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N*- resonances in the quark model Nukleon
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The A*- states
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Problems in the baryon spectroscopy and/or quark model:

1. Problem: The number of predicted three quark states exceeds dramatically the

number of discovered baryons.

2. Possible solution: Most of the information comes from the analysis of meson
induced reactions and meson-baryon final states. Photoproduction data taken by
CLAS, GRAAL, LEPS and CB-ELSA can provide an important information about

missing states.

(a) problem: The unambiguous analysis of photoproduction reactions can not be

done without polarization information available.

(b) problem: Signals in simple reactions are expected to be mostly weak. Strong

signals from new resonances can be found in multi-meson final states.

(c) Possible solution 1:  The single polarization observables are measured now by
almost all collaborations. In the nearest future single and double polarization
data will be available from CLAS and CB-ELSA.

(d) Possible solution 2: A combined analysis of the large data sets.
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The fitted reactions.

Recently included data sets

. New points added

2

Observable Naata Observable Ndata N:ata

o(yp—pr’) 1106 1.27 CB-ELSA | o(yp—pm’) 861 1.74 GRAAL
o(2— —)(p7r ) 140 141  A2GDH S(yp—pr’) 1492 3.38 SAID
P(yp—pn®) 607 3.16 SAID T(yp—pr®) 389 4.01 SAID
H(yp—pm ) 71 192 SAID G(yp—p7?) 75 258 SAID
Ox(yp—pr?) 7 101 SAID Oz(yp—pr®) 7 038 SAID
o(yp—nn") 1583 1.87 SAID o(yp—nnt) 408  2.09 A2GDH
Y(yp—nnt) 899 423 SAID o(3 —2)(nw) 231 249 A2GDH
P(yp—nrt) 252  3.90 SAID T(yp—nn") 661 3.66 SAID
H(yp—pr’) 71 192 SAID G(yp—pr’) 75 258 SAID
Si1(mtN—=7N) 126  1.40 SAID Pii(#N—7N) 110 2.24 SAID
Pis(#N—7N) 108 257 SAID Pss(nN—7N) 130 5.1 SAID
Ds3(mN—7N) 136  4.01 SAID
o(yp—pn) 667 0.92 CB-ELSA | o(yp—pn) 100 2.72 TAPS
Y (vyp—pn) 51  2.06 GRAAL98 | X(yp—pn) 100 2.01 GRAAL 04
T(yp—pn) 50 152 Phoenics | o(m p—mnn) 288 276 CBALL+Richards




Bonn-Gatchina partial wave analysis Beijing April 2009 6

The fitted reactions. Recently included data sets

Observable Ndata Nf:l(ata Observable Ndata Nzlcata

Cr(yp— AK™) 160 122 CLAS | Ci(yp—X"K™) 94 229  CLAS
C.(yp— AK™) 160 153 CLAS | C.(yp—X°K™) 94 219  CLAS
o(yp— AK™) 1377 170 CLAS | o(yp—X°K™) 1280 1.95  CLAS
P(yp— AK™) 202 223 CLAS | P(yp—X°K™) 95 156  CLAS
Y(yp—AK™) 66 211 GRAAL | X(yp—X"K™) 42 067 GRAAL
Y(yp— AK™) 45 175 LEP | (yp—X°K™) 45  1.03 LEP
T(yp— AK™) 66 211 GRAAL | o(yp—3TK") 48 336  CLAS
Oz (yp— AK™) 66 140 GRAAL | o(yp—XTK?) 160 0.95 CB-ELSA
Oz(yp— AK™) 66 1.86 GRAAL | P(yp—XTK") 72 072 CB-ELSA
o(yp—pr’nP) CB-ELSA (1.4 GeV) E(yp—pr’7’) 16  2.08 MAMI
o(yp—pr’n) CB-ELSA (3.2 GeV) Y (yp — pr’n) 180 2.68 GRAAL
o(yp—pr’7?) CB-ELSA (3.2 GeV) Y(vp—pr’7?) 128 0.85 GRAAL
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Combined analysis of the different reactions:
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The resonance amplitudes for meson photoproduction
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The general form of the angular dependent part of the amplitude:
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The Reggezied t— and u— channel exchanges can be projected to the s-channel.

