


Search for light baryon states

. Single and double meson production in pion-induced reactions:
Theolddataon 7N — 7w N,nN, KA, KY¥ and HADES dataon 7~ p — 7w N

. Single and double meson photoproduction reactions.
vp = TN, N, KA, K¥X, 77N, mnN, wp, K*A,
yn — wIN,nN, KA, K,

CB-ELSA, CLAS, MAMI, GRAAL, LEPS.

. The decay of the heavy meson and baryon states ¥/ — Wopﬁ, npp (BES 1),
Ay — J/YKp, Ay — vKp (LHCB).

. The hyperon production in the kaon-nucleon collision reactions
K p— K p, Kgn,w\, 72X, 7oA, nnX, KnN



Meson Photoproduction experiments

GRAAL (Grenoble): Polarized beam. Ideal for the beam asymmetry and double
polarization observables for hyperon final states.
~p — 7°p,np, KN, KZ, #°=%p, n%np, wp, yn — =%n, nn.

CLAS (JLAB): High statistic, very good detector of charged particles:

~p — 7w n, KN, KX, 7t 7 p,wp. As missing mass data vp — =%p, np.
Data on deuterium target. Energy is up to W=2.5 GeV.

Analysis: EBAC, SAID and recently Bonn-Gatchina.

MAMI (Mainz): High statistic, very good detector of neutral particles: (Crystal Ball):
Yp — ﬂ'Up, KA, KX, ’?TO’?TDP, *Trﬂfnp, ~n — nn, w°n, 7°7%n, 7x%nn.

Energy is only up to W=1.85 GeV. Analysis: MAID and Bonn-Gatchina.

CB-ELSA (Bonn): Moderate statistic, very good detector of neutral particles: (Crystal

Barrel): vp — «%p. np, 7%x%p, 7x%np, wp, vyn — nn, x%n. Energy is up to W=2.3
GeV. Analysis: Bonn-Gatchina.

Independent analysis groups: Jilich (M.Doering), OSAKA (T. Sato),
Giessen (V. Shklyar), M. Manley (Kent Uni)



e For the full reconstruction of the amplitude it is necessary to measure
8 observables.

e Single polarization data are available >_, I’
e Double polarization data are available £/, (&, H, F| P

e For the production of the A and 3. hyperons all observables can be

measured.
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Bonn-Gatchina partial wave analysis group:
E. Klempt, K. Nikonov, A. Sarantsev, U. Thoma.
http://pwa.hiskp.uni-bonn.de/
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N/D based (D-matrix) analysis of the data
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Channels included in D-matrix: 7N, nN, KA, KX, An, No, Np(770), N(1520)m,
N(1535)7, Nw, Black Box



Data Base of the BonGatchinaanalysis

DATA

2011-2022

added in 2024-2026

mN — w N ampl.
T~ p— N

SAID or Hoehler (energy fixed)

do/dS) (707, n T n,m—79p)

TTp — nn do/dS)

T — KA, KX do/dQ), P,

T — wn do/dS)

yp — wN do/d2. 3, T, P, E,G, H (m%p. 77 n)
Yp — np do/dQ,3, F,'T, P,H,G, E

Yp — 'T}" P

do/d), X2

do/dS2, 3. (BGOegg)

yp — KA
~p — KO3+
~p — K130

do/dQ, >, P, T,C,C., 0. O_r, Ty, T,
do/dQ), >, P(ELSA)P (CLAS)
do/d), X, P, T,C,,.C..0,,,0,,, T, T.

