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Why baryon spectroscopy ?

Susanna Costanza

- Perturbative QCD ȿ MEANINGLESS!!

- Low energy regime Ɂ non perturbative approach

- Phenomenological Quark Models ȿ LIMITED SUCCESS

- Based on internal degrees of freedom

- Three equivalent constituent quarks , quark - diquark structures , quark and
flux tubes

- Based on residual interactions of the quarks

- Gluon exchange , Goldstone boson exchange

- Can serve as:

- approximation of the nucleon structure

- guidance about the relevant interaction properties by comparison with
the observed excitation spectrum

How can we study the excited states of the nucleon ?



Pictures from wwwnew.hiskp.uni - bonn.de/ cb
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Looking for missing resonances

Susanna Costanza

Where is the mismatch rooted ?

Data analyses relying entirely on 
meson - induced reactions will miss 

states weakly coupling to Nĺ

Inappropriate internal degrees of 
freedom in the model

theory experiment

Mismatch between experiment and model predictions : 
- Many more resonances expected than observed

- Certain configurations completely missing : why ?

wwwnew.hiskp.uni-bonn.de/cb
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Photoproduction reactions

Susanna Costanza

Experimental alternative: 
meson photoproduction reactions

ƴNȿ N* ȿ NÙ

ƴp ȿ pĺ0

ƴp ȿ pƸƴp ȿ pƸô

ƴp ȿ pĺ0ĺ0

ƴp ȿ pĺ-ĺ+

ƴp ȿ X

V Investigation of 
different final states

V Resonances are 
accessible via 
different production 
processes: ÙN, ƴN, 
ƴ*N , ƪ, ƪô- decays , 
pN, é

V Measurement of 
polarisation
observables (PWA)
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Polarisation observables

Susanna Costanza
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Measurable observables Ɂ Multipoles Ɂ Resonance parameters

- Scattering amplitude f Ɂ CGLN- amplitudes : 4 complex amplitudes governing
pseudoscalar meson photoproduction off the nucleons in the GeV energy range

- CGLN- amplitudes Fi(W, cosƹcm ) ȿ expanded into Legendre polinomials Pôl±1 (cosƹcm )
and photoproduction multipoles (El±(W), M l±(W))

- Multipoles : information on the resonances and their properties in a given partial
wave

1 unpolarised , 3 single polarised , 12 double polarised measurements

From 4 complex amplitudes it is possible to construct 16 bilinear products
ȿ 16 polarisation observables for each individual channel
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Polarisation observables
«Complete (model independent ) experiment »:

measurement of 7 (8) observables
(4 single polarisation and 4 properly chosen double polarisation observables )

to unambiguously determine the scattering amplitudes

Susanna Costanza

Set Observables

Single 
(none)

S dǁ/d Ļ ƥ T P

Beam -
Target

BT G H E F

Beam -
Recoil

BR Oxô Ozô Cxô Czô

Target -
Recoil

TR Txô Tzô Lxô Lzô

Unpolarised , linearly pol ., circularly pol . beam

Measurements should include :

Å different production products ȿ multiple photoproduction channels

Å all combinations of isospin ȿ complete set of measurements off both the proton
and the neutron
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Measurements off the neutron

Susanna Costanza

- Different resonance contributions

Why are these measurements important ?

- Needed for extraction of iso- spin
composition of elm couplings

- Disagreement between predictions
(results from partial wave , reaction
models ) for neutron target

- agreement only in the æ(1232 )
resonance

- large discrepancies in the second
and third resonance region M. Dieterle et al, 

PRL 112 (2014) 142001
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Measurements off the neutron

Susanna Costanza

ƴd ȿ p(n) Ù0

ƴd ȿ n(p) Ù0

ƴn ȿ nÙ0

M. Dieterle et al, 
PRL 112 (2014) 142001

SAID

MAID

BnGa

Curves : 
predictons from

for
ƴp ȿ pÙ0 (left ) 

and 
ƴn ȿ nÙ0 (right)

- PWA results : agreement for proton target, disagreement for neutron target

- Data - PWA results comparison :
- significant effects from FSI in proton data
- poor agreement between neutron data and PWA predictions
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Photoproduction reactions

Susanna Costanza

Worldwide efforts to get high precision data from photoproduction experiments
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A2@MAMI: detector overview

Susanna Costanza

Beam :
Å photon beam produced by bremsstrahlung process and tagged by the magnetic

spectrometer
Å Eƴ < 1 .5 GeV, ˀEƴ = 2 - 4 MeV
Å Linear and circular polarisations available

24 thin

plastic

counters

480 wires, 

320 strips

Location : MAMI Accelerator (Mainz)



Polarisation observables in Ù- photoproduction off the nucleons

G and E

T and F

Ƹ- photoproduction off the neutron

The GDH sum rule
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First experimental attempt to measure G and E with longitudinally polarised
electron beam incident on a diamond crystal

(ȿ using linearly and circularly polarised photons at the same time! )
with a longitudinally polarised butanol target

Circularly polarised photons

o Longitudinally polarised electrons
needed

o Helicity transfer from electrons to
photons ȿ circularly polarised photons

o Mott / Moeller measurement of
polarisation degree : pe å75 - 78 %

Linearly polarised photons

o Diamond radiator needed

o Coherent bremsstrahlung :

preferred plane between incoming
electron and outgoing photon ȿ
orientation of the field vector of the
photon

o Coherent edges: 350 é 850 MeV

Double polarisation observables G and E
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Frozen spin Butanol target

Susanna Costanza

Polarization via Dynamic Nuclear Polarization (DNP)

