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Search for baryon states

1. Analysis of single meson and double meson photoproduction reactions.
vp — mN,nN, KA, K>, 7w N, mnN, CB-ELSA, CLAS, GRAAL, LEPS.

2. Analysis of single meson and double meson pion-induced reactions.
7N — N, nN, KA, KX, mwN.

Search for meson states
1. Analysis of the pp annihilation at restand 77 interaction data.
2. Analysis of the pp annihilation in flight into two and tree meson final state.
3. Analysis of the J/\If decays (BES llI collaboration).
Analysis of /N /V interaction
1. Analysis of single and double meson production NN — NN and Tt NN

2. Analysis of hyperon production NN — KAp
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Energy dependent approach

In many cases an unambiguous partial wave decomposition at fixed energies is

impossible. Then the energy and angular parts should be analyzed together:

1.

A(s,t) = ZAgﬁ( )Q(ﬁ)+ ul Q(ﬁ)
BB'n

C. Zemach, Phys. Rev. 140, B97 (1965); 140, B109 (1965).

. S.U.Chung, Phys. Rev. D 57, 431 (1998).

A.V. Anisovich etal. J. Phys. G 28 15 (2002)
V. V. Anisovich, M. A. Matveey, V. A. Nikonov, J. Nyiri and A. V. Sarantsey,
Hackensack, USA: World Scientific (2008) 580 p

. Correlations between angular part and energy part are under control.

. Unitarity and analyticity can be introduced from the beginning.

Parameters are be fixed from combined fit of many reactions.
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Combined analysis of pion- and photo-production data:

For pion induced reactions:

and

9:° 95
K; ZZMQ—_JS‘Ffij(S) Jij =

where f;; is nonresonant transition part.

For the photoproduction:

: —1
A = Pi(I — ipK)
The vector of the initial interaction has the form:
A g
P=> — 4 F(s)
J J
R

Here I is nonresonant production of the final state .

(2) \[

_’LJ
S — Sg
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Reggezied exchanges:

L 4
I.I
.,
.,
.,

p(ky)

The amplitude for t-channel exchange:

A=gi(t)g2(t)R(§,v,t) = g1(t)g2(t)

**
“
.

Here oz(t) is Reggion trajectory, and £ is its signature:

R(+,v,t) =

R(—,v,t) =

p(dy) p(ky (d,)
1+ fexp(—ima(t)) v W L1
sin(mwa(t)) Vo -
i 5 alt) a(t)
sin(Za(t))l 48 Yo
ie—z%a(t) a(t)
cos(Za(t))T O‘Tt) 2 Yo
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t,u-exchange subtraction procedure
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t,u-exchange subtraction procedure
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N/D based (D-matrix) analysis of the data

In the case of resonance contributions only we have factorization and Bethe-Salpeter

equation can be easily solved:

J m J K "8 O
:@: = :@:( — 4+ —
N K
X Sim s 2 ds g5l ()
Djm:Djk: B, (S)Mm—S+M32—S B, (S): T s — 5 — 40
(0% 4m2
D=&I—-BrR)™" ki = Ois BY :XBkm<S)
1] M,LQ — s o

There is no factorization for non-resonant contributions: for every non-resonant

transition to introduce a vertices and propagator (e.g. R=1.

ds' g (5 )pals))gi™ ()
T (8" —s—1i0)(s" — M?2)

BE™(5) = BY™(M2) + (s — M2) /

2
4ma
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Meson spectroscopy. Two body reactions:

Reaction

_|_

atnT — "

0,0

7 (all waves)

T — w7 (S-wave)

T —nm

(S-wave)

mr — KK (S-wave)

Experiment
CERN-Mtinich
GAMS
GAMS
BNL

Reaction Experiment
7w — word (S-wave) E852
T — nn’  (S-wave) GAMS
S-wave §(m ™) Ked

Three body reactions from Crystal Barrel: (

L-liquid, G-gaseous targets).

