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The main objective: the search for new baryon states.

1. The P-vector based analysis of single and multi-meson pho toproduction data.
The combined analysis of CB-ELSA dataon  yp — wop, Yp — np, Yp — 7T07r0p,
Yp — 7TO77p, yn — nn, yn — 77 and vp — wp with data from other
collaborations: CLAS, GRAAL, LEPS.

2. The K-matrix analysis of pion-induced data on the reactio ns TN — wN (on the
basis of SAID energy-fixed partial wave analysis), ™ — 7079 and recently
included: mp — nn, 7 p — KYAand 7tp — KX,

3. Analysis of NN interaction. The analysis of pp — K Ap data and analysis of the
pp — 7r0p and np — ppm  data.
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For combined analysis of a larger data set a new approach is
needed:

1. Fully relativistically invariant.
2. Convenient for combined analysis of single and multi-mes on photoproduction.

3. Energy dependent, which allow us to apply directly the uni tarity and analyticity

conditions.

4. Convenient for calculation of the triangle and box diagra ms or projection of the t

and u-channel exchange amplitudes to the partial waves in s- channel.
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A. V. Anisovich and A. V. Sarantsev, Eur. Phys. J. A 30 (2006) 4 27

A. V. Anisovich, V. V. Anisovich, E. Klempt, V. A. Nikonov and A. V. Sarantsey,

Eur. Phys. J. A 34 (2007) 129.



Bonn-Gatchina partial wave analysis JLab Newport News, July 2009

1 Bosons

1.1 Propagator — Green function

Let us introduce a function which is a solution of the followi ng equation ( ¢ = xq):

82

2 ol — 54 o
(%Zﬂ(?a?#—'_m)G(x ') =0"(x—a)

(

Properties of the Green function:

If the Green function is a solution of the equation:
R(z)G(x — ') = 6*(x — 2')

where R(x) is some relativistically invariant operator, then the solu

U(r) = /G(:c — 2"V (x)d*z’

tion of the equation:
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In the case of equation for a free particle the Green function is called a propagator and

IS equal to:
Gz —2') =< 0|T¥(x2)P*(z")|0 >
If wave function is a spinor or tensor with rank n in Lorentz space then:

Ghibz-tn(z —a') =< 01TV, s, (7)) (z")]0 >

VilV2...Unp VilV9g...Un

And equation is:

n
clbn AN Y /
R(z)Gubz il (z —a') = 6%z — a') [ [ 0o
i=1
For spinless particle in momentum representation we have:
(p? —m*)G =1 G = !
2 — m?2
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Particles with spin 1

A particle with spin 1 is described by a 4-vector ) . and obeys the K-G equation:

2

O0x, 0z,
1) In c.m. system such wave function has only three component S. It means that in any

+m?)W,(x) =0

system only three components are independent.
2)A free propagating particle with fixed spin can not became a particle with another

guantum numbers without interaction.

If ¥, () is a wave function of particle with spin 1and W (x) is a wave function of a

particle with spin 0O:

/\Ilu(az)\lf*(x)cflx = ap,

Where « - is a scalar function of p2. If such integral is equal to O for any wave functions
and any p, it means that \Iju has no projection on this vector and:

pu¥, =0
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In momentum representation:

1 .
UV, = ——u,e?*
I \/% %
and for wave function u,, we obtain:
putty, =0
A spin 2 particle in c.m. system has 5 independent components and described by

symmetrical tensor W uv- For the transition between spin 2 and spin 0 state we have:

* PubP
/\I!W(a?)\lf (az)d4a: — 5(9uu — ZQV)
Then an additional condition is;

9V =0 Gy =0
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Such procedure can be repeated for any spin, providing that t he tensor have only
2s + 1 independent components. Thus for any integer spin:

2 9
D Upypo..ppy = M Upypio. i,

Pu;Upqpo..cpry, = 0

Gpigpy Y pio..opin, =0

WUppy ooty i, WUppy ooty i,

These conditions are the main basis for the construction of t he projection operators,
which are defined as:
1
GPik2.-Pn (_1>n0u1u2---un

VilV2...Unp VilV2...Unp 2 _m2

p
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2 Boson projection operators

In momentum representation:

2n+1

HA1p2. b — (__1\T E (4) ()%
Ol/lyg...yn _( 1) u,ul,ug...,unul/lyg...yn
1=1

The projection operator can depends only on the total moment um and the metrical
tensor. For spin O it is a unit operator. For spin 1 the only pos sible combination is:
P,P,

1
05 = Y = Guv — P2

The propagator for the particle with spin S > 2 must be constructed from the tensors

gjy: this is the only combination which satisfies:

