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Hadron Models: connection between constituent and current quarks

I I 1 l I I
0.4 Rapid acquisition of mass is a
’ / ;,effect of gluon cloud
03 | | A A numerical sitmulations
' — m = 0 (Chiral limit) -
3 T m=30 Mev of unquenched lattice QCD
Bo2 (Bowman et al.)
=
ol —— Dyson-Swinger equation
I (Bhagwat et al.)
% 1 2 3
(Craig Roberts) P [GeV]

Current-quarks of perturbative QCD evolve mnto constituent quarks
as low momentum ———  the constituent quark mass arises from
low momentum gluons that attaching them selves to current quarks.
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Hadron Models: connection between constituent and current quarks

' | ' | ' |
0.4 Rapid acquisition of mass is a
’ _ ;,effect of gluon cloud
03 | | A A numerical sitmulations
' —— m = 0 (Chiral limit) -
3 | T m=30 Mev of unquenched lattice QCD
Bo2 (Bowman et al.)
=
ol —— Dyson-Swinger equation
I (Bhagwat et al.)
% 1 2 3

(Craig_ Roberts)

This effect 1s a dynamical chiral symmetry breaking (DCSB): a
non-perturbative QCD effect that occurs also at the chiral Iimat
— generates mass from nothing
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Hadron Models: connection between constituent and current quarks
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The mteraction that describes color-singlet mesons also generates axial-vector
1sotriplet quark-quark correlations with significant attraction :

m[ud], = 0.74 - 0.82 GeV
m[ud], = m[uu], = m[dd]; =0.95 - 1.02 GeV — di-Quarks

MENU2010 Williamsburg, May 31st 2010 Annalisa D’Angelo - Complete photoproduction experiments



QCD -inspired Constituent Quark Models

e Chiral symmetry breaking of the QCD 3000 = =
Lagrangian generates Constituent Q with = = | = _ |=[F
effective masses - confirmed by LQCD =1 I = EEF =3 =
and DSE calculations. . =w (== =
E 2000 _ =_ I — :— :; =
eAsymmetry of the baryon wave function R | [ | | B =
1s guaranteed by color, but color degrees 1500 1~ =
of freedom are integrated out and play no
dynamical role. 000 . INE
Jnt 172+ || 372+ || 572+ || 772+ || 9/2+ ||11/2+ [13/2+| 1/2- || 3/2- || 5/2- || 7/2- || 9/2- ||11/2-||13/2-
LZTZJ Pll P13 FIS Fl7 Hl9 Hl Ll Kl 13 Sll D13 D15 Gl7 GIQ Il Ll Il 13
e States classified by 1sospin, parity and 000 e — ==
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= 2000 | o . :-—jm | |
=} — o [ | — ol
g e my

1500 —|

ol | A\

In ||| v2+|[ 32+ || 512+| | 772+ || 9r2+|[1124]|13724]1572+4]| 172- || 3r2-|| 572-|| 72-|[ 9r2- || 11/2]] 13721 | 15/2]
LZTZJ 1)3[ 1)33 l:35 F37 H39 I_Ifill K3l3 K315 SSl D33 D35 G37 GS‘) I3[[ 13 13

Shaded boxes: Thick segments: (by S. Capstick)
experimental theoretical
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QCD -mnspired Constituent Quark Models

4 R Table 1. The status of the N and A resonances. Only those
[ J with an overall status of s or sxxx are included in the main
Chiral symmetry breaking of the QCD with m ovrel st o
Lagrangian generates Constituent Q with Statis am oon i
effeCtive mdsses - Conﬁrmed by LQCD Particle Loj.ay g:};trlzu Nxm Nn AK XK Am  Np Ny
and DSE calculations. Vit A e
N(1520) Djg  ssxx foRokok oKk RkK kKKK KKK
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QCD -inspired Constituent Quark Models
e Chiral symmetry breaking of the QCD

Lagrangian generates Constituent Q with

3000 —

effective masses - confirmed by LQCD = = — =
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e States classified by 1sospin, parity and = I
Jn 172+ || 372+ || 512+ || 772+ || 9/2+ |[L1/2+{|13/2+| 1/2- || 3/2- || 5/2- || 7/2- || 9/2- ||11/2-||13/2-

