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Problems in the baryon spectroscopy and/or quark model:

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

of discovered baryons.

2. Possible solution: Most of the information comes from analyses of 7/V elastic
reactions. Photoproduction data taken by CLAS, GRAAL, LEPS and CB-ELSA can

provide an important information about missing states.

(a) problem: 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: Single polarization observables are measured now by almost
all collaborations. Double polarization data are available from CLAS, GRAAL and,

in nearest future, from CB-ELSA.

(d) Possible solution 2: A combined analysis of large data sets.
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B 8 Db

Search for baryon states

. Analysis of single and double meson photoproduction reactions.

vp — wN,nN, KA, KX, 77N, TN, wp, K* A, K*Y,
CB-ELSA, CLAS, MAMI, GRAAL, LEPS.

. Analysis of single and double meson production in pion-induced reactions.

7N — N, nN, KA, KX, mwN.
Search for meson states

. Analysis of the pp annihilation at rest and 77 interaction data.

Analysis of the pp annihilation in flight into two and tree meson final state.

Analysis of the vy — 7r+7r_7ro, K ¢ K g (LEP) (tensor mesons nonet)

Analysis of the BES Il data on .J/ ¥ decays (in collaboration with JINR Dubna).
Analysis of /V/V interaction

. Analysis of meson production NN — 7w /NN (Wasa, PNPI, HADES)

Analysis of hyperon production NN — K Ap (WASA, HADES)
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Search for meson states

1. more than 30 meson states were discovered

2. linear trajecrtories in the (n, M?), (J, M?) planes with the almost equal slopes
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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:

S AL Q) R QY
BB'n

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.
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Partial wave amplitude:
transition amplitude with fixed initial and final states

Quantum numbers: mesons < J7¢ baryons: I.J7, decay LS basis: 2° 1L ;
IlGljiplcl _|_I2G2J2PQCQ <2S—|—1LJ> N IGJPC N I/G1 /P C] _|_I/G2J/P 5 Co (2S’+1L{])

G = G1Gs G=G,G,
P = P, Py(—1)F P =P/ P(-1DF
L —Li<I<L+1L |[-Li<I<I+I
|J1— | <S<Ji+Jy |J =T < S <J+J5
S—Ll<J<S+L |-L|<J<S+1L

A(s,t) = Viuyo (S L) Plsin V2 (S L)) A(s)

n = J mesons n =.J — 1/2 baryons



BnGa PWA — EMMI October 2013

Resonance amplitudes for meson photoproduction

YpP-R, - R, T pmm
., Ok, ds

General form of the angular dependent part of the amplitude:
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Reggezied exchanges:

L4
‘o “
’ *
., ‘$
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’

p(ky) p(ay) p(ky T(q,)

The amplitude for t-channel exchange:

A=gi(t)g2(t)R(§, v, t) = g1(t)g2(t)

1+ exp(—ima(t)) ( Y >a<t>

sin(mwa(t)) Vo
Here a(t) is Reggion trajectory, and £ is its signature:

—iZ a(t) a(t)
(& 2 1%

R(+,vt) = - () (u) |
sin(Za(t))T (T) 0

- —i T a(t) a(t)
ie” "2
Rl=wt) = . o) | 1 (m) |
cos(5a(t))I' ( =5~ + 3
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Minimization methods

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

For n measured bins we minimize

n 2
=Y (0;(PWA) — oj(exp))
~ (Aoy(ep))?
Present solution y* = 48710 for 31180 points. x* /Ny = 1.6
2. Reactions with three or more final states are analyzed with logarithm likelihood
method. TN, YN — 7w N, mnN, wp, K*A. The minimization function:

N (data)

- 04 (PWA)
f__ Z lnN(recMC’)
J > om(PWA)

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

phase space. Above 500 000 data events are taken in the fit. (Desk !)
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Parameterization of the partial wave amplitude

Ay = Ky - iﬂK)j_q;l

and
a o (1) (2)
_Z 9i 9 _fz" ‘|'f@'j\/g

where f;; is non-resonant transition part.