. epiioik; . (Gk . (c
JM:’LflO'M—l—fQ(O'(j) a! J + 1 F3 (_, )C]’u—|—2f4@q”.
|| |q] || |q] q
the multipoles can be reconstructed as:
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Yp — ﬂop from Crystal Barrel at ELSA (£, < 3.2 GeV)
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The multipoles for single pion production.
curves BoGa -solution, dashed curves - SAID solution, dotted - MAID 20009.
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The multipoles for single pion production. Red - real part , Blue - imaginary part . Solid

curves solution 1, dashed curves solution 2.
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vp — np from Crystal Barrel at ELSA (£ < 3.2 GeV)

Main resonance contribu-

tions:
N(1535)511
N(1650).514
N(1720)Py3

new N (2070)Dq5

Non-resonance contributi-
on: reggezied t-channel

p — w exchange.

No evidence for third

N(1800)511
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14

The data on ™ p — nn and the target asymmetry ~yp — np fix the position and
couplings of P11(1710) state and reduce 7N coupling of the P;3(1720) state.
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Y(yp—pn) 51 2.06(1.81) GRAAL98 | X(yp—pn) 100 2.01(1.43) GRAALO04
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15

N7 — Nm P;; wave (3 pole 4 channel K-matrix)
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T-matrix poles: M = 1371 £ 7 MeV, 2 Im = 192 4 20 MeV;
M =1710 £ 10 MeV, 2 Im = 160 £ 50 MeV
M = 1850 & 10 MeV, 2 Im = 150 £ 20 MeV
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The target asymmetry ~yp — 7)p data reduce coupling of the ~ P;3(1720) state to the n/N

channel by factor ~ 1.7.
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The solution, which explains angular dependence of (' and C', observables due to
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is supported by the new GRALL dataon O, O, and T-observables: an important step

to a complete experiment.
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vp — pr'n (CB-ELSA)

Gtot s Mb
S (3]
1 I 1 1 1 1

0:' ..9°|°’.‘1'°.°°...|....|....|....'.'°‘ AR A el LA
16 18 2 22 24 16 18 2 22 24
M(yp), GeV/c? M(yp), GeV/c?

Left panel : contributions from A (1232)n (dashed), S11(1535)7 (dashed-dotted) and
N a((980) final states.
Right panel: D33 partial wave (dashed), FPs3 partial wave (dashed-dotted),
D33 — A(1232)7n (dotted) and D33 — N ag(980) (wide dotted).
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The vp — 7TO77p differential cross section for the total energy region.
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N7 — N7 D33 wave (3 pole 5 channel K-matrix)
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Properties of the A(1920) P33 and A(1940) D33 resonances.

Mpole Fpole MBW FtB;gV
A(1920)P33 1980732 350132 1990435 3754+ 50
A(1940)D33 1985430 390450 1990440 410 =+ 70

Bryx Bran, Bryasssyr  Bryag9go)
A(1920)Ps3 15+8 1848 744 442
A(1940)Ds; 944 542 2+1 2+ 1

22
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Parity doublets of NV and A resonances at high mass region

Glozman suggested a restoration of chiral symmetry in high-mass excitations. Parity

doublets must not interact by pion emission and could have a small coupling to mN.
J:% N1/2—|— (2100)@ * N1/2— (2090 @  * A1/2+(1910) e Al/g—(1900)a *?
ng N3/2+(1900)a ** N3/2— (2080 * A3/2+(1920)a *xE A3/2—(1940)a *
ng N5/2+ (2000)a, o N5/2— (2200 @ A5/2+(1905) ol A5/2—(1930)a o
J=% N7 o+ (1990)% ** N7 /29— (2190) wrx Ao+ (1950) Az/o- (2200)* *
J:% N9/2—|— (2220) rREE N9/2— (2250 rHEX A9/2—|— (2300) ** A9/2— (2400)& *?
J=3  N3/o+(1900) N3 /2- (1875) A3 9+ (1980) Aj /- (1985)
J=2  Nj/2+(1960) N5 /2- (2070) As o+ (1945) As /2~ (1930)
J=L  N7/2+(1990) N7 /o- (7777) A7 /9+(1910) Az /o-(7777)
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Holographic QCD (AdS/QCD)

