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MAID has been used for:

- comparison with experimental data

- comparison with theoretical models

- comparison with partial wave analyses

- predictions for new measurements

- proposals for new experiments

- event generators

- input for dispersion relations for Compton and virtual Compton scattering

- input for nucleon polarizabilities

- input for Finite Energy Sum Rules

- input for GDH and related Sum Rules

- and more

up to now:

MAID web pages have been called more than 7.7 Million times



first EtaMAIDfirst EtaMAID isobar model for photoisobar model for photo-- and electroproductionand electroproduction



2000: isobar model with 7 N* resonances and t-channel  pole contributions

2003: isobar model with 7 N* resonances and t-channel  Regge trajectories

2007: search for narrow pentaquark state N(1685) in  n -> n

after 2007 a lot of new measurements were performed at:

MAMI, ELSA, JLAB  

with high statistics and beam-target polarization techniques

2017/2018: EtaMAID update of 4 coupled channels: pp, nn, ‘pp, ‘nn

with up to 20 N* resonances and Regge phenomenology  

short history of EtaMAIDshort history of EtaMAID



photoproduction amplitudes in an isobar modelphotoproduction amplitudes in an isobar model

( L,  J,  I,  E/M ) : set of partial wave quantum numbers



Born terms 

Born terms play a very different role in pseudoscalar photoproduBorn terms play a very different role in pseudoscalar photoproductionction::

• very important for  with well-known coupling constant ≈ 14

• small for  and ‘ with coupling constants  < 0.1

• important for  with practically unknown coupling constants

  ±

±



tt--channelchannel exchanges (single poles, Regge poles and Regge cuts)exchanges (single poles, Regge poles and Regge cuts)

Regge trajectories for:  b1, h1

Regge polesRegge poles ReggeRegge cutscutssingle polessingle poles

Regge trajectories for: f2, P  and cuts

f2

P
-f2, -f2 - cuts

-P, -P - cuts

b1, h1







diff cross sections and beam asymmetry for  at high energydiff cross sections and beam asymmetry for diff cross sections and beam asymmetry for  at high energyat high energy

V. Kashevarov, M. Ostrick, L. Tiator , Phys. Rev. C96 (2017) 045207

comparison with different Regge models our favoured Regge-cut model

GlueX data



photoproduction amplitudesphotoproduction amplitudes

problems:
• unitarity (Watson‘s theorem, coupled channels !)
• fixed-t analyticity (dispersion relations !)
• duality (problematic with Regge models !)

MAID2007 () :   2S11, for all other channels only 1 resonance N and 

EtaMAID2018 () :   4P11,  3S11,  4D13, … only N no 



quark-hadron duality

from quarkquark--hadron dualityhadron duality it is known:

sum over all s-channel resonances is equivalent to sum over all t-channel resonances

therefore: keeping both leads to double counting

= =

: our approach



modelling the backgroundmodelling the background

• Born

• Born + t-channel poles

• Born + Regge (RPR models)

• Born + Regge – s, p, d, f partial waves

• Born + Regge  damping factor fd (W)

alternative approach: Finite Energy Sum Rules

: our approach



unitarity aspects

thethe UnitaryUnitary IsobarIsobar Model MAID for pion productionModel MAID for pion production

K-matrix unitarization of background

unitarization phase
determined by the Watson theorem, below 2 threshold

relaxed above 2 threshold



for eta production we don‘t have such a powerful constraint,
in previous versions EtaMAID 2000-2017 we simply ignored this phase

in the new EtaMAID2018 version we use this phase as a free parameter

unitarity aspectsunitarity aspects



phenomenological phase 
taken as a free parameter



Status of N* Resonances in Particle Data Tables 2018Status of NStatus of N** Resonances in Particle Data Tables 2018Resonances in Particle Data Tables 2018

upgraded

upgraded
upgraded

upgraded
upgraded
upgraded

M. Tanabashi et al. (Particle Data Group) Phys. Rev. D98, 030001M. Tanabashi et al. (Particle Data Group) Phys. Rev. D98, 030001 (2018)(2018)



new N* Resonances in EtaMAID2018 updatesnewnew NN** ResonancesResonances in in EtaMAID2018EtaMAID2018 updatesupdates

upgraded in 2018

7 N* in 2001/2003

21 N* in 2018 for 

12 N* in 2018 for ‘



 results for individual data sets of 4 channels results for individual data sets of 4 channelsresults for individual data sets of 4 channels

total number of data points: 10,700    - our overall 2/data in the fit is 2.46
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total cross sectionstotal cross sections

 on proton and neutron ‘‘ on proton and neutron

MAMI data have very high statistics
and syst. errors are well under control

MAMI energy stops at E = 1.6 GeV
Wmax = 1.957 GeV



Born
Regge
Born+Regge

Born
Regge
Born+Regge

 damping factors

 on proton  on neutron

total cross sections for total cross sections for  : bg contributions: Born + Regge: bg contributions: Born + Regge