For the small coupled initial state, e.g. photoproduction:

A = Pj(I —ipK)Z,

The vector of the initial interaction has the form:

(87

Pj:zMz_jS_'_Fj(S)

Here F; is non-resonant production of the final state ;.
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Combined analysis of the different reactions:

AN Ve
AN Ve
AN Ve
AN Ve
AN Ve
gﬂN gﬂN
AN Ve
AN Ve
AN Ve
AN Ve
AN Ve
I S
gﬂﬂN
gi9;
BW — gk = 9nNsYyN9nm Ny - - -

M? —s—1iy gipr’
k

MT = ) gipk
k
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Baryon data base

DATA MAID SAID BnGa
mIN — 7w NN ampl. | SAID energy fixed | all data SAID or Hoehler energy fixed
vp — TN do ¥, T,P,G,H,E do 3, T,P,G,H,E
yn — TN do 3, T, P do 3, T, P

Y — nn 762

Yp — NP g—g,E,T 3—5,2 3—6,2

vp— KTA do P - 4o 3, P,T,Cy,C5, Oy, O
vp — K30 do P - do %, P,Cy,C,

vp — K%+ do - do 5 P

T p—Nn - C‘ll—g 3—6

m—p— KA — — g—g,P,B

T p — KO%° - - do . P

tp - KtXT - - do P,f3

™ p— m071n - - g—g

vp — w07p - - do 5, I, I, E

vp — wOnp - - do %, 1., I

13
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Evidence for the IN (1900) Py 5

No good description of C,,, C'. with old set of resonances.
Systematic discrepancies are observed.

As the firsr step, further resonances were introduced as Breit-Wigner amplitudes
and different quantum numbers were tested.

The best X2 was obtained by introducing the second /; 3 state.

Solution 1: 1885 & 15 MeV mass and 180 + 25 MeV width, with Ax? = 1540.
Solution 2: 1975 4+ 15 MeV mass and 200 4= 20 MeV width.

Replacing:

Si1 Ax? =950.

D15 Ax? = 970.

Py Ax? = 205.

Fis Ax? small.

Ps3 A ? smaller by a factor 2 than for a P .

F'17, G17 did not improve the fit.

14
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In a final step, the ’;3 was parameterized as 3-pole 8-channel K-matrix with
7wIN,nN, A(1232)7 (P and F-waves), No, D13(1520)7 (S-wave), KA and K3
channels.

This resulted in the fit solutions 1 and 2 which both are compatible with B-W fits.

In addition, both solutions are compatible with elastic 7/V scattering.
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The vp — KT A: C,, C, (CLAS)

BG2011-02 M (dashed)
CX CZ

BG2013-02 (solid)

2r -

16
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Data on deuteron target

e Data obtained with a deuteron target are affected by the Fermi motion of the neutron
and by rescattering in the final state (Final State Interaction, FSI).

e The treatment of the Fermi motion in our approach was made with Paris wave
function. For the FSI we use the corrections calculated by the SAID group.

Analysis procedure
e Start from BG2011-02 or 01 with only yn couplings open.
e From different starting values.
e Finally all values were free.

e Eur. Phys. J. A 49 (2013) 67
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Analysis of 7V and 1 photoproduction off neutron

Qor(YN - TTP), pb

b . % ) o
\&

L L — = e i
1200 1400 1600 1800 2000

M(yn), MeV

B s ——— 2 1
1200 1300 1400 1500 1600 1700 1800 1900

M(yn), MeV

yn — W_p Ndata X% X?”
do /dS2 1298 2.84 2.32
do /dS) 529  3.16 3.08

P 20 3.22 3.17
by 316  3.74 3.08
T 105 496 3.18
T p— YN
do /dS2 495 165 1.53
P 55 459 3.11
vd — 7 n(p)
do /dS2 147 314 2.98
by 216  2.82 1.90

vd = 1mm(p)  Ndata X0 X}

do /dS2 330 157 1.40
)y 88 242 217

¢ Goi(yn —nn), pb

(= N w » O O ~ © ©
T T T T T T T T T

1 1 1 1
1500 1600 1700 1800 1900 2000 2100
M(yn), MeV
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yn BW helicity couplings (GeV~1/2107?)

