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The latest analysis of SAID (GWU) of 7V elastic data as wellas yp — 7r0p and
~vp — 7T n did not confirm the set of states observed in earlier analysis of
7N elastic data. CLAS (M. Dugger et al.). Phys.Rev.C79:065206,2009.

State PDG (Pole position)(MeV) Bonn-Gatchina PWA (MeV)
Mass Width Mass Width
Py (1710)*** | 1720450 | 2304150 | 17104+20 | 200 £ 18
Ps3(1600)*** | 1550 4100 | 300 & 100 | 1510 4+20 | 220 £45
P33(1920)*** | 1900450 | 200F1° | 1900+30 | 260460
Dy3(1720)*** | 1680450 | 100450 | 1790440 | 390 + 140
Py3(1900)* ~ 1900 498 £ 78 | 1905 +£30 | 2501120
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Problem in the baryon spectroscopy and/or quark model:

The number of predicted three quark states exceeds dramatically the number of

discovered baryons.

The elastic 7V data can provide a reliable information about ground states only. If
elastic branching is less than 10% the state is difficult to identify.

Possible solution:

1. Analysis of the inelastic data from 7V collision. There are old dataon 7N — KA,
mIN — K> (Aragon, RAL). Controversial dataon  7/N — 7V, new low energy data
onmT p— mO079n (Crystal Ball) and not available anymore data on

TTp — Tt n.

2. Analysis of photoproduction data taken by CLAS (JLab, USA), GRAAL, LEPS
(Japan), MAMI (Mainz) and Crystal Barrel at ELSA (Bonn).

3. Analysis of baryon states produced in nuclear-nuclear collisions e.g. meson

production in /N NV interaction.
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Bonn-Gatchina partial wave analysis group:
A. Anisovich, E. Klempt, V. Nikonov, A. Srantsev, U. Thoma
http://pwa.hiskp.uni-bonn.de/

@::  Bonn-Gatchina Partial Wave Analysis

Address: Nussallee 14-16, D-53115 Bonn Fax: (+49) 228 / 73-2505

Data Base Meson Baryon NN-interaction Formalism
E— Spectroscopy Spectroscopy E—
Analysis of Other Groups BG PWA Useful Links
@SAID @Publications @SPIRES
@MAID @Talks @®PDG Homepage
@Contacts @Durham Data Base

@Giessen Uni
@Bonn Homepage

CB-ELSA Homepage

Responsible: Dr. V. Nikonov, E-mail: nikonov@hiskp.uni-bonn.de
Last changes: January 26 2010.
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Search for baryon states

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

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

3. Analysis of single and double meson production NN — 7NN and mm NN (Wasa,
PNPI, HADES)

4. Analysis of hyperon production NN — K Ap (WASA, HADES)
Approach:

1. Energy dependent analysis of the data. Such conditions as analyticity and unitarity

can be imposed from the beginning.
2. A combined analysis of large data sets.

3. In future: an energy fixed partial wave analysis of the data on photoproduction.
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Energy dependent approach

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

iImpossible. Then the energy and angular parts should be analyzed together:
_ ' +
Als,t) = Y AP (5)QET, FrimQY)
BB N
1. C. Zemach, Phys. Rev. 140, B97 (1965); 140, B109 (1965).

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

3. B. S. Zou and D. V. Bugg, Eur. Phys. J. A 16, 537 (2003)
1. Correlations between angular part and energy part are under control.
2. Unitarity and analyticity can be introduced from the beginning.

3. Parameters can be fixed from a combined fit of many reactions.

1. Anisovich:2001ra A. V. Anisovich, V. V. Anisovich, V. N. Markov, M. A. Matveev and A. V. Sarantsev, J. Phys. G G 28, 15 (2002)
2. A. Anisovich, E. Klempt, A. Sarantsev and U. Thoma, Eur. Phys. J. A 24, 111 (2005)
3. A. V. Anisovich and A. V. Sarantsev, Eur. Phys. J. A 30, 427 (2006)

4. A. V. Anisovich, V. V. Anisovich, E. Klempt, V. A. Nikonov and A. V. Sarantsev, Eur. Phys. J. A 34, 129 (2007).
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Orbital momentum operator

The angular momentum operator is constructed from momenta of particles k1, ko and

metric tensor g, .
For L = 0 this operator is a constant: X" =1

The L = 1 operator is a vector Xp(bl), constructed from:  k,, = % (k1, — k2,,) and
P, = (ki + k2,,). Orthogonality:

4
/d kX(l)X(O) /d kXW X =¢p,, =0

47-‘- 47T Hn ™ M2 Hn
Then:
1 - n _
XA(L)PM =0 X;(m-)--unpﬂj =0
and:
P, P,
Xp(bl) — k/_iL — kl/gl/ilu,a gylu (gl/u p2 ) )

incm.s k+ = (0, k)
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. . n
Recurrent expression for the orbital momentum operators X A(Ll,),,ﬂn
x 2 XK
x( 21T e _ 2kY v (n—2)
H1---Hn n2 ' MG — 1G4 nz | Gui Moo — 1 Mg41 Hj—1 41 Hn
=1 sz<_jl
Scattering of two spinless particles
Denote relative momenta of particles before and after interaction as q and k, correspondingly.
The structure of partial-wave amplitude with orbital momentum L = J is determined by

convolution of operators X (X (k) and X&) (q):
A = BWL() X (R)OULE X 0y (0) = BWL(8) X5y, ()X (0)

BW7,(s) depends on the total energy squared only.