Spin Within eaCh OSCillatOr band. LZTZJ Pll P13 FIS Fl7 H19 Hlll Kl 13 Sll D13 DlS Gl7 G19 Il Ll Il13
3000 — T == = 1= =

 only lowest few 1n each band seen (in & = | - F "I _L=EEE I

. = = B |ELEe [—E = |~ »
N) with 4% or 3% status —EEFEFTT = ey S
 o(mN) couplings predicted to decrease = =
. . F, n 1e00 — i) | o
rapidly with mass in each oscillator band 2
& ’ 1000 — _/fnll
e higher levels predicted to have larger :
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QCD -inspired di- Quark Models

e 2 quarks In nucleon assumed to be quasi-
bound 1n a color isotriplet; diquark-quark 1s a [ N [Staws [SU@)®UQ) [Parity | A" | Staws | SU(6)® UQ3) | Parity |

5 3 P13(938) Ak (56.0M + P33(1232) | FE=% (56.0%) -
net COlor ISOSlnglet. S11(1535) | F*=% (70,17) - S31(1620) | #*== (70.17)
S11(1650) | F*=% (70,17) - Dy3(1700) | % (70,17
D13(1520) kkkk (70‘ 1—)
e s . g 5 Dy3(1700) | *** (70,17)
e all possible internal di-quark excitations < Dis(1675) | **xx | [(70,1) :
Py1(1520) | &%= (56,07) +
full spectrum of CQM Py (1875) | #sxx .
P11(1710) *¥¥ (70,0%) 4 P31(1835) (70,07) +
P;,(1880) (70,2%) +
D 0 s 0 Py1(1975 20,1%
e internal di-quark excitations are frozen out u(on) . B e e o T R
(spin 0; iSOSpiIl 0) < large reduction in the 22858; e -l(gg-(:m! : P33(1920) | = (56.2%) +
number of degrees of freedom < predicts o b KO IR i .z |+
less N* states than seen in TN P13(2030) .1 | +
F15(1680) | #%%= (36,29 + || F35(1905) | ##== (36,29 n
F,5(2000) ** (70,2%) + F35(2000) % (70,2%) -
F15(1995) (70,2%) +
F17(1990) ** (70,2%) - F37(1950) | **==* [(536,27)] -
‘ the challenge: < unravel the N* spectrum
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Photonuclear cross sections
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From the Experiment to Theor

0,da/dQ,z,P,T

(beam-target) E,F,G,H,
(beam-recoil) CX,CZ,OX,OZ,
(target-recoil) LX,LZ, TX,TZ,

Reaction Theory
dynarnical frarmeworks

Theory
LQCD,

quark rnodels,
QCD sum rules,

Coupled channels:
resonance parameter
extraction

(by Eugene Pasyuk)
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From the EXxi

Idealized path to search for N*, A*
states via meson photo-production:

0,do/dQ,2,P,T

(beam-target) E,F,G,H,
(beam-recoil) CX,CZ,OX,OZ,
(target-recoil) LX,LZ, TX,TZ,

(1) determine the production

amplitude amplitude from experiment
search for resonant structure:
Argand circles, phase motion
plots, etc.

speed

Reaction Theory
dynarnical frarmeworks

Theory
LQCD,

quark rnodels,
QCD sum rules,

Coupled channels:
resonance parameter
extraction

(2) separate resonance and
background components

determine resonant YN * and decay
couplings; contact with LQCD, DSE,
Hadron models

(by Eugene Pasyuk)
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Idealized path to search for N*, A*
states via meson photo-production:

(1) determine the production g Wi &
amplitude amplitude from experiment

search for resonant structure:

Argand circles, phase motion  speed

plots, etc.

(2) separate resonance and
background components

determine resonant YN * and decay
couplings; contact with LQCD, DSE,
Hadron models

( A. SaIMOétmy)lmsburg, May 31st 2010

Never been done after
50 years of experiments

Without exp Amplitudes
models have conjectured
resonances and adjusted

couplings to compare with

limited data
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Complete experiments in pseudoscalar meson photoproduction

y + N - m + N
1

1
Spin states +] +— 0 + —
2 2
2

2 X o

8 possible spin states — 4 independent complex amplitudes
describe the transition matrix

F,=J¢, =iF0 €, +F,(6-9)0(kx&)+iF,(6-k)(q &) +iF,(0:9)(q"E,)

l"L(I.lL'
Fi = Y [Fy(@)Bus + By (@) Eie + 1By (@) Mis + (L 4+ 1) P, (2) M|
=0

CGLN amplitude.s n Py = lmf[(l—i—l)P,’(m)MH + 1P/ (2)M;_],
terms of Pauli matrixes: -

lma
: By = Z[Pllirl(m)EH + Py (z) B~ — Py () My + B ()M ],
are conveniently expanded =

into multipoles Fy = ) [-F'(2)En — B (2)Ei- + F'(@)Myy — P (2)M,].

