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Why baryon spectroscopy?

Goal: Understanding nucleon excitation spectra
<> Understanding dynamics of the constituents inside the nucleon

@ many more resonances
expected in quark models or
lattice QCD than
experimentally observed

@ What are the relevant degrees
of freedom?

@ most resonances observed in
7N — some resonances
might not couple to 7N
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Photoproduction reactions are excellent tool
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to probe excitation spectra!
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Why baryon spectroscopy?
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Photoproduction reactions

Study of different reaction channels gives access to different resonant structures
= Worldwide effort to get high precision data (ELSA,MAMI, JLab, ...)

o [ub]
TTTTT

%” W
L’ it oom et. a - -
oot -Saﬁatu*.’wut,,......-[;?;94,3.'.....s..‘4...';'..f.L,’,‘f..'f.U,B,.isz.fffﬁg,Z y+p— X

'y
o
N

v
Meesre . [SAPHIR-ELSA]
.

Y
a(12%2) ‘vﬁ-m e Y+p—>p+T +Tt

N .
U
t ‘._._i«b [CB-ELSA]
g

° - %‘——0—-—0—-_.__._ 'Y+p—>p+ﬂ:o+7[0

oot oo K2S
1 . N*(1535) *-*i,‘ _,-'-_‘_ﬁf*++.'+-:+++ Y+p—>p+ 0
E :A2 MAMI ) e + Y+rp—>p+ n.
- A Y+p—>p+
10" 3 l+ I I | l l I
0 500 1000 1500 2000 2500 3000

E, [MeV]
0

F.N. Afzal Recent results of polarization observables in 7°- and n-photoproduction off the proton 5/30



Importance of polarization observables

@ Scattering amplitude f <— 4 complex amplitudes (CGLN amplitudes)
f(Fi(W,cosOcm), F2(W, cosOcm), F3(W, cos Ocm), Fa(W, cos Ocm))

o PWA: Fi = X355, (IMyy + B )Pl + [(1+ M- + B 1P,

o Ei+ (W), M1 (W): Multipoles

o P/, ;(cosfcm): Legendre polynomials

@ Measurable observables «+— Multipoles «+— Resonance parameters
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The Electron Stretcher Accelerator (ELSA)
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Linearly polarized photons

@ coherent bremsstrahlung produced on diamond crystal
e Bragg: if §= n- g — constructive interference

incoherent bremsstrahlung coherent bremsstrahlung
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The CBELSA/TAPS experiment at ELSA in Bonn

Measurement of X (July-October 2013)
Linearly polarized photons + IH> target
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Selection process of yp — yyp

Selected events had to fulfill kinematic constraints:

@ 3 hits in calorimeters (p+2v)

@ Proton: calculated as missing particle of yp — vy X
o Angular-cuts:

o Agreement of missing mass and measured charged particle in 6

o Coplanarity-cut: A® = |, — &,| = 180° within 2.50

@ Beam photon: Ey > Epod.threshold and time coincidence with reaction products
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Determination of the beam asymmetry >

o linearly polarized beam, unpolarized liquid hydrogen target
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The beam asymmetry ¥ in 7%-photoproduction

:F_, =1240 MeV
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e this work

e CLAS data (M.Dugger et al., Phys.Rev.C 88, 2013)

e GRAAL data (O. Bartalini et al., Eur.Phys.J.A26, 399, 2005)
e LEPS data (M.Sumihama et al., PLB657, 32, 2007)

PWA solutions: —BnGa(2014.01) —BnGa(2014.02) —SAID(CM12) —JiiBo2015 Fit B
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The beam asymmetry ¥ in n-photoproduction
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MAinz Mlcrotron MAMI

MAMI-C

Tagged
Photons

Parity
Violation

I =
Injector Therm.Source
Linac  +Pol.Source

RTM1

Spectrometer
. . Hall

e Located at Inst. of Nuclear Physics, Mainz, Germany
e Unpolarized or longitudinally polarized electrons

® Acceleration in 3 race track microtrons (RTM1-3) to 855 MeV (MAMI-B)

® Acceleration in harmonic double-sided microtron (HDSM) to 1600 MeV (MAMI-C)

0
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The Crystal Ball experiment at MAMI in Mainz

Glasgow photon tagging spectrometer

%’/

MAMI-C Beam ( ’ TAPS

o 366 BaF,+ 72 PbWO,crystals
E;=1557 MeV \Q&/ : 1°-20%in0 !

~ Radiator Crystal Ball
672 Nal crystals
21°-159°in§
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Polarized e~ beam on diamond radiator

First experimental attempt to measure E and G with longitudinally polarized electron
beam in combination with a diamond crystal — using linearly and circularly polarized
photons within same beam time!

