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Motivation: The nature of the N* (1535)

¥ U! PT: dynamically generated due to the strong coupling to the K" and K#
channels dictated by SU(3) and the Kaon decay constant (f,$113 MeV).

¥ Meson Exchange Models; genuine (3-quark state) resonance. But, E

Schutz et al., PrRC57,@08:
(UN,&N,' N,%, butno K" ,K#)

cusp due to the &N opening
seems not to be present in
the PWA of KA84 and SM95

favored genuine resonance
over dynamical resonance
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More recent models: multi-channel, but no K and k# channels so far
(JYlich, EBAC) (remains to be seen oncé Kind K# channels are included)




Motivation: what has been done so far within the U! PT in the
N*(1535) region:

Meson-Baryon amplitude:

TV =V +VNGTY  (matrix in channel space)

VNP = s-wave LO Weinberg-Tomozawa
¥ on-shell approximatiott G+ factorized propagator
(for an off-shell treatment, see Borasoy et al., EPJA34,D7)
¥ non-relativistic approximations

Photoproduction amplitude:
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* MY =V* +VHEGT" (vector in channel space) [gatige invariant & unitary

V # = due to the interaction current a set of diagrams appears which consists
of more than the usuat, andt-channelloop) diagrams.
(see, e.g., Borasoy et al., EPIA34,07)
¥ non-relativistic approximations
¥ on-shell approximation of the photon vertex



Motivation: Existing calculations within the U! PT up to the
N*(1535) region:

¥Many tests of hadronic models with an electromagnetic probe have been done at the
cross section level, mainly due to the scarcity of data.

¥ Radiative decay of the resonance has been also |ooked at, but its experimental
extraction is tied to large uncertainties. (D3ring et a., PRC74,06; NPA786,D7)

¥ Helicity amplitudes AP,,, A",,, and S, have been tested in rough agreement with
the results extracted empirically. (Jido et al., PRC77,07)



ResultSPhase inconsistency of N*(1535) in / N” /N and
AN I'Ninthe previous model (Inoueet al., PRC65,02)
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ResultSPhase inconsistency of N*(1535) in / N” /N and
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What we want to do




Our Model: Meson-Baryon amplitude with genuine resonance

T =V +VGT (matrix in channel space: 9N, &N, K" , K#)

. P . P TNP — VNP + VNPGTNP
VaVEaV I T=TR AT

(1} — (1 +TNPG)II o
T Weinberg-Tomozawa . TP =" g "
0% o ¥non-relativistic 9=(9, " #)
(genuine resonance) ¥on-shell factorization |
G

(self-energy matrix)
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Our Model: Photoproduction amplitude based on the field
theoretical approach of Haber zettl (PRC56,07)

The full field theoretical approach of Haberzettl results in highly non-linear amplitude
and impractical to be implemented in an actual calculation. More recently, Haberzettl
et al. [PRC74(06] have derived an amplitude where the complicated part of the
Interaction current is approximated by generalized contact currents. The resulting
amplitude is gauge invariant and unitary. This approach can be adapted to the present
coupled-channel approach. Theresult is

MK =ME+ME+ ME+ME+TH+[ME + ME+THIGT™
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ResultSLowenergy /N” 'Nand #N” /N resultsin the
present model (no resonances)
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FIG. 9: (Fit 1) Low energy pion scattering. Analysis without
resonances. Data from partial wave analyses as in Fig. T.
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FIG. 10: (Fit 1) Low energy pion photoproduction. Analysis
without resonances. Data from partial wave analyses as in
Fig. 6.
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FIG. 8: (Fit 1, red lines); 7° photoproduction close to thresh-
old. The 7tn threshold is indicated with an arrow. Experi-
mental analyses: black (gray, empty) data points from Refs.
[41] ([42, 43]). Gray band from Ref. [42]. Theory: Blue dou-
ble dashed dotted lines: MAID 2007 [25], brown dashed lines:
Ref. [44]. Dashed dotted lines: ChPT calculation from Ref.
[45] (see also the more recent work of Ref. [46]).