The convolution X,(/i,)__uL (k)Xiji)ML (q) can be written in terms of Legendre polynomials
Pr(2):

a9 ¢
DX L (@=al) K & Puz),

M.

X(L)

ul---uL(
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7 /N interaction

States with JJ = L — 1/2 are called '~ states ( 1/27,3/27,5/27,...) and states with
J =L+ 1/2arecalled '+ states ( 1/27,3/27,5/27,...).

(n) — _ (n+1)
N/j—l...p s lm Nul...,u,n _Z/VV/75X1/,UJ1.../Jn

AT('N = ﬁ(kl)N;it,un F#lll/libn (P)Nlil:ll/nu(ql)BWT:Ll:—l—l (S)

1

ANy =w*[G(s,t) + H(s,t)i(dR)]w n; = ——¢€ijmkjqm ,
|k[|q]
> h
G(s,t) = (L+1)F} (s)+ LF[ (s) Pp(2),
>h i
H(s,t) = Fi"(s) — F; (s) Pp(2) .
L
+ a(L) it
FE = (RIQD" VRXF o BWE(9).

Fr = (Rl v S B (s)

10
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NN - scattering

Transition of two baryons with momenta  p; and p» into two baryons with p’l and p’2,

s = (p1+p2)* = 0} +15)% k = p1 —p2, k' = p| — ph. Two baryons with  J** = %Jr
can have spin states S = 0, 1.
A= (Al )V (K (=ph) ) Ot (w8 (=pa)ViE,, (k1 u(pr)) Apu(s)
c — 0 o
ui(—p) = Cuj (p) C—ww—( Cm)
—09 0
Vertex operators:
Vil = s X0, (6) Vi = v X, ()
J
Vl - ,ui Epiné ’YVUX( ) Vg (kL)P’Y Vl Lii fyOéXOf,ul---,uJ (k'J_)
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The resonance amplitudes for meson photoproduction

YP-R, - R, T pnm
., Ok, 0

The general form of the angular dependent part of the amplitude:

w(q1)Nos .. (R2 —>MN)FO‘1"'O‘" (g1 + g2) N33 (R — uRo)
F0m(PYVER (R —yN)u(k)ey,

m

CL+1 L Y
Fﬂll---VMLL (p> (m—|—p)051 aL 2L +1 Ja161 — L_|_1‘704151 go‘zﬁzogll
1=2
1

Ua@-aj — 5(’YO@’}/O&J‘ o ,yOéj,VOéi)

BL

12
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Parameterization of the partial wave amplitude

1. Poles: amplitude as a sum of the Breit-Wigner states:

Ag

A= B=J5SLn...
. 2 9 ) 9
7 M2 —s— i3 9 ps(s)
J
2. K-matrix approach. (Unitarity and analyticity)
1 9:' 95
Ay = Ky;(I —ipK), K :ZMQ—_SJFfv:j(S)

3. N/D-method (Unitarity and correct analytical properties)

I 5im
Ajm = Aji Y _ B (S)W + ﬁ

A y ds' g5 pa(s', m1a, maa)gs”
Bi' — B'LJ — ) 9 (67
J zo; @ zo;/ 0 s’ — s —1i0

13
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Minimization methods

1. The two body final states 7N — 7N, mm — 7w, yp — ©wN, pp(at rest) — 3

X2 method. For n measured bins we minimize

n

> = (0;(PWA) —oj(exp))”
=2 (Aoj(exp))?

J
2. Reactions with three or more final states are analyzed with logarithm likelihood

method. The minimization function;

N (data)
. 0,4 (PWA)
f__ Z lnN(recMC)
j S g (PWA)

This method allows us to take into account all correlations in many dimensional

phase space.
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Baryon Data Base

Pion induced reactions ( X2 analysis).

2 2

Observable Niata NZ(—t Observable Niata sz—t

N;‘/Q_ S11(wrN—aN) 112  2.05 SAID (2.10) Aqjo—- S31(rN—7mN) 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§/2+ Pi3(xN—=xN) 112  1.33 SAID (2.20) A§/2+ P33 (mN—7N) 120 2.79  SAID (2.20)

N* Di3(7N—7N) 108 255 SAID (2.20) A¥ __ Dss(mnN—xN) 108 247 SAID (2.10)
N* Dis(mN—7N) 140 2.37 SAID (2.40) N* _ Gi7(wN—xN) 102 254  SAID (2.40)

5/2~ 7/2
N;;QJr Fi5(nN—7N) 88  1.72 SAID (2.20) A5//2+ Fs5(mN—7N) 62 145 SAID (2.10)
N;/2+ Fi7(nN—xN) 82  1.98 SAID (2.50) A7/2+ F37(nN—7N) 72 275 SAID (2.10)
N;/Q_ Gi9(nN—7N) 74 282 SAID (2.50) N;/2+ Hig(nN—7N) 8 256 SAID (2.50)
do /dQ(m~ p—nn) 70 158 Richards etal. | do/dQ2(m~ p—nn) 84 273 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
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Baryon Data Base (SAID db: 2008)

7 and 7 photoproduction reactions ( x2 analysis).