C'..,C. (CLAS)
do/d), P, E (CLAS)

0.0,

yp — T p do/d2, X, B, 1.,1:,T, P,H, F Ie,Is, Py, Py, Prs, Pys. Prc. Py
vp = taTp do /dS2 I, Is do/dS2 I, Is, Prz, P, (CLAS)
vp — wp do/dQ2, %, p¥  E. G (CB-ELSA), ¥, PTFH (CLAS)
yn — AK, X7 K | do/dS) (CLAS), E, 3., GG (CLAS)
Y — TP do/d),>, P, E, 3 (CLAS)
v — nn do/dS) (CB-ELSA, MAMI),S, do/dS) (h = L) (CB-ELSA) P, T, H (CB-ELSA)

)

yn — 7'n

do/dS




pi0 do/d0 MAMI 2015

Photo-production of piongN- >p°N
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For 7yp — KA and vp — X ). we have almost complete photoproduction experiment:
o (CLAS, SAPHIR), ¥ (GRAAL, LEP), P (CLAS), (.. C, (CLAS), T, O,.. O, (GRAAL).
The (', and (', data can be explained with 13(1900).
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New data onCxand Czfor gp - > K*L
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Photoproduction of piongN- >hN

eta0 do/dQ2 MAMI 2017

eta0 dao/dQ2 MAMI 2017 L |
I s [ 0
o /m _ /%5

B
)
)

1782 | 1789 1798 | 1807 1816
0 i . . . ! . . . 1! . . . 0 . o . ¥V . . . ¥ . o v 110 . . . V . o o V40 o . o 1 . o . |
= ¢ k- =
0.2 - - . - ¢
- 1826 | 1835 1844 | 1851 1860
0 1 ! e o o IYe s o, . 8 . o o It . o . 0 o o o V41, o o 0 . o o IR0 4 o o 0 . o o |

0.2

1891

1893

i %
g\

N

0-2_/"‘(”_/ —/ﬁ-/
- 1900 | 1906 1912 | 1919 1925

o

500 1600 ~ 1700 1800 1900 2000
0.2f . . - s
3 1932 F 1938 1944 - 1950 1957
0-1 0 1-1 0 1-1 0 1-1 0 1-1 0 1

11



The decay to multi-meson channel can provide important information
about nature of the observed states

N(1520), N(1535), N
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The decay modes in trtp channels:

A(1232)7 Nf,(500)
N(1440)7

N(1520)n Np(770)
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N(1685) Nf,(1275)
N(1710)w
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Analysis of the high statistical data gm-> p°p°p

X* I ndf = 2.28
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do

df2

(©,

p) =

vp — 7'7'p Polarization observables

dcro

1) (©)[1 — X(0)cos(2¢) — Az H(O)sin(2¢) — Ay P(O) cos(2¢) + A,T(O)]

do — d0(©)[1 4+ AP + AP, +sin(2p)(I° + ArPi + A P;)

ds2 dQ2

+cos(2p)(I° + Au Py + AyP?‘f)]

22590 €2/N=1.3) fitted bins for polarization observables

14



Ic, Is £ *)observables frongp->p*p p data
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Px Py E *)observables frongp->p*p p data
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Polarization as key to resolve the baryon spectrum N*-pole positions:

—> huge impact on knowledge of resonances in the second and Y — =
third resonance region based on data from ELSA + exp. worldwide >0l [ Il o
. . =
RPP | BnGa- | RPP’25 M - B ~ B 0
2010 | PWA |(2018-25) L | 2 =
Up to 2.3 GeV: .
N(1 710)1/2+ *k ok *kkk *k kK pto € . L 2 = -
N(1860)5f2+ * ko » 6 new N*- L
N(1875)3/2~ -~ -_— resonances found
N(1880)1/2+ - Jekk (25% of known N*- - N*
N(1895)1 12— *kkk odkk StatES) .
N(1900)3/2+ | ** hwE e » 7N*+2A* newin E
N(2060)5/2— o ok the PDG summary
N(2100)1/2— | * o o tables (30%)
N(216f]g):;/22.; s . e » Many new 12° 12 32 32 52° 512 72 T2 92 912
A(1600)3/ . e - resonance
A(1900)1/2~ ' ” ” properties N*, A" -parity doublets occur (but not for all states
A("9‘40):-"/-'2: ) . . determined < RPP < Not expected by present lattice
A(2200)7/2 calculations or constituent quark models

