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Abstract. We report on the NSTAR program in Hall B of JLab on using polarization observables 
to extract parameters of baryon resonances. The scientific purpose of the program is to improve 
the understanding of the underlying quark degrees of freedom, especially in the higher resonance 
regions, where we expect to uncover many of missing baryon resonances that mainly decay through 
multi-meson channels. With the high-quality beam of circularly- and linearly-polarized photons 
onto unpolarized and polarized proton and deteurium targets, and coupled with the nearly complete 
solid angle coverage of CLAS, we will extract the differential cross sections and associated polar­
ization observables obtained by the photoproduction of vector mesons and kaons at center of mass 
energies of 1.7 to 2.2 GeV. The paper will primarily present the photon beam aspects of the excited 
baryon program. 
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INTRODUCTION 

A fundamental scientific goal for Jefferson Lab is to understand the structure and in­
teractions of protons, neutrons, and other hadrons. The nature of the ground state and 
excited states of the nucleon is sensitive to the details of the quark and gluon interactions. 
Data on the existence, masses, and partial widths of the baryons arising from the excited 
spectrum of underlying quarks are therefore necessary for fully understanding the fun­
damental model of the strong force, QCD. The excited baryon program at JLab [1, 2] 
has two primary objectives: (a) probe the transition form factors as functions of Q^ of 
the known resonances to gain insight into their internal structure and hence the confining 
potential for this 3-quark system, and (b) systematically study the spectroscopy of the 
excited baryon states that decay through Nn, Nr\, Nnn, Nco, Np, and KY. 

An outstanding problem in our current day understanding of baryon spectroscopy 
is the conundrum of the missing resonances. SU(6) (g) 0(3) symmetric quark models 
predict far more resonances than have thus far been observed. Most of our knowledge of 
the baryon resonance spectrum has come from the nN -^ nN analyses and is applicable 
only to resonances with significant Nn coupling [3]. One solution is to restrict the 
number of internal degrees of freedom by demanding that two quarks be bound into 
a diquark pair [4] and thereby lowering the overall level density of baryon resonances. 
An alternate three-constuent-quark solution was put forward by Koniuk and Isgur [5] 
and others [6, 7]. A nice review article on several models of excited baryon spectra and 
corresponding strong decay channels can found in Ref. [8]. 
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INTRODUCTION

A fundamental scientific goal for Jefferson Lab is to understand the structure and in­
teractions of protons, neutrons, and other hadrons. The nature of the ground state and
excited states ofthe nucleon is sensitive to the details of the quark and gluon interactions.
Data on the existence, masses, and partial widths of the baryons arising from the excited
spectrum of underlying quarks are therefore necessary for fully understanding the fun­
damental model of the strong force, QeD. The excited baryon program at JLab [1,2]
has two primary objectives: (a) probe the transition form factors as functions of Q2 of
the known resonances to gain insight into their internal structure and hence the confining
potential for this 3-quark system, and (b) systematically study the spectroscopy of the
excited baryon states that decay through Nn, Nfl, Nnn, Nm, Np, and KY.

An outstanding problem in our current day understanding of baryon spectroscopy
is the conundrum of the missing resonances. SU(6) Q9 0(3) symmetric quark models
predict far more resonances than have thus far been observed. Most of our knowledge of
the baryon resonance spectrum has come from the nN -t nN analyses and is applicable
only to resonances with significant Nn coupling [3]. One solution is to restrict the
number of internal degrees of freedom by demanding that two quarks be bound into
a diquark pair [4] and thereby lowering the overall level density of baryon resonances.
An alternate three-constuent-quark solution was put forward by Koniuk and Isgur [5]
and others [6, 7]. A nice review article on several models of excited baryon spectra and
corresponding strong decay channels can found in Ref. [8].
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At center-of-mass energies below 1.7 GeV, the single pion production channel dom­
inates both the pion and photoabsorption cross sections. As the cm. energy increases 
towards 2.0 GeV the two- and three-pion decay channels become more dominant, and it 
is in this important energy region that the masses and partial widths of the resonances are 
poorly wdetermined. In these various calculations it has been found that the missing res­
onances tend to couple weakly to the nN channel but stronger to the pN, nA, and caN 
channels. Quark models, moreover, predict existences of excited baryons, along with 
their masses, widths, spin/parity, and the associated angular distributions of the decay 
mesons. In Table 1 we tabulate a subset of the SU(6) ® 0(3) supermultiplet assignments. 

