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Why, baryom spectroscopyy?

The excitation spectra of protons and neutrons allow to draw
conclusions on the dynamics of the nucleons constituents

a )

\Bargom'c resonances spectrum and properties <> bound states of strong QCD )
N\ J

Howcann we studyy ther excited! statess of thee nucleom?
N
- Perttirbativee QCD s> MEANINGLESSH!!

- Low energy regime ? non perturbative approach

- Phenamenological| Quark< Madels: s> 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
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Mismatchh between experitnent.t andimadele! predictions:s:
- Many more resonances expected than observed
- Certain configurations completely missing : why ?

[ Where is the mismatch rooted ? ]
Inappropriate  internal degrees of Data analyses relying entirely on
freedom in the model meson - induced reactions will miss

\\\ states weakly coupling to A/ ]

Susanna Costanza ECT* workshop, 08/05/2017 3


wwwnew.hiskp.uni-bonn.de/cb

Phoetopreductionon reactions:<

Experimental alternative:

meson. phatoproduttionon reactionss
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Investigation of
different final states

Resonances are
accessible via
different production
processes: UN, y'N,
Y*N, 1, 1 6 decays,
pN, &

Measurement of
polarisation

observables (PWA)




Polansationn. observahles \

Measurable observables ? Multipoles ? Resonance parameters

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

CGLN--amplitudes s F(W, cosg.,) s expanded into Legendre polinomials P Q,(COSgy) |
and photoproduction  multipoles (E.(W), M, (W))

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

From4 complex amplitudes it is possible to construct 16 bilinear products
S 16> polarisatibinin observahles fon each individdalal channel

Photon Target Recoil nucleon Targetand Recaoll
polarisation polarisation polarisation polarisations
- - - - X O y Ox O z06 x6
- X 'y z - - - X z X z
Unpolarized | - T - - P - Tyo Lo  Tus L.s
Linear polaris . b H (-P) G O, (-T) O, | (L (T,9 (L (-Ty)
Circular polaris . - F - E Cso C,s - - - -

1 unpolarised , 3 single polarised , 12 double polarised measurements
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Polanisationn observahlés

«Complete {njadelie| independeant) experiment t»:

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

to unambiguously determine the scattering amplitudes
U y

a )

Set Observables

5 Single s | didL | p T P
(none)

Py Beam -
oy BT G H E F
5 > Target
>

Beam -

RGCO” BR Oxﬁ Ozé Cxc") Cz()
Target -

RGCO” TR Txﬁ Tzﬁ LXO Lzﬁ

Unpolarised , linearly pol., circularly pol. beam

Measurements should include :
A different production products s multiple/z photoproductionon channels:

A all combinations of isospin s complete set of measurements:< off’ both the: protoni
and! the: neutronn

Susanna Costanza ECT* workshop, 08/05/2017 6




Measurements < offfthee neutronn

Why, are these measunements's impostantnt?

- Different resonance contributions
Photon energy [GeV]
BO0 DI.F: 1.0 1.5 20 Zh 0.6 1.0 15 20 ZI.‘:

500

400L

2001

1 L > FH-“— 1 L L 1

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

A(yp — 7t )=_HAH_|_H{AH A1)

A(vp — 7°%) =+ EA”‘FV"E[A” — A1)

A(yn — 7 p) =+ ;A" ! m-’g(;il”'r + A%

A(yn — w%n) = +/2AV5 4+ [T(ATV 4 ATS)

Il 1 1
1.2 15 1,8 21 24 12 15 18 21 24
Invanant mass [GeV]

- Disagreement between
(results from partial
models) for neutron

predictions
wave, reaction
target

- agreement only in the a(1232 )

resonance

in the second
resonance region

- large discrepancies
and third
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Measurements < off thee neutron
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significant

Curves:
predictons from

----= SAID

_____ BnGa
for

yp s> puo (left)
and

yn s> nd? (right)

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

target,

effects from FSI in proton data
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Photoproductionon reactions <

[Worldwide efforts to get high precision datafrom photoproduction experiments J

B
- Class

CEBAF Large Acceptance Spectrometer
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A2 @ MAMI
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A2@NMANW detector overview e w