PR PR S g — -
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N(1895)1/2™ i N(1900)3/21 i
N(1895)1/2 pole parameters Nl[l'!.i{]n{]l],'-lfz} pole parameters
M poie 1900415 Ipoie 330460 Mpaie 1935+156  [pale 270430
AL2 0.04040.015  Phase: (65425)° ALZ -0.09040.020  Phase -(25+425)"
ANz 0.0454+0.014  Phase: -(90425)° AB2 -0.080+0.015  Phase (0£25)°
1_.!'2 L) -] —_ L)
N(1895)1/2  transition residues phase j:r'?z '"-“”i”-””*’ ":m-h'-’- -Uﬂifiﬂ']n
. » i) o, _ 1|_' v
N N 9746 (McV) _(35415)° ok 0.0DE+H0.006  Phase (5420)
2{aN — Nqg)/I' 204+T% (40+20)" N{1900)3,/2 P transition residucs phasc
2(aN — Non/I 36+10% (TO+30)°° alN —» aN 3+1 (MeV) (30420)°
2{aN —» AK)/T" 16+5% -(T0+20)° 2(aN — No)/I' 1+1% not def.
2(aN —» XK)/I' 22+8% (90+25)° 2(aN — AK)/T 4+2% -(160+20)°
2(aN — Na)/rtt) 3+3% not def. 2(aN — ZK)/T 4+2% (150425)°
2(aN — Npyjas)/T 6+3% -(135+25)° 2(aN — Na)/T 6+2% (90430)°
2(xN — Npgpap)/T 244+5% (140+30)° 2(xN — Npyjap)/T T+3% -(T0+30)°
2(aN — A(1232)x)/ T 9+3% -(B0430)° 2(aN — Npajap)/I 124+4% -(55+30)°
F L] a r Le)
2(aN — N{1440)7x)/ 1) 3+3% not def. 2(nN — Npajar)/1 9+3% -(50+20)
2(aN — A(1232)7wp )/ 5+2%, -(175+20)°
N(1895)1/2  Breit-Wigner parameters 2(aN — A(1232)wr—s)/T 3+2% not def.
M gw 1907415  pw 335460 2(xN — N(1440)x )/ I 6i+2% -(60+20)°
: Y ! 2424 ot def.
A2 0.04240.015 A2 0.0454-0.014 2(wN —» N(1520)x)/1 2+2% n
TEEW * | Awswl : 2(aN — N(1535)m)/ I 5+2% not def.
N({1895)1/2 Branching ratios
HF{N TI::l 1 I.+H".?"':} Hf{iﬂ.l: 1 232]?1_} T-I_H% Nﬂfﬂ i (lf}[}[]} HH‘JLL-WIEI“‘:I.' [J:".I-.I.'?I.Illctcrs
Br(N(1440)x) 242%  Br(Na) 242% Mpw 1038+15 I'sw 270430
- il o « 1
Br(AK) 94+3%  Br(XK) 1244% ANz -n.093+0.020 A2 -0.0834+0.015
Br(Nn) 104+3%  Br{Nnr) B+3% 'f? . ?IF .
. . e -0.0144+0.006 W 0.01040.006
HF{NPIIEHJ ]”'l"'l..-"':.;- HF{NP:;;E;J} ]T'l"'l.-'{:- FF 'T
q r I‘ - -
N(1895)1/2 From Integrals N(1900)3 /27 Branching ri'l.l.|u:€:+ . .\
Br{N 342 B 6+3
Br(N) 1043%  Br{A(1232)x) T+3% r(Nm) % t(Na) 3%
Br(N (1440)x) 942%  Br(No) e Br(A(1232)w—y) 54+2%  Br(A(1232)x;_5) 4+2%
. .u . o Br(N(1520)x) 242%  Br(N(1440)x) 6+3%
Br(AK) &#+3%  Br(XK) 104+4% :
Br(N1) 843% Br(Nn#) 124-4% Br{N(1535)x) 10+4% Hr(Npq‘J,er ] 14+5%
) . . Br(Npy/2p) 8+3% H:(prﬂ,j 244+ +8%
Br(N : 10+4%  Br(N 214+6%
(N p1y2s) b6 BriNpsjan) e Br(AK) 64+3% Br(ZK) 54+2%
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Analytically solvable model of QCD with constant «x 5. The model which contains only one parameter, size.