19

372

1/2

3/2

1/2

AB/W ’ABW ‘ABW ‘ABW
N(1535)1/2~ -931-11 N (1440)1/27 43112
GB12 -58+6 (-85+15) GB12 48+4
SN11 -60+3 SN11 45+15
MAID -51 MAID 54
PDG12 -46+27 PDG12 40+10
N(1650)1/2~ 2520 N(1710)1/27 -40+20
GB12 -40+10 (-20+?) GB12
SN11 -261+8 SN11
MAID 9 MAID
PDG12 -15+21 PDG12 2+14
N(1520)3/2~ -49-+8 113412 | N(1720)3/27 -8050 -1401-65
GB12 -4616 -115+5 | GB12 ambiguous ambiguous
SN11 -47+2 -1254+2 | SN11 2114 -38+7
MAID 77 -154 MAID -3 -31
PDG12 -59+-9 -139+11 | PDG12 4+15 -104-20
N(1675)5/2~ -60+7 -88+10 | N(1680)5/27 34+6 -44+9
GB12 -58+2 -80+5 | GB12 26+4 -29+2
SN11 -42+2 -60+2 | SN11 50+4 -47+2
MAID -62 -84 MAID 28 -38
PDG12 -43+12 -58+13 | PDG12 29+10 -331+9
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Multipoles for photoproduction of 70 off neutrons. MAID the dotted, SAID the dashed curve
Re 'n Re n Im n Im 1©n
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Multipoles for photoproduction of 7~ off neutrons. MAID the dotted, SAID the dashed curve
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Ambiguities in A > amplitudes

22
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The fit of the the 7 p — K'YV differential cross section
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24

The best solution was found with changed signs for S|, D13 and I 5 partial waves:
The I=1/2 TN — K> unitary amplitudes:
BG2011-02 M and BG2013-02

0.2

-0.2

0.1F

(=]
T

-0.1F

0.1

-0.1F

0.1

-0.1F

Re A(TN - K%) Re A(TIN - KZ) Im A(TN - KZ) Im A(TN - KZ)
S22 | %9 P12 | % N S22 | % P, (1729
T == T A 1
1 1 -0.2 1 1 -0.2F 1 1 1 1 -0.2 1 1
— — +
D32 | Lt P,(3/2%) ol D32 | Lt P,5(3/27)
-0.1F -0.1F -0.1F
1 1 — 1 1 - 1 1 — 1 1
Dy(5/27) | .t Fis32) |t Dy(5/2) | .t F,5(5/2)
-0.1F -0.1F -0.1F
Gup(7I2) |t Fai2y | b Gp(7I2) |t F,,(7/27)
— oF ——— ofF —m———m—mm——== O —————————
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The 1=3/2 7N — K> unitary amplitudes:
BG2011-02 M and BG2013-02
Re A(TN - K%) Re A(TN - KX) Im A(TN - K) Im A(TN - K¥)
S,,(1/27) | °2 P,,(12Y | 02 S,,(1/2) | °2 P, (1/2%)
% 0 0 W of =
) ] ] ) -0.2 ) ] ] ) -0.2 ) ] ] ) -0.2 ) ] ] )
D3(32) |, P4s(3/27) o1 D3(32) |, P4s(3/27)
0 0 __ﬂ 0
INRRSSES SS S
-0.1 -0.1 -0.1
Dys(5/27) | Fas(5/2") o1 Dys(5/27) | Fas(5/2")
0 __‘% 0 0 _’_’-—Hﬂﬁ
0.1 -0.1 -0.1
Gy (72) | . Fa (712" o1 Gy (72) | . Fa (712"
0 0 of —
0.1 -0.1 -0.1
18IOO 20I00 22I00 24IOO 18IOO 20I00 22IOO 24I00 18IOO 20I00 22I00 24IOO 18IOO 20I00 22IOO 24I00
W, , MeV W, , MeV W, , MeV W, , MeV
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Quality of the description of the /< ). data with the solutions
BG2011-02 M and BG2013-02

