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Introduction

General Physical Motivation

Search for missing resonances
Quark models predict many more baryons than have been observed

k| kkk | Rk | % = according to PDG

N Spectrum | 11| 3| 6 (Phys. Rev. D66 (2002) 010001)
A Spectrum 7| 3| 6|6 = little known

(many open questions left)

N

Possible solutions:
a) Quark-diquark structure b) They have not been observed, yet

Nearly all existing data result from

one of the . i
internal degrees 7N scattering experiments

of freedom = If the missing resonances did not couple to
() is frozen

N7, they would not have been discovered!!
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Introduction

Nucleon Resonances: Status
—— S. Capstick and N. Isgur, Phys. Rev. D34 (1986) 2809
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OGE Model: residual short-range interaction
based on one-gluon exchange
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Experimental Setup
Photoproduction of Pseudoscalar Mesons

The CBELSA/TAPS Experiment

The CBELSA/TAPS Experiment at ELSA/Bonn

amorphous radiators
screen
empty position

wires for determination
of beam profiles

diamond crystal

TAPS
@ 512 BaF Crystals
@ Forward detector

o High Granularity &
@ liquid Hy, deuterium o Fast Trigger

Sep. 2002 — Dec. 2003

@ (un)polarized beam

s

@ solid targets
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Experimental Setup

The CBELSA/TAPS Experiment at ELSA/Bonn

Experimental Setup

H, liquifier scifi detector
radiator  dipole magnet  beam ™ \ target Crystal
- dump), b -

v beam

: gBﬂrrel

Tagged Photons (Ee- = 3.2 GeV):
0 025 -E- <E, <0.95: Ec
[0 800 MeV < E, < 3000 MeV
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The CBELSA/TAPS Experiment at ELSA/Bonn Photoproduiction|of PseudoscalarMesons

Study of yp — p=w° with CBELSA/TAPS
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Differential Cross Sections for yp — px°
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Differential Cross Sections for yp — px°
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Experimental Setup

Photoproduction of Pseudoscalar Mesons
Differential Cross Sections for yp — px°
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The CBELSA/TAPS Experiment at ELSA/Bonn

Experimental Setup
Photoproduction of Pseudoscalar Mesons

Previous Study of the Reaction vp — pn

O o1 [HD] E,[GeV]
20 1 % 2W5
15
CB-ELSA data l
10F CB-ELSA fit ——
S CLAS o

TAPS %

s
W [GeV]

Isospin Filter
O Only N* resonances can
contribute!

Hint for N* resonance N(2070)D;s
(Phys. Rev. Lett. D94, 012004 (2005))

© Needs confirmation!
© No need for third S;;

Three resonances are dominantly contributing!
N(1535)S;1, N(1720)P;3, N(2070)D;5
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The CBELSA/TAPS Experiment at ELSA/Bonn Photoproduiction|of PseudoscalarMesons

Partial Wave Analysis: vp — pn

PWA: Operator (Tensor) Formalism Resonance M (MeV) I (MeV)  Fraction
(Rarita—Schwinger) N(1520)D;3 1523 + 4 105%8, 0.020
. ) ) PDG 1520119 120143
@ Relativistically invariant N(1535)S;* 1501 £5 215 £ 25
. . PDG 1505+ 10 170 + 80
@ Based on kinematic factors N(1650)S;1* 1610 + 10 190 + 20 0.430
related to momenta of incoming F’I(DG ) 1660 i 20 160 i 10
q q N(1675)D;5 1690 £ 12  125+20  0.001
and outgoing particles DG 1675110 150120
N(1680)F15 1669 6 85+ 10  0.005
Observables Reference Neaga Xx°/N PDG 16807 130 + 10
N(1700)D;3 1740+ 12 84+ 16  0.004
a(yp — pn) CB-ELSA 667 091 PDG 1700 £ 50 100 + 50
o(vp — pn) TAPS 100 1.6 N(1720)P13 1775+j§018 325+ 25  0.300
PDG 1720 250 + 50
—70
(7P — pn) GRAAL 98 51 227 N(2000)F;5 1950 £ 25 230+ 45  0.007
X (vp — pn) GRAAL04 100 1.75 N(2070)D15 2068 £ 22 205 £ 40  0.171
J(vp _ p7r0) CB-ELSA 1106 1.50 N(2080)D13 1943 £+ 17 82 + 20 0.011
T(1p = pr¥)  GRAAL 04 269 343 N(2200)P;3 2214 £ 28 360 +55  0.051
Y(yp— pr9) SAID 593  2.87 * K-Matrix Fit,
o(p — ntt)  SAID 1583 2.86 Fraction for the total K-matrix contribution
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New Data: Study of vp — pn with CBELSA/TAPS
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The CBELSA/TAPS Experiment at ELSA/Bonn

New Data: Study of vp — pn with CBELSA/TAPS

x10° n — 3104y
800 O { (CBELSA/TAPS)
s00l Reconstruction
i @ Number of photons: N, =2, 6
400~ Y WSS @ Proton identification: TAPS and
inner scintillating fibre detector
2001 O Missing proton kinematic fit
i IL Jﬂ\u @ Data quality
o T R e @ 550,000 events for n — v:
Mevic® o~ 13 MeV
@ 220,000 events for  — 37°:
o~ 10 MeV
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New Data: Study of vp — pn with CBELSA/TAPS

The CBELSA/TAPS Experiment at ELSA/Bonn

[ Ratio of n Decay Modes |
Mean 1.017

do (71—'37f / dg(n*ﬂw

a (CBELSA /TAPS)

Both decay modes can be added!

We have used:
@ BR(n — ) =39.43%
@ BR(n — 37°) =3251%
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Experimental Setup

Photoproduction of Pseudoscalar Mesons

Differential Cross Sections for yp — pn
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Photoproduction of Pseudoscalar Mesons
Differential Cross Sections for yp — pn
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The CBELSA/TAPS Experiment at ELSA/Bonn Photoproduiction|of PseudoscalarMesons

New Data: Study of yp — pn’ with CBELSA/TAPS

Isospin Filter: only N* resonances can contribute
1968: 11 events from the ABBHHM bubble chamber experiment
1976: 7 events from the AHHM streamer chamber experiment

1998: 250 events from SAPHIR collaboration
O First differential cross sections

2006: over 2 - 10° events from CLAS
(Contributions from N(1535)S;;, N(1710)P11, J = 3/2 states)

2007: New data from CBELSA/TAPS over the full angular range

No published asymmetry data for ’...
(Data available from CLAS and ELSA)
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Differential Cross Sections for yp — pn’
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Summary and Outlook

Summary and Outlook

n and n’ Photoproduction off the Proton

World database greatly enhanced during past several years
@ New CBELSA/TAPS data provide full angular coverage

@ Overall very good agreement with previous n data
(CB-ELSA, CLAS)

@ In case of n’ data, discrepancies above E, > 1.9 GeV
@ Next step: Partial Wave Analysis

Polarization Observables:
@ Beam asymmetry for n published recently by CBELSA/TAPS
@ Data for ,” asymmetry available
@ Double-polarization program at ELSA has started
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