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Analysis of resonance multipoles from polarization observables im photoproduction
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A combined analysis of new eta photoproduction data for total and differential cross sections, target asym-
metry, and photon asymmetry is presented. Using a few reasonable assumptions we perform the first model-
independent analysis of th&,, , E,_, andM,_ eta photoproduction multipoles. Making use of the well-
known A;, helicity amplitude of theD,5(1520) state, we extract its branching ratio to thH channel,
I',n/T'=(0.08-0.01)%. At higher energies, we show that the photon asymmetry is extremely sensitive to
small multipoles that are excited by photons in the helicity 3/2 state. The new GRAAL photon asymmetry data
at higher energy show a clear signal of tRe;(1680) excitation which permits extracting d&hs(1680)

— 7N branching ratio of (0.15339%. [S0556-28189)01809-9

PACS numbses): 25.20.Lj, 13.60.Le, 14.20.Gk, 13.75.Gx

I. INTRODUCTION Recently, polarization data for the target and photon
asymmetries in eta photoproduction were measured at ELSA
Over the past years, eta photoproduction has demori11] and GRAAL[12], respectively, for the first time. Com-
strated its potential as a new, powerful tool to selectivelybining these data with the unpolarized cross sections from
probe certain resonances that are difficult to explore wittMAMI, we have performed an almost model-independent
pions. It is well known that the low energy behavior of the Mmultipole analysis of thd =0 and 2 eta photoproduction
eta production process is governed by Big(1535) reso- multipoles at threshold. .Thi.s permits a precise Qetermination
nance[1-3]. The recent, precise measurements of total an@ the D15(1520) contribution and an extraction of new
differential cross sections for eta photoproduction at low enP13(1520) resonance parameters.
ergies [4—6] have made it possible to determine the
S,4(1535) resonance parameters with unprecedented preci- Il. MULTIPOLE ANALYSIS
sion. A well-known example of the power of the(y) re- The three measured observables are represented by the
action is the extraction of thA%,, helicity amplitude of the response functions of RefL3] as follows:
S,1(1535) state. Due to the combined cusp-resonance nature

of this resonance, analyses based solely on pion photopro- d_U: %ROO )
duction consistently underestimate this quantity with values dQ  k '
of about 60< 10~ 2 GeV 2 [7], while extractions from eta
photoproduction result in numbers nearly twice as High R?y
Recent coupled-channels analys@®)] that properly include = @’ 2
cusp as well as resonance phenomena have confirmed a T
range of values consistent with eta photoproduction. cRO0

However, because of the overwhelming dominance of the S—— TT, 3)
Si; the influence of other resonances in the same energy R

regime, such as thB 5(1520), is difficult to discern. It has

been pointed ouf2] that polarization observables provide a whereq, andk are the absolute values of the eta and photon
new doorway to access these nondominant resonances by usementa, respectively, and here and in the following all
of interference of the dominanE,, multipole with the variables are expressed in the c.m. frame. Because of the
smaller multipoles. In particular, the polarized photon asym-overwhelming dominance of tH#; channel in eta photopro-
metry was shown to be sensitive to thgs(1520). It is well ~ duction, these observables can be expressed in terms of
known that, in principle, for a completely model-independents-wave multipoles and interferences of thevave with other
multipole analysis seven single and double polarization obmultipoles. In the CGLN basis this leads topdominance
servables have to be measured along with the differenticind the observables can simply be expressed as

cross section for all isospin channels. However, in practice,

the recent extraction of the smalty? multipole at the RY’=|Fy|*~Re[2 cosoF} Fo—si? 6FTF,},  (4)
A(1232) energy10] demonstrates that the use of a few rea- oy ] . .

sonable assumptions permits an almost model-independent Ry’=3 sinf Im{F] F3+cosfF]F,}, ®
analysis with a restricted set of observables for a limited 00 .

