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• η- photoproduction at the proton

• γp → K+Λ, γp → KΣ

• η- photoproduction at the neutron

• 2π0- photoproduction
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Baryon spectroscopy

Better understanding of strong QCD
and the structure of hadrons:

• What are the relevant degrees of freedom ?

• And the effective forces ?

Quark models:

Constituent quarks, confinement potential and
residual interaction:

↔ quark models: More Baryons predicted ⇒

than observed

⇔ Do Baryons have a quark-diquark
structure ?
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One of the internal
degrees of freedom
is frozen

↔ reduced number of states
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U. Löring, B. Metsch, H. Petry et al.



⇔ Have the missing resonances just not been observed up to now ?
⇔ Missing states might decouple from πN (supported by theory)

⇒ investigate inital and final states different from πN
e.g. Photoproduction of Nη, Nη′, Nω, ∆π, Nρ, ∆η, ∆ω

Also important: Measurement of resonance properties: Photocouplings,
partial widths ...
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MISSING RESONANCES

– CB-ELSA data ,
– SAPHIR data (ELSA) ,
– other experiments

At high excitation
energies:
Multi-meson final states
play a role of increasing
importance



η - Photoproduction

CB-ELSA:
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Differential cross section γp → pη
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Total cross section γp → pη
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3rd S11  ?

FIT

CB-ELSA Isobar model fit:

Data included:

• γp → pη, γp → pπ0 (CB-ELSA)

• γp → pη (TAPS)

• Σ(~γp → pη), Σ(~γp → pπ0) (GRAAL)

• Σ(~γp → pπ0), σ(γp → nπ+) (SAID)

⇒ S11(1535), D13(1520), S11(1650), F15(1680), P13(1720), D13(2080)
+ ... + ρ -, ω -t-channel exchange

+ new D15: m = 2068 ± 22 MeV,
Γ = 295 ± 40 MeV

↔ No need for a 3rd S11!
CBELSA/TAPS  talk by V.Crede



Strangeness photoproduction: γp → K+Λ, γp → KΣ

First indications for a new D13(1895) in the old γp → K+Λ SAPHIR (98) data
but different models → different interpretations

21

FIG. 20: (Color online) Total cross section for γ + p → K+ + Λ . The data from CLA S (b lu e circles) are show n w ith com b ined
statistical and fi tting u ncertainties. A lso show n are resu lts from tw o p u b lications from S A P H IR (red stars (2004 ) [1 8 ], red
triang les (1 9 9 8 ) [8 ]), and the A B B H H M Collab oration (lig ht b lu e sq u ares) [4 2]. The cu rv es are from a R eg g e m odel (dashed
b lu e) [20, 21 ], K aon-M A ID (solid red) [5 ], K aon-M A ID w ith the D1 3 (1 8 9 5 ) tu rned off (dotted red), and S ag hai et al. (dot-dashed
b lack ) [9 ].

a g re e m e n t w ith u s. It is n e v e rth e le ss in te re stin g to se e
w h a t th e m o re c o p io u s C L A S re su lts se e m to in d ic a te in
c o m p a riso n to a fe w o f th e se p re v io u s m o d e ls.

T h e R e g g e -m o d e l c a lc u la tio n [20 , 21] sh o w n in th e p re -
c e d in g fi g u re s u se s o n ly K a n d K∗ e x ch a n g e s, w ith n o
s-ch a n n e l re so n a n c e s. T h e m o d e l w a s c o n stru c te d to fi t
h ig h -e n e rg y k a o n p h o to p ro d u c tio n d a ta [4 3 ], fo r W b e -
tw e e n 5 a n d 16 G e V , a n d m a y b e e x p e c te d to re p ro d u c e
th e a v e ra g e b e h a v io r o f th e c ro ss se c tio n in th e n u c le o n
re so n a n c e re g io n . H o w e v e r, e x tra p o la te d d o w n to th e
re so n a n c e re g io n , th e m o d e l o v e rp re d ic ts th e siz e o f th e
Λ c ro ss se c tio n a n d u n d e rp re d ic ts th a t o f th e Σ0. T h is is
e v id e n t in a ll th e g ra p h s, b u t is e sp e c ia lly e a sily se e n in
th e to ta l c ro ss se c tio n s, F ig s. 20 a n d 21. S in c e it is a p u re
t-ch a n n e l re a c tio n m o d e l, it c a n n o t p ro d u c e a rise a t b a ck
a n g le s a s se e n fo r th e Λ , a n d illu stra te s th e n e e d fo r s-
a n d u-ch a n n e l c o n trib u tio n s to u n d e rsta n d th a t fe a tu re .