THE NEED FOR POLARIZATION OBSERVABLES 

Although there have been remarkable advances in electromagnetic meson production [9, 
10] and great strides in understanding the transition from ground state [56,0+] to the 
[70,1^] supermultiplet [11] over the past decade, there still remains a dire need for 
high-quality data with polarized targets and beams. Unpolarized cross sections only give 
information on the sum of the modulus squared of the amplitudes and are not sensitive 
to the cross or interference terms. Polarization observables give information on phases 
as well as setting conditions on the bilinear combinations of the amplitudes with all 
attendant algebraic constraints and inequalities. Spin observables therefore provide an 
incisive tool for distinguishing among the various quark models for the presence or 
absence of baryon resonances, be they missing, well established, and/or contentious, 
such as the Pjj(1710) [12, 13, 14]. The following discussion is meant as a motivation 
for why polarization observables are crucial; it is by no means an exhaustive treatment, 
but reflects, rather, some highlights. See also Ref. [15] in these proceedings. 

Without polarization constraints, it is not possible to readily disentangle the relative 
contributions of the many known baryon resonances, not even taking into account 
the conjectured missing ones. The photoproduction of the omega meson is a case in 
point [16]. Various models incorporate various resonances. Below we cite just three. 

• Z.P. Li and Q. Zhao [17, 18] predict considerable contributions to caN from the 
subthreshold states .S'jj(1535) and Z3j3(1520). Near threshold, the dominant con­
tributions arise from the i^j5(1680) and the Pj3(1720). The effects from the two-
star resonances Pj3(1900) and i^j5(2000) are relatively suppressed, but contribute 
nonetheless. At slightly higher energies, the F^^ (2000) plays an increasing role and 
- slightly suppressed - from Pj3 (1900). 

• Y. Oh, A.l. Titov, and T-S.H. Lee [19] exphcitly include baryon resonances by 
incorporating Breit-Wigner descriptions and vertex functions provided by the rela­
tivized quark model of Capstick and Roberts.[6], where the dominant contributions 
arise from the missing Pj3(1910) as well as the Z3j3(1960) - which is identified 
with the PDG Z3j3(2080) - and the Gj7(2190), with lesser contributions from the 
i^j5(2000). 
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At center-of-mass energies below 1.7 GeY, the single pion production channel dom­
inates both the pion and photoabsorption cross sections. As the c.m. energy increases
towards 2.0 GeV the two- and three-pion decay channels become more dominant, and it
is in this important energy region that the masses and partial widths ofthe resonances are
poorly wdetermined. In these various calculations it has been found that the missing res­
onances tend to couple weakly to the rrN channel but stronger to the pN, rrA, and roN
channels. Quark models, moreover, predict existences of excited baryons, along with
their masses, widths, spin/parity, and the associated angular distributions of the decay
mesons. In Table 1 we tabulate a subset ofthe SU(6) (>9 0(3) supermultiplet assignments.

THE NEED FOR POLARIZATION OBSERVABLES

Although there have been remarkable advances in electromagnetic meson production [9,
10] and great strides in understanding the transition from ground state [56,0+] to the
[70,1-] supermultiplet [11] over the past decade, there still remains a dire need for
high-quality data with polarized targets and beams. Unpolarized cross sections only give
information on the sum of the modulus squared of the amplitudes and are not sensitive
to the cross or interference terms. Polarization observables give information on phases
as well as setting conditions on the bilinear combinations of the amplitudes with all
attendant algebraic constraints and inequalities. Spin observables therefore provide an
incisive tool for distinguishing among the various quark models for the presence or
absence of baryon resonances, be they missing, well established, and/or contentious,
such as the Pll (1710) [12, 13, 14]. The following discussion is meant as a motivation
for why polarization observables are crucial; it is by no means an exhaustive treatment,
but reflects, rather, some highlights. See also Ref. [15] in these proceedings.

yp -+ mp

Without polarization constraints, it is not possible to readily disentangle the relative
contributions of the many known baryon resonances, not even taking into account
the conjectured missing ones. The photoproduction of the omega meson is a case in
point [16]. Various models incorporate various resonances. Below we cite just three .