Glasgow photon tagging spectrometer Location~: MAMII| Acceleraton (Mainz).~)

' .
II Primary Beam 24 thin 480 wires,

plastic PID 320 strips
counters

Focal Plane Detector
Focal Plglne

e T

.-"f &
N
A
N S
mator,
TAPS
MAMI-C Beam
366 BaR+ 72 PbWO,crystals
E;=1557 MeV b , 1°-20°in{
Radiator Crystal Ball
672 Nal crystals
21° -159° infl

Beamn:
A photon beam produced by bremsstrahlung process and tagged by the magnetic
spectrometer

A E, <15 GeV,?” E, =2 - 4 MeV
A Linear and circular polarisations available
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Physics at A2@MAMI

« Polarisationn observablés in. U--photoproductionon off’ ther nucléans
« G and E
« T and! F

« g-photoproductionon off thez neutron

+ The GDH sum rule
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Doublex polarisationn observables G and/EE |

-

First experimental attempt to measure G and E with longitudinally polarised
electron beam incident ona diamond crystal
( susing linearly and circularly polarised photons at the same time! )

with a longitudinally  polarised butanol target
. y

Linearly polarised photons Circularly polarised photons

o Diamond radiator needed o Longitudinally polarised electrons

o Coherent bremsstrahlung needed

o Helicity transfer from electrons to

preferred  plane between incoming ) _
photons s circularly polarised photons

electron and outgoing photon s

orientation of the field vector of the o Mott / Moeller measurement of
photon polarisation degree: p,a 75 - 78 %
0 Coherent edges: 350 € 850 MeV 0 03
T E
#1.5% U.?;—
14?‘\ I:I_E.E—
p‘f n_g:E 1212\ ;]5:_
0.35 O.Bi E
0.TE A E F
E f”l A 0.6 04
ost TV b
o ] _1?/_ A 53 —— s > 4E, Ep—E? p
E 1 0S5t o000 1500 5000 2500 3000 02F S — - L .
v Y5 ; 5 ' = TETaE EraEz P
0%°200 400 500 800 1000 7200 1400 n;;, S VR ' R 1 R 11
E, [MeV] E, [MeV]
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Frazem spin. Butamob/ targett

7

\-

Polarization via Dynamic Nuclear Polarization (DNP)

- Butanol target is doped with paramagnetic radicals
field at

- Electrons are polarised with a 2.5 T magnetic
1 K

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

- «Freeze» the spin: 3He/ 4He dilution cryostat
25 mK holding coil and 0.63 T

lig L!rid helium from the still

internal supa{n:::-nducting holding magne
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with a

the

&

high relaxation time ( a
2000 h)

9.10 22 polarised protons
per cm? in the target cell

pr up to 90 %

Carbon target needed for |
background studies '
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Double: polanisationin. observable: G

Differential cross section for pseudo- scalar meson photoproduction using
eIIepticalIy polarised photons in combination with a longitudinally polarised target :
da

[Ei' o) = Il (9) [1 — PinX cos(2(ex — @) — P-( — PinGsin(2(ax — @) + P{-.:_rL-E):

Integrating over all possible helicity states s G:
+P,
(6.0) = Ng(0) - [1 — PinXe cos (2(a — ¢)) + dPjin P-Gsin(2(ax — ¢))]
+ o

Neg

X

X

Butanol (C,H,OH) has unpolarised protons in carbonand oxygen:

Ig dilution factor D
+A NE —— e — ——
z . prm—— NuXy + Neic . Ny N ) .
Ng 8, d) = (Ny+ Nz)(8 ( ‘I—( ) &y cos 2(p—ov )+ ( ) &N Gy sin2(p—nx )
| (©0.0)= N+ Ne)o)- (- (= (=)t (joqg) MeGusin2(6—o)

X+ [ contains distribution for boumd! protons

The double polarisation observable G requires longitudinally polarised t ar g e tletegnine
the fraction of polarised protons s dilution factory:

B Ny _ Ny B NE—S(EHI,)NG B Nec
D_NH—NC_NB_ Ns =—1—s (EH)NEWIThNngH—Nc

Scaling; factori s for flux and acceptance difference between carbonand butanol beamtimes
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Results forGinn < phatopreductionon
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Very; good agreement? withn existing; datad! cos 0,
AAZ data ( longitudinally  polarised electrons + diamond radiator i K. Spieker)

ACBELSA/TAPS data ( unpolarised electrons 1 A. Thiel etal., Phys. Rev. Lett . 109 (2012) 102001)

Q@ BnGa_2014_0f2) (PWNGa_2014_O0ft) @ RWA 2007 (PWA
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pred .) q SAID- CM12 (PWA pred)
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Results forGinn @ photoproduction

563 MeV 1 860 MeV

O  E =(563-596)MeV | E, =(596-629)MeV [ E, =(629-662) MeV

i IS S T S | PR I ] T T PO 1 o I S I T ST T S T T S S N S T T |

'F E,=(662-695)MeV__ [  E, =(695-728) MeV

E, = (794-827) MeV

H

4 05 0 05 14 05 0 05 14 05 0 05 1
Very) good agreementt withn existing; datal cos 0,

AAZ data ( longitudinally  polarised electrons + diamond radiator T K. Spieker)

ACBELSA/TAPS data ( unpolarised electrons 1 A. Thiel etal., Phys. Rev. Lett . 109 (2012) 102001)
g BnGa_2014_ 0f) (PVBANGa _2014 _O0ft) @RAAE 2007 (PWA pred .) q SAID-CM12 (PWA pred)
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Double: polanisationn. observable: E

Differential cross section for pseudo- scalar meson photoproduction using
eIIepticalIy polarised photons in combination with a longitudinally polarised target :

(g }) = j; (0)[1 — PiinX cos(2(a — ¢)) — P-( — PiinGsin(2(ax — ¢)) + PeircE) ]

Integrating over DZs E:
+P,
Ne| (6) = Ng(6)- [1— dP...P.E]
+1

/ / 1/2 3/2
E B C"LE L ﬂj' 2 NE- _ NE’. 1 1
— g1/2 /2 7 p ) 2 d P
":rl'“ <+ 9_3' Né 2 —+ NE 2 d Pcrrch

d = dilutionn factorr = amount of polarisable protons in the data d=1-—5s.- ﬁ—g

s. = scaling; factor for flux and acceptance difference between carbon and butanol beamtimes
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Results forEinn <% photoproductionon

225 MeV 1 645 MeV

1
B E, =225 MeV

E, =255 MeV E, =285 MeV

LT
E, =405 MeV

. ; '
0.5 f !
0 i
05F o :
.1 N 1 -
E, =495 MeV \
05k !
oS =
_—
-05 "L:-—.-__ - I
-1 T . = [
s E, =585 MeV 1
0.5 N o :
0 z = = — )__-'—"l":: J
05 F o : :
= 1 1 1
1 E i 1 1! 1 1 ! 1 1 1 !
-1 -0.5 0 0.5 Ho 05 0 0.5 + -0.5 0 0.5 1
/
ery) good agreement’ withi existing; datad! COS Oy

AAZ data ( longitudinally  polarised electrons + diamond radiator i F.N. Afzal)

ACBELSA/TAPS data ( amorphous radiator i M. Gottschall etal., Phys. Rev. Lett . 112 (2014) 012003)
q BnGa_2014_ 0f2) (PWANGa_2014_0ft) @RWA 2007 (PWA pred .) q SAID- CM12 (PWA pred)
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Results forEinn <% photoproductionon

675 MeV 1 1095 MeV

E 1 E, =675 MeV E, =705 MeV : E, =735 MeV

0.5
0
-0.5
4
0.5
0
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-1 E, =855 MeV E, =885 MeV
0.5 9 -

*
0 o
0.5 B ae
-1 N
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-
05
0
-0.5 [ 1 1