Linearly polarized photons Circularly polarized photons
@ diamond radiator needed @ longitudinally polarized electrons
needed

@ coherent bremsstrahlung
@ helicity transfer to photons
@ coherent edges at:

350 MeV, 450 MeV, 550 MeV, o Mott/Mgller measurement:
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Dubna-Mainz frozen spin polarized target

@ polarization via Dynamic Nuclear
Polarization DNP

@ 70 GHz microwave irradiation at
2.5 T is used to transfer the
electron polarization to protons

o *He/*He dilution cryostat with 25
mK holding coil and 0.63 T

@ relaxation time 7 =~ 2000 h

@ 9-10% pol. protons per cm? in Butanol Target Carbon Target
the target cell ;

i
RELCCHT
HEHH

@ pr up to 90%

@ carbon target needed for
background studies
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Selection process of yp — yyp

Selected events had to fulfill kinematic constraints:

@ 3 hits in calorimeters (p+2v)
@ Time coincidence of beam photons and final state meson
@ Energy dependent 3o0-cuts:

e Proton: Calculated as missing particle of yp — vy X

o Invariant mass of v~y

o Agreement of missing mass and measured charged particle in 6
o Coplanarity-cut: A® = |®,, — | =180°
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Determination of E and G

Differential cross section for pseudo-scalar meson photoproduction using elliptically

polarized photons and longitudinally polarized target:

do do .
E(G’ ®) = EO(9) [1— PinX cos(2(a — ¢)) — P-( — PinGsin(2(a — ¢)) + PeircE)]

Integrating over ¢:
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Results for E in w0-photoproduction (315 MeV - 645MeV)

e this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)
e CBELSA/TAPS data (taken with amorphous radiator, M. Gottschall et al., Phys. Rev. Lett. 112 (2014) 012003)

— BnGa_2014_02 (PWA pred.) — BnGa_2014_01 ( PWA pred.) — JiiBo2016-3.1 (PWA pred.)
— SAID-CM12 (PWA pred.)
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Results for E in 7%-photoproduction (675 MeV - 1095 MeV)

e this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)

e CBELSA/TAPS data (taken with amorphous radiator, M. Gottschall et al., Phys. Rev. Lett. 112 (2014) 012003)
— BnGa_2014.02 (PWA fit) — BnGa_2014_01 (PWA fit) — JiiB0o2016-3.1 (PWA fit) — SAID-CM12 (PWA pred.)
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Results for E in 70-photoproduction (1125 MeV - 1395 MeV)

e this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)

e CBELSA/TAPS data (taken with amorphous radiator, M. Gottschall et al., Phys. Rev. Lett. 112 (2014) 012003)

— BnGa_2014.02 (PWA fit) — BnGa_2014_01 (PWA fit) — JiiB0o2016-3.1 (PWA fit) — SAID-CM12 (PWA pred.)
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Results for E in n-photoproduction

o this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)

— BnGa_2014_02 (PWA pred.) — BnGa_2014_01 (PWA pred.) — JiiBo2016-3.1 (PWA fit)

— SAID-GE09 (PWA pred.)
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Truncated PWA (which L.y is seen in the data?)
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Truncated PWA (which L.y is seen in the data?)

. 2Ly +1
E(W,cos0) = E(W,cos) - 92(W,cosf) = > (a(W))x - PP(cosb)
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Truncated PWA (which L.y is seen in the data?)
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Truncated PWA (which L.y is seen in the data?)
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Truncated PWA (which L.y is seen in the data?)
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Impact of polarization data

o Fit error bars get smaller when including new polarization data (BnGa_2014)

o Differences between the different PW analyses exist
— Inclusion of more polarization observables will converge all analyses to the same

solution
Re i’

4 300 500 1000 1500 2000 2500 Y
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Summary and Outlook

@ Polarization observables are sensitive to interference terms
— They are important tool to probe nucleon excitation spectra

o The beam asymmetry ¥ has been measured in 7°- and 7-photoproduction by the
CBELSA/TAPS collaboration for E, =1100 MeV - 1800 MeV with high precision
— data shows sensitivity to G-wave

@ The double polarization observables E and G were measured at the Crystal Ball
experiment at MAMI within the same beam time using longitudinally polarized
electrons on a diamond radiator
— successful first attempt to measure E and G simultaneously
— data covers energy range down to A(1232) resonance region
— complementary to CBELSA/TAPS and CLAS data

@ Outlook:

o Crystal Barrel detector has been upgraded for a higher detection efficiency, especially
for photoproduction off the neutron

e Soon new polarization data (T,P,H) will be taken.

Thank you!
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Results for E in 7%-photoproduction (240 MeV - 800 MeV)

e this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)

o this work (longitudinally polarized electrons + amorphous radiator — only circularly polarized photons)
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Very good agreement between data obtained with a diamond and an amorphous radiator!
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Results for E in 70-photoproduction (840 MeV - 1400 MeV)

e this work (longitudinally polarized electrons + diamond radiator — elliptically polarized photons)

o this work (longitudinally polarized electrons + amorphous radiator — only circularly polarized photons)
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Very good agreement between data obtained with a diamond and an amorphous radiator!
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Circular polarization degree in crystals

Calculation of photon circular polarization degree in crystals by
I. M. Nadzhafov, Bull. Acad. Sci. USSR, Phys. Ser. Vol. 14, No. 10, p. 2248 (1976).
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Impact of polarization observables
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