• Z.P. Li and Q. Zhao [17, 18] predict considerable contributions to roN from the
subthreshold states Sll (1535) and D13 (1520). Near threshold, the dominant con­
tributions arise from the FI5 (1680) and the P13 (1720). The effects from the two­
star resonances P13 (1900) and FI5 (2000) are relatively suppressed, but contribute
nonetheless. At slightly higher energies, the FI5 (2000) plays an increasing role and
- slightly suppressed - from PI3 (1900) .

• Y. Oh, A.I. Titov, and T-S.H. Lee [19] explicitly include baryon resonances by
incorporating Breit-Wigner descriptions and vertex functions provided by the rela­
tivized quark model of Capstick and Roberts.[6], where the dominant contributions
arise from the missing P13 (19l0) as well as the D13 (1960) - which is identified
with the PDG D13 (2080) - and the G17 (2l90), with lesser contributions from the
FI5 (2000).
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TABLE 1. SU(6) (g) 0(3) supermultiplet assignments from the QCD-improved 
model of Cutkosky for the measured and missing baryon resonances in the N = 2 
regime. The boxed supermultiplets are fully consistent with the diquark model. Miss­
ing resonances are not assigned a star rating. 

N* Status SU(6) (g) 0(3) Status SU(6) ® 0(3) || 

Di3(1520) **** 
Pii(1710) *** 
Pii(1880) 
Pii(1975) 

Pi3(1720) **** 

Pi3(1900) ** 
Pi3(1910) 
Pi3(1950) 
Pj3(2030) 

Fj5(1680) **** 
Fj5(2000) ** 
Fi5(1995) 
Fj7(1990) ** 

(56,0+) 

(70,0+) 
(70,2+) 
(20,1+) 

(56,2+) 

(70,2+) 
(70,2+) 
(70,2+) 
(20,1+) 

(56,2+) 
(70,2+) 
(70,2+) 
(70,2+) 

P3i(1910) **** 

^31 (1835) 

^33(1600) *** 

^33(1920) *** 
^33(1985) 

^35(1905) **** 
^35(2000) ** 

^3^(1950) **** 

(56,2+) 

(70,0+) 

(56,0+) 

(56,2+) 
(70,2+) 

(56,2+) 
(70,2+) 

(56,2+) 

The Giessen K-matrix coupled-channel approach of G. Penner and U. Mosel [20] 
has the Pj J (1710) dominating at threshold, with reduced importance of other reso­
nances. Only the J^ = \ contributions of the -P13 (1720) and the -P13 (1900) remain 
non-negligible. 

Beam Helicity Asymmetries for yp —)• pn'^n 

A recent analysis of the yp —>• pn^n^ channel by S. Strauch [21] extracted the 
beam-helicity asymmetries from circularly-polarized photons onto an unpolarized target 
with the CEBAF Large Acceptance Spectrometer (CLAS) [22]. The center of mass 
energy ranges between 1.35 and 2.30 GeV and this analysis marks the first time such 
a study with circularly-polarized photons has been conducted in the resonance region. 
As evidenced in Fig. 1 the large cross-sectional asymmetries exhibit strong sensitivity 
to the dynamics of the reaction, and as shown in the superimposed fits, current models 
do not adequately describe the data over the entire kinematic range. 

JN^KK 

A recent experiment from CLAS [25] extracted the beam-recoil observables Cx and 
Cz in hyperon production using circularly-polarized photons onto unpolarized protons. 
These data are reproduced in Figs. 4 and 5 in Ref. [15] of these proceedings. What we 
see is the astonishing result the A polarization is constistent with unity for all values of 
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TABLE 1. SU(6) ® 0(3) supennultiplet assignments from the QCD-improved
model of Cutkosky for the measured and missing baryon resonances in the N = 2
regime. The boxed supennultiplets are fully consistent with the diquark model. Miss-
ing resonances are not assigned a star rating.

