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How does the transition occur?

New accurate experimental DATA:

[JLAB] J.WC. MNabb et al., PRC 69 (2004) 042201.
[SAPHIR] K H. @ ander et al., EPJA 19 (2004) 251.
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Mot vati on

Some points to care about:

» Which resonances do we 1nclude?

®» Can we fi1t all sectors at the same time?
7N —aN, YN - 7N, KTA— KTA, ...

® Inconsistencies 1n the data?

® Can we pin down the set of “most” relevant
resonances?
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Experi ment al st at us

The recent data we are considering are:

Experiment Observable # of data points

JLab do /dS) 920
LEPS 5, 44
SAPHIR do /dS) 720
JLab YA 233

J.WC. McNabb et al., Phys. Rev. C 69, 042201 (2004).
J.WC. McNabb, PhD Thesis, CMJ (2002); R Bradford, PhD Thesis, CMJ (2005)
K.H d ander et al., EBur. Phys. J. A 19, 251 (2004).

Similarly one could study ~p — KXY
many data available

dapnia
saclay
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Coupl ed channel nodel

A reaction theory i1s needed to properly
interpret the data:

The main two Ingredients are:
® A direct reaction mechanism

#» An account of external dynamics: coupled
channel

g

Intermediate states
7N, KY, etc

~— e -

Note: the conplete problemshould include # N, pN, wN, w«aN, XN, AN, nN, etc
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Coupl ed channel nodel

Our coupled channel equations are written:
Ta,b(E) — ta,b(E) + tib(E) ;

with the resonant:

= > TR J(B)G(B))iyTa: u(E)

N7 N*

and non resonant:
ta,b(E) — Vqa,b =+ Z Ua,ch(E)tc,b(E) 3

with the dressed vertex:
Cnea(BE) =Tneg+ > DnepGo(E)lya(E)
b

dapnia
=aclay
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Coupl ed Channel Assunpti ons

On the previous formalism we then make
the following assumptions:

® we Kkeep:
VP 7tn, 7¥p KTA Kt
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Coupl ed Channel Assunpti ons

On the previous formalism we then make
the following assumptions:

® we Kkeep:
VP 7tn, 7¥p KTA Kt

# the resonance propagator i1s taken as:

1
tot
E— My 4i 2 E)

® It 1s thus a fTirst approach to the problem.
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Phot opr oduct i on

the photoproduction process 1s described by:

alt " (gry k) =
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Phot opr oduct i on

the photoproduction process 1s described by:

N—KY
aly " H Y (qry, k) =

™ Z /dpapa ta ’Cy QKY, k)GOa(pa)bZiN_)a(paa k)
a=KY

+ Z / dpap? 97" (Ary, K)Goa(Pa)b)s (P k)
a=ntN
where KY, «N refer to the different channels.
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Phot opr oduct i on

the photoproduction process 1s described by:

’yN—>KY (QKY, ]C) _ b’7N—>KY(

Apy Ky, k)

™ Z /dpapa ta ’Cy QKY, k)GOa(pa)bZE_)a(paa k)
a=KY

+ > / dpapi t37 ™Y (axy k) Goa (Pa)b)t  “(Pa. k)
= 7TN

where KY, nN refer to the different channel s.

Multistep processes can be i1solated
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Meson Baryon

Meson-baryon pileces:
® TN —mN: Sato-Lee model for v,y n

A

and then compute t,y

®» N — KY and KY — KY ,same method as
Sato-Lee, w.t aiage a. (2000 WITH EImMprovements.
Note: there is no data for KY — KY
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Meson Baryon

Meson-baryon pileces:

® TN —mN: Sato-Lee model for v,y n
and then compute %,y

®» N — KY and KY — KY ,same method as
Sato-Lee, w.t aiage a. (2000 WITH EImMprovements.
Note: there is no data for KY — KY

Pion photoproduction:

#® Resonance part from Capstick-Roberts quark
model

® Non-resonant defined as SAID minus resonant
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Meson Baryon

The meson-baryon t-matrix:

IKY,KY

LKy nN

wher e

W th

ff ff
iy ky + O vRy kyGKYtKY,KY

KY
kY aN + ity kKYGKY VKY,nN]

[1 + G7TN£7TN,7TN] .

fF
VKY,KY + E VKY,xNGrNVLN Ky

TN

VaN,KY T § taNaNGrN UaN KY
TN

A

The pure N scattering t-matrix ¢ty N I N the above equations is

defi ned by

t7rN,7rN = VUxrN, 7N + 'U7rN,7rNG7TNt7rN,7rN .
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vp — KTA direct

The direct contributions:
tpx+r are obtained In the
quark mOdEI (Li—Saghai) Z. Li, PRC (1995); B. Saghai, Z. Li, EPJA (2001).