energy range. Rrr=Re{F1F4}, (6)
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where 6 is the scattering angle. If we retain only interfer-

ences withp andd waves(an approximation valid at leastup _, s 716 Mev 1 sb 740 Mev ]
to 1 GeV photon lab energyve obtain g ' '
210 10 .'L"_‘-—i—_’__—‘r:—:""\k
RY’=|Eo.|?~R4EF, (Eo- —3M,_)] s . 7
P e ——— 05 | ]
+2 COS@R{E6+(3E1++M1+—M1,)] 00 , . . 00 ) , .
~1.0  -05 0.0 05 10 -0 -05 0.0 05 1.0
+3cog AR4ES, (E,- —3M, )], (7)
OV i . B = s} 766 MeV w5 b 790 Mev |
RY'=3singIm[Eg, (E1+ —My.)] 2
1 .|
—3sinfcosd Im[Ej, (E,_+M, )], (8) g
S 05 0.5
"RiY=—3sif REES (Ep-+M;)].  (9) b oAb
-1.0 -0.5 cos?.% 0.5 10 -10 -05 coso.oe 05 1.0
Using the angle-independent quantities -
a=|Eo;|?—R4E}, (E,-—3M,_)], (10 FIG. 1. Differential cross sections fq{y,7)p at various pho-
ton lab energieE'jb. The solid lines show our fit to the experimen-
b=2R4E}, (3E;; +My,—M )], (1D tal data of KruschagF al.[4]. The dashed lines are the values of the
isobar model of Kriohlein et al. [13] and the dotted line aE's®
—3RdE*. (E, —3M ’ 12 =790 MeV is obtained from this model if thB,3; resonance is
c dEq. (B2 2-)] 12 ned off
d= " /3|m[ES+(El+—M1+)], (13y  With the knowledge ofe and f the helicity 3/2 multipole
arc B,_, defined below, and the phase relative to $¢ chan-
3 nel can be determined:
e=— —3MEs. (Eo+ M, )], (14) .
|BZ_|E|E2_+M2_|=§\/(e2+f2)(a+c/3), (20)
+
= oaRdEs (B2 + M), (15
e
we can express the observables by a power series i cos tan ¢E0+_¢Bzf): f (21)
that can be fitted to the experimental data at various energies
do 04l 71 e' , ] o4l 73 e'
—Z%(a-FbCOSH-FCCOSZ 6), (16) 717 eV 738 Mev
d k o.2f 1 0.2} ]
T=sind(d+ecosh), (17) 001 0.0
S =fsir 6. (18) 0.4} 7sl5 Me\I/ ] 0.4r 79Io Me\'/
0.2} { o2f e
Here and in the forthcoming Eq$29),(34) we neglect the - 00k e S 00 S P
angle dependence & in the denominator of the polariza- ' il N
tion observabled, %, andP. This is well justified by the M APAANARRRE 1 oal
very strongS;; dominance of the differential cross section, T 820 Mev Ty
which shows very little angular dependence compared to th | 0.2} “?.;-/}’-‘“?.\\ {02t “5\., ]
polarization observables, see Figs. 1-3. ookt SN - X
Quite remarkably, a combined analysis of these three ok ' I ' R
servables allows a determination of tth@vave contributions 0 30 60 90 120 BO 180 0O 30 60 90 130 150 180
to eta photoproduction once the quantities, e, andf have 8o 8 m

been determined from experiment. As was already pointe
out in Ref.[4], the differential cross section alone determines

the magnitude of the-wave multipole FIG. 2. Target asymmetries f@{(y, »)p at various photon lab

energief'j‘b. The dashed and dotted lines show calculations in the
isobar model of Knohlein et al. [13] with and without the
|EO+| \/a+_ \/477q Ototal

(19 D15(1520) resonance. The solid line is the result of our fit to the
experimental data of Bocét al.[11].
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through a Breit-Wigner forn{4]. The additional arbitrary