N* Status SU(6) ® 0(3) I t:;.* Status SU(6) ® 0(3) II

D 13 (1520) **** I (56,0;) I P31 (1910) **** I(56,2;) I
Pll (171 0) *** (70,0 ) P31 (1835) (70,0 )
Pll (1880) (70,2+)
Pll (1975) (20,1 +)

P13 (1720) **** I (56,2+) I P33 (1600) ***

P13 (1900) ** (70,2+) P33 (I 920) ***
P13 (1910) (70,2+) P33 (1985)
P13 (1950) (70,2+)
P13 (2030) (20,1 +)

F1S (l680) **** I (56,2;) I F3S (l905) **** I(56,2;) I
F1S (2000) ** (70,2 ) F3S (2000) ** (70,2 )
F1S (l995) (70,2+)

F17(1990) ** (70,2+) F37(1950) **** I(56,2+) I

• The Giessen K-matrix coupled-channel approach of G. Penner and U. Mosel [20]
has the Pll (1710) dominating at threshold, with reduced importance of other reso-

nances. Only the f = ~+ contributions of the P13 (1720) and the P13 (1900) remain
non-negligible.

Beam Helicity Asymmetries for yp -+ pn+n-

A recent analysis of the yp ---+ prr+ rr- channel by S. Strauch [21] extracted the
beam-helicity asymmetries from circularly-polarized photons onto an unpolarized target
with the CEBAF Large Acceptance Spectrometer (CLAS) [22]. The center of mass
energy ranges between 1.35 and 2.30 GeV and this analysis marks the first time such
a study with circularly-polarized photons has been conducted in the resonance region.
As evidenced in Fig. 1 the large cross-sectional asymmetries exhibit strong sensitivity
to the dynamics of the reaction, and as shown in the superimposed fits, current models
do not adequately describe the data over the entire kinematic range.

yN-+KA

A recent experiment from CLAS [25] extracted the beam-recoil observables Cx and
Cz in hyperon production using circularly-polarized photons onto unpolarized protons.
These data are reproduced in Figs. 4 and 5 in Ref. [15] of these proceedings. What we
see is the astonishing result the A polarization is constistent with unity for all values of
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FIGURE 1. Azimuthal angular distributions for several cm. energy bins of the cross-section asymmetry 
for fp —J- pn'^n~ [21]. The solid and dotted curves are by Mokeev al. [23] and the dashed curves are 
results from Fix and Arenhovel [24]. 

cm. energy and production angles. R. Schumacher [26] puts forward the argument that 
the photon fluctuates into a (/) meson and by means of VDM carries all the spin of the 
photon. From this ss state, the s quark combines with the u and d quark pair within the 
proton to form the A baryon; the spinless K'^ meson results from the remaining s and u 
quarks. In this picture the s quark remains completely polarized thereby polarizing the 
A 100%. The authors in Ref. [27], furthermore, argue that these newly-measured spin 
coefficients, Cx and Cz, lend further evidence for the existence of the two-star Pj3(1900) 
resonance, which is outside the predicted states for diquark-quark models (cf. Table 1). 

Hyperon production off deuterium with linearly-polarized photons forms the focus of 
the gl3 experiment and is described in detail in Refs. [28, 29]. Preliminary results from 
yp —̂  ^A from the g8a run [30] indicate that polarized observables serve to delineate 
the relative contributions from the various baryon resonances. The plot in Fig. 2 shows 
the extracted photon beam asymmetry for four bins in 9cm{K^), where we superimpose 
quark model calculations by Stijn Janssen et al [31, 32]. This calculation begins with 
Born terms and a core set of baryon resonances (see Ref. [32] for more details). Other 
curves are obtained by adding or removing selected resonant states that have been 
identified as possibly contributing to the differential cross section of the K^K channel. 
The positive photon asymmetry in the measurable angular range tends to favor the 
contribution of the Z3j3(1895) (also known as the Z3j3(1960) missing resonance). This 
controversial resonance was first predicted in the relativized pair-creation constituent 
quark model of Capstick and Roberts [33], where four states of mass around 1900 MeV 
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FIGURE 1. Azimuthal angular distributions for several c.m. energy bins ofthe cross-section asymmetry
for yp --+ pn+n- [21]. The solid and dotted curves are by Mokeev at. [23] and the dashed curves are
results from Fix and Arenh6vel [24].

c.m. energy and production angles. R. Schumacher [26] puts forward the argument that
the photon fluctuates into a ep meson and by means of VDM carries all the spin of the
photon. From this ss state, the s quark combines with the u and d quark pair within the
proton to form the A baryon; the spinless K+ meson results from the remaining sand u
quarks. In this picture the s quark remains completely polarized thereby polarizing the
A 100%. The authors in Ref. [27], furthermore, argue that these newly-measured spin
coefficients, Cx and Cz, lend further evidence for the existence of the two-star P13 (1900)
resonance, which is outside the predicted states for diquark-quark models (cf. Table 1).