L
P.g;., = 0.
Then for spin 2 state we obtain:
1 1
pipe . L 1 1 1 Rt 1
OV111/22 T 2(9“11/19/121/2 —I_ g,ull/gg,ugl/l) Sg,u,l,uggl/lyg



Bonn-Gatchina partial wave analysis JLab Newport News, July 2009

There is a recurrent expression for the boson projector oper ator:
Ope — 1 2: M1t HL
.Uy, L2 g,uzuj 1/1 ~vijavj+lovg
i,j=1

4
(2L o 1)(2L — 3 Z g,uz,uj ng:Vm Olul #]j_llﬁlzii

’L<] k<m

Mg —1 M1
Vm—-1Vm+41---

ML

VL

10
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Orbital momentum operator

Let us consider decay of a resonance into two scalar (pseudos
angular momentum operator can be constructed only from mome

and metric tensor g,

The wave function of a scalar resonance is a const: XY =1

11

calar) particles. The

nta of particles k1, ko

: o 1
The wave function of vector particle is a vector X ;S ), constructed from:

ki = %(klu — kop) and By = (k1 + Fap).

Orthogonality: no transition between vector and scalar sta tes:

d*k
X—(l)X'O _
/47T H P =0
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Then:
d*k (
n) (n—1) __
/ 47T X :U’nX:UQ--',un o O
The integral over internal momentum can be only proportiona | to the external

momentum. Then:

4
/de() X(nl — (P,

4
p _— (n) _
X\Vp, =0 X" P, =0
Then:
P,P,
1 1 1
X/S ) — k"u = k‘l/gy,u; gy,uJ (gl/’u ;2 V) 7
The production of two operators different by even number of i ndices is proportional to

gjy. To satisfy orthogonality we need the traceless condition.

x (n)

M2 n gﬂiﬂj

=0

12
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The orthogonality and symmetry properties can be written as the set of

following conditions:

1. X,L(erll-)--ﬂi---ﬂj---ﬂn — ,L(LT)MJHZ/JTL (symmetry)
2. P, Xfff)uﬂn = (P-orthogonality)
3. G X = (tracelessness)

For low orbital momenta:
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The recurrent expression for the operators X,”_,_u,n

n 2 n
M1 Mn n2 Mgl g —1 i1 Hn n2 E :gkbiuj Mooy —1 41 Hj—1Hj41---Hn
1=1 1,7=1
1<J

Taking into account the traceless property of X (™) we have:

n

X3 X s = (m) (K1) a(n) = [[ == ==
=1
From the recourcive procedure one can get the following expr ession for

the operator X ("):

n T2k -1 1oL i k1 € i i
X,lsl?../,bn — <H k‘ ) [kﬂlkNQ . e 'k,UJn - %—_1 (gM1N2kM3 . e 'k,UJn + . e ) +

k=1

K o
(ZTL — ]_)J(_ 3) (gulﬂ2-gu3u4ku5 te k"u4 + - - ) + e
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2.1 Scattering amplitude of two pseudoscalar (scalar) part Icles.

15

If we denote the relative momentum of the system before and af ter interaction as & and

q, then amplitude in the partial wave L (L = n)is:
A= a(mi,m3, PP)X) | (R)X , (q)

The a(k? , ¢% , P?) is a kinematical factor which depends only on invariants.

X0 X0 0= (Vi) (V) men a= L)

Then:

n

a=at. 2 (\iz) (Vat) P
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Structure of the fermion propagator

The orthogonality condition has a different form in a fermio n case:

/\Ifu(a:)\lf*(a:)dlla: =Ap,+ B,

where A and B are matrices in spinor space.

It means that we have an additional condition:

,Y,UJ\II,UJ — O ’)/Mu,u = O

Thus in momentum space we have:

(p T m)u,ul...,un — O
Pus Uy .oppn, = 0
Upy oo ppgeipigonprn, — Wpy ity pin

Jpip; Ypy.opn = 0

Ve Yy oo, = 0

16
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These properties define the structure of the fermion project lon operator Plﬁ‘ll.::;jjb":
—D" m+p
M. bn __ ( U1 Un
Gull...yn T 2pl/11...l/n

2m m? —p

The P/'1--/'L isequalto 1 for J = 1/2 particle. For particle with spin 3 /2 it has form:

e 11
5(.9#1/ o ’y,u v /3>
where
Vi = G Vo

The boson projector operator projects any operator to one wh

properties. It means that we can write:

M1 by M1...Un a1...0n Bl---ﬁn
Pz/l...z/n — Oal...anTﬁl... n Ol/l

-'-Vn

ich satisfies all boson

17
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The TO‘1 5 " operator can have a rather simple form: all symmetry and orth ogonality
condltlons will be imposed by ~ O-operators. First of all T-operator can be constructed
only out of the metrical tensor and ~ y-matrices. Second a construction like Yo, Vo,