TABLE III: Parameters of Fit 1 (low energy 7N — mN and
¥N — wN). The parentheses indicate weakly correlated pa-
rameters.

ars (—3.8[1} ARA (3.80} [ 2.65 nN 0.49




Results Phases of the N*(1535) in /N" /Nand AN" N inthe
present model
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FIG. 11: Data points: SES 7N — 7N partial wave analysis
from Ref. [36] [FAOT7]. Red line: Joint analysis of TN — N
and YN — 7N (Fit 2).




ResultSyN" /Nand 2N" /Ninthe N* (1535) region
(parameters of the present model)

TABLE IV: Parameters of Fit 2 (#N — «N and yN — 7N,
entire energy region). Subtraction constants, bare strong and
electromagnetic couplings, and bare masses [cf. Eqgs. (3, 29)].
The parentheses indicate weakly correlated parameters.

axy —2.04 gt 0.42 g (2.73)
axa  3.80 gy’ —0.03 g (1.21)
axn 1.29 g% —0.21 9% (0.42)
4y 0.93 gy —0.02 82 (~0.98)
g\ 0.73 Gine  (452)
gi::l_mr * _D- 4.4 gi?s_hr * {_ 8. ]. T)

m.]';lj[mav] 1598 m.]':f:'[MaV] (3800)




Pole positions and residuedisontinuity of G

The hadronic amplitude can be continued analytically in the complex energy
(z=s'?)-plane. There are two different Riemann sheets for each channel %\,
&N, K", and K# :

Istsheet: G1V(z) = G(2), I M=baryon mass of a given channel
ond sheet: G(2) = G(z) + 20 0o
4 2 = ) —Gon HImg,, <0
f k Gon = Jon else
allows to search for discontinuity of G
virtual states and along the right hand cut
hidden poles

Some authors search the poles only on one combination of the sheets:

(does not find virtual states and hidden poles) Inoue et al., PRC65,02
Sarkar et a., NPA750,5

W1y, ¥ .
ff_(?.j _ Gi“ }(3) if Re 2 <m; + M, induced Riemann sheet by G
B JEEJ(E) if Re 2z > m; + M,. is closest to the physical axis




Pole positions and residueSGaussan plotsO

Position [MeV]  g,—,
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Pole positions and residueSGaussan plotsO
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Pole positions and residueSiape of the S;; ampl.
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Conclusions: phases d N*(1535)

¥ The simultaneous study of %N+ %N and , N+ %N in the S partial wavesrevealsa
phase inconsistency of the N*(1535) in the previous description of dynamical
generation of this resonance within the U! PT [Inoue et al., PRC66)2].

¥ The origin of thisinconsistency has been shown to be largely due to the lack of
resonance interference effects between N* (1535) and N* (1650) in the previous

model. This has been verified in the present study which extends the previous model
by including two genuine 3-quark resonances. One of them becomes N* (1650) but the
other one becomes a BG-pole and simulates some of the background processes
missing in the model. The N*(1535) is generated dynamically as the (strong) coupling
to the strange channelsis still dictated by SU(3) and the Kaon decay constant of

f ! 113 MeV.

¥ A much better fit to the QlataOin ¥N-%N and , N-9N in the S-partial-wave statesis
achieved compared to the earlier models. In particular, the currently data do not rule
out the scenario of the dynamically generated N*(1535). However, whether or not
this scenario isindeed the case, remains to be seen. In this sense, higher partial wave
states need to be looked too in particular.



Conclusionsanalytic structure of the reaction ampl.

¥ A detailed study of the analytic structure of the reaction amplitudes has revealed the
role of the N*(1535) and N*(1650) poles on different sheets:
¥ In particular, the pronounced cusp at the &N threshold appears as aresult of an
Interplay of the physical and hidden poles on the different Riemann sheets.
¥ Poles in different sheets affect the behavior of the reaction amplitude on the
physical axis.
¥ The N*(1535) on the physical sheet w.r.t. the K# channel has disappeared. This
has important consequences for cal culations which tries to describe reaction
processes based on sub-threshold resonances. Asthe coupling of a
sub-threshold resonance to the channel in question increases, its pole position
will be necessarily displaced. This behavior is model independent.