M? =a-(L+N+3/2)— b-ap [GeV?]

a—= 1.04Gev?and b = 1.46 GeV=.

A 2"
1112
132
oL M? (GeV?) o oy A52*(2950)
A,,+(2390) 12
Ag»+(2300)
N=0 A, ,+(2420) ] .
sk - A, ,+(1910) Agp(2223) 52 w2
A, ,+(1920) A75-(2200) e 12
A ,+(1905) . Ay55-(2750)
2+(1950) - iz
i A, ,(1620) oz o' A _3{:3359)
A, (1700) a2’ g N=1
A,5-(1900) %'2;{,2_2{]“:' Ay,-(2400)
A,,+(1232) A,-(1940) e
2rF A,5+(1750) Ag,,(1930)
A,,,+(1600)
L+N
0 1 I 1 1 1 1 1 }

0 1 2 3 4 5 6



N(1720)3/2+ in the photoand electreproduction data

V.~l.-Mokeey et al. PhysLett. B{805} (2020)135457

Resonance Mass, N7 total width, | Branching fraction | Branching fraction
states GeV MeV for decays to 7A for decays to pp
N(1720)3/2+ 1.743-1.753 114 =6 38-53% 31-46%
N'(1720)3/27 | 1.715-1.735 120 += 6 47-62% 4-10%
S L - :
*§= Wi o \+\ '+ 5,:. ” Es-m

AAAAAA

0 02 04 06 08 1 1.2 14

Q* GeV’

L

0 020406 08 1 12 14 500 0:2 0:4 0:6 0fx i |fz I:JQ
Q" GeV”

= N

30 F
40 F B S

Q’ GeV’

FIGURE 5. The v,.,pN " photo-/electrocouplings of the conventional N (1720)3/2" (black) and the new N'(1720)3/2" (blue) resonances
from the 777~ p photo- [18] and electroproduction [25] data fits.

22




40

30

20

10

The analysis of the CL®>p*p p data
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The analysis of the CL®>p*p p data (comparison with CLAS fit)
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Structure of theD-states (JP=1/2+) Iin
the mass region around 1800 MeV

A(].?SO) 1/2+ /(JP) = %(%+) Status: K

OMITTED FROM SUMMARY TABLE

1JF) = 3(3T) Status: kok ok ok

A(1910) 1/27T

Older and obsolete values are listed and referenced in the 2014 edi-
tion, Chinese Physics €38 070001 (2014).

A(1910) POLE POSITION

A(1750) POLE POSITION

REAL PART

VALUE (MeV) DOCUMENT ID TECN COMMENT

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

1748 ARNDT 04 DPWA N — =N, nN
1714 VRANA 00 DPWA Multichannel
—2xIMAGINARY PART

VALUE (MeV) DOCUMENT ID TECN COMMENT

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

524 ARNDT 04 DPWA #N — «N,nN
68 VRANA 00 DPWA Multichannel

REAL PART
VALUE (MeV) DOCUMENT 1D TECN COMMENT

1800 to 1900 (= 1850) OUR ESTIMATE

1802+ 6 ROENCHEN 22 DPWA Multichannel
1840+40 SOKHOYAN 15aA DPWA Multichannel
1896 +11 1 sVARC 14 L+P aN— wN
1880430 CUTKOSKY 80 IPWA «N — aN

* » o We do not use the following data for averages, fits, limits, etc. » » »