1 1

_gaiaj —+ 0.047;043'7 where O.aiaj — 5(,)/047;’)/043' _ 'Yaj')/ai)

,Yaz'/yaj — 2

gives zero after production with ~ (OJ-operator (first term due to traceless and second due
to symmetrical properties). Then the only one structure whi ch can be constructed out of
gamma matricesis g3, and 0, g,. Moreover, taking into account symmetrical

properties of (-operator the latest can be used as for example OB

L
L+1 L
aT... _
Tﬁll--ﬂLL 2L—|—1 <ga151 L—I—l T a1 Hgazﬁz
i=2
Here the coefficients are calculated to satisfy the orthogon ality condition with

~y-matrices.
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7 N interaction

Pion has quantum numbers JX¢ = 0~ proton 1/2+. Then in S-wave the only state
can be formed is 1/27. P-wave can form two states 1/2% and 3/2%.

In PDG states are defined by the quantum numbers in 7N decay: L2I’2J. For example
D13 means 3/27 N* state.

States where J = L — 1/2 called - states ( 1/27,3/27,5/27,...) and states with

J =L+ 1/2called '+ states ( 1/27,3/2%,5/27,...).

For '+’ states and for ’-’ states:

Nt — x () N~ _ ’i’yy’y5X(n+1)

5 Y Y 7% H1..-MUn 5 Ry Y 7% vit...Un
A=alk )Ny, FL0r (PN, u(@) BWE (s)

where

A L+1
E i (p) = (me+p)O 4 S (0~ T 0 Hgawf;...ff
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In c.m.s. of the reaction

Ay =W [G(s,t) + H(s,t)i(dn)]w,
G(s,t) = ) [(L+1)F[ (s) = LF ()| Pu(2)

H(s,t) =Y [F;(s)+ Fp (s)] PL(2) .
+ _ _ (I L - O‘(L) +
Fi = =Rl Vxixs 57 BWE(5).

F = (Al Vs S,

20 -1 (2L —1)!

Xi = m; + kio a(L) 7 I

I
-

20
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~v /N interaction

Photon has quantum numbers JPC =1~
can be formedis 1/27 and 3/2~
Then P-wave 1/2%,3/2% and 1/27,3/2%7,5/2%.

In general case: 1/27,

21

,proton 1/2%. Then in S-wave two states

1/2+ described by two amplitudes and higher states by three

amplitudes.
_|_ 1— n+1
Var T, = i X8 Vit = ¥ X o o
Vongr)can — ’71/2’75Xﬁ(£$1) p, 9 V(Q )M = X/(Jgjl)an ;
3+)p n+1 3 n—1
Vogl )an = ’yyw5X£a1 )anglm : Vogl...)aﬂn = Xég...ogngi‘m :
Gauge invariance: €,q1;, = 0 where ¢1-photon momentum.
5uvogf.j.c.)aun — Oiguvog?.i..)a“n
where C do not depend on angles.
— + T 1+ +
A=a(k )Ny, FLlie (PYVR ! u(g) BW (s)e,
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The amplitude for the photoproduction of a single pseudosca lar has structure

ok /
A=w"Je 0",

ijoik; . (Gk |
J Z]:10M+]:2(0®5u30 L 1 i F (f )qu—i—z}' (Jﬂqu
k|4 k| |q] 7

Fi(z) = i (LM} + Ep1PLyi(2) + [(L+1)Mp + EL]PL (),
Fa(z) = Lij (L +1)M + LM} ]PL(z) ,

Fs(z) = Ji[EZ ~ M{1Pa(2) + [Ep + Mp]PL ()

Filz) = SOIMF - Bf - My — 7 )P().

t
l

2
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Our amplitudes can be algebraically rewritten to multipole
+(3) o(L) (|klq)*
E;Y = Xixs
L NXFOL+1 L+l
M;(%) _ Ef(%) |
+(2) (L) (|k[q)*
E: 2 = /X
L NXFOL+1 L+l
+(3)
M2_<%> — _EL :

L

representation:

BW+(S) ’

BW™(s) ,

23
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The resonance amplitudes for meson photoproduction

*re 0 (kz) q3

The general form of the angular dependent part of the amplitu de:
W(q1) Nay ..cn (R2— N ) F5 5 (qn 4 q2) N2 07 (Ry — pRs)
FoL g (P, (B =N )u(kr)e,
L
. o, L+ L
FJLosE(p) = (m4p)O5; L~ oL+1 (galﬁl - L—HUO‘ml) 11 9o Opt:E
=2

1

Uaiaj — 5(’)/@7;’7@3' o /7043'/70%)
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Diagram approach to the calculation of the scattering
amplitude

Let us consider a state which is produced from two interactin g particles, then
propagates and decays into same two particles in the final sta te. The amplitude for such

process can be represented as a sum of the diagrams:

r I €

The amplitude can be found as direct sum of the diagrams:

1 1

W

A=
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This amplitude also can be found by solving the following equ ation:

B(s) 9°
A =A—"—+——
Mg—s—l_Mg—s
Mg—sl_ﬂiz#s_) Mg — s — B(s)

0 S

Here M is a bare mass of the state and B(s) is the two body loop diagram:

F d*k 92
b= / i@y (m? — K2)(m? — (P — k)?)’