Soft-wall model prediction: MJZV,L = 4)\? (N + L+ %)

A o2
+
1172
M? (GeV?) . _
st 5/2 9/2
A.,+(2390)
Dy,,*(2300)
N=0 Ay,,7(2420) + 72
6F A,,+(1910) Dg,7(2223) 52, 92
—>A,,%(1920) Ay,7(2200) e, 1172”
A, ,*(1905) oz, D 5,(2750)
A,,+(1950) . o 1/
4k Allz:(l620) vz, A,,,-(2350)
A,,~(1700) A 3/; 200 . N=1
+
A,,7(1900) o 7(,2+ ) Dg/,7(2400)
A,,*(1232) A,,(1940) €—
2F A,,*(1750) A,,~(1930)
A,,,*(1600)
L+N
O [ [ [ [ [ [ [ >
0 1 2 3 4 5 6

3
M3 =4\ N+L+; — 2 (MR — My) Kga

Kgd Is the fraction of most attractive color-antitriplet isosinglet diquark.
K¢q=0 for A and N(S=3/2) states, 3 for S = 1/2 (70SUg) and ; for S = 1/2 (56SUs).
Hilmar Forkel and Eberhard Klempt, hep-ph:0810.2959v1
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L,S,N Kgq Resonance Pred.
0,50 : N (940) input:  0.94
0,20 0 A(1232) 1.27
0,51 2 N(1440) 1.40
1,10 2 N(1535)  N(1520) 1.53
1,20 0  N(1650) N(1700) N(1675) 1.64
1,2.,0 0 A(1620) A(1700) L,S,N=0,21:  A(1600) 1.64
2,20 1 N(1720) N(1680) L,S,N=0,22: N(1710) 1.72
1,21 2 N(?7?7?7)  N(1875) 1.82
1,21 0 A(1900)  A(1940) A(1930) 1.92
2,20 0 A(1910)  A(1920) A(1905) A(1950) 1.92
2,20 0  N(1880) N (1900) N (1990) N (2000) 1.92
0,53 1 N(2100) 2.03
3,50 $  N(2070) N(2190) L,S,N=1,32 N (2080) N(2090) 212
3,20 0  N(2200) N(2250) L,S,N=1%2 A(2223) A(2200) 220
4,5.0 s N(2220) 2.27
4,20 0 , N=31: 2.43

! A(2390)  A(2300) A(2420) IL, N A(2400)
5,5.0 3 N(2600) A@2350) g
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Search for baryon states in  yp — p7T07r0 (3.2 GeV)

Mass and angular projections.

I M (1tp) I Total I M (1tp) I Total I M (rtm) I Total

- 10
®
© s | } — Fit
£ —— 1230y
S sk ——  N(1520)%
s ——  N(1680)n
<=
~ 7
e
s I cosO(m) I Total I cosO(mn) I Total I cosO(p) I Total
3 s | 3
(S o —

s L L -

4 =

3 :_ fl—fﬁ’w—“w*ﬁﬁ T fl—fﬁ’w—“w*ﬁﬁ T

2 N I cosO(mp) I Total I cosO(pm) I Total I cosO(m) I Total

1 -

1.6 1.7 1.8 1.9 2 2.1 2.2 2.3
M(yr) GeV/c*

A preliminary analysis reveals only one (relatively) new state:
S31(1900) with M ~ 2010 MeV and ' ~ 430M eV

Polarization information is urgently needed.
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- CB-ELSA/TAPS data -

