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Multiquark states have been discussed since the 15" page of the quark model

A SCHEMATIC MODEL OF BARYONS AND MESONS *
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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken '"eightfold way' ~~9/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical '"bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

-

ber nt - ni would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number 3.
We then refer to the memhers u3s, d-3, and s-73 of
the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(gg{gh !%gqqq), ete., while mesons are made out
of (qa), (aqqa), ete. It is assuming that the lowest
bar;«'_’mmation (gqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (g q) similarly gives
just 1 and 8. 3
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Multiquark states have been discussed since the quark model was proposed

AN SU3 MODEL FOR STRONG TNTERACTION SYMMETRY AND IT73 RREAKING

8162/, 401
19 Japuary 1964

Both mesons and baryons are constructed from a set

e

cf three fundamental particles called acsa, The aces

hreak up into an  igospin doublet and ginglet, Fach ace
carries baryon number % and ig consequently [ractionally
charged. SU3 (buf not the Bightfold Way) is adopted as
a higher symmetry for the strong interactions, The break-
ing of this symmetnry dis assumed to be universal,being due
to mass dilflercnces among the aces. Bxtensive space~tilme
and group theoretic structure ig then predicted for both
megons and baryons,in agreemont with existing experiment—
al information. An experimentsl search for the aces ig

sugegested,

5)

In general, we would expect that baryons are built not only from the

product of three aces, AAA, bub also from AAAAA, AAAAAAA, ete.,

where A denotes an anti-ace. Similarly, mesons could be Tormed

from KAs ARAA  etc. Tor the low mass mesons and baryons we will
. I

assume the simplest possibilities, AA and AAA, that is,

Tdeuces and treys'.
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Where are they?

» There is no reason that they should not exist

* Predicted by M. Gell-Mann(1964), G. Zweig(1964), and
other later in context of specific QCD models: Jaffe (1976),
Strottman (1979)

» These multi-quark states would be short-lived
~10723 s “resonances”, whose presences are
detected by mass peaks & angular distributions
showing the unique J¥¢ quantum numbers

» Pentaquarks are states of matter beyond simple
quark picture

 Could teach us a lot about QCD



Prejudices

» No convincing states 50 years after Gell-Mann

paper proposing qqqqq states

» Previous “observations” of several pentaquark
states have been refuted
¢ 0t - K%, K*n, m = 1.54 GeV, '~10 MeV
* Resonancein D*"pat 3.10 GeV,I' = 12 MeV
e =TT - E"n,m=1862GeV, I <18 MeV

» Generally they were found/debunked by
looking for “bumps” in mass spectra circa 2004

See summary by [K. H. Hicks, Eur. Phys. J. H37 (2012) 1]
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LHCb detector

Magnet ECAL
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Impact parameter: op = 20 um
Proper time: o, = 45 fsfor B} - J /¢ or Dim
Momentum: Ap/p = 0.4 ~ 0.6% (5-100 GeV/c)
Mass : o, = 8 MeV/c? for B - J /X (constrainted my /y)
RICH K — 1 separation: e(K > K) ~95% mis-IDe(r - K) ~ 5%
Muon ID: e(u—-u) ~97% mis-IDe(mr -» u) ~1—3%

ECAL: AE/E =1 @ 10%//E(GeV)



LHCb data taking
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Stable and efficient ( > 90% ) data taking

This analysis based on 2011 + 2012 data
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A} — J/YpK ™ and event selection

» First observed by LHCb as a
potential background for
B - J/YK*K~
» Large signal yield found, used for
A) lifetime measurement

Event selection:

» Standard preselection
» Followed by selection with BDTG
> Veto BY - J/WK*TK~and
B? - J/ WK™
reflections, where K and ™~ are
misidentified as proton
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5.4% background in £2c



Unusual feature in “Dalitz plot”

A(1520) > pK~
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Clear,
but what?
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Projections
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Is the peak “artifacts”?