0.4 740 Mev | 0.4 _ 808 Mev phase of the complekE,, multipole is usually set equal to
v 22 0.2 & zero by convention. If one uses a Breit-Wigner parametriza-
2"2’ ' * 2'2 T tion of the complexE,, multipole, the phaseby, is given
0. N, . by
06t 870 mev | OB} 930 MeV |
0.4} ] 0.4} 3 3 ] TW)M
~
G L W tango, (W)= ——2, 27)
0.0 = - 0.0f~FE————————— M&—W?
-0.2} o 3-ozt ]
08¢ ooo mev 1 OB whereW is the c.m. energy ant the mass of the reso-
08¢ 1 06} nance(conventional resonance positjohe energy depen-
0.4+ il 104} dent width of the resonance is given by
A -~ &
0.2¢ e F 7 02F
0.0 - ] 0.0~ q q
—02fF 7 1-0.2} et ’ E F(W)_FR bnq”R+b7Tq7TR+b7r7T ' (28)

0 T30 80 90 120 130 B0 0 30 60 90 120 B0 180
]
c.m. c.m.

whereb, , b, andb_ . denote the branching ratios into the
7N, 7N, and 77N channels, respectively. This form is

FIG. 3. Photon asymmetries f@(y, 7)p at various photon lab commonly used, even though it is somewhathoc How-
energiesE™®®. The dashed and dotted lines show calculations in the€Ver, comparing with coupled channels calculatiph%,15
isobar model Kiohleinet al.[13] with and without theD,4(1520) ~ We find that the results of these very different approaches
resonance. The solid line is the result of our fit to the experimentafgree very well not only for the absolute magnitude of she
data of Ajakaet al.[12]. wave but also for the phase.

The analysis of the interference between g and the

As is well known the pion photoproductidsy, , andM E,_ andM,_ multipoles determines thé-wave multipoles
multipoles in theA (1232) region must have the same phaseand therefore the differenceé, — ¢, . It does not yield
due to the Watson theorem. For resonances at higher enatirect information on¢,_. However, using the above as-
gies this relation does not hold anymore since other channekumptions for theE,,. multipole we can then obtain the
are open and background rescattering can affect the phasplase ¢, . Alternatively, if we assume a Breit-Wigner
of the electric and magnetic multipoles in a different way.shape for theD ;5 resonance multipoles, we can obtain the
Neglecting such effects for Nowpe, . =dm ,=d,», We  phased. .

arrive at To perform a similar analysis of thp-wave multipoles
_ requires more information from additional polarization ob-
E .=|E, .|e'%x, (22)  servables; in particular, a measurement of the recoil polariza-
, tion would be useful. As before, we obtain
M/i:|M/i|el¢/i’ (23
y0
with the following expressions for the magnitudes of the p= R—TISiI’l 0(h+k cos6) (29)
=2 multipoles: RY
1 c [e*+f? with
|A2—|—§|3M27—Ezf|——a\/m, (24)
1
_ —1\/+C—2+f21+ c e h=— 1 gMEG.(2My_+3E;, +Myy)],  (30)
Bz [=7V|at 3|6+ 1) 1t sy (29
1
_ = Ul e 0 a+c/3
[M,_| 12\/ a+3 (e*+19)|1 fatcd)| (26)

In analogy to Eqs(19),(20) we can determine the helicity
It is obvious from the datp4] that the total cross section can 1/2 multipole A, of the D,; channel in a model-
be perfectly fitted to a Breit-Wigner form in the region of the jndependent way,
S$11(1535) resonance, which results in sswave dominated
differential cross section. An investigation of the background 1 2+ (a+cl3)%K?
due to the Born termf2] yielded a very small eta-nucleon A, |==[3M, —Ep |=\|————5— (32
coupling constant, and this result was confirmed by more 2 a+cl3
recent coupled-channels analy$8§ As a consequence, the
Ey. multipole can, to a high degree of accuracy, be solely tan . — _ (atc/3)k 33)
described by theS;;(1535) contribution parametrized Ao— TEos c
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Furthermore, together with Egdl1) and(13), the quantityh ~ The obvious need for the coefficiegtat higher energies
allows one to determine the resonance structure of théherefore represents a clear signal that partial waves beyond
p-wave multipoles. d waves are required by the photon asymmetry data.