T w o h a d ro d y n a m ic m o d e ls [6 , 10 ] b a se d o n sim ila r
e ff e c tiv e L a g ra n g ia n a p p ro a ch e s a re a lso sh o w n . B o th
e m p h a siz e th e a d d itio n o f a sm a ll se t o f s-ch a n n e l re so -
n a n c e s to th e n o n -re so n a n t B o rn te rm s, a n d d iff e r in th e ir
tre a tm e n t o f h a d ro n ic fo rm fa c to rs a n d g a u g e in v a ria n c e
re sto ra tio n . A s b o th w e re fi tte d to th e p re v io u s d a ta
fro m S A P H IR [18 ], th e y a re e x p e c te d to b e in so m e w h a t
p o o re r a g re e m e n t w ith o u r K+Λ th a n o u r w ith K+Σ0

d a ta .
B o th m o d e ls c o n ta in a se t o f k n o w n s-ch a n n e l N∗ re so -

n a n c e s: S1 1 (16 5 0 ), P1 1 (17 10 ), a n d P1 3 (17 20 ). T h e m o d e l
o f M a rt et al. [6 ] w h ich is u se d in th e K a o n -M A ID c a l-
c u la tio n s c o n ta in s a n a d d itio n a l D1 3 (18 9 5 ) re so n a n c e in
its K+Λ d e sc rip tio n . In th e K+Λ c a se , th e c a lc u la tio n s
o f Ire la n d et al. [12] a re sh o w n sin c e th e y re p re se n t a n
u p d a te o f th e e a rlie r w o rk o f J a n sse n et al. [10 ]. T h e se
c a lc u la tio n s in c lu d e d p h o to n b e a m a sy m m e try [13 ] a n d
e le c tro p ro d u c tio n [14 ] d a ta p o in ts in th e d a ta se t u se d fo r
fi ttin g . T h e c u rv e s d isp la y e d o n F ig s. 14 , 15 , a n d 18
c o n ta in th e se t o f k n o w n re so n a n c e s p lu s a n a d d itio n a l
P1 1 (18 9 5 ) re so n a n c e . T h is c o m b in a tio n w a s fo u n d to g iv e
th e b e st q u a n tita tiv e a g re e m e n t w ith th e d a ta se t u se d fo r
fi ttin g . T h e a n a ly sis o f R e f. [12] w a s re stric te d to a stu d y
o f th e K

+Λ ch a n n e l, so fo r c o m p a riso n w ith th e p re se n t
K+Σ0 d a ta , w e u se slig h tly o ld e r c a lc u la tio n s [10 ] w h ich
c o n ta in a n a d d itio n a l D1 3 (18 9 5 ).

T h e C L A S K+Λ re su lts, w h ich sh o w a stru c tu re th a t
v a rie s in w id th a n d p o sitio n w ith k a o n a n g le , su g g e sts a n
in te rfe re n c e p h e n o m e n o n b e tw e e n se v e ra l re so n a n t sta te s
in th is m a ss ra n g e , ra th e r th a n a sin g le , w e ll-se p a ra te d
re so n a n c e . T h is sh o u ld b e e x p e c te d , sin c e se v e ra l N∗ re s-
o n a n c e s w ith o n e - a n d tw o -sta r P D G ra tin g s o c c u p y th is
m a ss ra n g e . F ro m F ig . 18 , th e b e st q u a lita tiv e m o d e lin g
o f th e stru c tu re n e a r 1.9 G e V a t b a ck w a rd a n g le s is g iv e n
b y K a o n -M A ID [5 ], b u t th e m o d e l se e m s to d iv e rg e fro m
th e tre n d s o f th e d a ta a t fo rw a rd a n g le s. T h e c a lc u la tio n
o f R e f. [12] g iv e s a p o o r d e sc rip tio n o f th e d a ta in th e 1.9

- - - Regge model (M. Guidal et al.)

—– Kaon Maid (T. Mart et al.)

· · · Kaon Maid no D13(1895)

Bonn - Gatchina combined PWA:
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fit of: differential cross sections, recoil pol. (GRAAL,
CLAS), beam asym. (LEPS, GRAAL), Cx,Cz (CLAS)

⇒ New P11(1840), D13(1875) + the P13(1900)

 talk by D.Carmandata  talk by V.NikonovPWA



CLAS: ~γp → K~Λ polarisation transfer

best fit without P13(1900)
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↔ Bonn-Gatchina
PWA:

favours existence of
second P13-state !