.F Total Efficiency
» Many checks done
* Reflections of B® and B
are vetoed

* Efficiency doesn’t make narrow IOeaké """"""""" o

* Clones & ghost tracks eliminated
* =, decays checked as a source

» Can interference between A* resonances
generate a peak in the J/Yp mass spectrum?
* A full amplitude analysis is performed using all
known A® resonances

14



Amplitude analysis

» Allows for A* = pK ™ resonances to interfere
with pentaquark states P*¥ — J /Y p

A, rest frame

AN

y | \l’f\/l‘, ' | :j‘vl\' @% Kﬂ\.l.{

O * ‘4 e k) /-/i" 7 Ux

Ab — ]/l/)A , /V < B g ¢’ ' ' A rest frame
A* R p K- Y rest frame | | |

| [LAB Vframe

A, rest framg:/ﬁ O —T

Y rest frame o,

A) - PYK™, —_— u),,/u . -
PC+ — ] / l/)p W E *ﬂi ===

1 v .
QT Prest frame,

» Independent variables: /
m(pK ™) and 5 angles =» 6D fit R
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A" resonances
» Each A" resonance: ] = % (> %) has 4 (6) complex couplings

» Masses and widths fixed to PDG values
* Uncertainties are considered as systematics

» Two models: “reduced” and “extended” to test dependence
of the A" model

State JP My (MeV) Iy (MeV) +# Reduced # Extended
A(1405) 1/27 14051115  50.5+2.0 3 4
A(1520) 3/27 15195+1.0 156+ 1.0 2 6
A(1600) 1/2+ 1600 150 3 4
A(1670) 1/2- 1670 35 3 4
A(1690) 3/2- 1690 60 5 6
A(1800) 1/2- 1800 300 4 4
A(1810) 1/2+ 1810 150 3 4
A(1820) 5/2° 1820 80 1 6
;4(1830) 5/2" 1830 95 1 G
A(1890) 3/2F 1890 100 3 6
A(2100) 7/2- 2100 200 1 6
A(2110)  5/2* 2110 200 1 G
A(2350) 9/2* 2350 150 0 6
A(2585) 7 ~2585 200 0 6



Extended A* model

» The extended model allows all LS couplings of each
resonance, and includes poorly motivated states

» First try extended model to describe the data

State JP My (MeV) Ty (MeV) # Reduced |# Extended
A(1405) 1/2=  1405.1%75 50.5+2.0 3 4
A(1520) 3/2 15195410 156410 5 6
A(1600) 1/2* 1600 150 3 1
A(1670) 1/2- 1670 35 3 1
A(1690) 3/2- 1690 60 5 6
A(1800) 1/2- 1800 300 4 1
A(1810) 1/2* 1810 150 3 1
A(1820) 5/2* 1820 80 1 6
A(1830) 5/2- 1830 95 1 6
A(1890) 3/2% 1890 100 3 6
A(2100)  7/2- 2100 200 1 6
A(2110) 5/2* 2110 200 1 6
A(2350) 9/2+ 2350 150 0 6
A(2585) 7 ~2585 200 0 6
Total # of free parameters for A* 64 146




Extended model without P

» m(pK™) looks fine, but not m(J/Yp)

» Other possibilities:
« AllZ*0 (I = 1), isospin violating decay
* two new A* with free m&I’

. 1
* 4 non-resonant A* with J¥ = ,

> Still fail to describe the data
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Extended model with one P

> Try all J¥ up to % * Neither gives good fit

 8(10) free parameters for a PC+ of ] = %(> %)

st
* Best fit has J¥ = -

—a— data
t —e— total fit
back d
s (@ LHCb . Pcac grotn
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Extended model with two P.'’s

» Leads to a good fit

> The 2" broad P visible in other projections (shown later)
> It also modifies the narrow P.’s decay angular distribution

via interference to match the data

—&— data
—e— total fit

background
—s— P, (4450)
S P,(4380)
---- A(1405)
(- A(1520)
A(1600)

- A(2100)
- A(2110)
- A(2350)




Reduced A* model

» Too many free parameters in extended model
* Some high mass states with high L not likely present in data

» Use only well motivated contributions for final results

State J? My (MeV) Ty (MeV) |# Reduced | # Extended
A(1405) 1/2=  1405.1%75 50.5+2.0 3 4
A(1520) 3/2 15195410 156=+1.0 5! 6
A(1600) 1/2% 1600 150 3 4
A(1670) 1/2- 1670 35 3 4
A(1690) 3/2- 1690 60 5 6
A(1800) 1/2- 1800 300 4 1
A(1810) 1/2* 1810 150 3 1
A(1820) 5/2* 1820 80 1 6
A(1830) 5/2" 1830 95 1 6
A(1890) 3/2* 1890 100 3 6
A(2100)  7/2- 2100 200 1 6
A(2110) 5/2* 2110 200 1 6
A(2350) 9/2* 2350 150 0 6
A(2585)  ? ~2585 200 0 6
Total # of free parameters for A” 64 146




» Fits are good in all 6 dimensions (see next slide)!