26
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Let us assume that the vertex (coupling) g has no singularities and is a smooth function
in the physical region. The imaginary part of the loop diagra m appears at the energy
s > 4m? and can be calculated by:

(m? — k2) " (m? — (P — k)?) ™" — (=2m)% 6(m* — k2)O (ko)
5(m2 — (P — k)Q)G(PO — ]C())

Then loop diagram can be rewritten in the dispersion represe ntation:
[ ds' g(sp(sNg(s) _ o [ ds' g(s)p(s)g(s)
s"g(s’ )pls)gls s g(s’)p(s )gls , o
B(s) = , = Re —10(S S
(5) /7‘(‘ s’ —s—10 / T s’ — s pLs)g”(s)
4m?2 4m?2

The real part of the B-function does not have any singulariti es in the physical region. It
is a smooth function and can be used for renormalization of th e bare state mass (or

neglected in some cases). Then:

2

g 2 2 2
A = M* = M5 — ReB(M
(S) MQ—S—?:p(S)QQ 0 RG ( )

And we obtain a Breit-Wigner expressionwith ~ MT' = g?p(M?).

27
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Let us calculate analytically the loop diagram assuming tha t g is a constant.

First we need a renormalization:

i ds’ g° s’ — 4m?
B(s) = B(M? — M? / \/
4m?2
Such integral is equal to:
2 2
g 1 —p(s) 2 — p(M*) : 2
B(s) = ReB(M?) + = l - l
(5) = ReB(M?) + —|p(s) " o(s) p(M7) n1+p(M2)]+w(8)g
At s — O:
— Am2
ip(s) = ’L\/S m —00
S
1 — — 4m? 2 Am? —
ip(s)(1. — %ln1 +Z§§;) = ’L\/S Sm (1— ;arctg mS S) — const

28
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Black curve - BW amplitude, red curve - full B(s) calculation , blue curve - BW amplitude with

reduced width, magenta - dispersion correction of the real p art.
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P-vector approach

Let us consider photoproduction of two pions. This case is di

scattering by the first interaction:

fferent from the 7

The first interaction can be the direct production of K-matri

production: vy — 7w, Yy — K K and so on.

X poles or nonresonant

30
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Combined analysis of the different reactions:

For pion induced reactions the transition partial wave ampl itude can be written as:
. —1
A = Ky;(1 — ZPK)ji

and

(1) (2)
K Z 9: g5 7+ f/s
VM- —js + Ji(s) fiy == $ — Séj |

where f;; is nonresonant transition part.

For the photoproduction:

. —1
Ar = Pi(I —ipK)
The vector of the initial interaction has the form:
A% g¢
P=S 2 4 F(s)
J J
237z

Here Fj is nonresonant production of the final state 7.
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D-vector approach

For N transition into channel 'a’ the amplitude can be written as:
A A ] o A
Aa = D, + [K(I _ Z:OK) p]abDb )
For strong channels:

Dy =Ko Aa=Ky;(I—-ipK)3;

For weak channels:

b, N S

~ 2zt

For photoproduction of 'weak channels’

B F Al af AyA
Aab — Gab+Pa(I — ZpAK)_lﬁDb Gabzzb—a

32
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Phase volumes

Two body phase volume:

p(s,ml,mQ) — % — \/(S T (ml + m2)2)(5 — (ml _ m2)2)

S
Three body phase volume:

(vs—m1)? R
P (S) o / dsa3 10(87 \V 5235 ml) MRFtot
3 — )
s (M%—823)2+(MRF§)t)2

(ma+ms)?

MRTE, = p(s23, M2, m3) g% (523) ,

~ 02 o 02

3 5

8 o 1 1 o o01f

& Seut & (m,+my) B

E 0.2} 4 o 0

i £ , .

= -0.1 Mg -1 Mg T
0.4 2 3 ; . ;
-0.6F i 03 3
Y 5 R T A
-0.8F 0.4 (\/g—ml)2
12716 18 2 22 22 1 12 14 16 18 2

2
Re s, GeV? Re s,,, GeV
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Pole position in the complex plane.

Two sheets are defined as;:

V(s = (mn + my)?)(s — (my — my)?)

10(87m17m2) — S

o(s,mi, ma) = z'\/((mN +my)? — :99)(5 — (MmN —my)?)