-2

0

2

4

6

8

10

12

1800 1850 1900 1950 2000 2050

M(P13), MeV

∆ 
χ2 /1

00

KΛ

KΛ+KΣ

P13(1900) : Evidence against the quark-diquark model



η-photoproduction at the neutron - GRAAL data -

V. Kuznetsov et al., NSTAR2004:

Quasi-free differential cross section at
Θcm = 137◦:

V.Kuznetsov, NSTAR2005 5

(soft cuts, normalization uncertainties 15% )

n n p p

What is the nature of the observed state?

- D15(1675) ?

- non-strange Pentaquark P11?

↔ both should be suppressed at the
proton and enhanced at the neutron
(Chiang et al., Polyakov et al.)

Is the D15(1675) too wide (150 MeV)
for the observed structure ?

GRAAL (V. Kuznetsov, NSTAR’05/07): Yes !

M = 1675 MeV, Γ = 10 MeV fits the
cross section well up to W=1.7 GeV

↔ ?



η-photoproduction at the neutron - CB-ELSA/TAPS data -

pη
nη/(2/3)

γE MeV

b
σ

µ

0

5

10

1000 1500 2000 2500
[ ]

[
]

dσ/dΩ
850 MeV 900 MeV 950 MeV

1000 MeV 1100 MeV 1200 MeV

1300 MeV 1400 MeV 1500 MeV

0

1

0

0.5

0.4
cos(Θη)

Investigation of γd → nη (p); η → 3π0

↔ also CB-ELSA/TAPS data shows an
enhancement around 1670 MeV (preliminary)
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data in comparison
to MAID (—)
prediction
↔ effect of the
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↔ something quite interesting going on
- role of the D15(1675) ?
- narrow P11(1670) ?
- explainable by S11-states + P11(1710) ?
- interference of S11(1535)/S11(1650) ?
↔ additional observables needed



Multiparticle final states: γp → pπ0π0 , γp → pπ0η

Search for N∗/∆∗ → ∆π , ∆∗ → ∆η : CB-ELSA

γp → p4γ:

⇒ γp → pπ0π0

and γp → pπ0η
clearly observed

γp → N∗/∆∗ → ∆π0 → pπ0π0

γp → ∆∗ → ∆η → pπ0η

isospin selective ⇒ investigation of
the ∆∗-spectrum
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γp → pπ0π0 from TAPS and GRAAL
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Data analysed by:

- Oset et al.:

⇒ P11(1440), D13(1520),

D33(1700)

(limited to low energy)

- Laget et al.:

⇒ P11(1440), D13(1520),

D13(1700), D33(1700),

P11(1710)
⇔ Big discrepancy:

Oset: D13(1520) → ∆π dominant, Laget: P11(1440) → pσ dominant



γp → pπ0π0
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Results contradicting naive expectation:
e.g.: D13(1520) → ∆π decay with L=0 ≈ L=2

D13(1700) → ∆π decay with L=0 < L=2

 talk by R.Beckhigh E, beam asym.

 talk by A.AnisovichPWA

CB-ELSA Fit including additional data from:
- single meson photoproduction,
- π−p→n2π0 (CBall),
- P11, S11, P33, D33- πN-partial waves

↔ Event based maximum likelihood fit

⇒ Determination of resonance properties:
m , Γi (∆π0, Nσ, P11π, D13π, +...)
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γp → pπ0η CB-ELSA
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~γp → pπ0η - CBELSA/TAPS -
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The ∆∗- states
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U. Löring, B. Metsch,

H. Petry et al.

model
∼ 2n + `



The ∆∗- states
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⇔ Additional experimental information needed !!

Quark model

U. Löring, B. Metsch,

H. Petry et al.

model
∼ 2n + `

data
∼ n + ` ?

↔ Parity
doublets ?



The ” new ” states - a comparison with the quark model -
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 P (1900)13

D15(2070)

2 states ?

Quark model calculations by:

U. Löring, B. Metsch, H. Petry et al.

... important : further polarisation
experiments!

→ confirmation of
new resonances

↔ higher sensitivity
on resonance contri-
butions !