Reaction Target Reaction Target Reaction Target
pp — 077 | W H2 | pp— 7 wln™ L) Hy | pp — KsKgm® (L) Ho
pp — TN LWHe | pn —» 777~ | D2 | pp— K"K 7° | (L) H>
pp— 71 | WHy | pn —n n nt | (LD | pp— K K*nT | (L) Hs
pp — 7lx’7° | (G) H> pn — KsKsn™ | (L) D>
pp — 7o (G) H2 n— KK~ 7° | (L) D>
pp — m'n’n | (G) Ha

11



Status of the Bonn-Gatchina partial-wave analysis PWA 2011 12

Parameterization of the K-matrix for S-wave:

Y

Kab(s) —

-|- a
Jab S+ SA0

géa) (e) 1GeV2—|—so S — SA
- M2 —s s+ sg

where K is a5 x5 matrix (a,b=7mm, KK, n, nn', 4pi + .. )

Pa(s) = \/(3 — (M4 + m2a)1)(3 — (M1q — M24)?) , a=m, K, 77,77’

The multi-meson phase space factor is defined as

ds ds
P51 — ,00/ = 2M2F(81)F(82)\/(8 + S1 — 82)2 — 4881><

s s

x s (M2 = s1)% 4+ M>T?(s1)] 7 [(M? — 59) + M?T2(s5)] 71,

o0

. | ds'  pi(s',miq, Mag) L
BJ — R(«a) b . M2 / 7 ’ as a (B)

(m1a+m2a)2
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Description of the data with K-matrix and D-matrix approaches

K-matr. D-matr. N K-matr. D-matr. N
pp— 0070 1.32 1.37 7110 || pp— 707070 (G) 1.39 1.44 4891
ﬁp—>7r nn(L) 1.33 1.34 3595 ﬁp—wr nn(G) 1.31 1.34 1182
pp — mO70n(L) 1.24 1.33 3475 || pp— 707On(G) 1.20 1.22 3631
pp— 7T a07 (L) 1.54 1.46 1334 || pp— KgKgmO(L) 1.09 1.10 394
pn—mO0n07r— 1.51 1.47 825 pn—r-m T 1.61 1.54 823
pn— KtK—70 0.98 1.00 | 521 pn— K K*rnF 0.78 079 | 737
p— KgKgn™ 1.66 1.64 396
mr— (m970%) g 1.23 1.13 68 7 —(1MM)s 1.02 1.05 15
mr— (') g 0.45 030 | 9 mr— (KK)g 1.32 1.13 35
SQ(m—rt —rwT) 1.51 1.02 17 K4 data




Status of the Bonn-Gatchina partial-wave analysis

PWA 2011

Description of the pp — 379 data (D-matrix method)
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Pole position of the resonances
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K-matrix D-matrix
O-meson 420-1395 407-1281
fo(980) | 1014-i 31 | 1015-i 36
fo(1300) | 1302-i180 | 1307-i137
fo(1500) | 1487-i 58 | 1487-i 60
fo(1750) | 1738-i152 | 1781-i140
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Masses and couplings of bare states

K-matrix D-matrix K-matrix D-matrix
M, 671 685 gi? 0* 0*
M, 1205 1135 gﬁ) o* 0*
M, 1560 | 1561 | g\¥ 0638 | 0534
My 1210 1290 94(1? 0.997 0.790
M 1816 1850 QST) -0.901 -0.862
g1 0.860 0.926 02 -74 -83
go 0.956 0.950 O 6 -2.6
Js 0.373 0.290 (2 9 5
g4 0.447 0.307 Dy 38 31
Js 0.458 0.369 O -64 -71
j E—— 0.337 0.408 for KR 0.212 0.036
frn—an -0.199 -0.101 fmr_y,777 0.389 0.438
fﬁwﬁnn/ 0.394 0.518

16
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Baryon Data Base

Pion induced reactions ( X2 analysis).

2 2
Observable Niata ﬁ Observable Niata m
N;‘/Q_ S11(wrN—aN) 112  2.05 SAID (2.10) A1/2_ S31(wN—7N) 112 231  SAID (2.10)
N;/QJF P11 (nN—7N) 112 249 SAID (2.10) Ay o+ P31(nN—7N) 104 381 SAID(2.10)
N* Pi3(xN—=xN) 112  1.33 SAID (2.20) A* Pss(nN—7N) 120 2.79  SAID (2.20)

3/2+

N* Di3(7N—7N) 108 255 SAID (2.20) A§/2_ D33(nN—7N) 108 247  SAID (2.10)

N* Dis(mN—7N) 140 2.37 SAID (2.40) N;/Q_ Gi7(mN—=mN) 102 254  SAID (2.40)

Fi5(7N—=7N) 88 1.72 SAID (2.20) A5/2+ Fs5(mN—7N) 62 145 SAID (2.10)
N* Fi7(nN—7N) 82 1.98 SAID (2.50) A7/2+ F37(nN—7N) 72 2.75  SAID (2.10)
N* Gig(rN—nN) 74 282 SAID (2.50) N* Hig(#N—7N) 86 256 SAID (2.50)

9/2~ 9/2+
da?dQ(w‘p—Vnn) 70 158 Richards etal. da;dﬂ(ﬁ_p—nzn) 84  2.73 CBALL
do/dQ(r~p— KA) 598 167 RAL P(r—p— KA) 355 1.67  RAL+ANL
B(r~p— KA) 72 1.04 RAL
do/dQUnTp— KTY) 609 1.25 RAL P(ntp—KTY) 307 1.43 RAL
B(rTp—KTY) 7 208 RAL
do/dQ(n~p— K°%Y) 259 0.88 RAL P(n—p— KO%9) 95  1.35 RAL




Status of the Bonn-Gatchina partial-wave analysis PWA 2011 18

Baryon Data Base (SAID db: 2008)

7 and 7 photoproduction reactions ( x2 analysis).