Observable Nyata szata Observable Nyata szata
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  2.48 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).
Observable Ndata X Observable Ngax X

Ndata At Ndata
do/dQ(yp— AK™) 1320 0.78  CLAS09 do/dQ(yp— X°K™T) 1590 1.44 CLAS
P(yp— AKT) 1270  1.75  CLAS09 | P(yp— XOK™) 344  2.69 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  2.34 LEP Y (yp— XOKT) 45  1.31 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™T) 84  0.60  GRAAL Y (vp— XTKO?) 15 139 CB-ELSA 10
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Baryon Data Base

Krakow 2012

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  1.91 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
IC(’yp—>p7TOn) CB-ELSA (3.2 GeV) IS( Yp— pT 77) CB-ELSA (3.2 GeV)

18
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Description of the 7N elastic amplitudes (GWU energy independent solution) with

K-matrix and D-matrix solutions

S11—wave P11—-wave
0.6:..|...|...|...|...|...: G IS O e e B e B B B

0.4 -

R U R R R R

N
N
o
-
;
;
N
N
N

M (nN) GeV

<
—~
3
zZ
=
©
()
<

ImT

0.4 - —

0.2 -

70.2 — —

-0.2 —

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _O 4 L 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
1.2 1.4 1.6 1.8 2 2.2 1 1.2 1.4 1.6 1.8 2 2.2

M (nN) GeV M (7N) GeV
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The fit of the the 7 p — K A reaction

08 L — Fit

Full experiment for mIN — KA: — o
. . . ; 0.7 I 3/2 +all
differential cross section, analyzing ~/oe o
06 [ — 5/2+all

power, rotation parameter. ;
A clear evidence for resonances which “
are hardly seen (or not seen) in

the elastic reactions : N(1710)Pq,

N(1900)P;3,

0.3 |
oz | Iff:

o1 [

C L =1
0 P
1600 1700 1800 1900 2000

2100 2200

The total cross section for the reaction 7 p — K OA and contributions from leading

partial waves in K-matrix (full) and D-matrix (dashed) solutions.
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m~p — KA (do/dS2, P)

RAL P—polar
1 0 1 L
F 1659T !
b 4
0 ol 1 | 111
1 0 1 -1 0 1
F 1707+ F 1743 \
- 1=
L L i
°I ¢ 1l I 111 L1 I?I 1
1 0 1 -1 0 1
' ‘ L 1847 L 1879
y ’ -
%o ) ;_Yf(‘o/ -
olllllllolllIlloplllllolllllllolIIII
-1 0 1~ 0 il 0 il 0 il 0 1
- ’ 1938 4~ 1966 3 1999 [ 2027
-_ d : 51.&!")05
C i L

Krakow 2012
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The TN — KA amplitudes
Re A(TIN - KA) Re A(TIN - KA) Im A(TIN — KA) Im A(TN - KA)
S, (1/2) P, (12 0.1f S, 20 | o P, (12
[ 0.1p = — s e
—————— o or
- O_
-0.1f
L -0.1
1 1 1 1 1 _0‘2- 1 1 1 1 1 _02
- D15(3/2) | 005} D,4(3/2)
| W ok
- O_
-0.05 -0.05f
F -0.05F
L D,5(5/2) | o5l Fs(527) | oosf D,5(5/2") | 0.05F
3 of of of
ST ~
r -0.05¢ -0.05} -0.05}
[ G,(7/127) | .05k F.(7127) | oosf G,,(7/27) | 00sf F(7/2%)
3 _M °t ﬁ or A or \:====
r -0.05¢ -0.05} 0.05F
1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400
W__, MeV W__, MeV W__, MeV W__, MeV

cm’

cm’

cm’

cm’

22



Search for missing baryon states. Analysis methods and perspective for new experiments Krakow 2012

The fit of thethe 7 p — KX reaction

7764
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1 - 0 1
[ T873
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0.9 — Fit ’1_"' !
: — 3/2+1 b
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The mN — K. 1=3/2 amplitudes

Re A(TN - K5) Re A(TN - K5) Im A(TN - KZ) Im A(TN - K5)
02r S,,(12) | o1 P,,(1/2") 021 S,,(1/20) | o3 P4, (1/27)
O -
-0.2F
0.1F
0 -
-0.1f
oal D3s(52) | .t Fs52) | | Dys(5/27) | .t Fo5(5/27)
e L vesesesseesnssseeee B o o P
ol S Tiesttt - of ke of S I T srrres BT or W
0.1F 0.1F 0.1 0.1F
oal Gy (72 | .t Fa(7/2") oal Gy (72) | .| Fa (7/27)
-0.1F -0.1F -0.1F -0.1F
18IOO 20IOO 22IOO 24I00 18I00 20IOO 22IOO 24IOO 18I00 20IOO 22I00 24IOO 18I00 20IOO 22IOO 24I00
W_ , MeV W, MeV W,_, MeV W_ , MeV
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The 1N — K. 1=1/2 amplitudes