Reduced model with two P’s
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Angular distributions
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M /Y p)in M(Kp) Slices

> P’s cannot appear
in first interval as
they would be
outside of the Dalitz
plot boundary

-i- data

-@- total fit

— bacquound
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Quantum numbers

L .7
» Tested all /¥ combinations up to spin E

> Best fit has J© = [%_ (low), §+ (high)]

* Plots shown correspond to this combination

> [27 (low), 27 (high)| & |2 (low), 2 (high)|
are also p055|ble A(=21n L) < 32

> All others are ruled out: A(—21n £) > 5.92

25



Fit results

Resonance Mass Width Fit fraction
(MeV) (MeV) (%)

P (4380)* 4380+8+29  205+18+86 8.4+0.71+4.2
P (4450)* 4449.8+1.7+25 39+5+19 4.1+05+1.1
A(1405) 15+1+6
A(1520) 19+1+4

Systematic uncertainty
discussed in next slide

26



Significances

> Fit improves greatly, for 1 P.* A(-2InL)=14.72
adding the 2nd P.* additionally improves by 11.62

=>» Adding both P’s improves 18.772
» Toy MCs are used to obtain significances based on A(-2InL)

» To include systematic uncertainty, the extended model fits are
used:
¢« 15tP_(4450)*: 120
« 2tP_(4380)*: 90



Systematic Uncertainties

Source M, (MeV) Ty (MeV) Fit fractions (%)
low high low high low high A(1405) A(1520)

Extended vs. reduced 21 0.2 54 10 3.14 0.32 1.37 0.15
A* masses & widths 7 07 20 4 0.58 0.37 2.49 2.45
Proton ID 2 0.3 1 2 027 0.14 0.20 0.05
10 < p, < 100 GeV 0 1.2 1 1 0.09 0.03 0.31 0.01
Nonresonant 3 03 34 2 235 0.13 3.28 0.39
Separate sidebands 0 0 5 0 024 0.14 0.02 0.03
JP (3/2%,5/27)or (5/27,3/27) 10 12 34 10 0.76 0.44

d=15—45GeV! 9 06 19 3 029 042 0.36 1.91
Lj§ AY — P} (low/high) K~ 6 07 4 8 037 0.16

Lp. PF (low/high) — J/bp 4 04 31 7 063 0.37

L}E A} — JhbA* 11 03 20 2 081 0.53 3.34 2.31
Efﬁciencies 1 04 4 0 0.13 0.02 0.26 0.23
Change A(1405) coupling 0 0 0 0 0 0 1.90 0
Overall 20 25 8 19 421 1.05 5.82 3.89
sFit /cFit cross check 5 1.0 11 3 046 0.01 0.45 0.13

A* modelling contributes the largest

28



Systematic uncertainties

Source M, (MeV) Ty (MeV) Fit fractions (%)
low high low high low high A(1405) A(1520)

Extended vs. reduced 21 0.2 54 10 3.14 0.32 1.37 0.15
A* masses & widths 7 07 20 4 0.58 0.37 2.49 2.45
Proton ID 2 0.3 1 2 027 0.14 0.20 0.05
10 < p, < 100 GeV 0 1.2 1 1 0.09 0.03 0.31 0.01
Nonresonant 3 03 3 2 235 0.13 3.28 0.39
Separate sidebands 0 0 5 0 024 0.14 0.02 0.03
JP (3/2%,5/27) or (5/27,3/27) 10 12 34 10 0.76 0.44

d=15—45GeV! 9 06 19 3 029 042 0.36 1.91
Lj§ AY — P} (low/high) K~ 6 07 4 8 037 0.16