=0
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Complete experiments in pseudoscalar meson photoproduction

y + N - m + N
1

1
Spin states +] +— 0 + —
2 2
2

2 X o

8 possible spin states — 4 independent complex amplitudes
describe the transition matrix

Helicity amplitudes: amplitudes are expressed 1n terms of all independent
photon and nucleons helicity states

—Lsin sing .= F,
Hy(0) = (+1]Jua| - 1) Hl(8)=ﬁi ,8 0(2)[F ) (6
H2(9) — <+1 Jll + 1) oy HZ(H)E—ﬁsm(E)[FI+F2+(F4+F3)cos (E)
HB(H) = <_1 Ju| — 1) H3(B)E+%sinecos(g)[F3+F4]
H4(.9) E (--1 Jll. +.1> H,(0)=-i Zcos(g)[Fl—Fz+(F4—F3)sin2(g):
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Complete experiments in pseudoscalar meson photoproduction

y + N - m + N
1

1
Spin states +] +— 0 + —
2 2
2

2 X o

8 possible spin states — 4 independent complex amplitudes
describe the transition matrix

Helicity amplitudes: amplitudes are expressed 1n terms of all independent
photon and nucleons helicity states

Hy(0) =S (27 +1) HY d?,4(6) From decomposition into partial waves:
7 H J A=A-d A, =—1
Hy(6) =Y (27 +1) Hf d?,(6) d'n ;-0 (0)
J | H~=N no hehcity flip
H3(0) = ; (27 +1) H; dy3(0), H, H,=5,5, single helicity fhip
H, =D double helicity thp
H4(9)=; (27 +1) H{ di,(9) . 1
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Complete experiments in pseudoscalar meson photoproduction

Transversity amplitudes: are expressed 1 terms of lhnearly polarized
photons and transversely polarized nucleons.

They are linear combinations of helicity amplitudes

,[(S1+ S,) +i(N - D)]

> Ry
D‘Q
. D
'
>N
o
I

o
N
I

1,[(S1+ S,) - i(N - D)]

b, =,[(S;-S,) +i(N + D)]

(D. Ireland)

p — 1 _ i
et *K} D4 = 1{(S1- ) - (N + D)]

MENU2010 Willhamsburg, May 31st 2010
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Polarization observables in pseudoscalar meson photoproduction

4 complex amplitudes — 16 bilinear combinations — 16 observables

Complete experiment: at least 8 carefully chosen observables are needed
to extract the amplitudes

YP—>Ttp

Recoil

High statistics -
no recent

—

Beam Target

recolil polarization s b s ‘ Cdo /dt

measurements

Target

1§ >

Transverse polarization Lomgitudinal polarization

Beam

.:>/

75
Talk by Wei1 Luo /e

Linear polarization Linear polarization Circular polarization L, dO’/ dt

at 90° at 45°

MENU2010 Williamsburg, May 31st 2010

Symbol Transversity Experiment Type
representation required
do /dt 611 + |ba|® + |bs]* + [ba]* {—;—;—} S
Ed(f/dt |b1|2 + |b2|2 - |b3|2 - |b4|2 {L(%’/T,O); -y =
Tdo/dt  |bi|* — |ba|* — |bs|* + [ba]®> {593~}
Pdo/dt  [by|* — |bo|* + |bs|* — [ba|* {—5—;y}
2 Im(b; b3 + bsabj) {L(x£37);2z;—} BT
Hdo/dt —2 Re(b;bj — bybj) {L(:}:_ilﬂ); T; —
‘ Edo/dt —2 Re(b;b} + bybj}) {C; z; -}
‘.’ Fdo/dt 2 Im(b;b3 — bsybj}) {C;z; -}
O,do/dt —2 Re(b;bj — bob3) {L(+47); —; 2’} BR
O.do/dt —2 Im(bib} + bab3) {L(£3im); —; 2"
C.do/dt 2 Im(b;b} —bsybj}) {C; —; '}
C.do/dt —2 Re(b;b} + byb3) {C; —; 2}
T,do/dt 2 Re(b;bj — bsbj) {—;z; 2"} TR
T.do/dt 2 Im(b1b2 — bsb}) {—;z; 2’}
L,do/dt 2 Im(b;b3 + bzbj) {—;z; 2"}
2 Re(blbg + bsb}) {—; 27}

1. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95, 347 (1975). r
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Polarization observables in pseudoscalar meson photoproduction

& K-
Weak A decay 1s self-analyzing yL . i@ ’
2 ’ /\/\9 I;roton9
yp—k’ A AN
Symbol Transversity Experiment Type
Recoll Beam Target representation required
do /dt 611 + |ba|® + |bs]* + [ba]* {—;—;—} S
Y Ydo /dt |b1|2 + |b2|2 - |b3|2 — |b4|2 {L(%W,O); - —}
1 Tdo/dt  |bi|* — |ba|” — |bs|” + [ba|* {—5 95—}
— Pdo/dt |by|* — [bo|® + |bs|* — [ba]® {—5—;y}
/ ‘ Gdo/dt 2 Im(b,bj + bybj) {L(xir);—Y BT
Hdo/dt —2 Re(b;bj — bybj}) {L(:h_il'zr); r; —}
Edcr/dt —2 Re(b1b§ + bgbz) {C, 2y —}
Fda/dt 2 Tm(b; b3 — bobj) {C;z; -}
@ 9 O,do/dt —2 Re(b1bj — bab3) {L(+47); —; 2’} BR
ol ST O.do/dt —2 Tm(bb? + bab?) (L(£1m); - 2}
O ﬁ% Codo/dt 2 Im(bb] — byb3) (C; —: 2}
@® C.do/dt —2 Re(b;b} + byb3) {C; —; 7'}
@ T,do/dt 2 Re(b;bj — bsbj) {—;z; 2"} TR
[ T.do /dt 2 Im(b;b5 — bsb}) {—;z; 2"}
@ 1 L.do/dt 2 Im(bib}+ bsb}) {—; 22}
® L.do/dt 2 Re(bib} + bsb) {— 22}

MENU2010 Willhamsburg, May 31st 2010

1. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95, 347 (1975). r
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Polarization observables in pseudoscalar meson photoproduction

Weak A decay 1s self-analyzing -

yp—k' A

do = dog + X[~ Pj cos(2¢,)] + T[PF] + P[P
+ E[-P)P]]+ G[P]P] sin(2¢,)| + F[P] P]] + H[P] P] sin(2¢,)]
+ Cw[P] P + Cu[P)PF] + On[P] Pf sin(2¢,)] + Ou[P] Pf sin(26,)]
+ Lw[PTPJ) + La[PT P} + TP PF) + Tu[PI PH).

Complete measurements are presently possible at CLAS and BONN
F, H and T observables require transversely polarized targets
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Isospin dependence of reaction amplitudes i pseudoscalar meson photoproduction

AY and A! are the components results from coupling of I=1/2 with 1soscalar and
1sovector components of the photon.

Their contributions appear 1 linear combinations that may be disentangled only
by measurements on both the neutron and the proton.

1. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95, 347 (1975).
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Polarized photon beams: Compton backscattering and Bremsstrahlung

GRAAL/ESRF
LEGS/BNL LEPS/SPRINGS8

1.0 15 20 vS (GeV)
S0Q T -~ e
\ w‘

N

£00 [~ B3

E.% _E/yp—hcdrcrm

0s 10 2.0 7 30
Ey (GeV)
HIGS/FEL/Duke n’ threshold

n threshold <« | —» o threshold
— KA threshold

MENU2010 Williamsburg, May 31st 2010

‘Hiys — below = threshold

‘Legs — A33(1232) resonance region

‘Graal — EY = .6-156GeV / W=14-19 GeV
Region of the second and third
baryon resonances n, K, o, thresholds

‘Leps — E, = 1.5-2.5 GeV
n' ¢ thresholds

Annalisa D’Angelo - Complete photoproduction experiments



Polarized photon beams: Compton backscattering and Bremsstrahlung

—

05

Cross-section (mb/MveV )

0L

LEGS beam polarization

09 E

08 F

07 E

06 F

04

03 F

02 E

MENU2010 Willhamsburg, May 31st 2010
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Polarized photon beams: Compton backscattering and Bremsstrahlung

Mami at Mainz
Elsa at Bonn
Clas at Jlab

00000

6000

4000

2000

1.2 1.4 1.6 1.8 2 22 2.4
Photon energy (prompt photon) [GeV]

Circular polarization from 100% polarized electron beam

 Circularly polarized beam o [
produced by longitudinally '
polarized electrons 5 T \
- CEBAF electron beam ;0 | Lare
polarization >85% 5 -
'Qg) nap- »i-.v’ -
4k - k* g ¥
})}’ = })e * ) e - 1 1 1 1 L 1 1
4 —_ 4k + 3k 0.2 0.3 0.4 0.5 .:)': 0.7 0.8 0.9 1.0
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Polarized photon beams: Compton backscattering and Bremsstrahlung