1801 HUNT 19 DPWA Multichannel
1799 ROENCHEN 15a4 DPWA Multichannel
1840440 GUTZ 14 DPWA Multichannel
1850440 ANISOVICH 124 DPWA Multichannel
1771 ARNDT 06 DPWA =N — N, nN
1880 VRANA 00 DPWA Multichannel
1874 HOEHLER 93 SPED «N — =N

LFit to the amplitudes of HOEHLER 79.
—2xIMAGINARY PART

VALUE (MeW) DOCUMENT 1D TECN COMMENT
200 to 500 (= 350) OUR ESTIMATE

560+11 ROENCHEN 22 DPWA Multichannel
370460 SOKHOYAN 15a DPWA Multichannel
302422 1 sVARC 14 L+P aN— wN
200440 CUTKOSKY 80 IPWA N — oN
e » & We do not use the following data for averages, fits, limits, etc. » = »
224 HUNT 19 DPWA Multichannel
648 ROENCHEN 15A DPWA Multichannel
370160 GUTZ 14 DPWA Multichannel
350445 ANISOVICH 128 DPWA Multichannel
479 ARNDT 06 DPWA =N — «N, nN
496 VRANA 00 DPWA Multichannel
283 HOEHLER 93 SPED N — oN

LFit to the amplitudes of HOEHLER 79.



Structure of the P31 partial wave
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Search for the pentaquark state gn->hn reaction
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do/dQ, ub/sr

Fit of new polarization observables from tge>hn reaction (CEELSA/TAPS)
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1)
2)

3)

4)

5)

6)

7)

Conclusion

Photoproductionexperiments lead taliscoveryof 6 new baryonstates.

Theone star nucleornthree one starD-states were confirmed.

Many propertiesof the stateswere determinedwith agoodaccuracy. For the decay into two
meson final states many properties were defined for the first time.

The latest high precision data confirmed the states observed before but not leaded to a discovery
of new states.

Thenew polarizationdata helpedto definethe branching ratios to different final states and
phases of the coupling constants.

It is possiblethat we havea doublepole structurein the mass region 1650800 MeV in the P31
partial wave. But this should be carefully investigated.

Thel yIfédaAra 2F (0KS St SOUNRPLINRRAzOUAZ2Y RFOF FNRY
with similar masses and widths but different branching ratios t¢/M5) andDp. Possibly it can
be checked in pioinduced experiments.
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KNC scatteringdata

color
meets
%, N flavor

Table 1. List of reactions used in the partial-wave analy-
sis. A denotes the A(1232)3/27, A* the A(1520)3/27, X* the

X (1385)3/2".
Kp—Kp K p—K°n K p—7A Similarreactions(existingdata)
K p—wA K p—nA K p— X% nx° werefitted by different groups
Kpoatyt K p—o K05/ K—p— K/0AT/0O includingthe BonnGatchinaPWA
[(*p—wTiE’q K*p—MTOA* K p—-Kp
K p— K*n K p—a'7A Kp—n'nx%

Exampldor the fit quality

(anddataconsistencyg
manydifferent datasetg

Sarantsev et al. EPJ A55 180 (2019)

do/dQ, mb/sr (K'p — K°n)

W=1710

ko W=1740

W _r I.'
n b E . e, ;
5 iR, F % e R s
Al pla il L1 [ c AL !
. T - Tl oLt i
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Table 2: > -Hyperons used in the first fit of the data.

JP

Status

Width

1/27F
3/2t
5/2F
7/2%

%* %%

*kkk

*kkk

*kkk

40 — 200
36.0 = 0.7
80 — 160
150 — 200

L A(1620), N(1650)

L A(1700)

3/2°

% %%k

*kk

% %%k

* k%

Mass

1630 — 1690
1382.80 = 0.35
1900 — 1935
2025 — 2040
1665 — 1685
1730 — 1800
1770 — 1780
1900 — 1950

40 — 80
60 — 160
105 — 135
150 — 300

Many . states are missing.



ANLOsaka: Kamano et al. Phys.Rev. C92 025205 (2015)