¥ A virtua state (pole below the %N threshold) has been found which is responsible

for the sharp rise of the real part of the S;; amplitude close to threshold. It may be a
forced pole which mocks up the sub-threshold cuts [Arndt]. One should also ook in
other models/analyses if this pole is present.






Gauge Iinvariant formalism for
photoproduction including the FSI

H. Haberzettl (GWU)
S. Krewald (FZJ)

K. Nakayama (UGA)

reference:H.Haberzettl, K.Nakayama, and S. Krewald,
PRC74, 045202(2006).



Outline of the talk

E A (full fletched) field theoretical derivation of the pion
photoproduction amplitude and its gauge invariance
(Haberzettl, PRC56, Q7).

B Present approach: approximations to the field theoretical result
for the photoproduction amplitude.

B Modelling the present approach

B Some results for the neutral and charged pion photoproduction
reactions.

E Summary.



Field theoretical approach (Haberzetil, Prcse, 2041, @7)

Hadronic Scattering: YN + 9N
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Gauge invariance

M = ME . MA . ME . MK

Int

t

current conservation: kM#=0 (all external legs on-shell)




Approximating the interaction current
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gauge condition on M_# :
k,M¥ =(1-UG)(-[FJe +[F,le +[F]e,)-kUG(m! +m)

m " = longitudinal part of I\
mH# = longitudinal part of M

AnNsatz :
MY = (1" UG)ME " UG(mf + m') + T*

kM2 ="[F]e +[F]e +[Fle, , kT*=0



Approximating the interaction current (cont.)

|nteraction current:

M; =M!+XGIM]+M,+M!]
= M+ T+ XG[(MY " ml)+ (M ml)+ 7]
pure transverse ) pure transverse

dressed NN, vertex:

E - - -io i-l-_ -H:._E\ -= E: -
3 = {% + _(-1_’_,.7 + 1‘[} + __,.7 + ___r}_g_s— 4 u r.—]
M
n g _n [ H H 2
~ bare +mKRG[F#]+[Fbare#L]G(MC +mu +mt)

+[F"]G[(Mlﬁ’ # mﬁ‘) + (Mt“ # m“) +T“]




Approximating the interaction current (cont.)

choosing the contact current M _# :

Mél =" NN#(q)Cu +" IélR f'[

£

F=1-

transverse contact current T :

4
— T
TH=ysy A;T!
j=l1

simplest choice:

a.
A, =1,
J k{.

a]:constant

2q -k 2p’ — k)
CH__‘I(q ’]) (ﬁ_F)_Ef(p ,.-*:n) (ﬁi F)
r—q* U —

2 k) R
_Ei'( P 1) (fs — F)
s — p*

h(1 =8 f)(1 = 8, fu)(1 =8 f1) »  h=free parameter

Genuine contact current
Crossing symmetry

Davidson-Workman (PRCG63, 025210)
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Results (cross sections)
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Parameter values (in conjunction with the Juelich /N FSI):

parameter values fitted to the data :
GL G "r(MeV) h
3.84 -1.92 604 0.01

.

.s--chanfl (

G1,G2 h
(dressed N( , vertex) (regularization (contact current)
Eo/M1=2 5% cutoff parameter)
Mainz group, PRL79(®7)




Summary

B A fully gauge invariant phenomenological photoproduction amplitude has
been constructed from the exact amplitude derived within a full fledged field
theoretical approach of Haberzettl (PRC56, Q7).

The interaction current has been constructed by approximating its more
complicated contributions (impractical to be calculated) by contact currents.
However, unlike the previous tree-level calculations where the entire
Interaction current has been approximated by contact currents, the FSI has
been kept explicitly in the resulting amplitude.

E Our approach has been applied successfully to describe the neutral as well
as charged pion photoproduction reactions.

E The present method of constructing a gauge invariant photoproduction
amplitude is rather general and can be applied to other meson
photoproduction amplitudes.






