c¢) is
1.54 GeV/c?, the mass of the 67,
In this study the A” momentum in
the LAB frame was uniform from 2
to 100 GeV /e
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Fit to Gaussian
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with quadratic
background
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M.Longo @ QNPO4

90% CL limit
~370 events out
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the gaussian.
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Pentaquark sightings come from low
statistics, low resolution, low-energy
experiments with Kinematically
constrained final states after
complicated cufs are imposed.

High resolution, high statisitcs,
experiments with both low-
and high- particle multiplicity
do not report the
pentaquarks.
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Figure 1: The invariant mass spectra of the D*—p4 D0 (taken from [1]) and Monte-Carlo simulation: o)
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