Lp. PF (low/high) — J/bp 4 04 31 7 063 0.37

L}E A} — JhbA* 11 03 20 2 081 0.53 3.34 2.31
Efﬁciencies 1 04 4 0 0.13 0.02 0.26 0.23
Change A(1405) coupling 0 0 0 0 0 0 1.90 0
Overall 20 25 8 19 421 1.05 5.82 3.89
sFit /cFit cross check 5 1.0 11 3 046 0.01 0.45 0.13

Alternate JP fits give sizeable uncertainty
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Systematic uncertainties

Source M, (MeV) Ty (MeV) Fit fractions (%)
low high low high low high A(1405) A(1520)

Extended vs. reduced 21 0.2 54 10 3.14 0.32 1.37 0.15
A* masses & widths 7 07 20 4 0.58 0.37 2.49 2.45
Proton ID 2 0.3 1 2 027 0.14 0.20 0.05
10 < p, < 100 GeV 0 1.2 1 1 0.09 0.03 0.31 0.01
Nonresonant 3 03 3 2 235 0.13 3.28 0.39
Separate sidebands 0 0 5 0 024 0.14 0.02 0.03
JP (3/2%,5/27)or (5/27,3/27) 10 12 34 10 0.76 0.44

d=15—45GeV! 9 06 19 3 029 042 0.36 1.91
L's A} — PF (low/high) K~ 6 07 4 8 037 0.16

ij P (low/high) — J/p 4 04 31 7 063 0.37

L‘f‘.; A} — Jhb A* 11 03 20 2 0.81 0.53 3.34 2.31
Efﬁciencies 1 04 4 0 0.13 0.02 0.26 0.23
Change A(1405) coupling 0 0 0 0 0 0 1.90 0
Overall 20 25 8 19 421 1.05 5.82 3.89
sFit /cFit cross check 5 1.0 11 3 046 0.01 0.45 0.13

Varying choices in mass depend function also give sizeable uncertainty
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Systematic uncertainties

Source M, (MeV) Ty (MeV) Fit fractions (%)
low high low high low high A(1405) A(1520)

Extended vs. reduced 21 0.2 54 10 3.14 0.32 1.37 0.15
A* masses & widths 7 07 20 4 0.58 0.37 2.49 2.45
Proton ID 2 0.3 1 2 027 0.14 0.20 0.05
10 < p, < 100 GeV 0 1.2 1 1 0.09 0.03 0.31 0.01
Nonresonant 3 03 3 2 235 0.13 3.28 0.39
Separate sidebands 0 0 5 0 024 0.14 0.02 0.03
JP (3/2%,5/27)or (5/27,3/27) 10 12 34 10 0.76 0.44

d=15—45GeV! 9 06 19 3 029 042 0.36 1.91
Lj§ AY — P} (low/high) K~ 6 07 4 8 037 0.16

Lp. PF (low/high) — J/bp 4 04 31 7 063 0.37

L}E A} — JhbA* 11 03 20 2 081 0.53 3.34 2.31
Efﬁciencies 1 04 4 0 0.13 0.02 0.26 0.23
Change A(1405) coupling 0 0 0 0 0 0 1.90 0
Overall 20 25 8 19 421 1.05 5.82 3.89
sFit /cFit cross check 5 1.0 11 3 046 0.01 0.45 0.13

sFit/cFit give consistent results
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Cross-checks

» Two independently coded fitters using
different background subtractions (sFit & cFit)

» Split data show consistency:

« 2011/2012
* magnet up/down

« AY/A}
* A} (low pr)/A} (high pr)
> Selection varied

« BDTG>0.5 instead of 0.9 (default)
« BY and B2 reflections modelled in the fit instead of veto



Argand diagram

> Replace the Breit-Wigner amplitude for either one P by 6
independent amplitudes in range of +I}; around M,

> P_(4450) " shows resonance behavior: a rapid contour-
clockwise change of phase when cross pole mass

» P_(4380)* does show large phase change, but is not conclusive

-0.2F

-0.25F

-0.3F

-03835 -0.3 -0.25 02 -0.15 -0.1 -0.05 0 0.05 014 015 -01 -005 0 0.05 0.1 015 0.2 025 0.3 0.35
Re Ak Re A* 34



Why the 29 state is needed?