We search for

(87

Im det([—ipK)H(M2 —5) =0

(87

Re det(I — ipK) 1—[(]\42 —5) =

«
(84

For BW approximation (1pole K-matrix)

det(I —ipK)(M2 —s) = M3 —s—i) gp;

I sheet

11 sheet

34
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\\x*x’(‘

»

| x x * - - . .
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One pole one channel ( mA) K-matrix

" x x"*xx,k
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*xx"‘*x*&x
4 1.5 1.6 1.7 1.8 1.9
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Calculation of the residues

For any function of complex variables  F'(s):

%dsF(s) = Z 2mi Res,,

This does not depend on the form of counter.

K-matrix amplitude Aij, full factorization:

%dSAw(S> — 27T’L gigj

In our article:

X

Apw = :
My _5_25297;2,07:

where M gy and (3 are fitted to reconstruct pole position.

38
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The fitted reactions. Recently included data sets . New points added

Observable Ndata Nzita Observable Ndata Nzita

o(yp—pr’) 1106 1.27 CB-ELSA | o(yp—pn®) 861 174 GRAAL
o(2—L)(pr”) 140 141  A2GDH | E(yp—pr°) 1492 3.38 SAID
P(yp—pr®) 607 3.16 SAID T(yp—pr’) 389 4.01 SAID
H(y p—>p7‘r0) 71 1.92 SAID G(yp—pr’) 75 258 SAID
Ox(yp—pr’) 7 101 SAID Oz(yp—pr®) 7 038 SAID

o(yp—nrn") 1583 1.87 SAID o(yp—nnT) 408  2.09 A2GDH
Y(yp—nmT) 899  4.23 SAID o(2—2)(nm") 231 249 A2GDH
P(yp—nr') 252  3.90 SAID T(yp—nr") 661 3.66 SAID
H(yp—pr’) 71 1.92 SAID G(yp—pr’) 75 258 SAID
Si1(mrN—=7N) 126  1.40 SAID Pii(#N—7N) 110 2.24 SAID
Pis(#N—7N) 108 257 SAID Ps3(nN—7N) 130 4.56 SAID
D33(mN—7N) 136 451 SAID Dis(#N—=7N) 106 5.06 SAID
o(yp—pn) 667 092 CB-ELSA | o(yp—Dpn) 100 2.72 TAPS
YX(vyp—pn) 51 206 GRAAL98 | X(yp—pn) 100 2.01 GRAAL 04
T(yp—pn) 50 152  Phoenics | o(m p—mnn) 288 276 CBALL+Richards
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The fitted reactions. Recently included data sets

Observable Ndata Nj:ta Observable Ndata Nzita
C.(yp—AK™) 160 122 CLAS | C.(yp—X"K™) 94  2.29 CLAS
C.(yp—AK™) 160 153 CLAS | C.(yp—X'K™) 94 219  CLAS
o(yp— AK™) 1377 180 CLAS | o(yp—X"K™) 1280  2.68 CLAS
P(yp— AK™) 202 231 CLAS | P(yp—X'K™) 95 156  CLAS
Y(yp— AK™T) 66 270 GRAAL | X(yp—X"K™) 42  0.67  GRAAL
Y(yp— AK™) 45 175 LEP | (yp—X°K™) 45  1.03 LEP
T(yp— AK™) 66 211 GRAAL | o(yp—XTK?) 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°n?) CB-ELSA (1.4 GeV) E(yp—pr’n?) 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 (yp—pr®n?) 128  0.85  GRAAL
o(n p—KA) 479 155 RAL P(r p— KA) 261  1.76  RAL+ANL
o(ntp—KTY) 609 191 RAL | P(rTp—KTY) 420  2.74 RAL
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vp — m’p from Crystal Barrel at ELSA ( E., < 3.2 GeV)

Non-resonance contributi-

on:

t-channel p —w exchange,

u-exchange and non-

resonance production in
JE = 3/27 wave

O o [Hb] E, [GeV]
500 05 1 15 2 25
B \
100 |
- 3/2¢ \
10 - J :
- \/\\sr2
12
- }
a 3/2°
1 1 || 1 1 I 1 1 ) I 1 1 1 | 1 I I 1 1
1.4 16 1.8 2 22 24
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N7t — N : P33 waVe (3 pole 4 channel K-matrix)
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The A-states decaying into K'Y can be fixed fromthe 7 — K T3 data. The main
contribution comes from  P33(1920) -red curves and F37(1900) - blue curves .