Il RESULTS B. The photon asymmetry at higher energies

As has been discussed above, eta photoproduction at low
energies is dominated bywaves giving rise to essentially
Figure 1 shows 4 out of 10 angular distributions measuredlat angular distributions with only small modulations as
by the TAPS collaboration at Mairf#] in the energy range found by the Mainz precision experimejpt]. But also the
between 716 and 790 MeV. While the isobar model of Ref.angular distributions measured at Bonn up to 1.15 GE8f
[13] falls somewhat low near threshold, a perfect fit is pos-have given no evidence for a break-down of tisvave
sible using the ansatz of E(¢L6). The coefficienta can be  dominance. This gives us the possibility to extract the small
fitted to a Breit-Wigner form with an energy-dependentcontributions of the higher resonances in exactly the same
width leading, e.g., toMr=(1549+8) MeV, I'r=(202  way as shown above for tH2,5 resonance, i.e., by analyzing
+35) MeV, and an absolute value of tsavave multipole  the interference with the leadirggwave multipole.
at thresholdEy, |=16x10"3/m} (Fit 1, Ref.[4]). For our In the following we shall demonstrate this method for the
present purpose, however, it is more convenient to use aucleon resonances with strong helicity 3/2 couplidgs.
general polynomial expansion for the coefficients as deAssumings-wave dominance, and therefoffe; dominance
scribed in Sec. Il C. in the CGLN basis, we can derive a general expression for
Figure 2 shows our fit to the target polarization data fromthe photon asymmetry by using E@®),
Bonn[11]. In this case the isobar model of RgL3] fails to ) . 00 .
reproduce the angular shape of the data. In particular, the >(6)=—si 6 REF}F,]/RP=si 6 Re

A. Extraction of the multipoles

model does not reproduce the node found experimentally at
low energy. Furthermore, the model ingredients are quite x| E%, > (B,_+B,,)P’(cosh) /R?O
insensitive to theDj3 resonance. In previous coupled- /=2

channels analysdd,2] the D43 resonance came out much (36)

stronger and a node developed. However, the node resulted

in a negative asymmetry at forward and a positive asymmewith B,_=E,_+M,_ andB,.=E,.—M .

try at backward angles, clearly opposite to the experimental Both multipole combinations have helicity 3/2 and, for

observation and, as we shall see below, leading to a drastiesonance excitation, are proportional to the photon cou-

cally different relative phase betwesandd waves. Quite to  plings Az,,. The helicity 1/2 coupling®\;;> do not enter in

the contrary, the ansatz of E¢L7) does describe the data Eg.(36) but only appear in the differential cross section and

and leads to a node at energies below 800 MeV. in the recoil polarization, e.g., a8, =(3M,_—E,_)/2.
Figure 3 compares our fit and the isobar model of RefExpanding to/,,,=4, we then obtain

[13] for the photon asymmetry. This observable has recently

been measured at GRAALL2] from threshold up to 1050 sir? 6 .

MeV. At the lower energies, the good agreement between the-(0)= ﬁ Re Eo.

data and the isobar model illustrates the importance of the o+

D15(1520) resonance. Without tH#,; the polarized photon 105

asymmetry is almost zero for energies below 900 MeV and +18Bs-+Bg.)cosf+ —-(Bs-+ By )coS 6 ] :

turns negative for the higher energies. With regard to our

multipole analysis, Fig. 3 clearly demonstrates that we can 37

achieve an excellent fit with the ansatz of Etg8). Up to 900 . i .
MeV the asymmetry has a clean 3independence and can This result _demonstrates that any dev_lanon from thé &in
dependence in the photon asymmetry is dué teaves or

be parametrized by a single energy-dependent pararheterhigher partial waves. These could originate from either