Observable Ndata Nzita Observable Ndata Niita
do/dQ(yp—pn?) 1106 156 CB-ELSA | do/dQ(yp—prm’) 861  1.58 GRAAL
do/dQ(yp—pr®) 592  1.27 CLAS do/dQ(yp—p7m®) 1692 2.00 TAPS@MAMI
> (yp—p7?) 540 071 CB-ELSA | X(yp—pn?) 1492 248 SAID db
E(yp—pn?) 140 114  A2-GDH

P(yp —pn?) 607 298 SAIDdb | T(yp—pn?) 389  3.15 SAID db
H(yp —p7?) 71 1.17  SAIDdb G(yp—pm?) 75 1.70 SAID db
Ox (yp— p7°) 7 114  SADdb | Oy(yp—pnP) 7 0.27 SAID db
do/dQ(yp—nnT) 484  1.45 CLAS do/dQ(yp—nnT) 1583  1.53 SAID db
do/dQ(yp—nnT) 408 055  A2-GDH

Y(yp—nnT) 899 295  SAIDdb E(yp—nnT 231 152 A2-GDH
P(yp—nn™) 252 200 SAIDdb | T(yp—nmT) 661  2.87 SAID db
H(yp—prT) 71 420  SAIDdb G(yp—pr™) 86  5.67 SAID db
do/dQ2(yp—pn) 680 123 CB-ELSA | do/dQ(yp—pn) 100  2.26 TAPS

> (yp—pn) 51 190 GRAAL98 | X(yp—pn) 100 243  GRAAL 07
T(yp—pn) 50 1.39  Phoenics
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Baryon Data Base

Kaon photoproduction ( X2 analysis).

19

2

2

Observable Ndata ﬁ Observable Ndata Niata
do/dQ(yp—AKT) 1320 078  CLAS09 | do/dQ(yp—X°KT) 1280 1.98 CLAS
P(yp— AKT) 1270  1.75  CLAS09 | P(yp— XOK™) 95  1.53 CLAS
Cr(yp— AKT) 160  1.44 CLAS Cyz(yp—XOKT) 94 236 CLAS
C.(vp— AKT) 160  1.53 CLAS C.(yp— XK 94 162 CLAS

Y (yp— AKT) 66 332  GRAAL S(yp— XOKT) 42 1.80 GRAAL
X(yp— AKT) 45 234 LEP Y(yp— XOKT) 45 131 LEP
T(yp— AKT) 66 135 GRAAL09 | do/dQ(yp—XTK?) 48 341 CLAS
Oz (yp— AK™) 66 170 GRAALO09 | do/dQ(yp—XTKY) 72 067 CB-ELSA10
O.(yp— AKT) 66 1.66 GRAAL09 | P(yp—XTKY) 24 117  CB-ELSA 10
P(yp— AK™) 84 060  GRAAL S(yp—2TKO) 15 139 CB-ELSA10
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Baryon Data Base

Multi-meson final states (maximum likelihood analysis).

do /dQ(m~p—nmO70) CBALL

do /dQ(yp — prPnY) CB-ELSA (1.4 GeV) | E(yp—pmonY) 16 191  MAMI
do /dQ(yp— pmOn) CB-ELSA (3.2GeV) | X(vp—pn'n) 180 2.37 GRAAL
do /dQ(yp — pmO70) CB-ELSA (3.2GeV) | X(vp—prn'w?) 128  0.96 GRAAL
do /dQ(yp— pmOn) CB-ELSA (3.2GeV) | X(vp—pn'n) 180 2.37 GRAAL
I.(yp—p79n) CB-ELSA (3.2GeV) | Is(yp—p7mn) CB-ELSA (3.2 GeV)

20
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The fit of the the 7 p — K A reaction