γp → pη - CBELSA/TAPS -

· CB/TAPS beam-asymmetries ⇔ provide additional information for the PWA

P  (1720)13

13D   (1520)

BoGa−PWA

13D   (1520)

P  (1720)13

η −MAID

D.Elsner et al.,EPJ. A33 (2), 147 (2007)

Single pseudoscalar meson photoproduction

Complete experiment
→ ≥ 8 observables needed

Double pseudoscalar meson photoproduction

→ ≥ 15 observables needed
(Roberts, Oed)

⇒ double polarisation experiments needed !

Experiments with polarised target
and polarised beam:

- planned at Crystal Ball (MAMI), CLAS (JLab)

- started at Crystal Barrel (ELSA)



Presently: Double polarisation experiments at ELSA

First online spectra: circularly polarised beam, longitudinal polarised target
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⇒ First asymmetries observed !



Summary

• High quality data has been taken

– Extends the covered angular and energy range, new final states, first
polarisation observables

→ First evidence for new resonances

→ Decays via higher mass resonances observed
(e.g. D13(1520)π0, S11(1535)π0)

- New data on transition formfactors

⇔ Already very interesting !

But there is a lot more to be discovered
+ cross check new states

⇔ Polarisation experiments !

⇒ Detailed testing ground for quark models, lattice QCD calculations ...



Thank you !



γp → K+Λ

First indications for a new D13(1895) in the old SAPHIR (98) data
but different models → different interpretations21

FIG. 20: (Color online) Total cross section for γ + p → K+ + Λ . The data from CLA S (b lu e circles) are show n w ith com b ined
statistical and fi tting u ncertainties. A lso show n are resu lts from tw o p u b lications from S A P H IR (red stars (2004 ) [1 8 ], red
triang les (1 9 9 8 ) [8 ]), and the A B B H H M Collab oration (lig ht b lu e sq u ares) [4 2]. The cu rv es are from a R eg g e m odel (dashed
b lu e) [20, 21 ], K aon-M A ID (solid red) [5 ], K aon-M A ID w ith the D1 3 (1 8 9 5 ) tu rned off (dotted red), and S ag hai et al. (dot-dashed
b lack ) [9 ].

a g re e m e n t w ith u s. It is n e v e rth e le ss in te re stin g to se e
w h a t th e m o re c o p io u s C L A S re su lts se e m to in d ic a te in
c o m p a riso n to a fe w o f th e se p re v io u s m o d e ls.

T h e R e g g e -m o d e l c a lc u la tio n [20 , 21] sh o w n in th e p re -
c e d in g fi g u re s u se s o n ly K a n d K∗ e x ch a n g e s, w ith n o
s-ch a n n e l re so n a n c e s. T h e m o d e l w a s c o n stru c te d to fi t
h ig h -e n e rg y k a o n p h o to p ro d u c tio n d a ta [4 3 ], fo r W b e -
tw e e n 5 a n d 16 G e V , a n d m a y b e e x p e c te d to re p ro d u c e
th e a v e ra g e b e h a v io r o f th e c ro ss se c tio n in th e n u c le o n
re so n a n c e re g io n . H o w e v e r, e x tra p o la te d d o w n to th e
re so n a n c e re g io n , th e m o d e l o v e rp re d ic ts th e siz e o f th e
Λ c ro ss se c tio n a n d u n d e rp re d ic ts th a t o f th e Σ0. T h is is
e v id e n t in a ll th e g ra p h s, b u t is e sp e c ia lly e a sily se e n in
th e to ta l c ro ss se c tio n s, F ig s. 20 a n d 21. S in c e it is a p u re
t-ch a n n e l re a c tio n m o d e l, it c a n n o t p ro d u c e a rise a t b a ck
a n g le s a s se e n fo r th e Λ , a n d illu stra te s th e n e e d fo r s-
a n d u-ch a n n e l c o n trib u tio n s to u n d e rsta n d th a t fe a tu re .

T w o h a d ro d y n a m ic m o d e ls [6 , 10 ] b a se d o n sim ila r
e ff e c tiv e L a g ra n g ia n a p p ro a ch e s a re a lso sh o w n . B o th
e m p h a siz e th e a d d itio n o f a sm a ll se t o f s-ch a n n e l re so -
n a n c e s to th e n o n -re so n a n t B o rn te rm s, a n d d iff e r in th e ir
tre a tm e n t o f h a d ro n ic fo rm fa c to rs a n d g a u g e in v a ria n c e
re sto ra tio n . A s b o th w e re fi tte d to th e p re v io u s d a ta
fro m S A P H IR [18 ], th e y a re e x p e c te d to b e in so m e w h a t
p o o re r a g re e m e n t w ith o u r K+Λ th a n o u r w ith K+Σ0