However, above 900 MeV the data show the evolution of astrong background contributions or resonances with spin 5/2

forward-backward asymmetry that becomes most prog r higher. We point out that such contributions would appear
nounced at 1050 MeV. This behavior cannot be fitted an;ﬁ1 thg diff. ; nt[i)I ) tion as &gserms. which w ﬁg
longer with the form of Eq(18) but requires an additional e dirierential Cross section as erms, ch wou

be difficult to extract. Since the background contributions in

15
3(Bz-+Bay)— 5(847+B4+)

coefficient, eta photoproduction are known to be small, the only remain-
> =sir? (f+g cosh), (34)  ing option for these partial waves is a resonance with
=5/2.

In Table | we list all entries foN* resonances with iso-

whereg is determined solely by multipoles of order 3 and spin 1/2. From this table one finds thky, as the strongest

higher, candidate that contributes significantly to the photon asym-
15 metry. The next higher-lying resonance with a strong helicity

_ * _ 3/2 coupling is theF5(1680), which is known to play an
9= 2+ c/3Re[E°*(E3*+M3*+E3* Ms+)]. (35 important role in pion photoproduction. Since its mass
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TABLE I. Photon couplings for proton targets and multipolaritiesNdr resonances. The numbers are the
averaged values from PDG988] and Ref.[5] (asterisk.

N* resonance I'r [MeV] Helicity — Ayp,A3d107% Gev 17 A, B,
P11(1440) 350+ 100 1/2 —65+4 Al_=M;_
D13(1520) 120715 1/2 —24+9 A,_=2(3M,_—E,_)

312 +166+5 B, =E,_+M,_
S14(1535) 150" 25° 1/2 +90+30 Ao+ =Eg.
212+ 20 +120+ 11*
S11(1650) 150" 2° 1/2 +53+16 Ao+ =Eg.
D15(1675) 140°% 1/2 +19+8 Ay =2E,, +M,,
32 +15+9 B,.=E,,—M,,
F15(1680) 130+ 10 1/2 —-15+6 Az =2M,_ —E5_
32 +133+12 By =Es +Mj_

matches the energy region of the forward-backward asymare parametrized by Breit-Wigner functio¢as in the case of
metry in the photon polarization, we conclude that thethe isobar moddl13]), this phase difference would be rather
GRAAL data reveal the presence of thegs(1680) resonance constant, because both resonances are very close in energy
in eta photoproduction. In Sec. Il D we shall extract ¥  and, furthermore, have similar resonance widths. Since the
branching ratio from this signal. S,; is a little bit higher in energy, the phase differengg

At even higher energies and beyond our present scope of 5, should be small and negative as shown by the dotted
interest, there are the less-establishéd,(1990) and |ine in Fig. 5.
G14(2190) whose properties could be extracted by measur- £rom the above analysis we conclude that this unexpected
ing the photon asymmetry at the corresponding energies. Weiscrepancy is directly connected to the node structure in the

haveT verif.ied that even if two small resonances of differ.enttarget asymmetry. Without a node or with a node butean
multipolarity would be excited in the same energy regiongqeicient of opposite sign, the phase difference would be
they will produce a clear signal allowing us to determine they, oy smaller and closer to our model calculations. Other
7 branching ratios down to valges well below 0.1%. In Fig. models based on either a coupled-channels apprigicbr
4 we demonstrate how such interferences _of higher resqs, 5 tree-level effective Lagrangian analyiig], have simi-
nances with thes,; channel would show up in the photon |5 problems to reproduce the target asymmetry. It is there-
asymmetry. fore imperative that this measurement be verified as soon as
possible.