Mami at Mainz

Elsa at Bonn S ﬂ R
ClaS at lab r% - DataforPERP13GeV ;
J 2500':_ : Calculal‘aon —
Linearly polarized photons: e
coherent bremsstrahlung on :
oriented diamond crystal ]

4000 4500
Photon Energy (MeV)

— — — —
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Polanized targets: frozen spin butanol FROST at CLLAS

Frozen Spin Mode

- Microwaves OFF

- Polarizing magnet OFF
- Holding magnet ON

- Temperature <0.05 K
- Photon beam ON

0 1 2 3 4 BEAM

1 | | | |
|

METERS

MENU2010 Williamsburg, May 31st 2010 Annalisa D’Angelo - Complete photoproduction exerlents



Polanized targets: frozen spin butanol FROST at CLLAS

Frozen Spin Mode

- Microwaves OFF

- Polarizing magnet OFF
- Holding magnet ON

- Temperature <0.05 K
- Photon beam ON

b

METERS

Longitudinal Polarization: above
Relaxation time: > 2000 hours
Polarization procedure< 6 hours
Data taking: 5-6 days

Very rehable.

MENU2010 Willhamsburg, May 31st 2010
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Polanized targets: frozen spin HD target at LEGS and CLAS

Longitudinal and Transverse Polarizations: > 60%
Relaxation ime: > 1 year

Polarization procedure = 3 months

Data taking: = months

Very complicated.
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Polarized targets: frozen spin HD target at LEGS

Very clean signal/background separation v + HD—7n'(p)
4000 et
TARGET - h=1/2
PHOTON 3000+ El
SEAM £ 2000+ =
1.1, = - Z'=1 cell
8 1000 415 1
unpolarized | g, 0 - = . - % rie ) { T
o y . 200 -100 0 100 200
nearly Py | = - E_ Missing Energy (MeV)
circular P, F -E
0 0 0 0 - ry T o
Longitudinal and Transverse Polarizations: > 60% Y+ CH OH-p(n')
Relaxation ime: > 1 year 1500+ 'h'—'1'2= SR B B
Polarization procedure = 3 months 1000-E

Data taking: = months

Very complicated.

MENU2010 Williamsburg, May 31st 2010

= A =12-16
e o
-200  -100 0 100 200
Em Missing Energy (MeV)

) =

) =

S 500 Z’~50
Qo

QO
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" photoproduction at LEGS: longitudinally polarized photons
on longitudinally polarized target : E

0, /
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n' photoproduction at LEGS: longitudinally polarized photons
on longitudmally polarlzed target : Bl

-‘;12 ...:..;..:..__..;..:..%.,'.;,.;_6“,;,.
. | . 5 2
3 4 [y 2
. =1 R B L Sy "%§§ Tog T
—» - S 12 + R T LA T B N S LA
ANNNAN ¢ = 04+—21 é. - : - C -~ * - D -
o % i X Tt M Hor ?{=# X,
7k ;:5: 61 : 1 o . { o
------- SAID[FAO7K] N ol Fv=19aMev| Ey=zoaMevi Ey=212Mev| Ey=223Mev| Ey=235MeV]

0 45 90 135 O 45 90 135 0 45 90 135 0 45 90 135 O 45 90 135 180

CM CM cM CcM CM

‘QGO_ } } } } } ; -+ttt —4 ; }
§ - *s Yy
< | " ROy * e v e

<301 T T A s N T Ot T 5N T
g L o®® ™~ **%, oY ! %‘ ? | "4 ’ P
PR RS O RN WS
I 0t , ¥ . .- - 3 4 !
T | taf % T + s ) +" .
< o + 3 =;’ --:. - - -
lw':' -30 E'y 247 MeV‘_‘ Ey 259 MeV T E‘y 273 MeV T E'y 288 Meil 1. E'y 304 MeVT' Ey=320MeVT

0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 180
JCM CM CM CcM CcM CM

= —t i 4 $ $ i } SR N— } - 4 4 }
m 50-4h .w T T T T T T
a .6 0. 4 "..b. ’.'. .
N TSR WO S T ST SR S S oo | |

o |1 ¢ % A PR T ] ¢
ST /% B SERTE I, SELA 18 8 2

I 0- | *I 1. 3 - * -
g |1 gt ; i st
5— L r Q * 4 ._-'. 4 T
o 5T Ey 335 MeV T E-y 350 MeV T E‘y 365 MeV T Ey 381 MeV’.' E‘y 399 MeVT Ey=417MeV |

0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 0 45 90 135 180
cM cM CM CcM CcM CM

MENU2010 Willlamsburg, May 31 alise ngelo - Complete photoproduction experiments



n photoproduction at LEGS: longitudinally polarized photons
on longitudinally polarized target : E comparison with MAINZ.