Re A(TN - K¥) Re A(TN - KX) Im A(TN - KZ) Im A(TN - KZ)
0.2F 0.2F 0.2F 0.2F P11(1/2+)
or or or or
0.2F L . . L 0.2 L . . L 0.2 L . . L 0.2F L . . L
oil D,4(3/2) oal P,5(3/2) oal D,5(3/2)) ol P,5(3/2)
| TR S v
-0.1f -0.1F -0.1F -0.1f
oal Dys(52) | .t FisG2) | L Dys(5/27) | .t F,5(5/27)
oF w of L1 op % or A .
0.1F 0.1F 0.1 0.1F
0.1} Gy,(712) 0.1} 0.1} Gy, (712) 0.1} Py (712)
ol _m ok ok w ok — TR Ty
-0.1F -0.1F -0.1F -0.1F
18IOO 20IOO 22IOO 24I00 18I00 20IOO 22I00 24IOO 18I00 20IOO 22I00 24IOO 18I00 20IOO 22IOO 24I00

wW__, MeV W, ., MeV wW,_ ., MeV wW__, MeV

cm’ cm’ cm’ cm’



Search for missing baryon states. Analysis methods and perspective for new experiments Krakow 2012

The 71N — n/N amplitudes

Re A(TN - nN) Re A(TN - nN) Im A(TN - nN) Im A(TN - nN)
S,,(1/2) P, (1/2") 051 S, 2) | %51 P,,(1/2")
0.2f 0.2F
of ::::i.'“ of
0.2} -0.2F
0.2} D,4(3/27) | o2f
-0.2F -0.2F
0.2} D,.(5/27) | o2f
or m oF oF m oF
-0.2F -0.2F -0.2F -0.2F
0.2f G,(7/27) | o2} 0.2t G,,(712) | o2} F,(712%)
-0.2F -0.2F -0.2F -0.2F
16I00 lBIOO 20IOO 22I00 24IOO 16IOO 18I00 20I00 22IOO 24I00 16I00 18IOO 20IOO 22I00 24IOO 16I00 lBIOO 20IOO 22I00 24IOO
W__, MeV W, MeV W, MeV W__, MeV

cm’ cm’? cm’ cm’
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T p— nd 7! (Crystal Ball)

Differential cross sections for 472 and 665 MeV/c data.
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Photoproduction reactions: yp — WOP
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p — prr’ (CB-ELSA) M.Fuchs et al.
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PWA corrected cross section and

contributions from ~ A(1232) 7 (dashed)
and N o (dashed-dotted) final states.
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Contributions from D33 (dotted),
P11 (dashed)
and D3 (dashed-dotted) partial waves.
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Nucleon spectrum

N(1520)2~ or

Krakow 2012

N (1520) D13

N(1520)2 "~ pole parameters (MeV)

N (1440)1% or  N(1440)Py,
+
N(1440)1™ pole parameters (MeV)
Mpote 137044 oo 1907
Elastic pole residue 48+3 Phase -(78+4)°
ResduenN — No 2045 Phase -(135£7)°
ResduenN — Ar 2643 Phase (40+5)°
AY2 (GeV~2) 0.0444+0.007 Phase (142+5)°
+ . .
N(1440)% " Breit-Wigner parameters (MeV)
Msw 14308 IBw 365435
Br(wN) 62+3%
Br(No) 17+7% Br(An) 214-8%

AY2 (Gev~2) -0.061+0.008

Mpole 150743 Dot 11145
Elastic pole residue 36+3 Phase -(1443)°
ResiduemN — Anmp— 18+4 Phase (1504+-20)°
Resdue 7N — Arr 1443 Phase (100-£20)°
AY2 (GeV~2) -0.021+0.004 Phase (0+£5)°
A3/2 (Gev—2) 0.132+0.009 Phase (2+4)°
N(1520)2 " Breit-Wigner parameters (MeV)

Mpw 151743 IBw 11445
Br(zN) 62+3%

Br(Am—o) 19+4% Br(Ami—) 9--2%

AY2 (GeV™7) -0.02240.004

A%2 (Gev~2) 0.1314+0.010
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Nucleon spectrum
N(1535)3 " or  N(1535)S1; N (1650) %~ or  N(1650)S11

N(1535)% " pole parameters (MeV) N(1650)% "~ pole parameters (MeV)

Mol 150144 Tpole 134411 Mpore 164746 ol 103+8

Elastic pole residue 31+4 Phase -(29+5)° Elastic pole residue 24+3 Phase -(75+12)°

Residue 7N — Ny  294+4 Phase (76+£5)°  ResiduenN — Np 15+2 Phase (134+10)°

Residue 7N — Am 8+3 Phase (145+17)° Residuen N — AK 1143 Phase (85+9)°
Residue n N — Am 12+3 Phase -(30£20)°

AY2 (Gev—2) 0.116+0.010 Phase (7£6)°  AY?(Gev~z) 0.033+0.007 Phase -(9415)°

N(1535)% " Breit-Wigner parameters (MeV) N(1650) %~ Breit-Wigner parameters (MeV)