Obs. BnGa BnGa N Obs. BnGa BnGa N
2011-02M 2013-02 2011-02M 2013-02

tp—- KTYT 7 p— K%Y
do /dS) 1.46 1.35 743  (var) do /dS) 1.02 0.69 220 (RAL)
P 1.42 1.48 351  (var.) P 1.53 1.21 85 (RAL)
I5; 2.09 1.89 7 (RAL) do /dS2 2.22 1.91 95 (RAL)

Tp— KTYT yp — KOS
do /dS2 2.45 2.42 130  (var) do /dS2 3.25 4.00 48  (CLAS)

vp — KTX° do /dQ) 1.28 145 160 (SAPHIR)

do /dS2 1.30 1.49 1590 (CLAS) do /dS2 0.87 0.94 72 (CBT)
do /dS) 1.45 1.40 1145 (MAMI) P 0.96 0.82 72  (CBT)
P 2.43 2.17 344 (CLAS) do /dS2 0.61 0.72 72 (CBT)
) 2.45 1.99 42  (GRAAL) || P 1.66 1.35 24  (CBT)
Cy 2.13 2.56 94  (CLAS) > 2.04 1.68 15 (CBT)
C, 2.13 2.06 94  (CLAS)
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0.05
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The fit of thethe 77 p — KX ™.
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The 7~ p — K'Y recoil asymmetry and 7~ p — K X~ differential cross section

BG2011-02 M (dashed) BG2013-02 (solid)
do/dQ, mb/sr
1758 1793 [ [
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U 0.02F N oI+
foos SRR i s b
T
| o 0.04
L 30 I s ~ :
e ) 0.02:
L 1 1 o-
0_02' 2137

R
o |

E Py Y 05 0 05 05 0 05 w05 0 o5 20
L L N
oF VAN LI NN
\/ O N N N N N N N N , —A N N '.\
I 05 0 05 050 05 050 05 050 05
cos 6
Y cos 6,
05 0 05



BnGa PWA — EMMI October 2013

Partial wave contributions to the 7/N — K ). total cross section

F + +t - 0<0 = o
06k O Mb TP K'Z O, Mb  mp- KX Cop Mb  Tp- K'Z
i - - - 32 1/2- . .
: A 32 3/2+| 93 ——-3p1p-| 03 -3 12-
0.5F - = - 3272+ % -~ - 3/2 32+ — - 32 32+
[ 0.25}F - — - 32 7/2+| 0.25}F % % — 12 1/2-
0 4: ! — 12 1/2- — 1/2 312+
Ar — 1/2 32+ 1/2 5/2-
i 0.2¢ % JT —— 1 s 92f
0'3;' 0.15f JT 0.15}
0.2r 0.1f 0.1f
i o, | b~
0.1r R T 0.05f 0.05F
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06k Oor Mb TP KX OopMb  mp- KX Cop Mb  Tp- K'Z
i - - - 312 1/2- . .
! ¢ ¢ C . 3p3p4| 98 ——-3p1p-| 03 - -~ 32 1/2-
0.5F - — - 3272+ % — - - 32 32+ — - 32 32+
i 0.25} - - - 32 72+| 0.25}F % — 12 12~
04: |4 — 12 1/2- — 1/2 32+
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i 0.2¢ 12 52| 0-2f
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Partial wave contributions tothe 7" p — K U3 total cross section
BG2011-02 M BG2013-02 Bonn-Julich
I=1/2

g g S11 Pll P13 D15
5 0.1 5 01f 01
0.01 L T e 0.01F ] oo1p
~<\::_;;:% <>
0.001 0.001F 0001
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n 1 n n 1 1 1 I 1 I I I 1 I I I 1 I I I 1 I I I ]
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g S31 P3J. P33 F37 g S31 P3l P33 F37
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0.01F 0.01
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How to resolve this ambiguity? Measure more polarization observables

BG2011-02 M (dashed) BG2013-02 (solid)
T p— KTY~ yp — KOXT
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Summary

e The investigation of the reactions with /> final state revealed an ambiguity in the
sign of the /. coupling constants of leading nucleon partial wave amplitudes. New
data on polarization observables either from reaction 7~ p — KX~ or from
vp — K39 should resolve this ambiguity.

e The new solution compares favorably to the solution obtained by the Bonn-Julich
group. It proves, that the result is mainly defined by the data base, but not by the
analysis method.