O par - e LEGS '04-05 o Mainz - EPJ A21'04
. o o > -2 GO(0°,180°) - — MAID'07
o ’.
antt AN —— Legendre fit - -- SAID[FAO7K]
- = 4

—

T T I T T [ T T l T T T T l T T ] T T l T T T T [ T T l T T T T T T % T T H(y,ﬂ )
| 1 : 1 (- 1 v
L - .

o(P) - o(A) (ub/sr)

Ey= 259 MeV Ey =304 MeV |

—

Ey= 380 MeV |

-40-

I

| |
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n' photoproduction at LEGS: longitudinally polarized photons
on longitudinally polarized target : contribution to DHG sum rule

3400_-”4-”-:-'-'{. i i f
® o] N
- i-‘
~ 300 J AN 1
S’ - I{ i \}‘\ T
arXiv-0808.2183 S ki
A 200 ; \ —
PRL 102, 172002 (09) Q J \'i INT[GDH(H)] Mainz+Bonn (ub)
bI M N: ° INT'[GDH(H)] = {Mainz+Bonn}-LEGS =° correction
100 o ~ L L
7 % 250 R —
4 [ ]
0 | L f}},i | { | : : 200 ——— — — — 4+ < 204pb

) GDH(p)
150 -

Running GDH(p) integral (ub)

Q1507 ] Rt
3 I . P , ] 501 1
. - ! ] r 8 ]
Running INT;,, (E.) o Lo . of - ]
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= f ( ) ( ) dE 9 I o | 0.2 1 10
E g’ i . E'y(GeV)
" 2 g 507 ] Mainz GDHp [combined Mainz+Bonn+LEGS]  PRL 102, 172002(09)
= 4Sar2a(;) & 5 : . LEGS =208 +6(stat) + 14(sys) ub

0 — r — E— — SR E—
150 200 250 300 350 400 450
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Extraction of observable G
linearly polarized photons on longitudinally polarized targets

do = do,(HD)+ P} -| S(HD)+ L P} - T,,(D) |- cos 2¢

+P" [ P, -G(H)+ P} -G(D) |- sin2¢

=P -| P, EH)+ P - ED)| +LP) -T}(D)

o-Ffits \/ B T.+HD - °X Ey = 343 MeV 8.(n°) = 70°
from J.d¢ fits - kS
_ L - . SPRO! H mid—U\ ' f =3
? . ? .
C $ ° ’ °
e / ) *
p fit L ) G*(H)=G*(D)=0 ', |
\ .

0

Laser states rotated — P ..z 0° and averaged

[ “U‘
‘ |
) (&)

[0} deq

MENU2010 Willhamsburg, May 31st 2010 Annalisa D’Angelo -

omplete photoproduction experiments



G asymmetry from st* and 1 photoproduction on the proton at LEGS
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CcM
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cM

0 45 90 135 O 45 90 135 O 45 90 135 O 45 90 135 180

cM

Surprise: opposite
sign and one order of
magnitude larger than
expected.

Under mvestigation.

Large D-wave
component under

P.,(1232)

l

Need a complete set
of observables
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> measurements at GRAAL

y+p—m+p y+p(+n)—=a’+p+(n)
on proton and deuteron targets
Z 05 | ....‘;. '. | | .I.".. '. | | | .'..;. '. | | .'..I.. I. | | | ..‘I..
0.0 *: * Y * > . [ 3 - L]
-0.5 4
0.703 0.734 0.770 0.800 10.826
0.5 ""o. 208, e, .0. e
w0, .~y o o % g o s e .o
0.0 . - P - i
0.862 0.896 0.930 0.962 0.991
. - - L] .
0.5 . . . . .
0.0 .. . g .' ” * .. o & .o . * .. st
. o * . . . . .
1.023 1.054 1.084 1.113 1.145
0.5 " % “e ) e . *e N
. L
0.0 . . . o0 e .~ [ — . C e
05 ™Y . L ‘ - 2 -
11.174 1.202 1.232 1.261 1.288
"o = 3 . .
0.5 ., °, .. . o.. . o.. .
0.0 =S * el b - Ce ., . . » O . &, * -
0.5 _ .
1316 1.34¢4 11.371 1.398 1.425
3 : 30 90 150 30 90 150 30 90 150
0.5 ’o.. rel "oo. o. 0,
0.0 - ch()
-0.5 i o EPJ] A 42,151 (2009)