» It is demanded by the data

» Interference between opposite parity states is needed
to explain the P decay angle distribution

- wn
= =
= =

[
=
=

Corrected events/(0.1)

Large m(Kp) = 599
region:
negative
interference

LHCDb

—«— Combined P,
—— P.(4450)
—— P.(4380)

| s | R |
08 -06 04 02

small m(Kp)
< region:

positive

interference
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Intepretation

» Different binding mechanisms are possible
* Tightly-bound
v Two colored diquarks + one anti-quark [PRD20 (1979) 748; arXiv:1507.04980]

v’ Colored diquark + colored triquark [arXiv:1507.05867]
v Bag model [NPB123 (1977) 507]

* Weakly bound “molecules” of baryon-meson
> All models must explain J¥ of two states not just one
» They should also predict other properties: mass, width

36



Molecular models & rescattering

» Molecular models, generally with meson exchange
for binding

» m-exchange models usually predict only one state,
mainly J* = 1/2%, but could also include p
exchange...

> ¥.D™) components?
> ¥ 1P rescattering?

37



Summary

» Full amplitude analysis performed for A% - J/YpK~

» Two Breit-Wigner shaped resonances in J /{p mass
observed, with minimal quark content of ccuud,
therefore called pentaquark-charmonium states:
P.(4380)", P.(4450)*

* The preferred J* are of opposite parity, with one state

5

having | = % and the other | = p

» Determination their internal binding mechanism will
require more study

> A lattice QCD calculation will be most welcome

» We look forward to establishing the structure of many
other states or other decay modes



Outlook

» Determination their internal binding mechanism will
require more study

» We look forward to establishing the structure of
many other states or other decay modes

» Run Il data provides good opportunities



Thank you!
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Breit-Wigner amplitude
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Of_ten a relatl_vlst!c Breig BW (m|Mo,Tp) = —5—————
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 Signal PDF Do (i, QO[T = W'M(m‘” Q[T B (e )e(micy, Q)

w : fitting parameters (@) x Y whe My, Q|32

® : phase-space = pq

J
e: efficiency * Normalization calculated using
_ o simulated PHSP MC (®e included)
* SKIt minimizes «  WMC discuss later

—2InL(W Z'nﬂ,w mip i, 4| W)

= — 2sw Z Wiln |[M(mgp i, Qf| &)? 4 2sw InT (j) Z Wi

— 25wy Z W; ln[i)(mfi'p i)‘f(m_f{p i ()]

is sWeighs from m(J/wKp) fits =

W S W2 ; Constant (invariant of w), is dropped
_ VWi / 2V constant Tactor to No need to know ®& paramerizaiton
orrect uncertainty
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— cFit -

cFit uses events In +2c window (c=7.52MeV)
Total PDF P(m,. Q&) = (1 — B) Pag(muy. QA&) + B Poig(msp, Q)
Background Is described by sidebands 56-13.5c
e cFit minimizes

Background fraction =5.4%

BI(d) Pie(micp i )
—InL(W) = In [ M(micy i, | & | 8
2 [MOmsey o Ul + G G e o )

+ N In (&) + constant, J

e Z uuc Plig(miyp 5,8)) gignal efficiency parameterization
D(mp, :)e(mg, ;,€;) | PECOMES part _of background

parameterization,

effects only a tiny part of total PDF

because of small S
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cFit efficiency and background parameterizations

« Both use similar ways
e(mip, Q) = €1(mip, cosfy) - €2(cos HAE |mky) - €3(cos o imEp) - €4(OK |mKyp) - €5 (¢#|m{f_p)_

ngg(me Q)
(myp)

Pig, (mcp, cosbly) - Pokg,(costo|my,)

-Pogs(cos Oy [micp) - Pokgy(Oxc M) - Poxgs(Oplmiy).