1 1 1
-1 1 1 1 ! 1 L 1 ! i

-1 i -0. i -05 0 0.5 1

0.5 0 0.5 5 0 0.5
Very) good agreementt withn existing; datad! COS Opyq

E, =765 MeV E, =795 MeV E, =825 MeV

E, =915 MeV

¢

E, =975 MeV E, =1005 MeV

<% . ¢

v

N —

E, =1035 MeV E, =1065 MeV E, =1095 MeV

AAZ data ( longitudinally  polarised electrons + diamond radiator i F.N. Afzal)

ACBELSA/TAPS data ( amorphous radiator i M. Gottschall etal., Phys. Rev. Lett . 112 (2014) 012003)
q BnGa_2014_ 0f2) (PWANGa_2014_0ft) @RWA 2007 (PWA pred .) q SAID- CM12 (PWA pred)
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Results forEinn <% photoproductionon

1125 MeV 1 1395 MeV

E, =1155 MeV E, =1185 MeV

COS Opyq

Very) good agreementt with existing; datad’

AAZ data ( longitudinally  polarised electrons + diamond radiator i F.N. Afzal)

ACBELSA/TAPS data ( amorphous radiator i M. Gottschall etal., Phys. Rev. Lett . 112 (2014) 012003)
q BnGa_2014_ 0f2) (PWANGa_2014_0ft) @RWA 2007 (PWA pred .) q SAID- CM12 (PWA pred)
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Results for- F in y'p s> %

Longitudinally

polarised photon beam (425 - 1450 MeV) and transversely polarised

target
’Q1 W ’Q1 5 X =4 55 ’ A -2 ONNCH "
— (49 —((3[p 0O tAI(©) 0OL OOE¢+ 0L O
m Q) ) . - c o
DY DU VLwéci®) VL 'OCOHEdes VUL ©O
1r 425-455 MeV 1 455-485 MeV 1 o - .
ol s AL Falsi(p)co(g) MJ
o % 0s /\ ae( 1 2 3 &trpngly dominates
0.2s] / Y025 f
o o
-0.25¢ -0.25
.50 0.5
.75 -0.75
1 . 1 . ! 785-815 MeV ! 815-845 MeV
0 50 100 150 0 50 100 150 0.8 ! o8l
J.R.M. Annand etal., Phys.Rev.C 93, 055209 (2016) 06 } | oel
A A2 d aKashevardl.) 0.4 | el
q MAI D 200 Jred .P WA o2 : | -
q S ACMD2 (PWA pred) . e | 02t :
_M\}/V | ) ; Fpd
F é §)¢OS(K) ) (lE 2- |2 i 3|M 2- |2 0.4 _~u.2—
+ E*0+ (EZ + M 2_) 1 2E*2_ M2-) o 50 100 m 50 100 150
J.R.M. Annand etal., Phys.Rev.C 93, 055209 (2016)



Results forr T in. ¥p s> 1%

Ta) |,(E20+( E:+My) T 6E,M;))

0.3

' 785-815 HeV '815-845 HeV

0.6

0 50 100 150 “0 50 100 150 <l
J.R.M. Annand etal.,, Phys.Rev. C 93, 055209 (2016)
A A2 d akashevardf.)
q MAI D 200 7ored PWA S ACML2 (PWA pred )

Strong D - wave contribution from D ,;(1520)
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Results forFinn yp s>lc'n

'3 3
,,,,,,,,,,,,,,,,,,,,,,,,,, }V}
J ‘0.|56‘G‘e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10

~ 0.53GeV

~ 047GevV 1

 0.44 GeV -

0.68 GeV

| 0.89‘GeV | J 0.95‘GeV | . 0.98‘GeV |

4 05 0o 05 11 05 0 05 11 05 0 05 14 05 0 05 11 -05 0 05 1
cos O,

| 1 A2 data ( preliminary 1 V. Kashevarov ) |
\q BnGa_2011_0f) (& WAD 2007 (PWA pred .) q SAID- CM12 (PWA pred) |
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Results for T in yp s>lctn

1 A2 data( preliminary 1 V. Kashevarov )
R World data ( before 2000)
g BnGa_2011_0fk) (& WAD 2007 (PWA pred .) q SAID-CM12 (PWA pred)
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