Very nice agreement between free and quasi-free results on the proton
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> measurements at GRAAL
deuteron target

by T ST P N T fn
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We may assume that results from quasi-free neutrons may represent the free

neutron response —> final state interactions and re-scattering are neglhgible)
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My {1/2)(103/m,,)

nE1:(1/2)(103/Mz,)

> in ©® Photoproduction on gfn
Multipole extraction in MAID2007

Immaginary part Real part
3 :, T T . r T r ; . T ,-2’5
2t ]
) S S N— _
e -7 o5
of

b
3
-0_1 e 1 s s 1 s & & 1 4 o 3 1 o s 4 0 4 1 3

-
r
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E.(GeV)

MENU2010 Williamsburg, May 31st 2010

Second P,(1700)

resonance

F,(1700)

T, =70MeV

B, =0.1

B;(1720)

modified
photo-couplings

MAID2007 gfn
—— mod MAID2007 gin
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a5

a0

-0.5

0.5

-0.5

0.5

0.0 -

-0.5

> 1n it photoproduction on qfp and gfn

O qfn
® qfp

= | - | o - - MAID2007 "new" for neutron
A — MAID2007 “new" for proton

New data are coming from CLAS

v
Micheal Dugger (session 2E)

a.8 1.0 1.2 1.4 0.8 i0 1.2 1.4

Ey (GeV)
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> results on ?+n(+p)%ﬂ?“+p+(p) at GRAAL
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New data are coming from CLLAS — Micheal Dugger (session 2E)
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Multipole modifications due to 2 results on Y+n(+p)%ﬂi“+p+(p) at GRAAL
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New data are coming from CLLAS — Micheal Dugger (session 2E)
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VS e YA

Cross section data show a

2 structure at W=1900 MeV
3L ® CLAS (05) .
c # SAPHIR (04)
= ‘ :QE:EM(QS) y Coupled -channel analysis finds that

S11(1650), P11(1710) and
P13(1720) have the most significant
decay widths 1n the k+A channel

o-tot (/J;b)

Isobar model requires the inclusion
of a “missing” D 4(1895) resonance
to reproduce the cross section data.

T B Threshol}d

18 2 22 24 26
Baryon Mass, W (GeV)

_____ Regege model calculation

.................. KAON-Maid without D,4(1895) S,; (1800) and P4 (1900)

KAON-Maid with D, ,(1895) also seem to play a role
— - — = Saclay dynamical coupled channel
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Ly 06

> in K*A and K* 2° Photoproduction

v+p — K +A

¥ X - -
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Trp—>

PA in K*A Photoproduction

K +A

i0
< L O cCLAas

Ty
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A.Lleres et al, EPJ A 31, 79-93 (2007)

Wicos6, )=%€+a‘]3/\‘cos¢9p:

2 2 N(cosBP >O)_ N(cosﬁp<0)

x N(c0s9p >0)+ N(c056p<0)
o =0.642+0.013

by

From X and P measurements:
» Saclay Model:

s,,1700) P.(1800) |D,,(1850)

» Ghent Isobar Model:

D,,(1900)

* Reggeized Model:

P,(1900) | D,;(1900)

* Bonn Coupled Channel Model:

D,,(1875)
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Double Polarization Observables in K+A Photoproduction
A.Lleres et al., EPJ A 39, 149-161 (2009)
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1.5

T in K'A Photoproduction

A.Lleres et al., EPJ A 39, 149-161 (2009)
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60 120 180

® GRAAL
--- 6I RPR

—— Bonn Gatchina

2N

N, + N’

=(1+

Pr +2PT :

l+o _cosB’

2PX T+2P2 d
T 1+aPcosHlf'

From O,, O, and T results:

* Ghent Isobar RPR Model:
s, (1650) P,(1710) P,(1720)

P,(1900)| |D,,(1900)

* Bonn Gatchina Model:
S,,(1535)5,,(1650) P,(1720) P, (1840)

P;(1900)
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Comparison with CLLAS

A.Lleres et al., EPJ A 39, 149-161 (2009)
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More data have been obtained at CLLAS