Mpw 151945 IBw 128+14 Mpw 1651+6 IBw 104+10

Br(rN) 54+5% Br(Nn) 51+4% Br(Nn) 18+4%

Br(Nn) 33+5% Br(An) 25+15%  Br(AK) 10+5%  Br(Am) 19-+6%

AM2 (Gev—2) 0.105+0.010

A}2 (Gev~7) 0.033+0.007
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Nucleon spectrum
N(1675)2~ or  N(1675)Ds N(1680)3 7" or N (1680)F:s

N(1675)2" pole parameters (MeV) N(1680)2™ pole parameters (MeV)

Mpoe 1654+4  Tpoe 15145  Mpolc 16766  I'poe 113+4

Elastic pole residue 28+1 Phase -(26+4)° Elastic pole residue 43+4  Phase -(2+£10)°

Residuenr N — Ar 2545 Phase (82+10)° ResiduenN — Anr— 843 Phase -(70+45)°

ResiduerN — No  11+4 Phase (132+18)° ResiduemN — Arnp—s 13+3 Phase (85+15)°
ResiduerN — No 14+3 Phase -(56+15)°

AY/2 (Gev~2) 0.0244+0.003 Phase -(16+5)° AY2 (Gev—2) -0.013+0.004 Phase -(25+22)°

A3/2 (Gev~2) 0.0264+0.008 Phase -(19+6)° A3/2 (Gev~2) 0.134+0.005 Phase -(2+4)°

N(1675)2 " Breit-Wigner parameters (MeV) N(1680) g+ Breit-Wigner parameters (MeV)

Mpw 1664+5 IBw 152+7 Mpw 1689+6 IBw 118+6

Br(Nw) 40+3% Br(Nw) 64+5% Br(No) 14+7%

Br(An) 33+8% Br(No) 7+3% Br(Amr=) 10+3% Br(Anr=s) 5+3%

AM2 (GeVv™ ) 0.02440.003

A2 (Gev~2) 0.025+0.007

AY2 (Gev™7) -0.013+0.003

A32 (Gev~z) 0.13540.006
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Nucleon spectrum

N(1700)2~ or  N(1700)Dss N(1710)% or  N(1710)Pp,
N(1700)2~ pole parameters (MeV) N(1710) §+ pole parameters (MeV)
Mpole 1770+40 Fpole 420+180 Mpole 1687+17 Fpole 20025
Elastic pole residue 504+40 Phase -(100+40)° Elastic pole residue 6+4 Phase (120+70)°
Residue tN — Amr— 75+50 Phase -(60+40)° ResiduerN — Nn 11+4 Phase (0+45)°
Residue tN — Amp—» 18412 Phase (90+35)° Residue 7N — AK 17+7 Phase -(110+20)°
AY2 (Gev—2) 0.044+0020 Phase (85+45)° AY2 (GeV~2) 0.055+0.018 Phase -(10+65)°
A3/2 (GeV~—2) -0.037+0.012 Phase (0£30)°
N(1700)2 ™ Breit-Wigner parameters (MeV) N(1710) L™ Breit-Wigner parameters (MeV)
Mpw 1790+40 IBsw 390+140 Mpw 1710+£20 IBw 200418
Br(rN) 12+5% Br(N) 5+4% Br(Nn) 17+10%
Br(Amr—) 72+16% Br(Ami—) 5+4%  Br(AK) 23+ 7%

AY2 (Gev—3) 004140017 A¥2 (Gev—3) -0034+0013 AY2 (Gev~?) 0.052+0.015

Confirmed, but ambiguous Confirmed
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N(1720)37F

Krakow 2012

Nucleon spectrum

or N(1720)P13

N(1860)3% or N(1860)Fs

N(1720) 2" pole parameters (MeV)

N (1860) g’L pole parameters (MeV)

Mpoe 1660+30 ol 4504100 Mol 183010 Tpoe 2501129
Elastic pole residue 228 Phase -(11830) Elastic pole residue 5020 Phase -(8840)°
Residuer N — Nn 7+5 Phase not defined

Residuer N — AK 14+10 Phase -(15045)

Residuer N — Arn 64+25 Phase (8040)°

Residuer N — Amr—s 8+8 Phase not defined

AY2 (Gev-2)  0.110+0.045 Phase (040Y  AY2(GeV~2) 0.020:0.012 Phase (12050)°
A3/2 (GeV~2)  0.150:0.035 Phase (6535°  A%2(GeV %) 0.050:0.020 Phase -(8D60Y°
N(1720)2™ Breit-Wigner parameters (MeV) N(1860)2™ Breit-Wigner parameters (MeV)

Msw 169022  TI'sw 4204100  Mpw 1860720 I'sw 2701159
Br(N) 10+5% Br(N7) 3+2%  Br(Nn) 20+6%

Br(Amr—) 75+15% Br(Ami—s) 2+2%

Al (GeV_2)

0.110£0.045 A%2 (GeV z) 0.150£0.030

AY2 (Gev-1)-0.019:0.011  A%/2 (GeV~$)0.048:0.018

Needs confirmation
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Krakow 2012

Nucleon spectrum

N(1875)3~ or N(1875)D13

N (1880)1% or  N(1880)Py;

N(1875)2" pole parameters (MeV)