0.1r
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i " 0.08F
0.8F — Fi _
L 7 F
: /2% 0.06}
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1/2 -1
0.6F — 3§2—1 O'04:
: 8 o 0.02F
0.5F 5 © [ [
C ® [ — N ; : L n "
0.4F % 0'08: i I
o) . L L
0.3F : 0.06¢ T [ : :
02k 004, . j % _ : . d |
01t A’fﬁ 0.02} ; S ) | : ALY
:|7. . . T [T 1 , [——T——7 5 1 , [ —t—F 71 . | — Tt 1 .
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The recoil asymmetry for the

7r+p — KX reaction. also shows a clear contribution

from this state:

[ 1891
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The multipoles for single pion production. Red - real part , Blue - imaginary part . Solid
curves BoGa -solution, dashed curves - SAID solution, dotte d - MAID 2009.
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vp — np from Crystal Barrel at ELSA (£, < 3.2 GeV)

Main resonance contribu-

tions: 0 [MD] E, [GeV]
N(1535)S1; 20— 0 L5 2 25
(1650)511 10 = { A
N(1720) Py3 : :

new N (2070) D15 S U2y p

Non-resonance contributi-

on: reggezied t-channel 312"

T T T
L ol
~~
N

p — w exchange.

No evidence for third 16 18 2 2o oz
N (18005, WiGeV]
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The dataon 7 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.

N do/dQ [ub/sr]
3 1'/2 B 0 22_ 1488 F 1492 F 1499 | 1507
52 - i 5 SOOI e eI
vz e | oaf ST e TN
0_1°5Il; °|‘-’°;-15|1(-5|-|-;-1é2-5|-|-;-1é4é|-|-
0.1f i i th
all 05_'15'376' ) 'I- '1e'3721' — :'1%36' — é_'léolsl —
& |
05l 0" —OI.5 (I) 0i5 -0.5 (I) 0j5 —OI.5 (I) 0j5 - I.5 (IJ Oj5
coS en
0 leO 1600 17I00 18b0 19I00 2000
X~ x>
Observable Ngata N Observable Ngata N
o(yp—pn) 667 0.92(0.85) CB-ELSA | o(yp—pn) 100 2.72 (1.97) TAPS
Y(yp—pn) 51 2.06(1.81) GRAAL98 | X(yp—pn) 100 2.01(1.43) GRAAL 04
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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.

G, [ub] (helicity 1/2 - 3/2)

18 35T
- Ot pb :
16 I~ 30 -
14 + o5 [
12 [
F 20 B
10 :
F 15 B
sk :
[ 10}
6 i
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i ol
2 - i
: i 1 n L 1 L n - -5 C .
0 1600 1800 5000 2200 5400 1400 1600 1800 2000 2200 2400
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N7t — N , SH waVe (2 pole 5 channel K-matrix)

— 0.6

= IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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o

N
AT

PN I SR SR R T TR T N
1.9 2
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oL
a
x
a'_
-l
oL
>

T-matrix poles: M = 15081%8 MeV, 2 Im = 165 £ 15 MeV;
M = 1645 £+ 15 MeV, 2 Im = 187 4+ 20 MeV
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T p — N’ 070 (Crystal Ball) total cross section

2.4

21

Ojot mb

1.8
15 .
- Fit of the data
1.2F Py -partial wave
! D13 -partial wave

0-97 S11 -partial wave

0.6

I 11 L | L 4 4 11 1 | l 11 1 | I 11 1 |
0 1.3 1.35 1.4 1.45 1.5

M(T), GeV/c?
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T p— N7 070 (Crystal Ball)

Differential cross sections for 472 and 665 MeV/c data.
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Yp — p7TO7TO (CB-ELSA) M.Fuchs et al.

10 |-  cB-ELSA
8_—
fo) i
2 of
g [ (b
S L[
2__
0 ) - 2'1-‘4“ | I.T.l——l‘l | | | | | L1 1 | L1 1 | |
12 13 1.4 15 16 17 18

M(yp), GeV/c?

PWA corrected cross section and
contributions from A (1232)7 (dashed)
and N o (dashed-dotted) final states.

10

® CB-ELSA
0 GRAAL

i
3 6|
o 4] .
N s
2 N
° NN NN

14 15 16 17 18
M(yp), GeV/c*

Contributions from 33 (dotted),
P, (dashed)
and D3 (dashed-dotted) partial waves.
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The vyp — 7T07T0p differential cross section for the total energy region.

The fit of the unpolarized data and

prediction for the double
polarization measurements.
Red curve: only helicity 1/2
amplitudes contributed to the
Cross section.
Blue curve: only helicity 3/2

amplitudes.
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The — 1979 helicity 3/2 and 1/2 differential cross sections
P D
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The total cross section for the 7 p — K A reaction also shows a clear contribution

0.2}

P

0.1

from this state:

0.85
0.7|
0.65
0.55
0.4f

0.3}

c%-ot’ mb — Fit

— 1/2 -

| — 3/2 +
— p-exch.