Mn-photoproduction at the neutron

a’
= |
o A pn Investigation of vd — nn (p); n — 37°
sl ® nn/(2/3)
o, < also CB-ELSA/TAPS data shows an
"y enhancement around 1670 MeV (preliminary)
’ - Weiss et al.
. 15 — MAID
5 . .. an/‘_"p ) = . ++ -~ Shklyar et al.
. .. data in comparison
| & A ‘AA:......" to MAID (H a
L e AAAAAAAAA::”. | S e d H QC
: At prediction S
0
1000 1500 2000 : 2500] < effect of the o
EyMev D15(1675 W
do/dQY 15( ) os| ' 0o,
L I 850 MeV ; 900 MeV B 950 MeV ‘ 10‘00 15‘00 20‘00 ‘ 2500
f\‘:‘::? ® kaadag A r Ey[MeV]
: w‘f etitsedansl <> something quite interesting going on

Ll
1100 MeV

" cos(@y)

- role of the D15(1675) ?
- narrow P11(1670) ?

- explainable by Sq1-states + P11(1710) ?
- interference of S11(1535)/S11(1650) ?
< additional observables needed
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Three different class of solutions are found:
1. solutions with strong interference in S11 wave;
2. solutions with N (1710) Py resonance;

3. solutions with narrow state in the mass region 1665 MeV.

2
Observable  Ngata Nﬁata Nid(ata S Ref.

Sol.1 Sol.2 Sol.3

o(yn —np) 280 132 137 131 CB-ELSA
(yn —nn) 88 175 2.07 179 GRAAL
o(yn — nr®) 147 2,01 248  2.03 SAID database

Y(yn — nr’) 28 1.02 095  0.90 GRAAL
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The total and differential cross section for the reaction

The PWA result from the solution with

050 05

yn — 7n obtained on the deuteron target.

S11 interference (solution 1)

-0.5 0 0.5

-05 0 05
CcoS en

Is shown. The

show the corresponding cross sections on the free neutron target (no Fermi motion).

Contributions:

S11 (dashed), P35 (dotted) and PP;1 (dash-dotted)
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The total and differential cross section for the reaction Y1 — 7n obtained on the deuteron target.

The PWA result from the solution with narrow /11 resonance (solution 3) is shown. The
show the corresponding cross sections on the free neutron target (no Fermi motion).

Contributions: S11 (dashed), P;3 (dotted) and FP;1 (dash-dotted)
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Beam asymmetry for the ~yn — nn and yn
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Beam asymmetry for the ~yp — np with fine bins

Solution 1: x? = 1.35
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Solution 3: x? = 0.95
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The long-standing discrepancies between the photo-production amplitude A?/2 for
N (1535)571 production ( A?/z — —0.020 + 0.035 GeV—1/2 from yn — nm’ (Amdt);

A?/Q — —0.100 & 0.030GeV~1/2 from yn — nn (Krusche) is solved.

S11(1535) S11(1650)
Pole position (mass) 1.505 4= 0.020 1.640 4+ 0.015
(width) 0.145 £ 0.025 0.165 £ 0.015

PDG 1.510 = 0.020 1.655 = 0.015
0.170 = 0.080 0.165 = 0.015

A}, @evTl/2)0.090£0.025  0.100 £ 0.035
PDG  0.090 £0.030  0.053 +0.016

phase (20 + 15)° (25 4+ 20)°

ATy (GevTH/?) —0.080 +0.020  —0.055 % 0.020
PDG  —0.046 £0.027 —0.015 =+ 0.021

phase (20 £+ 20)° (30 £ 25)°
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Summary

1. An approach for the combined analysis of the pion and photo induced reaction with
two and multi particle final states is developed.

2. The combined analysis of more them 65 different reactions helped to identify the

properties of known baryons.

3. The new data support the two new baryon states observed in hyperon
photoproduction ;1 (1880) and P;3(1900).

4. The m-photoproduction data reveal the baryon resonance D15(2070).
5. The D33(1940) state is needed for the description of the ~ yp — 7Vnp data.

6. The structure at 1670 MeV observed in the 71 photoproduction data off neutron can
be explained either by the interference within ~S71 wave or by a contribution of a
narrow P7q state with mass 1670 £+ 6 MeV.

7. The spectrum of observed states is in direct contradiction with a classical quark
model. The best explanations are chiral symmetry restoration or AdS/QCD soft-wall

model.