d a ta .
B o th m o d e ls c o n ta in a se t o f k n o w n s-ch a n n e l N∗ re so -

n a n c e s: S1 1 (16 5 0 ), P1 1 (17 10 ), a n d P1 3 (17 20 ). T h e m o d e l
o f M a rt et al. [6 ] w h ich is u se d in th e K a o n -M A ID c a l-
c u la tio n s c o n ta in s a n a d d itio n a l D1 3 (18 9 5 ) re so n a n c e in
its K+Λ d e sc rip tio n . In th e K+Λ c a se , th e c a lc u la tio n s
o f Ire la n d et al. [12] a re sh o w n sin c e th e y re p re se n t a n
u p d a te o f th e e a rlie r w o rk o f J a n sse n et al. [10 ]. T h e se
c a lc u la tio n s in c lu d e d p h o to n b e a m a sy m m e try [13 ] a n d
e le c tro p ro d u c tio n [14 ] d a ta p o in ts in th e d a ta se t u se d fo r
fi ttin g . T h e c u rv e s d isp la y e d o n F ig s. 14 , 15 , a n d 18
c o n ta in th e se t o f k n o w n re so n a n c e s p lu s a n a d d itio n a l
P1 1 (18 9 5 ) re so n a n c e . T h is c o m b in a tio n w a s fo u n d to g iv e
th e b e st q u a n tita tiv e a g re e m e n t w ith th e d a ta se t u se d fo r
fi ttin g . T h e a n a ly sis o f R e f. [12] w a s re stric te d to a stu d y
o f th e K

+Λ ch a n n e l, so fo r c o m p a riso n w ith th e p re se n t
K+Σ0 d a ta , w e u se slig h tly o ld e r c a lc u la tio n s [10 ] w h ich
c o n ta in a n a d d itio n a l D1 3 (18 9 5 ).

T h e C L A S K+Λ re su lts, w h ich sh o w a stru c tu re th a t
v a rie s in w id th a n d p o sitio n w ith k a o n a n g le , su g g e sts a n
in te rfe re n c e p h e n o m e n o n b e tw e e n se v e ra l re so n a n t sta te s
in th is m a ss ra n g e , ra th e r th a n a sin g le , w e ll-se p a ra te d
re so n a n c e . T h is sh o u ld b e e x p e c te d , sin c e se v e ra l N∗ re s-
o n a n c e s w ith o n e - a n d tw o -sta r P D G ra tin g s o c c u p y th is
m a ss ra n g e . F ro m F ig . 18 , th e b e st q u a lita tiv e m o d e lin g
o f th e stru c tu re n e a r 1.9 G e V a t b a ck w a rd a n g le s is g iv e n
b y K a o n -M A ID [5 ], b u t th e m o d e l se e m s to d iv e rg e fro m
th e tre n d s o f th e d a ta a t fo rw a rd a n g le s. T h e c a lc u la tio n
o f R e f. [12] g iv e s a p o o r d e sc rip tio n o f th e d a ta in th e 1.9

- - - Regge model (M. Guidal et al.)

—– Kaon Maid (T. Mart et al.)

· · · Kaon Maid no D13(1895)

Bonn - Gatchina PWA:
(combined analysis with γp → pπ0, pη, KΣ)

SAPHIR (04)
CLAS (04)

scale factor used in

PWA for SAPHIR data:

↔ renormalisation



Bonn-Gatchina combined PWA including γp → KΛ, KΣ

CLAS: γp → KΛ diff. cross section:
CLAS: γp → KΛ recoil polarisation:

no P (1850)11

no D (2170)13
.......
_ _ _ _ 

also included in the fit: beam asymmetry data
from LEPS (Spring-8)

⇒ New P11(1840), D13(1875), possible new D13(2170)



γp → K+Λ - different interpretations -

SAPHIR(98) ( 7591 events ):

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1.6 1.7 1.8 1.9 2.0 2.1 2.2

W (GeV)

● new SAPHIR data
❍ old data

σ
to

t
(µ

b)

?