N (1880) %’L pole parameters (MeV)

Mpole 1860£25 [pole 200+20
Elastic pole residue 251.0 Phase not defined
ResiduerN — AK 1.5+1.0 Phase not defined
Residuer N — YK 5+3 Phase not defined
ResiduerN — No 8+3 Phase -(17865)
AY/? (Ge\F%) 0.018+0.008 Phase -(1@060)°
A3/2 (GeV‘%) 0.016+0.004 Phase (18630)°
N(1875)2 " Breit-Wigner parameters (MeV)

Mpw 1880t20 I[Bw 200+25
Br(Nm) 3+2% Br(Nn) 5+2%
Br(AK) 44+2% Br(XYK) 15+8%
Br(Am) 20+£12% B No) 60+12%

Mpole 1860+35 ol 250470
Elastic pole residue B4 Phase (8@65)°
Residuer N —nN 13+8 Phase -(7&55)°
Residuer N — K A 4+3 Phase (4840)
ResiduerN — KX 13+7 Phase (9%40)
AY/2 (GeV~2)0.014£0.004°)  Phase -(13@60Y°
A2 (GeV~2)0.036:0.012°2  Phase (15:20)°
N(1880) 1" Breit-Wigner parameters (MeV)

Mpw 1870+35 IBw 235+65
Br(w N) 5+3%  Br(yN) 251355%
Br(K A) 2+1% Br(kX) 17+7%

AYZ (Gev-7) 0.018:0.010 A%2 (GeV z) -0.009:0.005

Ay (Gev-z)
Al (GeV_2)

-0.013:0.003 ©V
0.034+0.011 (©2

Observed by BG group (needs confirmation)
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Nucleon spectrum

N (1895)1~ or  N(1895)S1: N(1900)2 7" or  N(1900)Pys

N(1895)1 " pole parameters (MeV) N(1900)2™ pole parameters (MeV)

Mpole 1900+15 Fpole QOfi’g Mpole 1900+£30 Fpole 260té80

Elastic pole residue 41 Phase not defined Elastic pole residue 82 Phase (1@35)°

Residuer N —nN 3+2 Phase (4820  Residuer N —nN 6+3 Phase (7&60)°

Residuer N — KA 21 Phase -(9830)  ResiduerN — KA 9+5 Phase (13k25)

Residuer N — KX 3+2 Phase (48301  ResiduerN — KX 5+3 Phase (11630)

AY? (GeV~2) 0.012:0.006 Phase (12050 AY2(GeV %) 0.026:0.015 Phase (6840)°
A3/? (Ge\F%) 0.060+0.030 Phase (18560)°

N(1895)%* Breit-Wigner parameters (MeV) N (1900) %+ Breit-Wigner parameters (MeV)

Mpw 1895+15 I'sw 90772 Mpw 1905+30 Isw 2507120

Br(rN) 2+1% Br(nN) 21+9%  Br(rN) 3+2% Br(nN) 10+4%

Br(K A) 18+5% Br(KX) 13+7%  Br(KA) 16+5% Br(kx) 5+2%
Br(Amz—) 38+10% Br(Ami—s) 11+10%

AY2 (GeVv~7)-0.011-0.006

AY2 (Gev}) 0.026:0.015 A%2 (Gev %) -0.065£0.030

Observed by BG (needs confirmation) Observed by BG (Confirmed)
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Nucleon spectrum

N(1990)I% or  N(1990)Fi7 N (2000)37F or  N(2000)Fis
N(1990) 2 pole parameters (MeV) N(2000)2™ pole parameters (MeV)
Mpole 2030465 Ipolc 240460  Mpole 2030+110  Ioke 480--100
Elastic pole residue 24+1 Phase (125+65)° Elasticpoleresidue  35'%Y  Phase -(100+40)°
Residue 7N — Arp—3 845 Phase (80+50)°
AY2 (GeV~2) 0.0424+0.014 Phase -(30£20)° A2 (GeV~2) 0.035+0.015 Phase (15+£40)°
A3/2 (GeV~—2) 0.058+0.014 Phase -(35+£25)°  A3/2 (GeV~z) 005040014 Phase -(130+40)°
N (1990) g+ Breit-Wigner parameters (MeV) N (2000) g“L Breit-Wigner parameters (MeV)
Msw 206065 I'sw 240450  Mpw 2090+120 Isw 460100
Br(r ) 241% Br(Amp—s) 20+15%  Br(zN) 9+4% Br(AN) 50-£20%
AYZ (Gev~7) 004040012 A%?2 (Gev~2) 0.057+0.012  AY2 (Gev~7) 0.03240.014 A%?2 (Gev~2)0.048+0.014

Two solutions
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Nucleon spectrum

N (2060)2~ or N (2060)D1s5

N(2150)2~ or N (2150)D13

N(2060)2 " pole parameters (MeV)

N(2150)2 " pole parameters (MeV)

Mpole 2040£15 ol 390425  Myole 2110£50 Ipole 340+45
Elastic pole residue 15 Phase -(12520)° Elastic pole residue 13 Phase -(2810)
Residuer N —nN 15+8 Phase (4825) Residuer N — K A 5+2 Phase (10€30)°
Residuer N — K A 1+0.5 Phase not defined ResiduerN — KX 3+2 Phase -(5840)°
Residuer N — KX 7+4 Phase -(7@30)

