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Motivation



Theoretical Predictions

Quark Model Lattice QCD Calculations
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— What are the relevant degrees of freedom?

Discrepancies between
measurement and calculations:
"missing resonances”
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— What are the relevant degrees of freedom?

Most resonances observed in w/N scattering:

— experimental bias?

Discrepancies between
measurement and calculations:
"missing resonances”



Resonances

Huge experimental effort from
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Polarization Observables in photoproduction of pseudoscalar meson

Polarization Observables are a tool to

access weak resonance contributions,

sensitive to interference terms:
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Examples of Important Experiments in the Last Years

A2 experiment at MAMI CBELSA/TAPS experiment CLAS experiment at JLAB
Mainz, Germany Bonn, Germany Newport News, US

TAPS CEBAF
Large

Acceptance

Spectrometer

MWPC  PID

cB
Common features: Important differences:

e Good angular coverage of detector e Different sensitivities (for charged or

systems neutral particles)

e Polarized photons and polarized o Different photon energies

targets — Different physical focus 5
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Measurement of Observables



Cross Section Measurements at A2
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Cross Section Measurements at A2
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Double Polarization Observable E (yp — pn®): CBELSA/TAPS

pop ) E is a helicity asymmetry:
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Spin Dependent Cross Section (yp — pr°): CBELSA/TAPS

o [ub]

e Different models show good description of the
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e Spin dependent cross section can be extracted:
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Spin Dependent Cross Section (yp — pr°): CBELSA/TAPS
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off (polarized) Neutrons with A2

Measurements
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Measurements off (polarized) Neutrons with A2
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Measurements off (polarized) Neutrons with A2
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Strangeness Production with CLAS: vp — KA

d d,
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Observables in Multi-Meson Final States

. . . N% A
e Multi-meson final states like yp — pr%7® or 7% preferred at B wa—
higher energies yd i
e Probes the high mass region, where the missing resonances occur : v

e Can help to observe cascading decays Proton

11
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Observables in Multi-Meson Final States
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Polarization Observables T, P, H (yp — pr°7°): CBELSA/TAPS
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Interpretation




Multipoles and CGLN Amplitudes

Multipoles give informations about the intermediate

states, can be combined into CGLN amplitudes: S A
el ™
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with z = cos @ and the Legendre polynomials Py(z).
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Multipoles and CGLN Amplitudes

Multipoles give informations about the intermediate

states, can be combined into CGLN amplitudes: S A
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Example of a Truncated Partial Wave Analysis

Observable described by

2l max—1

T=T 0= %sin@ [ Ah(cosﬁ)h}

h=0

e using S- and P-waves (Lmax = 1):

T= fsmH[Ao—l—Al-cos@]

e using S-, P- and D-waves (Lmax = 2):

T= %SinQ[Ao+A1 -cos + Az - cos” 0 + As - cos” 6]

e using S-, P-, D- and F-waves (Lyax = 3):
T= %sin@[Ao—i—Al -cosf + Ay - cos” 6 4 As - cos’ §

+ Ag - cos* 0 + As - cos® 0]
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First Interpretation with a Truncated Partial Wave Analysis
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e Sensitivity to different angular momenta directy
visible in the observables!

e Energies below W < 1650 MeV: L = 2 sufficient
(up to D waves)

e [ =3 (F waves) strength visible for
W > 1650 MeV

e Above W > 1850 MeV indication for L = 4 signal
(G waves)

Y. Wunderlich, F. Afzal, A. Thiel, R. Beck, Eur.Phys.J. A53 (2017) no.5, 8
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First Interpretation with a Truncated Partial Wave Analysis
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New Fits from different Analyses

New observables for pr® have been included in the before after
analyses of the groups:
e BnGa (black) =
. E
e JiiBo (red) <
[0}
e SAID (blue) e
E
E
<
E
142601200 1600' 1800 2000 2200 920074001600 1300 2000 2200
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For all other multipoles see:

Anisovich et al., Eur.Phys.J. A52 (2016) no.9, 284
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New Fits from different Analyses

New observables for pr® have been included in the before after
M, (x’p) M, (x°p)

analyses of the groups:

e BnGa (black) =
. E
e JiiBo (red) <
[0}
o
e SAID (blue)
Variance between the different analyses decreases!
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Comparison between PDG values and BnGa results

Decay modes of nucleon resonances | kokokok Existence is certain.
. The impact of photoproduction | black:  PDG 2004 Fokk Existence is very likely.
. on baryon resonances red: PDG 2018 Hk Evidence of existence s fai
e Until 2010: almost only il e iovesied
. overall Ny Nn Am No Nn AK K Np Nw Nn" Nigaom Niszom Nis3sm Niggomn
results from pion nucleon —
. . N (1440) 1/ 2% ok obobok sokokok ok Fokok
Scattenng used in the PDG N (1520) 3/27 bk somkk shoonk obkok %ok onkok
! N (1535) 1/27 skkkk skkkk solkk dokk % skkkok
. N (1650) 1/27 skkk skkkk dokkk dokk ok kkkk dokk *
on Iy feW p|on N (1675) 5/27 sokiok ook ookk Forokx bk % * * o owk *
N (1680) 5/2% shokok sobokok sokokok dobokok ook % Fokofok