?
(1650)S11

P11(1710) 
(1720)13P

13D
13D
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new

• Tree level isobar model

( T.Mart, C.Bennhold )
→ new resonance needed

∼1900 MeV

Constituent quark-model:
S11(1945), P11(1975), P13(1950),
D13(1960): significant KΛ- width
→ all can reproduce the data

Only D13 predicted to have
a significant γp-coupling
⇒ D13(1895)

Fits to the latest SAPHIR(04) data: suggest that a larger number of new resonances
could contribute ( Mart, Sulaksono, Bennhold )

• Chiral quark model ( B.Saghai )

- no D13(1895) needed, exchange of Λ(1810), Λ(1890) in u-channel
→ explains the enhancement ∼1900 MeV



γp → K+Λ - different interpretations -

• Coupled channel approach - chiral constituent quark model
( Julia-Diaz, Saghai, Chiang et al.)

Third S11(1900) needed to describe CLAS(04) data

• Effective Lagrangian approach with hadronic degrees of freedom
(Ireland, Janssen, Ryckebusch)

- also includes hyperon exchange in the u-channel
→ additional S11, P11, P13, D13∼1900 MeV improves the fit

P11(1900) most favorable

• Giessen-model: unitarity coupled channel effective Lagrangian model
( Penner, Mosel, Shklyar, Lenske )

D13(1950) included in the calculation but γp → K+Λ negligible
no significant effect from P11(1710)
main contributions from: S11(1650), P13(1720), P13(1900)

Different interpretations ⇔ very controversial



γp → K+Λ - CLAS(04) data -

− · − · − · −· Regge-model,

no s-channel resonances

- - - - - , ——- hadrodynamic models:

effective Lagrangian approach

⇒ Resonance structure looks
different at different cosΘ

⇒ Hints for more than one resonance !



γp → pη - results of different analyses

↔ CB-ELSA data not included

• Isobar model, ETA-MAID (Chiang et al.)

⇒ S11(1535), D13(1520), S11(1650), D15(1675), F15(1680),

D13(1700), P11(1710), P13(1720), ρ -, ω -t-channel exchange

• Giessen coupled channel analysis (Penner, Mosel)

⇒ S11(1535), D13(1520), S11(1650), D15(1675), F15(1680),

P11(1710) (small), ρ -, ω -t-channel exchange

• Chiral constituent quark model (Saghai,Li)

⇒ all known *** and **** -resonances, no t-channel exchange

⇔ 3rd S11 resonance needed M = 1780 MeV, Γ= 280 MeV



Total cross section γp → pπ0π0

M. Fuchs, Bonn

PreliminaryTAPS

GRAAL
CB−ELSA

CB−ELSA

Clear observation of baryon cascades:

γp → N∗/∆∗→ ∆π

γp → N∗/∆∗ → D13(1520) π

γp → N∗/∆∗→ N∗/∆∗ (∼ 1660) π

→ Observed for the first time in this data

Partial wave analysis of high
energy data in progress
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~γp → pπ0π0 - CBELSA/TAPS -
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γp → pπ0η

π
P P33 S D31 F F D GH G II3 1135 37 39 H3 11 3 13 3 15 3 1333 35 37 3931KKL2T 2J
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*∆− resonances 

?

U. Loering et al.

• γp → ∆∗ → ∆(1232)η → pπ0η

) 0πm(p
1000 1500 2000
0

500

1000

1500

2000

∆(1232) ⇒ ∆(1232) clearly observed !

but there are also additional
interesting structures :
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γp → pπ0η
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The change of ln Ltot as a function of the mass pole position in the fits with

Breit-Wigner parametrization of the second ∆D33 resonance



New D15 -state

- D15(2060 ± 30, 340 ± 50):
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⇔ Results vary strongly!



New P11

- P11(1840
+15
−40, 140

+30
−50):

pπ0, pη- data

KΛ, KΣ- data
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New D13 -states

- D13(1875 ± 25, 80 ± 20):

- D13(2166
+50
−80, 300 ± 65):

π+n
+ΣΚ

+ΛΚ
recoil pol. 

+ΛΚ
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Double polarisation experiments ~γ~p → pη
SFB/TR16

Sensitivity on the quantum numbers of the new D15(2070)

— : best solution: D15(2070)

— : 1/2− state substitutes D15(2070) — : 1/2+ state substitutes D15(2070)

CB at ELSA
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⇒ High sensitivity of polarisation variables !!



Double polarisation experiments at ELSA

Experiments with: - linear or circular polarised beam
- longitudinal polarised target (frozen spin butanol)

Forward Cone + Inner detector
Crystal Barrel 

TAPS
Tagging system

Goniometer

Photon intensity
monitor

Beam dump

γ

= presently a unique possibilty to perform
double polarisation experiments up to Eγ= 3 GeV