0.8f Oyor MD
; — 1/2 1/2-
0.7F | — 1/2 12+
; —— 1/2 32+
0.6
Full experiment for mIN — KA: 0.5F
| | . . : A
differential cross section, analyzing 04L !
power, rotation parameter. 0.3f
A clear evidence for resonances which 0 25
are hardly seen (or not seen) in ;
the elastic reactions : N(1710)Pi1, :
0'.’..|...1...1......1.. \
1700 1800 1900 2000 2100 2200

N(1900)P;3, e

The total cross section for the reaction
m™Tp — KO9A and contributions from

leading partial waves.
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The vp — K A reaction (CLAS 2009)

O-'[Ot’ l.lb I Gtot’ p'b
3r — 1/2 1/2 - 3F — 1/2 1/2 -
— 1/2 1/2 + % — 1/2 1/2 +
25| — 1/2 3/2 + o5l — 1/2 32 +
' 1/2 5/2 + ' g W 1/2 5/2 +
2F 2+
1.5F 1.5F
1+ 1+
0.5 0.5+
IN\I N R R B R SR
0 1600 1800 2000 2200 2400 0 1600 1800 2000 2200 2400
M(yp), MeV M(yp), MeV
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The fit of the yp — K A differential cross section
(CLAS 2009)
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The fit of the

PWA 2011

vp — KA recoil asymmetry
(CLAS 2009)
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The fit of thethe 77 p — KX reaction

do/dQ, mb/sr P
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The fit of the the 7 p — KYXY reaction
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T p— n7Y (Crystal Ball) total cross section
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T p— nd 7! (Crystal Ball)

Differential cross sections for 472 and 665 MeV/c data.
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Yp — p7TO7TO (Crystal Barrel)

Differential cross sections.
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Yp — p7TO7TO (Crystal Barrel)
Dalitz plots W=1.5, 1.6,1.7,1.8 GeV.
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I¢and I® for yp — pm’n (CB-ELSA)

W =1706 * 64 MeV W =1834 + 64 MeV W =1946 + 48 MeV
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List of resonances used in the combined analysis of the data. Known
states are listed by the PDG names

N(1535)S11  N(1650)S11  N(1440)P11  N(1710)P1;
N(1520)D1s  N(1700)D3  N(1720)Pi3  N(1675)D15
N(1680)F15  A(1620)S31  A(1232)Ps3  A(1600)Ps3
Ny/p—(1890) N (1875)  Nyjp-(2130) Ny ot (1860)
Ny o+ (1900) Ny, (2070)  N(2000)Fi5 N (1990)Fi7
N(2190)G17  A(1900)S31  A(1910)P3;  A(1920)Pss
A(1905)F35  A(1950)F37  A(1700)Ds3  A(1940)Dss
Ag/p-(2200)  A(1905)Fs5  A(1950)F37

Background amplitudes used in the combined analysis of the data.

pion-induced photo-induced
t-channel exchange 7T:|:, po/w, pi
K*0 K*:I: K:I: K*0 K*:I:

u-channel exchange N(938), A, X0, 2+

Direct production of final-state particles
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Pole position of baryon states (Re and -2Im) in the mass region 1900-2300 MeV

State Solution 1 Solution 2 Arndt Hoehler Cutcosky
N(1875)37  Re 1860420 1850729 1885430 (Manley)

o 2im 110795 360440 113444 (Manley)
N(1890)2~  Re 1895+8 — 1880420 —

ok -2Im 82+10 — 95430 —
N(1880)2"  Re 1860412 — — 18804100
%k kok -2Im 185+16 — — 180460
N(2130)2~  Re 2130445 —  2081£20 205070
. -2Im 340445 — 2654+40 200460
N(1900)2"  Re 1910440 1920450  — — —

* ok ok -2Im 270+£50 300£60 — — —
N(2000)3"  Re 1800 — 1950 1807 1882410 —

x -2Im 100 — 300 109 95420 —
N(2100)3"  Re 2100+25 — — -

ok -2Im 550+40 — — —
N(2070)27  Re 2060+8 — — 210060
%k koK -2Im 370+15 — — 360+80
N(1990)Z7  Re 1975415 2090+15  — ~ 1935  1900+30
% 2im 170450 26020 — ~ 260 260460
N(2190)Z~  Re 2160420 2070 2042 2100450
% ok kok -2Im 310+£25 520 480 400+160
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S11: pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Arndt Hoehler Cutcosky
N(1890) Re 189548
* ok -2Im 82+10
BW M 1900410 1880+£20
parameters r 7715 95+30
700F Total 500 K*s? K%
600F E
500 a) 400
400F 300F
300F 200 F
200F ]
100F 100¢
Ok 4+ » .~ . . . 4 | O , |, 1 1
[ 1800 1900 2000 1800 1900 2000
T 2.2 ool Vo - KA sof~W —~K'A (O, 0, T)
: 150f c) o0F d)
5 40F
; 100 30F
_ i 20F
: S0 10f
L oL . M7 0 v 0
: 1800 1900 2000 1800 1900 2000
i . . . . . . M, MeV
1 1.2 1.4 1.6 1.8 2 2.2