‘‘ on proton ‘‘ on neutron

total cross sections for total cross sections for ‘‘ : bg contributions: Born + Regge: bg contributions: Born + Regge

Born
Regge
Born+Regge

Born
Regge
Born+Regge

 damping factors



total cross sections for total cross sections for  : Resonances and Cusps: Resonances and Cusps

 on proton  on neutron

below 1.7 GeV completely dominated by S11(1535)

very pronounced cusp effects:very pronounced cusp effects:
S11(1535) produces a cusp effect in () at  threshold (not shown here)
S11(1650) produces the cusp effect in () at  threshold
S11(1895) produces the cusp effect in () at ‘ threshold



‘‘ on proton ‘‘ on neutron

N(1895) S11   : MBW = 1894.4 MeV (1.6 MeV below ‘ thresh)

N(2100) P11 : MBW =  2010 MeV

N(1900) P13 : MBW =  1899 MeV

N(2000) F15 : MBW =  2117 MeV

N(1990) F17 : MBW =  2227 MeV

dominant

resonance 

contributions

found in ‘

with EtMAID2018

total cross sections for total cross sections for ‘‘ : Resonances and Cusps: Resonances and Cusps



from Andrey Sarantevfrom Andrey Sarantev‘‘s talk on Friday :s talk on Friday :

very different resonance contributions!very different resonance contributions!
(for  we are much more similar)

the reason for that is:

large ambiguity in PWA solutions
due to very incomplete experiments
in etaprime production

only 2 observables:  d/d and 
have been measured

with EtaMAID2018 we find strongest contributions for S11(1895), P11(2100) and F15(2000)



other PWA groups analyzing new () dataother PWA groups analyzing new other PWA groups analyzing new (() ) datadata

BNGA: Bonn-Gatchina group: 
A.V. Anisovich, E. Klempt, V.A. Nikonov, A.V. Sarantsev and U. Thoma
multi-channel K-matrix model and N/D dispersion approach

JÜBO: Jülich-Bonn group:
D. Rönchen, M. Döring, H. Haberzettl, J. Haidenbauer, U.-G. Meißner 
and K. Nakayama
covariant multi-channel dynamical model

KSU: Kent-State University group:
B.C. Hunt and D.M. Manley
multi-channel K-matrix model



comparison with other PWA for p()pcomparison with other PWA for comparison with other PWA for p(p()p)p

EtaMAID2018

BnGa 2018

JüBo 2018

KSU 2018

EtaMAID2015 (with single t-channel poles)

beam asymmetry , GRAAL and CLAS data

TT and FF asymmetries, MAMI data



comparison with other PWA for n()ncomparison with other PWA for comparison with other PWA for n(n()n)n

EtaMAID2018

BnGa 2018

KSU 2018

EtaMAID2015 (with single t-channel poles)

beam asymmetry , GRAAL data

EE asymmetry, MAMI data



comparison of partial waves after phase rotation for p()pcomparison of partial waves after phase rotation for comparison of partial waves after phase rotation for p(p()p)p

EtaMAID BnGa

JüBo KSU
comparison of S and P waves

between new (2018) PWA

from:

our MAID solution

Bonn-Gatchina

Jülich-Bonn

Kent-State

S waves are almost identical

some higher pw are close

other pw differ a lot, 

due to incomplete experiments! 



predictions for unmeasured polarization observables p()ppredictions for unmeasured polarization observables predictions for unmeasured polarization observables p(p()p)p

EtaMAID BnGa JüBo KSU

beam-target H

recoil pol. P
equivalent to beam-target

beam-target G

beam-recoil Cx‘
very hard



a narrow resonance in etaprime photoproduction?a narrowa narrow resonanceresonance in etaprime photoproduction?in etaprime photoproduction?

beam asymmetry :
black disks: GRAAL data 2015
red circles:  CLAS    data 2017

diff. cross sect. d/d
MAMI data 2017

Anisovich, Burkert, Dugger, Klempt, Nikonov, Ritchie, Sarantsev, Thoma, arXiv:1803.06814