Hyperon production off deuterium with linearly-polarized photons forms the focus of
the g13 experiment and is described in detail in Refs. [28,29]. Preliminary results from
yp --+ KA from the g8a run [30] indicate that polarized observables serve to delineate
the relative contributions from the various baryon resonances. The plot in Fig. 2 shows
the extracted photon beam asymmetry for four bins in ecm(K+), where we superimpose
quark model calculations by Stijn Janssen et al. [31, 32]. This calculation begins with
Born terms and a core set of baryon resonances (see Ref. [32] for more details). Other
curves are obtained by adding or removing selected resonant states that have been
identified as possibly contributing to the differential cross section of the K+A channel.
The positive photon asymmetry in the measurable angular range tends to favor the
contribution of the D13 (1895) (also known as the D13 (1960) missing resonance). This
controversial resonance was first predicted in the relativized pair-creation constituent
quark model of Capstick and Roberts [33], where four states of mass around 1900 MeV
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TABLE 2. CLAS experiments: search for excited baryon states. 

Experiment Reactions Beam Pol. TgtPol. Recoil Status 

gl/glO 
g8a/b 
?13 

jp -> Nn,pr],Nnn,KKI'L 
YP -^p{p,co,(l>,ri),N7t7t,KA/'L 
fd -^ p{p,co,^,rj),NKK,KA/'L 

linear 
linear 

A, 2 
A,l 
A, 2 

completed 
completed 
completed 

g9-FROST 
el4-HD 

yp ^p{p,m,^,r]),Nnn,KAI'L 

fd^N{p,co,<p,ri),N7i7i,KA/'L 
lin/circ. 
lin/circ. 

long/trans A, 2 
long/trans A, 2 

2007/2008 
2009/2010 

have a significant KA decay width [34]. A resonance-like structure in the cross section 
forp{Y,K+)A was observed in the 1998 SAPHIR data [35] and Mart and Bennhold [36] 
took this structure as evidence for the Z3j3(1895) resonance. Linear polarization data 
will help serve to resolve the matter of whether the Z3 jg (1895) resonance exists or not. 

p(y,K )A: G8a Comparison 
Weighted average: E =1.6-2.0 GeV 

cos(e) 
Thu Aug 2613:53:43 2004 

FIGURE 2. Preliminary photon beam asymmetry offp^ K^A compared with model calculations [31 ] 
including a set of possible 'missing' resonances. 

EXPERIMENTS 

What characteristics should any experiment have to provide the best constraints for 
coupled-channels calculations? And the answer is threefold: the set of experiments must 
possess wide kinematic coverage, have small systematic and statistical uncertainties, and 
finally allow for the extraction of several polarization observables. The high acceptance 
of the CEBAF Large Acceptance Spectrometer [22] coupled with polarized beams and 
polarized targets presents a wide range of options for extracting polarization observables 
as summarized in Table 2. 

The linearly-polarized photons are produced from the coherent bremstrahlung facil­
ity [37, 38], which was commissioned during the g8 running period [30]. The details of 
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TABLE 2. CLAS experiments: search for excited baryon states.

II Experiment I Reactions I Beam Pol. TgtPol. Recoil I Status

II gl/glO
I yp -t Nn,Pl1,Nnn,KAfL A,L completed II

g8a/b yp -t p(p, w,<jJ, l1),Nnn,KAfL linear A,L completed
gl3 yd -t p(p, w,<jJ, l1),Nnn,KAfL linear A,L completed

II g9-FROST I ~i!.-tp(P,w,<jJ,l1),Nnn,KAfL I lin/eire. long/trans A,L 120071200811
gI4-HD yd-tN(p,w,<jJ,l1),Nnn,KAfL lin/eire. long/trans A,L 200912010

have a significant KA decay width [34]. A resonance-like structure in the cross section
for p(y,K+)A was observed in the 1998 SAPHIR data [35] and Mart and Bennho1d [36]
took this structure as evidence for the DB (1895) resonance. Linear polarization data
will help serve to resolve the matter of whether the DB (1895) resonance exists or not.

p(y,K+)A: G8a Comparison
Weighted average: By = 1.6 - 2.0 GeV

--
--,1-.-. _~~.~:-.,

05

-051-········································" \

-ILl-~--_---,05,-----~----.2!~-c.......'=====T

ThuAug 2613:53:432004

FIGURE 2. Preliminary photon beam asymmetry of yp -t K+A compared with model calculations [31]
including a set ofpossible 'missing' resonances.