N(1700) 3/27 ik ok skkk bk ok * kb ok *

photoproduction data used N (1710) 1/2%  sobokk sobokk sobokk  kok WK KK K kK *

N (1720) 3/2% sobokok shobokk bk kkk ¥ k kkok ok kk ok

N(1860) 527 ok % sk * *
H N (1875) 3/27 skx  *x Rk  *  kk ok * * * * * *
e PWA groups include Nl V2 o e v o a m A .
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H 1 N(1900) 3/2% sk sobokk ok kk ok Kk Rk Rk ok * o kk
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N (2000) 5/24‘ ok Aok Aok ok * * * * *
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Large improvement, but still lot of work to be done!
17



Still Many Open Questions...

e Parity doublets occuring at high energies.
Do they exist for all high mass states?
They are not predicted by the current
lattice QCD calculations nor by constituent
quark models.
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17201727 37213727 5/2M5/27) 7727727 9729727
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Search for Parity Doublets

Parity Doublets at high masses:

A(1910)1/2F
A(1900)1/2~

A(1920)3/2F
A(1940)3/2~

A(1905)5/2T  A(1950)7/2+F
A(1930)5/2~ ?
Partner of the A(1950)7/2" seems to be missing
Search in different final states revealed state with
7/27 at much higher masses (2200 MeV)

— No parity partner found
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A. Anisovich et al., Phys.Lett. B766 (2017) 357-361
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Search for Parity Doublets

Parity Doublets at high masses: w2 P > '
do/dQ, ub/sr do/dQ, ub/sr

T 2131-2153 T 2131-2153

A(1910)1/2F  A(1920)3/2F  A(1905)5/2t  A(1950)7/2F
A(1900)1/27  A(1940)3/27  A(1930)5/2° ? . -

X 2076-2107
2085588,

Partner of the A(1950)7/2" seems to be missing o= y
Search in different final states revealed state with oo
7/27 at much higher masses (2200 MeV) ost!

— No parity partner found os}

Fit with and without A(2200)7/2~ reveals high [
sensitivity of the data sets

Further identification of weak resonance

A. Anisovich et al., Phys.Lett. B766 (2017) 357-361

contributions possible!
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Still Many Open Questions...

>
e Parity doublets occuring at high energies. %230 BiGa-PWA, -

Do they exist for all high mass states? g P P AT OIS THr

They are not predicted by the current 210 N(2995)y 575 N2100)

lattice QCD calculations nor by constituent 200

quark models. 190" nurasoP1889) M0 157

180!
N(1720)

e Still many missing resonances. Why 170 NWW:M)J;M)M)NM

haven't we found them yet? 1600 1 /217270 37293720 57275727 77297727 972920
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Still Many Open Questions...

>
e Parity doublets occuring at high energies. R0 ImGachwA, Nz
. ) gm Eur. Phys. 1. A47 (2011) 153 N(@is0) N(2220)
Do they exist for all high mass states?
. N(2095) N(2100)
They are not predicted by the current o Nz0re)
. . . 200
lattice QCD calculations nor by constituent
quark models 1900 nisso1229 S5 1
180
N(1710) mm)
. . . 170
e Still many missing resonances. Why Neso) R

haven't we found them yet? 1600 1 /217270 37293720 57275727 77297727 972920

e |s it possible to do a complete experiment? How many observables and which
precision is needed?
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Measurement of Multiple Observables

Recently: Correction of the decay parameter o by BESIHI m. avtikim et al., Nature Phys.15, 631 (2019)
Parameter has a substantial influence on the polarization observable for A production

Fierz identities of the measured (double) 0?4+ 02+ C24C2 452 - T> 1 P2 =1
polarization observables YP-C,0,.+C.0,—T=0
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Measurement of Multiple Observables

Recently: Correction of the decay parameter o by BESIHI m. avtikim et al., Nature Phys.15, 631 (2019)
Parameter has a substantial influence on the polarization observable for A production

Fierz identities of the measured (double) 0?4+ 02+ C24C2 452 - T> 1 P2 =1
polarization observables YP-C,0,.+C.0,—T=0

<+——— PDG Value

BES III Value ————»

Measured (double) polarization observables for

vp — KA can be used to give an additional view on

Gaussian prior

2 = Fe s the value the decay parameter

m== Uniform prior

T T T T T T T
0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.78

D. Ireland et al., Phys.Rev.Lett. 123 (2019) no.18, 182301 21



Future Developments

GlueX at JLAB
Photoproduction with linearly polarized

photons at high energy (up to 12 GeV)
GLUEX gy < TR
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Future Developments

GlueX at JLAB CLAS12 at JLAB
Photoproduction with linearly polarized Electroproduction experiment

photons at hlgh energy (up to 12 GeV)
GLue X' v
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Panda at FAIR
Proton Antiproton annihilation
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Future Developments

GlueX at JLAB CLAS12 at JLAB
Photoproduction with linearly polarized EIectroproduction experiment

photons at hlgh energy (up to 12 GeV)
GLU]X s

Panda at FAIR EIC
Proton Antiproton annihilation
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Summary




Conclusion and Outlook

e New era of experiments allows precise measurements of (polarization) observables
for various reactions

e Data has been included in a truncated partial wave analysis, which gives a first
indication about the sensitivity of the observables

e Data is included in the different partial wave analyses and the multipoles are
converging

e New polarization data will help to understand the resonance spectrum and will
provide an experimental basis for comparison with constituent quark models,
lattice QCD or other methods
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Conclusion and Outlook

e New era of experiments allows precise measurements of (polarization) observables
for various reactions

e Data has been included in a truncated partial wave analysis, which gives a first
indication about the sensitivity of the observables

e Data is included in the different partial wave analyses and the multipoles are
converging

e New polarization data will help to understand the resonance spectrum and will
provide an experimental basis for comparison with constituent quark models,
lattice QCD or other methods

Thank you
for your attention.
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