%‘Eﬁ_— (a) efficiency (b) background
w. LHCb LHCb
> 24
e [
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Amplitude Analysis Formalism Il

* The matrix element for the A* decay Is:

M g0 dp AN = T?T f:_};nw Ap0s A =y (0, 9,1{} 0)*

n A+
Hf;ijDA‘,;, , AP(@Kﬂ 04+,0)" Ry (mp) DJL, m“(@m 0, 0)"
* And for the P.:

MP &}‘pc = YYY H;ji_:f ;K )‘ " AP, ((;JPC’QJ;] 0)*

1” 3
7 AR, AP

.JI'_H’{} * [ c #
H p‘D }‘P A-PC (G‘)W?HP U) R (mtr*’p) ‘D Pc &)\ (bef ‘9’;}? 50)

AP‘-‘ AFe
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Amplitude Analysis Formalism Il

* The matrix element for the A* decay Is:

M 10 Ap, B T T 7 7 ?—{AU_} 1:U _1IJ Aa=—Ay (D 0 AP 0)

nooApr Ay

%;t,:KFD}:;: }.P(@If: 9‘:1*, 0)@(??11{33) D}}ﬁ” &A“(@p-: 91‘5, D)*
* And for the P.:

MY ez = 2000 a0 7D, o, (90005, 0)

1“ 3
7 AR, )\P

HAP“;_;;}ED }'\P AP.-:(Ow Op.. U)mw) D! APe, AxFe (@5-:}9_5-:!{])*

* R(m) are resonance parametrizations, generally are
described by Breit-Wigner amplitude
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Amplitude Analysis Formalism Il -

* The matrix element for the A* decay Is:

M 10 Ap, Ay — TYY@U_}L]U _1[1 A s — A (0 91{} 0)

nooApr Ay

@“:KPD «, Ap (@Iﬁ9:1*:0)*Rn(m'ffp) Dﬁ,,m“(@wﬂw:ﬂ)*
* And for the P.:

MP Pe AXEe = Yyy@ o A_u Ap (PP I910 0)*

1“ 3
7 AR, )\P

cj =Y 'IP * A e *
@Pc AP:SJDA AP AP::(@W HP 0) R (T”’UP) D P:: &)‘ (bef ‘95 "0)

¥ P

e H are complex helicity couplings determined from the
fit
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Amplitude Analysis Formalism Il

* The matrix element for the A* decay Is:

M g0 dp AN = TTY ii‘i—:lnu@w Aps—Ay (0, 91{} 0)*

nooAxx Ay

:I!In_}K' "r_,r’],n
IH%-.” A*Jﬂ (¢x,04-,0)° mftp)@ AN, @p-' 0, 0)"

* And for the P.:
MP 0, &J\P‘—‘ — Yyy H 1[]_}}3 I@)& {} AP, (@P 91“ 0)*

1 :
1 Ap, )\P

P..—1 J * *
HAPi AP:@P AP AP‘: (G)W HP U) R T”’UP) @Pc &)‘ (ﬁp 9P )

* Wigner D-matrix arguments are Euler angles
corresponding to the fitted angles.
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Amplitude Analysis Formalism Il -

* They are added together as:
MP=T Ty @Zf DY,

andare rotation angles to align the final state
|

elicity axes of the p and p, as helicity frames used
are different for the two decay chains.

* Helicity couplings H = LS amplitudes B via:
ASBC 2L+1 Jp  Jc S L S Ja
H}‘B AC ; g 2"74—:'1 BL S ( A —Ac | A\p — A\c ) 8 ( 0 Ag—Ac | Ap — Ac )

— Convenient way to enforce parity conservation in the
strong decays via: P, = PgP-(—1)t




LHCDH 51
B Curious history of pentaquark @*search —

See summary by [K. H. Hicks, Eur. Phys. J. H37 (2012) 1]

« Prediction: 0" (uudds) could exist with m #1530
MeV, I' <10 MeV

e |In 2003_2004’10 experiments JLab CLAS-2006 PRL 96, 212001
reported seeing narrow peaks yd - pK™K™n

O + :l[}[}_
of K’p or K™n, mass from < aocstat L Slndimi,

1522 to 1555 MeV, all >4 o %;g; M,**‘*

1-*I :

+ Couldn’t be confirmed by ~ §=f '
high-statistics experiments - L

30

eV

P LY S PP PSP I
45 15 *155 16 1(5 17 175 18

CLAS-2003 “observation”

= 25

 High statistics repeats fromz=:

«=-_

JLab showed the original Z::
claims were fluctuation
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