M(TiIN), GeV
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D5 pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Arndt Hoehler Cutcosky
N(2070)57  Re 206048 - - 2100460
* % Kk -2Im 370+15 — — 360480
BW M 2075412 2228430 2180+80
parameters r 365420 310450 4004100
— 0.3p
(b} [
ook 6000F 1200 F +
5 5000 1000 F Yp - 1P, KA
0.1;- 40005 800;— b)
of 3000f 600F
g 2000 400F
-0.1f 1000F 200F
: :—..l...l. | TR R | 0:_..1......I...I...l.
-0.2F . . . . . . 0=1900 2000 2100 2200 2300 1900 2000 2100 2200 2300
= oSt 1200 600
Eo04f 1000F S00F
: 800F 400F
0.3¢ 600 300
: 400F 200F
o2t 200F 100F
0.1E (] S R B AP B T I Rt BT B
5 1900 2000 2100 2200 2300 1900 2000 2100 2200 2300
o s M, MeV
-0.1

1 112 114 1j6 118 é 212 214 2.6
M(TIN), GeV
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P 1: pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Manley
N(1875)1T  Re  1860+20 185072 1885430
x 2im  11073) 36040 113+44
BW M 1864410 1863420
parameters r 115420 320+£30

BG2011-01 BG2011-02

M(TN), GeV

M(TN), GeV
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Pole position of F]5: two and three pole solution

State Solution 1 Solution 2 Arndt Hoehler Cutcosky
N(QOOO)gJr Re 1800 — 1950 1800 — 1950 1807 1882410 —
Kk -2lm 100 — 300 100 — 300 109 95+20 —
N(2100)3"  Re 2090720 2110720 — — —
-2lm 5604100 5404100 — — —
— —
4 4

ImT

ImT

38
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Pole position of F77 and helicity couplings
(absolute value (10 =3 GeV%)/phase (degrees)

State Solution 1 A(%)/A(%) Solution 2 A(%)/A(%)
N(1990) %+ Re 1980125 15/14° 2100430 76/50°
stk -2Im 180430 28/3° 300160 78/ 450
|_0.2 >
& E 1_ 1900 | 1915 | 1930 | 1945
. 05 - - -
01f S e N N
0_ i'*‘t‘, Wb -0.5:— - B L
i ’ BG > : o R T BT I T R IR
L ' 05_ - - -
_0'15_ o_/\/\f\/\/\ﬁﬂf\
0.2L- ' ' ' ' 05f g g 5
|—0-2_1'6 L8 2 22 24 20 B B B R TS
E | 0.5l - . .
0.1f ¢¢+¢ bo OMM/\%/\%
I ] e -0.5- B B B
of W R T I U 77—
L 0.5F o - -
0af OMM; M
; o5 : : :
029818 2 22 24 26 1TGsoos 05 005 05 005 05005

M(TN), GeV cos 6
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Summary

e The analysis of (almost) all available data for production of baryons in the pion and

photo induced reaction is completed.

e \We have observed a set of new states in the region 1800-2150 MeV, however, this

number is much less than that predicted by the classical quark model.

e There are two solutions forthe N7+ lowest state which should be distinguished
2
from analysis of beam asymmetry data on photoproduction of hyperon-kaon final

states.

: : + : : :
e The situation for NV (g ) can be resolved with reanalysis of 7N elastic data and an

analysis of new data on double pion photoproduction (with charged pions).

40
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T p— nmw 070 (Crystal Ball)
Differential cross sections for 333,472 and 551 MeV/c data.
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PWA 2011

T p— nd ! (Crystal Ball)
Differential cross sections for 655, 691 and 733 MeV/c data.
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Differential cross sections for W=1400, 1500 and 1600 MeV data.

PWA 2011

Yp — p7TO7TO (CB-ELSA)
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Yp — p7TO7TO (CB-ELSA)
Differential cross sections for W=1700, 1800 and 1900 MeV data.
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vp — prw’ (MAMI)
Differential cross sections S =3/2and S = 1/2.
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vp — pnm (CB-ELSA)

Differential cross sections for W=1700 and 1800 MeV data.
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vp — pnm (CB-ELSA)

Differential cross sections for W=1900 and 2000 MeV data.
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vp — pnm’ (CB-ELSA)

Beam asymmetry data.
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