BnGa2018 solution, std. without narrow resonance

BnGa2018 solution with a narrow D13 : MR = 1900 ± 1 MeV,  < 3 MeV



narrow resonance  S11/D13 in p(‘)p MAID  vs.  BNGAnarrownarrow resonance  Sresonance  S1111/D/D1313 inin p(p(‘‘)p)p MAID  vs.  BNGAMAID  vs.  BNGA

black disks: GRAAL data 2015
red circles:  CLAS    data 2017

BnGa 2018

with narrow D13

MR = 1900 MeV

= 1 MeV

MAID 2018

with narrow S11

MR = 1903 MeV

= 2 MeV



BnGa 2018

with narrow D13

MR = 1900 MeV

= 1 MeV

MAID 2018

with narrow S11

MR = 1903 MeV

= 2 MeV

narrow resonance in p(‘)p - MAID  vs.  BNGAnarrownarrow resonanceresonance in in p(p(‘‘)p)p -- MAID  vs.  BNGAMAID  vs.  BNGA

 and d/d data can well be fitted with a very narrow resonance at WR=1900 MeV
in the total c.s. such a resonance is invisible
it shows up in interferences between  S-F or  P-D resonances 



summary and conclusionssummary and conclusionssummary and conclusions

in Mainz we have just finished an EtaMAID update
which will soon become available on our MAID webpage

it is based on Regge phenomenology at high energies
and nucleon resonances below 2.5 GeV

the well-known duality problem is addressed in a new approach
with a damping factor removing most of Regge background in the resonance region

the new EtaMAID2018 describes all data of 4 channels very well,

p -->  + p
n -->  + n
p --> ‘ + p
n --> ‘‘ + n

including novel polarization observables

in comparison of MAID with BnGa, JüBo, KSU we find that
PWA is still not unambiguous
for a complete experiment some polarization observables are still missing 





CompleteComplete Experiment Experiment forfor pseudoscalarpseudoscalar mesonmeson photoproductionphotoproduction

N  N

4 spin degrees of freedom:  2() x 2(N) x 1() x 2(N´) / 2(parity) = 4

4 complex amplitudes:   

16 observables:  

complete experiment analysis with at least 8 observables

e.g. : in principle recoil polarization is unavoidable

(single-spin)

(beam-target)

(beam-recoil)

(target-recoil)

very difficult
for  or 

but we hope that unitarity constraints from coupled channels
and analytical constraints from fixed-t dispersion relations

will compensate this lack of data



diff cross sections and polarization observables for  at high energydiff cross sections and polarization observables for diff cross sections and polarization observables for  at high energyat high energy

V. Kashevarov, M. Ostrick, L. Tiator , Phys. Rev. C96 (2017) 045207

comparison with different Regge models our favoured Regge-cut model

GlueX data



Four solutions for Regge parametrization, discussed in our paper:

V. Kashevarov, M. Ostrick, L. Tiator , Phys. Rev. C96 (2017) 045207

differential cross sections and polarization observables at high energydifferential cross sections and polarization observables at highdifferential cross sections and polarization observables at high energyenergy



differential cross sections compared to MAMI datadifferential cross sections compared to MAMI data



differential cross sections compared to CLAS datadifferential cross sections compared to CLAS data



differential cross section for differential cross section for ‘‘ on the neutronon the neutron



S.Prakhov, PhD P.Ott

the cusp at the ‘ thresholdthe cusp at the the cusp at the ‘‘ thresholdthreshold

MAMI A2 Collaboration
to be published in 2016



p p p ‘ p

Eta-MAID update: total cross sections for  and ‘EtaEta--MAIDMAID update: total cross sections for update: total cross sections for  and and ‘‘

background bg

best fit

Regge bg + 3 S11 res

GW/SAID GE09

EtaMAID 2003

best fit

S11 (1895)

Huang 2013

EtaMAID 2003

V. Kashevarov et al. (A2 collaboration at MAMI), PRL 118 (2017) 212001



a a bumpbump in in thethe neutronneutron  cross cross sectionsection

N(1685) ??

Is it

• a narrow resonance

W=1670, =30 MeV ?

• a coupled-channels

effect of K and K ?

• an interference

of S11(1535) and S11(1650) ?



from: Anisovich et al., EPJ A51(2015)72: InterferenceInterference phenomenonphenomenon in in thethe JJ=1/2=1/2 partial partial wavewave

a a bumpbump in in thethe neutronneutron  cross cross sectionsection

JJ=1/2=1/2 (S(S1111)  )  contributioncontribution

most likely not a genuine resonance

or even a pentaquark state