AY2 (Gev~2) 0.065:0.015 Phase (158)°  AY2(GeV-z) 0.125-0.045 Phase -(5520)°
A3/2 (GeV~2) 0.05571  Phase (1510  A%2(GeV 2) 0.150:0.060 Phase -(3615)°
N(2060)%_ Breit-Wigner parameters (MeV) N (2150) %_ Breit-Wigner parameters (MeV)

Mpw 206015 [sw 375+25 Mpw 215060 Iww 330+45
Br(rN) 8+2% Br(yN) 442%  Br(zN) 6+£2%  Br(An) 60+20%
Br(KX) 3+2%

AYZ (Gev-2) 0.067:0.015 A2 (GeV 2)0.0550.020

AY2 (Gev-1) 0.130:0.045 A2 (GeV~$)0.150:0.055

Observed by BG (Confirmed)

Observed by BG (needs confirmation)
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Baryon spectrum

N(2190)1° or N(2190)G17 N (2250)%~ or  N(2250)G1g
N(2190)Z" pole parameters (MeV) N(2250)3" pole parameters (MeV)
Mpole 2150£25  Tpole 330+30 Mpote 2195+45  Iole 470+50
Elastic pole residue 35 Phase (3®10)° Elastic pole residue 265 Phase -(3&25)
Residuer N — Arp—» 45+10 Phase -(16030)°
Residuer N — K A 45+2 Phase (2815)
AY2 (GeV~2) 0.063:0.007 Phase (170150 AV (GeV %) < 0.010 Phase not defined
A3/2 (GeV-2) 0.035:0.020 Phase (2610  A%/2(GeV 2) < 0.010 Phase not defined
N(2190)%_ Breit-Wigner parameters (MeV) N(2250)%_ Breit-Wigner parameters (MeV)
Msw 2180+20 IBw 335+40 Mpw 2280+40 IBw 520450
Br(mN) 16+2% Br(Amp—2) 25+11% Br(nwN) 12+4%
Br(K A) 0.5+0.3%

AY2 (Gev ) -0.065:0.008 A%/ (GeV z) 0.035:0.017  |AY2|(GeV 2)< 0.010 |A32 | (GeV2)< 0.010
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Holographic QCD (AdS/QCD)

L,S,N Kgq Resonance Pred.
0,%,0 % 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
1,10 0  A(1620) A(1700) L,S,N=0,3,1:  A(1600)  1.64
2,2.0 1 N(1720) N(1680) L,S,N=0,2,2. N(1710) 1.72
1,21 2 N(1890) NN(1880) 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(1875) N(1900) N (1880) N (1980) 1.92
0,53 2 N(7777) 2.03
3,2.0 2 N(2075) N(2185) L,S,N=11.2: N(?27?) N(?277) 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  A(2390) A(2300) A(2420) |L, N=3,1: Ag24oog 2.43

| A(2350
5,5.0 3 N(2600) 2.57
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Parity doublets of N and A resonances at high mass region

Parity doublets must not interact by pion emission

and could have a small coupling to

TN .
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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 The low spin states in this mass region fit very well the AdS/QCD prediction as well

as with the idea about chiral restoration at high energies.

e New, high precision dataon 7N collision (especially into 7N and 77~ N final)

can confirm and probably discover new baryon states.

e Analysis of NN collision can supply an information about baryons with week photo

and /N couplings.
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The analysis of PNPI data on meson production in

pp and np collisions

(maximum likelihood approach)

Krakow 2012

n  Reaction DPveam  Ndata Origin
1 pp— 7r0pp 1683 MeV/c 1094  Gatchina
2 pp— 7r0pp 1581 MeV/c 903  Gatchina
3 pp— Wopp 1536 MeV/c 1319  Gatchina
4 pp— mpp 1485 MeV/c 997  Gatchina
5 pp — Topp 1437 MeVi/c 918  Gatchina
6 pp — Topp 1389 MeV/c 996  Gatchina
7 pp— ﬁopp 1341 MeV/c 883  Gatchina
8 pp— mopp 1279 MeVi/c 621  Gatchina
9 pp— Wopp 1217 MeV/c 544  Gatchina
10 np — 7 pp 1-1.9 GeV/c 8210  Gatchina
11 pp — mpp 950 MeV/c 154972  Tibingen
13 pp — TO0pp  Opor 1217-1683 MeV 9  Gatchina
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Parameterization

(2m)*| AJ?
do = 5 d®s3(P,q1,q2,q3) ,
4’]€|\/§ 3( 1 2 3)

M.

A=) AR ()QIr ., (SLJ)Agy(i, S2LaJ2)(s:)@Q4™ |, (4, S2LaJ2S'L'J) .

Angular-spin momentum operators @), ...,,, (SL.J) are given in
A. V. Anisovich et. al Eur.Phys.J. A34 (2007) 129.