1/2 +

— 3/2 -

1700 1800 1900 2000 2100
M(Tp), MeV

The same result was obtained before by the Giessen group:
V. Shklyar,H. Lenske, and U. Mosel, May 2005.
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The differential cross section forthe ~ m— p — K A reaction. also shows a clear

contribution from this state:

1632 i 1661 I 1670 I 1676 |
[ [ b AL ﬁﬂ

I A % i
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i . :
%

I ; [
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The recoil asymmetry for the

7~ p — KA reaction. also shows a clear contribution

from this state:

M
?
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58

N7 — Nm P;; wave (3 pole 4 channel K-matrix)

P

11

Pll

— i — i
Dq:) 0.6 — § 0.6 —
0.4 0.4
0.2 02 L
O O
-0.2 — -0.2 —

-0.4 - \ ‘ \ ‘ \ | \ -0.4 - \ ‘

1.25 1.5 1.75 2 1 1.25

T-matrix poles:

M (TiN) GeV

M =1368 £ 7MeV, 2 Im = 190 + 10 MeV:
M = 1685 + 20 MeV, 2 I'm = 160 4+ 45 MeV
M = 1870 + 30 MeV, 2 Im = 280 4+ 80 MeV



Bonn-Gatchina partial wave analysis JLab Newport News, July 2009

Position of zeros, for the determinant

(I —ipK)~'. Red points - real part and Green

58-1

points -imaginary part.

P11 —wave

\ / / v

x\"\ /
e 7 388—i10.115

L)k
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Properties of N (1440)P;;. The left column lists mass, width, partial widths of the
Breit-Wigner resonance; the right column pole position and squared couplings to the

final state at the pole position.

M = 1436 £ 15MeV  Myoe = 1371 £ 7 MeV
I = 335 £ 40MeV I'pole = 192 + 20 MeV
. (3545)
I'xn = 205 =£25MeV g-n = (0.51£0.05) e " 180
. (20£13)
I'on = 71+ 17 MeV gon = (0.824+0.16) e "7 180
. (25420)
I'ra = 59X 15MeV gran = (—0.57+0.08) - "™ 180

T-matrix: Aj /9 = 0.055 £0.020Gev ¢ = (70 £30)°
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For vp — KA and vp — KX we have almost complete photoproduction experiment:
o (CLAS, SAPHIR), > (GRAAL, LEP), P (CLAS), C,.,C, (CLAS), T, O,, O, (GRAAL).

The C'; and C, data can be explained with  P;3(1900).
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Orot (YD — KOZ+) from CB-ELSA

CB ELSA K%

o 0.7
SA Fit
5 12 32 + 1
© o6l 12 12 -1
- 12 12 +1
32 12 +1
L K%-exchange
05
04
03f
02|
01fF
0' R A R R R .
1600 1800 2000 2200 2400 2600
M(yp), MeV

Ootr Hb

61
CB ELSA K"
0.7
[ Fit
L 12 12 + 1
0.6 12 32 + 1
- *"-exchange
i K%-exchange
L 12 12 -1
05+
04l
03fF
02F
0.1}
0 [ A R SN R S R .
1600 1800 2000 2200 2400 2600
M(yp), MeV

Red line — P13(1900)
Blue line — P;1(1860) (improved P in KA and K'Y data)
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The solution is supported by the new GRALL data on O, O, and T-observables: an

important step to a complete experiment.

GRAAL KA (Ox) GRAAL KA (Oz)
[ W=1645 CwW=1674 [w=1702 [W=1645 CwW=1674 [w=1702
l_—\¥ 1 l_— l_— 1 1
O(—H\R‘N} O(N 06_\‘\‘\(/ O: 0 + 0
r [ + ¢ \‘\‘\T/i/ w
1+ 1+ A 1+ 1+ A
I I 1 C 1 1 1 I 1 1 1 C 1 + I I + I
1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1
[w=1729 w=1754 W=1781 [w=1729 w=1754 [ w=1781
" - - 1 1 1
o ¢ + o o o
ofF 0 OM/\’\*\) of oF oF
- - ¢ - -t ¢
1+ 1+ 1+ 1 -1 ) 1 )
L 1 I I L 1 I L 1 1 1 I 1 1 1 1 1 I L 1 I
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N7m — N : P13 waVve (3 pole 8 channel K-matrix)

o
&

@]
TTTT I TTTT I TTTT I TTTT I TTTT I TTTT
111 I 1111 I 111 I 1111 I 1111 I 1111
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2nd T-matrix poles: M = 1960 £ 20 MeV, 2 Im = 195 = 45 MeV;
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Yp — p7TO77 (CB-ELSA)

$))

- b)

Otot > b
1N
1 | 1 1 1

° ®
.*.