® Photoproduction on the Proton: Differential Cross-Section

. . Low t diffractive behavior:
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Beam Asymmetry: Comparison Between the Two Decay Modes

. PP

bl o) P
S 625 Ge E, 1.2875 GeV
.8 0.8
06 @® radictive decay 0.6 @® racdictive decaoy
4 ¥ chaorged decay 0.4 ¥ charged decaoy

s and u-channel
including P,5(1720)
Q. Zhao
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> Beam Asymmetry in  Photoproduction on Free-Proton

0.6
E, = 1.1625 GeV E, = 1.2875 GeV
0.4 [ ¥ chaorged decay W Orsay (charged decay) 0.4 [ ¥ charged decay W Orsaoy (chorged decay)
® rodiative decay * Bonn (rodiative decay) ® rodiative decay * Bonn (rodiative decay)
0.2 l —— Zhaoo Prediction 0.2 —— Zhaoo Prediction
0 —: } F— 0 E_i__ - .—L "I‘* —
=G T J. 1 |
‘ “A:f S | ]
-0.2 -0.2 v—
= e
= - —
-0.4 l 0.4 l =t
-0.6 -0.6 I L
—0.8 -0.8 l J‘
-1 -1
o 45 90 135 cm 180 0 45 a0 135 em 180
Jy O
0.6 0.6
E, = 1.4125 GeV E, = 1.5375 GeV
0.4 | ¥ chaorged decay m Orsaoy (chorged decay) 0.4 m Orsoy (chorged decay)

® radiative decay * Bonn (rodiative decay)

Zhao Prediction

® rodictive decay

* Bonn (radiative decay)

Zhao Prediction

MENU2010 Willhamsburg, May 31st 2010

Zhao model
s and u-channel
including P,5(1720)

% F.Kleinetal,
Physical Review D 78
117101

V' charged decay

@ radiative decay

Annalisa D’Angelo - Complete photoproduction experiments



Vector meson photoproduction
y + N - v + N

1 1
+] +— O=x1 + —
2

2
2 X -2 TXRe) X P

24 possible spin states — 12 independent complex amplitudes
describe the transition matrix

At least 34 well chosen measurements are necessary to perform a complete experiment

v

Additional information comes from the decay distribution of the vector meson
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Vector meson photoproduction
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Vector meson photoproduction
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Vector meson photoproduction
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® photoproduction atCLAS

in densi tri
YP—QP (event-based PWA) spin w:ms: :y{ matrix

EEL - Adasr

(M.Williams et al, submitted to PRC) =
L —— L { [ ————p—— S —— b e ———
wE @ i . ryi—— IV - Y— o "L @ e
E % -~ ; '!f*;b“ . .".‘O;M K&* k! ,.‘q'""&
uE 3y walp s 3 F 1 ¥ 13 b _Fee
£ uf ;‘ﬂg v -a—.p‘ﬂ‘l'! g o
l:‘ [ ® | :4! ‘:Ol'o‘ :q:o..
ar v L1 - LA L4 o - ar v 0w - 0 v LA
.E 0 s o i 7 o vy o .: [ o O sarvms v s 404 00 ey
e a = 8| i
E ® prammom d N3 [ PSSP
T [TI e Wv’ W
£ o~ P
[ p————— [ P p—————— [ p——————
T i oy R— ) oy v—
:.i - @ g = .—
I o A il A%
B o 2 o .
3.5 < 4 22 L s + ™ 3 < + : - " A i A L L L L 1 1
=4
i [Rmss g E=====s i e o
¥ Pemew | Pem R & o
é‘ 1 o t-channel
[ v N+
. Y2
iy,
gt ity
} Hi it
= + ™ I o0o0®0oo 00
BWA: & ° 20 .,
RISt R R I TR
dominant coupling to i il S AR LS
I s
F|5(‘|68°), D‘|3(|700) 2 . 2 le
I‘I -] A N -
> need polar.data ;575" s0 1550 19001950 2000

W (MeV)

MENU2010 Willhamsburg, May 31st 2010 Annalisa D’Angelo - Complete photoproduction experiments



Conclusions

e LExisting results on pseudo-scalar meson (and vector meson) photo
production have shown that reliable extracion of Baryon resonance
properties require the experimental determination of a complete set of
Observables requiring both beam and target and polarization
measurements.

e A large effort 1s going on 1 world facilities to perform this goal

e After 50 years of activity the goal 1s close to be met.
Within two years we will have the first complete experiment!
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