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Search for light baryon states

. Single and double meson production in pion-induced reactions:
The old dataon 7N — 7N, nN, KA, K>, 7w N, and wn

. Single and double meson photoproduction reactions.
vp — TN, N, KA, KX, tn N, N, wp, K*A,
CB-ELSA, CLAS, MAMI GRAAL, LEPS.

. The decay of heavy mesons ¥’ — 7'pp, npp (BES IlI).

. The hyperon production in the kaon-nucleon collision reactions
K p— K p, Kogn, o\, 72, nmA, nnX, KnN,vp — XK



Energy dependent fully covariant approach

In many cases an unambiguous partial wave decomposition at fixed energies is
impossible. Then the energy and angular parts should be analyzed together:
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N/D based (D-matrix) analysis of the data

Channels included in D-matrix: 7N, nIN, KA, KX, Am, No, Np(770), N(1520),
N (1535)m, Nw, Black Box



Minimization methods

1. The two body final states 7N, YN — 7N, nN, KA, K¥,wN, K*A: x* method.

For n measured bins we minimize

n

2 (0(PWA) — 0;(exp))’
= e )

J
Present solution for vp reaction y* = 69435 for 46644 points. \* /N = 1.49

2. Reactions with three or more final states are analyzed with logarithm likelihood
method. 7N, YN — 7w N, mn/N. The minimization function:

N (data)
_ 0,;(PWA)
f__ Z lnN(recMC’)
J > om(PWA)

This method allows us to take into account all correlations in many dimensional
phase space. Above 1 000 000 data events are taken in the fit.



The included meson photoproduction data

DATA 2011-2019 added in 2019-2022
N — wIN ampl. SAID Hoehler (energy fixed)
T~ p— N do/dQ (rO7On, ntn—n,mr~nVp)

T p —nn do/d)

mp — KA, KX do/dS), P,

™ — Wn do/dS2

vp = TN do/d), >, T, P,E,G, H (r%p, 7T n)

Yp — Np do/d),>, F, T, P,H,G, E

yp — n'p do/d2, X

vp— KAKS | dofdQ, s, P, T,Cy,Cs,0y,0.,

vp — mnlp
Yp — 7T+7T_p

do /dQ, S, E, 1., I
do /dS)

>, E,T,P,H, F, P, P, (CB-ELSA)
I., I (CLAS)

P — Wwp

do/dQ, X, p¥., E, G (CB-ELSA), ¥, P,T,F,H (CLAS)
iJ

K-matrix channel

yn — AK, X" K

YN — T P
Yn — Nn

do/dS2 (CLAS), E (CLAS)
do/d,>, P, E/, 3 (CLAS)
do/dS) (CB-ELSA, MAMI),>, do/dS2 (h = %) (CB-ELSA)

>, G (CLAS)




vp — 77V Polarization observables

j_g(@, o) = %(@) [1—2(0) cos(2¢) — A H(O)sin(2¢) — Ay P(O) cos(2¢) + A, T(O)]

2o = 90 (O)|1+ APy + Ay Py +sin(20)(I° + APy + Ay Py)

+cos(2¢) (I° 4+ Az Py + AyPyc)}



0.5

-0.5

0.5

-0.5

0.5

-0.5

0.5

-0.5

vp — w70 polarization observables from CB-ELSA (T.Seifen)
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vp — w70 polarization observables from CB-ELSA (T.Seifen)
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vp — w70 polarization observables from CB-ELSA (T.Seifen)
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vp — mTw~p: I and I€ polarization observables from CLAS (V.Crede)
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Density matrix elements for vp — wp

do B do
dQy dQgee  d.

W (cos Ogec, Pdec)

v — pw(n T w0

3 (1 1
W(cos®, ) = py (5(1 — poo) + 5(3/)00 — 1) cos® ©—

V2Rep1o sin 20 cos ® — py_1 sin® © cos 2<I>) :

+ _— 0
cos ©, ® direction of the vector n = €;kmp; Pr DPm inthe w rest frame.

N—"

VP — pw(ym”

W(cos©, ) = S (l(l + cos” ©) + =(1 — 3cos” O)poo+

81T \ 2

N | —

V2Rep10sin(20) cos ® + p1_1 sin” © cos 2<I>) :

cos ©, ® angles of photon from w decay in the w rest frame
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Fit of the density matrix elements vp — pw (CB-ELSA)
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Omega photoproduction
and polarization observables from CB-ELSA
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There is an indication for the S state with mass 2160 + 40 MeV and width 280 + 60
MeV

Observable | Solution with S11(2160) | Basic Solution | N
do /df) 0.92 1.02 648
T00 2.37 2.42 297
10 1.29 1.38 297
10 1.61 1.81 297
> 1.99 2.12 491
P 1.73 1.94 50
F 1.74 1.85 152
H 1.30 1.43 50
E 2.43 2.50 104
T 1.06 1.36 144




SUMMARY

The new polarization data on the double pion photoproduction provide an important
constrain for the data analysis.

The branching ratios of the baryon states into Am, No, N(1440)7, N(1520),
N (1535)m and N (1680)7 decay channels are determined with a good precision.

The w N channel is included dynamically in the analysis.

In many partial waves the unitarity limit was reached in the energy region below 2
GeV.

The present solution has a strong prediction power, but some properties can be
better defined with the double polarization experiments.

The analysis of the observables from vp — wp suggests an existence of the 511
state in the mass region 2160 MeV. However the present data can not define it
unambiguously.
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