0:- .-vP'.‘?'."...l....|....|....'. L AR AL A L
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), P33 partial wave (dashed-dotted),
D33 — A(1232)7n (dotted) and D33 — N ag(980) (wide dotted).
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The vp — 7r077p differential cross section for the total energy region.
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Re T

0.4
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N7 — N D33 wave (3 pole 5 channel K-matrix)

D D

33 33
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Im T
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| | | 0.2 | | |

=

1.5 2 2.5 1 1.5 2 2.5
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Dss-wave: mN, A(1232)7 (S- and D-waves)), A(1232)n, S11(1535)m
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Properties of the A(1920) P33 and A(1940) D33 resonances.

Mpole Fpole MBW FtB;‘t/V
A(1920)Ps3 1940440 350722  1970+£35 375+ 50
A(1940)D33  1995+30 420+£50 2000+40 410+ 70

Bryx Bran, Bryasssyr  Bryag(9go)
A(1920)Ps; 15+8 1848 744 442
A(1940)Ds;  9+4  5+2 2+ 1 2+ 1
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Parity doublets of N 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 s mall coupling to IV.
J=3  Np;+(2100)* *  Npjpo-(2090)* *  Ajjp4(1910) *+  Agjp-(1900)* *
J=3  N3/o+(1900)* **  N3/o-(2080)* *  Agp+(1920)% ** Az o-(1940)* *
J=2  Ng/2+(2000)* **  Ngjo-(2200)* **  Ag/n4(1905) ***  Ag o (1930)* **
J=L  Ngjg+(1990)* **  Ngjo—(2190) *** Ay 4 (1950) = Ay - (2200) *
J=3  Ngjo+(2220) ***  Ngjo-(2250) ***  Ag/p+(2300) **  Agjp-(2400)* **
J=2  Nz/o+(1900) N3 /2- (1875) A3 9+ (1980) Az /o (1985)
J=2  Nj/2+(1960) N5 /2- (2070) Aj o+ (1945) As /- (1930)
J=1  Ng9+(1990) N7 /90— (2777) A7 /9+(1910) Az /o-(7777)
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Holographic QCD (AdS/QCD)

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

A on”
11/2+
.
M? (GeV?) A, (2950
52" 92 152 )
8r A,,+(2390)
Ay,,*(2300)
N=0 A,,,+(2420) 72
6k A,,+(1910) Ag,~(2223) o2

72

—>A,,+(1920) A,,,-(2200) -

1172

s+ o+ o+

A,,+(1905) A, 5,(2750)
A,,+(1950) e 1172
4t A,,7(1620) 2 A.,~(2350)
A,,~(1700) a2 o N=1
n,-1000) D52 200) A Gaoo)
A3/2+(1232) A3/2‘(1940) R — 72
2F A,,+(1750) A,,~(1930)
A,,*(1600)
L+N
0 [ [ [ [ [ [ [ ;
0 1 2 3 4 5 6
2 4y2 3 2 2
My =4\ (N + L+ 3 — 2 (MZ — My) Kgd
Kgd IS the fraction of most attractive color-antitriplet isosi nglet diquark.

Kga=0 for A and N(S=3/2) states, 3 for S = 1/2 (70S5Ug) and ; for S = 1/2 (565Us).
Hilmar Forkel and Eberhard Klempt, hep-ph:0810.2959v1
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70

L,S,N  Kgq Resonance Pred.
0,5.0 o N (940) input: ~ 0.94
0.2,0 0 A(1232) 1.27
0,51 1 N(1440) 1.40
1,2.,0 2 N(1535) N(1520) 1.53
1,20 0  N(1650) N(1700) N(1675) 1.64
1,1.0 0  A(1620)  A(1700) L,S,N=0,3,1:  A(1600)  1.64
2,5.0 = N(1720) N(1680) L,S,N=0,2,2.  N(1710) 1.72
1,11 = N(?7?77)  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 = N(2100) 2.03
3,5.0 2 N(2070) N(2190) L,S,N=11.2: N (2080) N(2090) 212
32,0 0  N(2200) N(2250) L,S,N=1,1.z: A(2223) A(2200) 220
4,20 = N(2220) 2.27
4,30 0 A(2390) A(2300) A(2420) |L, N=3,1: A(2400)  2.43

A(2350)
5,20 2 N(2600) 2.57
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Summary

. An approach for the combined analysis of the pion and photo induced reaction with

two and multi particle final states is developed.

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

properties of known baryons.

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

. The n-photoproduction data reveal the baryon resonance D15(2070).
. The D33(1940) state is needed for the description of the ~— yp — 7'np data.
. The dataon m~p — nnand 7~ p — K"Y support an existence of  P;1(1710).

. The spectrum of observed states is in direct contradictio n with a classical quark
model. The best explanations are chiral symmetry restorati on or AdS/QCD soft-wall

model.
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