The resonance term i1ncludes:

N :

P11(1440), S11(1535), S11(1650), Py1(1710), D15(1520), D15(1700),
Pi5(1720), Py3(1900), D15(1675), F15(1680), F15(2000)

and

Az 331(1900), P31(1900), P33(1920), D33(1700)
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Qur strategy

The procedure followed has been:
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Qur strategy

The procedure followed has been:

# Compute ¢,y with v,y From Sato-Lee

® Construct the 7N — KY potential and fit
the availlable data

#® Build resonant vp — 7N from
Capstick-Roberts

°

Calculate direct mechanisms for ~p — KTA

°

Find quark model SU(3) breaking parameters
only with direct model

» Compute full coupled channel model and
refit parameters of the direct part
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Not e on paraneters

First the SU(3) quark model i1s used for the
resonance terms.

we 1ntroduce a SU(3) breaking parameter for
each resonance

To study new resonances we include a 3"S;; and
a 3P,

The meson-baryon part i1s kept fixed

(i, Argonne, September 2005 — p.13/24



TN — KY:

do/dQ (pb/sr)
I I I
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— KOA

do /df)
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Parameters

cos(©)

1N

are varied to

R D
D. H.
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Baker et al,
Saxon et al.

NP(1978) :

NPb (1980);

T.M
J.C. Hart et al.
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the meson-baryon potential

reproduce the experimental data

Knasel et al,

PRD (1975);
NPB (1980)
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™™N — KY. Asymetry

The asymetries are defined as: Y o T—%—

— KOA

1.5: T T T T T T T F T T

15 =

W=1.792 GeV
i3 5 i@ %

05F
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L8 g "+t
X t5 T g

N
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o

Asymmetry
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Asymmetry
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o U K
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The achieved understanding of the N — KY

IS enough for our purposes.

future data on KY — KY would help to further
constrain the model
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HELLH

vp — KTA cross sections

Red: JLAB
Bl ack: SAPHI R

-Discrepancies 1In
the two data sets
-We choose to fit
them 1ndependently

Most relevant:
S11(1535), S11(1650), F15(1680)

P13(1720), P13(1900), Fi5(2000)

do/dQ (ub/sr)

Model A: Solid |ine, JLAB data
Model B: Dashed |ine, SAPH R dat a
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Coupl ed channel effects

HELLH

Solid: Model A
Dashed: >~ w/o CC

0.2} ;
Zo1/
Large CC effects 2
whi ch coul d be hidden in coupling a o3l
val ues i n ot her approaches -‘\bjo_z-/
T 0.1} S
Confirms prev. results 00— — 5 298

(WIChi ang et al 2000)

Similar effect for most angles
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Ef fects on N* properties

20 I [ | [ I 15 I | [ | [ I
R S, (1535) - S,,(1650)

15— —
10

[Eq.| [MF]

0
1.75 2 2.25 1.75 2 2.25

Bare:the resonance 1s directly excited
by the Incident photon

Dressed:The photon first excites a 7N
intermediate state
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Pol ari1 zat1 on dat a

~ polarized

1

We did not i1nclude

polarization data on s
Models A (solid) and 4

(dashed) o
Very few data 1

0.5F
Ok.
-0.5F \_

17 05 0 05 41

Pol ari zati on data are nore
sensitive to the precise

resonance content

Wdely different results
I n recent studies:
V. Shklyar et al.

D. G Ireland et al

nucl -t h/ 0505010;
NPA (2004).
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Pol ari1 zat1 on dat a

A polarized

- Unused to constrai n nodel s,

up to now
- Peculiarity:

Model

better job (Saphir)

I N progress:

mnimzation

I nclude themin
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Looki ng for 3"S;; and 3Py

Model A and B include a 3S;; and a 3"P;.

The fitted values, In the ranges
(1.6-2 GeV and 1.6-2.4 GeV)

Effect from 3Py
very small

©
N

do/dQ (ublsr)
o

W R
W (GeV)
(6=98 deg) Solid, dotted and dashed:

full Mdel A Mdel Awo 37957, Mdel Awo 37¢P;g.

dapnia
=aclay
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HELLH

Looki ng for 3"Sy;

Our Fitted values are:

New Resonances

Model A Model B
S11 Mass (GeV) 1.820 1.818
W dth (MeV) 210 270
P13 Mass (GeV) 2. 053 2. 045
W dth (MeV) 158 390

simlar mass in both nodels, different w dths
other 3745, are
Mass (CGeV) Wdth (MeV) Conmment Ref .

1.780 280 CQM applied to vp — mp Saghai - Li (2003)
1.835 246 COM applied to vp — KT1TA data from SAPH R Saghai (2003)
1.852 187 COM applied to vp — KA data fromJLab Saghai (2003)
1.730 180 KY nolecule Li - Wr kman (1996)
1.792 360 7N and nIN coupl ed-channel anal ysis Zagreb group (2000)
1. 800 165 J /¥ decay Bai (2001)
1.861 Hyper central CQM G annini et al (2003)
1. 846 Pi on phot oproducti on coupl ed-channel anal ysi s Chen et al (2003)

Argonne, September 2005
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4Bl

Ef f ect of STdSU

o oo
~ N W

o

do/dQ (dub/sr)

o
~

o

o
N

2.25
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Sunmary

® KT A photoproduction
# Important for new resonances
» Alsoto settle known resonances
#» However, itsanalysisisinvolved

» Our study
» Coupled channel formalism
» Sl unitarization scheme for meson-baryon
» Quark Modd for bare amplitudes
» Fittotheavailable data

® Analysisof theresults
® CC effectsaresizeable
® Preferencefor a3745¢;

$® Near Future
» Effect of other missing resonances
» Study of yp — KT3°
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