- Butanol target is doped with paramagnetic radicals

- Electrons are polarised with a 2 .5 T magnetic field at
1 K

- Electron polarisation can be transferred to the
nucleons by 70 GHz microwave irradiation

- « Freeze» the spin : 3 He/ 4 He dilution cryostat with å
25 mK holding coil and 0 .63 T

- high relaxation time (å
2000 h)

- 9 ·10 22 polarised protons
per cm 2 in the target cell

- pT up to 90 %

- Carbon target needed for
background studies
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Differential cross section for pseudo - scalar meson photoproduction using
elleptically polarised photons in combination with a longitudinally polarised target :

Butanol (C4 H9 OH) has unpolarised protons in carbon and oxygen :

× ƥb contains distribution for bound protons

× The double polarisation observable G requires longitudinally polarised target ȿ determine
the fraction of polarised protons ȿ dilution factor :

× Scaling factor s for flux and acceptance difference between carbon and butanol beamtimes

Integrating over all possible helicity states ȿ G:

Double polarisation observable G
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ÅA2 data ( longitudinally polarised electrons + diamond radiator ïK. Spieker )

ÅCBELSA/TAPS data ( unpolarised electrons ïA. Thiel et al., Phys . Rev. Lett . 109 (2012) 102001)
ɋ BnGa_2014_02 (PWA fit )   ɋ BnGa_2014_01 (PWA fit )  ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )

266 MeV ï 563 MeV

Results for G in ĺ0 photoproduction

Very good agreement with existing data!
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ÅA2 data ( longitudinally polarised electrons + diamond radiator ïK. Spieker )

ÅCBELSA/TAPS data ( unpolarised electrons ïA. Thiel et al., Phys . Rev. Lett . 109 (2012) 102001)
ɋ BnGa_2014_02 (PWA fit )   ɋ BnGa_2014_01 (PWA fit )  ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )

563 MeV ï 860 MeV

Results for G in ĺ0 photoproduction

Very good agreement with existing data!
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Differential cross section for pseudo - scalar meson photoproduction using
elleptically polarised photons in combination with a longitudinally polarised target :

Integrating over Ǆȿ E:

d = dilution factor = amount of polarisable protons in the data

sc = scaling factor for flux and acceptance difference between carbon and butanol beamtimes

Double polarisation observable E
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Results for E in ĺ0 photoproduction

Susanna Costanza

225 MeV ï 645 MeV

Very good agreement with existing data!

ÅA2 data ( longitudinally polarised electrons + diamond radiator ï F.N. Afzal )

ÅCBELSA/TAPS data ( amorphous radiator ï M. Gottschall et al., Phys . Rev. Lett . 112 (2014) 012003)
ɋ BnGa_2014_02 (PWA fit )   ɋ BnGa_2014_01 (PWA fit )  ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )

Very good agreement with existing data!
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Results for E in ĺ0 photoproduction

Susanna Costanza

ÅA2 data ( longitudinally polarised electrons + diamond radiator ï F.N. Afzal )

ÅCBELSA/TAPS data ( amorphous radiator ï M. Gottschall et al., Phys . Rev. Lett . 112 (2014) 012003)
ɋ BnGa_2014_02 (PWA fit )   ɋ BnGa_2014_01 (PWA fit )  ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )

675 MeV ï 1095 MeV

Very good agreement with existing data!



22ECT* workshop, 08/05/2017

Results for E in ĺ0 photoproduction

Susanna Costanza

ÅA2 data ( longitudinally polarised electrons + diamond radiator ï F.N. Afzal )

ÅCBELSA/TAPS data ( amorphous radiator ï M. Gottschall et al., Phys . Rev. Lett . 112 (2014) 012003)
ɋ BnGa_2014_02 (PWA fit )   ɋ BnGa_2014_01 (PWA fit )  ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )

1125 MeV ï 1395 MeV

Very good agreement with existing data!
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Longitudinally polarised photon beam (425 - 1450 MeV) and transversely polarised
target

Results for F in ƴp ȿ ĺ0 p

Å  A2 data (V. Kashevarov )
ɋ  MAID 2007 (PWA pred .)
ɋ  SAID- CM12 (PWA pred )

Fåīsin(ƹ)cos(ƹ)|M1+|2

æ(1232) strongly dominates

F å sin(ƹ)cos(ƹ) · (|E 2 - |2 ï3|M 2 - |2

+ E *
0+ (E2 - + M 2 - ) ï 2E *

2 - M 2 - )
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J.R.M. Annand et al., Phys . Rev. C 93, 055209 (2016)

J.R.M. Annand et al., Phys . Rev. C 93, 055209 (2016)
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Results for T in ƴp ȿ ĺ0 p

Susanna Costanza

Tå)Í(Ez0+(E2ī+M2ī)ï6Ez2īM2ī)

ƹĺ
CM

Strong D - wave contribution from D 13 (1520)

Å  A2 data (V. Kashevarov )

ɋ  MAID 2007 (PWA pred .) ɋ  SAID- CM12 (PWA pred )

ƹĺ
CM

J.R.M. Annand et al., Phys . Rev. C 93, 055209 (2016)
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Results for F in ƴp ȿĺ+n

Susanna Costanza

ʅA2 data ( preliminary ïV. Kashevarov )
ɋ BnGa_2011_02 (PWA fit )   ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )
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Results for T in ƴp ȿĺ+n

Susanna Costanza

ʅA2 data ( preliminary ïV. Kashevarov )
ʀ World data ( before 2000)

ɋ BnGa_2011_02 (PWA fit )   ɋMAID 2007 (PWA pred .) ɋSAID - CM12 (PWA pred )