(8% (8%
Agy () = LGB i
4

Decay modes: A(1232)N, Py1(1440)N and w(INN). In NN channel amplitude was
parameterized with generalized Watson-Migdal formula:

Y

Agb(si) = Vi

1 — $rPq2ap, + iqappq®” /F(q,rP, L)
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Description of pp — pp7r0:

pp - ppT[o (Gatchina 1279 MeV) pp - ppn0 (Gatchina 1341 MeV) pp - ppT[0 (Gatchina 1389 MeV)
100H il
6°+ + 1] 1 i \
+ il 750
4op T | Jr L + T
- - 50 | =
20f by H '+ + 1
25f 20k
01 05 0 05 1 01 05 0 05 1 01 05 0 05 1 01 05 0 05 1 01 05 0 05 1 01 05 0 05 1
cos(m) cos(p) cos(m cos(p) cos(m cos(p)
80F 100
JFJF oot Ih: JHV 5 b
60f ] 75f 1 w00F 100+ 1 100- Ty,
401 L T T I~
: s0f 50} 5oL
20F - it my
0 1 1 0 1 1 1 1 l 0 1 1 1 1 N 0 1 1
11 115 1.2 125 1.9 195 2 205 11 115 12 1.25 1.9 195 2 205
Mmp, GeV Mpp, GeV Mmp, GeV Mpp, GeV
60
S L
1 & | i \
Ty, | ;
201 T 2ol
005 0 05 1 0T %05 0 05 1 0T 05 0 05 1 0T 05 0 05 1 O %5 0 05 1 %5 0 05 1
cos(mh in Tp cos(p)h in pp cos(mh in Tp cos(p)h in pp cos(mh in Tp cos(p)h in pp
60 Jr 8of + 80 80
il
sof T JU 60 60 60[
r i + 40f '+ 4o0f
o T A
20f 20f 20} 2ok
005 0 05 1 005 0 05 1 O 05 0 05 1 0T 05 0 05 1 O %5 0 05 1 %5 0 05 1

cos(mGJ in Tp cos(p)GJ in pp cos(mGJ in Tp cos(p)GJ in pp cos(mGJ in Tp cos(p)GJ in pp
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Description of pp — pp7r0:

pp - ppT[o (Gatchina 1437 MeV) pp - ppn0 (Gatchina 1485 MeV) pp - ppT[0 (Gatchina 1536 MeV)
100
100F + 100 H 150
|
J—Jr ® 100f ]
75 i s T + | 100
sof 50 50 Tl T
50+
50
25k + t 25 prys
9T %5 0 05 1 0T %5 0 05 1 0T %5 0 05 1 0T 05 0 05 1 T %5 0 05 1 0T "5 0 05 1
cos(m) cos(p) cos(m cos(p) cos(m cos(p)
+ 4 + 150+ Ll
100 t | t L 100+ L 150 ‘ TN
| 100 il 100+ F \ § K L
r ! | 1 100 : oop
50 N - L I 50 L N
i » or " 50F J ‘ T 50
0711 12 13 O 19 2 2.1 07T 12 13 01 2 21 1% 2 21
Mpp, GeV Mpp, GeV Mpp, GeV
JHEN] |
60:{r ] ! + 60[- ] 100F T
T T r 1 b AFETET T
40t 40t + +
50F
20F 20} o5t
O %5 0 05 1 O %5 0 05 1 O %5 0 05 1 O %5 0 05 1 O~ %5 0 05 1 O %5 0 05 1
cos(mh in Tp cos(p)h in pp cos(mh in Tp cos(p)h in pp cos(mh in Tp cos(p)h in pp
150
gok 1 80 1 100 100k 1
+ ] A i
sof 1 60} LI T 75 T 100
. " J
a0f "+ T 40f 50 sof Tt
50
20F 20} 25}
O %5 0 05 1 O %5 0 05 1 O %5 0 05 1 O %5 0 05 1 O %5 0 05 1 05 0 05 1

cos(mGJ in Tp cos(p)GJ in pp cos(mGJ in Tp cos(p)GJ in pp cos(mGJ in Tp cos(p)GJ in pp
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np — m pp
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The cross section for pion production in nucleon-nucleon collision with I =1 is well

known. However there are very poor data about [ = 0 cross section.

o(I =0)=3]20(np — ppr™)
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3
g ¢ = O, MO
: pp-ppT :
. 5F oL
9 [
0 4 I
i 1_—
sf :
2:— 0:‘
it 1F
-| |||||||||||||||||||||||||I||| :
vl v by vy vy v by v b s by by oy by oy by
900 1000 1100 1200 1300 1400 1500 1600M y R I T e e T e B
pbeam’ ¢ p(n), GeVic



Search for missing baryon states. Analysis methods and perspective for new experiments Krakow 2012

Scattering length

140

120 [
100 Fl§ _
gof' =1 +
60
40 p,<1.3
20
A (s) Ve o
¢ _1..8,2,.05 - B 9r 8 y 200 +
1 — 5rPq%app + iqappq*t /F(q, 7", L) 175 s ++
150 F TR .- !

6 _ _
Ay, = — 7.5 £ 0.3 fm ﬁg r:

75
50
25F:

O 5 0 o5

cos(mh in mp

N entries/0.1

p,>1.6

The isoscalar initial channel provides us a good tool for the determination of scattering

length of the final pp system in the pion production reactions.