EXPERIMENTS

What characteristics should any experiment have to provide the best constraints for
coupled-channels calculations? And the answer is threefold: the set of experiments must
possess wide kinematic coverage, have small systematic and statistical uncertainties, and
finally allow for the extraction of several polarization observab1es. The high acceptance
of the CEBAF Large Acceptance Spectrometer [22] coupled with polarized beams and
polarized targets presents a wide range of options for extracting polarization observab1es
as summarized in Table 2.

The linearly-polarized photons are produced from the coherent bremstrah1ung facil­
ity [37, 38], which was commissioned during the g8 running period [30]. The details of

127



TABLE 3. CLAS experiments: polarization observables in pseu­
doscalar photoproduction, i.e. Yp —> KN. See Ref. [42]. 

II Observable | 

II ^0 1 
r 
-

1 proton 

1 -
Hyperon polarization || 

unpolarized || 

P 
1 
T 

-
\m.-nl2 

-

-
-
y 

y 
-
-

Single 

+E 
+F 
+G 
-H 

circ. 
circ 

\\a.-nlA 
Vm.-7i/4 

z 
X 

z 
X 

-
-
-
-

Beam-Target 

-Q 
+Q 
+0, 
+0, 

circ 
circ 

lin.-:n:/4 
lin.-:n:/4 

-
-
-
-

x' 
z! 
x' 
z' 

Beam-Recoil 

+ ?i 
+r. 
- i x 
+iz 

-
-
-
-

X 

X 

z 
z 

x' 
z! 
x' 
z! 

Target-Recoil 

the Frost target [39] and the ensuing double-polarization program is discussed in detail 
in Refs. [15, 40] in these proceedings. The HD target [41] wiU provide logitudinally po­
larized neutrons. Both the FROST and HD program will offer a suite of experiments de­
tecting pseudoscalar mesons produced with beams of linearly- and circularly-polarized 
photons. The polarization observables obtained through the experiments, gl/glO, g8a/b, 
g9, gl3, & gl4, wiU provide rigid constraints on partial-wave and/or coupled-channel 
analysis. See Table 3 and Ref. [42]. Note that the quantization axes are defined as: z = p^, 
y = (Pr ^ P^)/|P7 ^ P^|. X = y X z, z' = p^, y' = y, and x' = y' x z'. The foUowing al­
gebraic relations will serve to further constrain the analyses and provide a check on the 
systematics: 

• FG-EH =P-TI, 
• T,L,-T,L, =^-PT 
• CA-C^O, = T-PY. 
• r / + T^+Ll+Ll =l-T^ + I?+P^ 

• Cl + Cl + Ol + Ol=\+T^-J?-P^ 
. E^ +F^ + G^ +H^ = 1 - r2 - E 2 - p 2 

ANALYSIS A N D T H E O R E T I C A L ADVANCES 

The double and triple polarized observables arising from photoproduction of vector 
mesons and hyperons demand thorough analysis. There are several ways to extract these 

128 

Downloaded 18 Dec 2007 to 129.57.10.153. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/proceedings/cpcr.jsp

TABLE 3. CLAS experiments: polarization observables in pseu­
doscalar photoproduction, i.e. yp ---t KN. See Ref. [42].

II Observable I
II <Yo I

y I proton I Hyperon I polarization

I I I unpolarized

P
L
T y

y' Single

+E clrc. z - Beam-Target
+F clrc x -

+0 lin.-n/4 z -

-H lin.-n/4 x -

-ex clrc - x' Beam-Recoil
+Cz clrc - z!
+Ox lin.-n/4 - x'
+Oz lin.-n/4 - Zl

+Tx - x x' Target-Recoil
+1;; - x z!
-Lx - z x'
+Lz - z z!

the Frost target [39] and the ensuing double-polarization program is discussed in detail
in Refs. [15,40] in these proceedings. The HD target [41] will provide logitudinallypo­
larized neutrons. Both the FROST and HD program will offer a suite of experiments de­
tecting pseudoscalar mesons produced with beams of linearly- and circularly-polarized
photons. The polarization observables obtained through the experiments, gl/gl 0, g8a/b,
g9, gl3, & g14, will provide rigid constraints on partial-wave and/or coupled-channel
analysis. See Table3 and Ref. [42]. Note that the quantization axes are defined as: z= Pp,
y= (Py x PK)/Ipy x PKI, x= yx Z, Zl = PA' y' = y, and x' = y' X Z/. The following al­
gebraic relations will serve to further constrain the analyses and provide a check on the
systematics:

• FG-EH =P- TI..

• TxLz - TzLx = I.. - PT
• CzOx - CxOz = T - PI..

• T:} + 1'z2 +L~ +L; = 1 - T2 +I..2 +p 2

• C; +C; + O~ +0; = 1+T2
- I..2 _ p2

• E 2 +F 2 +G2 +H 2 = 1_ T 2 _ I..2 _ p2

ANALYSIS AND THEORETICAL ADVANCES

The double and triple polarized observables arising from photoproduction of vector
mesons and hyperons demand thorough analysis. There are several ways to extract these
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observables: 

• spin density matrix elements. See: Refs. [43, 38, 44] 
• helicity and hybrid helicity-transversity basis. See Ref. [45]. 
• asymmetry parameters to extract the spin polarization observables in the photon-

nucleon cm. frame as delineated in Table 3. 

No matter which basis one chooses, one can go from one to another, as described in 
Ref [46] on transforming from spin density matrix elements to spin observables in the 
photon-nucleon cm. frame. Perhaps analyzing the data in different bases will further 
serve to understand the systematics. 

To strengthen the efforts in analyzing this forthcoming torrent of data, the Excited 
Baryon Analysis Center (EBAC) was established at JLab in January of 2006. A dynami­
cal coupled-channel analysis of the data for photo and electro-production of n:, 77, o, K, 
and Ttn is underway at EBAC. Indeed the goal of EBAC is to reach the DOE milestone 
by 2009: "Complete the combined analysis of available pion, eta, and kaon photopro-
duction data for nucleon resonances and incorporate analysis of two-pion final states 
into the coupled channel analysis of resonances" [47]. And experimentally identifying 
these baryon resonances through a robust coupled-channel analysis will allow for the 
comparison of fundamental predictions from Lattice QCD [48, 49] for the masses and 
structure of these states. 

OUTLOOK 

We are living in exciting times. We are poised on the threshold of understanding how 
the internal quark symmetries make up the underlying structure of baryon resonances. 
The observables and asymmetries afforded by polarized beams and polarized targets 
provide a powerful means for measuring the properties of excited states of nucleons, 
which ultimately will give us insight into how quarks are confined. 
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observables:

• spin density matrix elements. See: Refs. [43,38,44]
• helicity and hybrid helicity-transversity basis. See Ref. [45].

• asymmetry parameters to extract the spin polarization observables in the photon­
nucleon c.m. frame as delineated in Table 3.

No matter which basis one chooses, one can go from one to another, as described in
Ref. [46] on transforming from spin density matrix elements to spin observables in the
photon-nucleon c.m. frame. Perhaps analyzing the data in different bases will further
serve to understand the systematics.

To strengthen the efforts in analyzing this forthcoming torrent of data, the Excited
Baryon Analysis Center (EBAC) was established at JLab in January of 2006. A dynami­
cal coupled-channel analysis of the data for photo and electro-production of 11:, 11, OJ, K,
and 11:11: is underway at EBAC. Indeed the goal of EBAC is to reach the DOE milestone
by 2009: "Complete the combined analysis ofavailable pion, eta, and kaon photopro­
duction data for nucleon resonances and incorporate analysis of two-pion final states
into the coupled channel analysis ofresonances " [47]. And experimentally identifying
these baryon resonances through a robust coupled-channel analysis will allow for the
comparison of fundamental predictions from Lattice QCD [48, 49] for the masses and
structure of these states.

OUTLOOK

We are living in exciting times. We are poised on the threshold of understanding how
the internal quark symmetries make up the underlying structure of baryon resonances.
The observables and asymmetries afforded by polarized beams and polarized targets
provide a powerful means for measuring the properties of excited states of nucleons,
which ultimately will give us insight into how quarks are confined.
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