After performing single-energy fits we used a polynomial

Figure 5 compares the results of our multipole anaIysisTorm for the energy dependence of the coefficients, ¢, d,

with the isobar model calculation of Ref13]. The most & andf of Eqgs. (1019 in order 10 arrive at a global

dramatic difference occurs for the relative phase between th%anergy-dependfe)\‘f:olqun for th? multipoles. This has Sev-
; . . . eral advantages: First, the experimental data were obtained in
sandd waves. As shown in Eq21), this phase difference is

. different setups at different labs, thus their energy bins do
model independent. If both tt#,(1535) and thd,{(1520) not match. Sre):cond except for the quantitythat ?:)z:m be

determined already from the total cross section, all other

C. Parametrization of the multipoles

0.8

0.8

06

04|

02¢

0.0

quantities contain considerable error bars. Therefore, a com-
bined fit can reduce the uncertainty of individual measure-
ments considerably. In a simple Taylor expansion in terms of
the eta momentum with only 1 to 3 parameters in each co-
efficient, we obtain good results for the energy region from
threshold up to about 900 MeV. Using polynomials as a
function of g,,/m, as shown in Table Il, we obtain very
good fits in the complete energy range of the present experi-
ments. In Table Il we made use of the constraints for the

FIG. 4. Possible signatures ®* resonances in the photon . - . .
asymmetry of eta photoproduction. The solid, dashed, and dotte_mr?ShOId behavior of the multlpole§, in particular the van-
lines in the left figure show the angular distributions for the inter-IShIng of thep-, d-, andf-wave multipoles at threshold. In

ference of the dominarg,,; channel with an isolated, f, orgwave,  F19S. 6 and 7 we ShOW our energy dependent fits to _the co-
respectively. Opposite signs are obtained if the photon or eta cogfficientsa to g obtained at single energies. The coefficients
plings of the higher resonances carry an opposite sign, see Table@f the differential cross section in Fig. 6 reproduce the find-
On the right, the situation of two overlapping resonances is demonings of Kruscheet al.[4], the dominance of the-wave am-
strated for a P3,F45) pair (solid curvé and a D,3,F;;) pair  plitude in the coefficient, ans-p interference compatible
(dashed curve with zero in the coefficienb, and a smalk-d interference in
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FIG. 5. Result of the multipole
analysis fors and d waves. The
solid lines show the result of our
fit. The short and long dashed
lines are obtained using the isobar
850  model of Ref.[13]. In the upper
right figure we compare the phase
difference of our fit with the iso-
bar model. The short and long
dashed curves ShomE0+_¢E27
and be,, —Pm, respectively,
and the dotted line is the phase
difference for two Breit-Wigner
forms.

—— e —— . ]

750 800 850
E, oo [MeV]

the coefficientc. Figure 7 shows the coefficientsto g ob-  target asymmetry with coefficiemtcosésin 6 and the beam
tained from fits to the target and photon asymmetries. In thigisymmetry withf sir? 6. Second, because of the fact that the
case the coefficiers is not very well defined by the target phase difference\ = ¢py— ¢, is mainly due to the target
asymmetry and our energy dependent fit gives just the mogisymmetry, we also perform an analysis ignoring the mea-
likely polynomial description. Finally, the strong rise in the surement off and assuming a normal resonance behavior for
coefficient g around 1 GeV shows the excitation of the the S;4(1535), with a phase given by the Breit-Wigner form,
F15(1680) resonance, which was measured just up to thegq. (27).

resonance peak expected Bf°=1035 MeV. An experi- According to the Appendix the branching ratio is related
ment at even higher energies is now in progress at GRAAlto the photoproduction amplitudg,_ by

with the aim to confirm the resonance behavior.

37Tq7]'RM RFR) 1/252, (38)

D. Helicity amplitudes and branching ratios \/7 ( KMy Az’
With the definitions given in the Appendix we are now in . )
a position to determine the helicity amplitudes and/orWhere we have introducew,=I",/I's. In case 1 the ampli-
branching ratios. We present two separate analyses of restude B, _ is evaluated with Eq(20), in case 2 we use
nance parameters based on two different assumptions: First,

we perform a model-independent analysis that uses both the ~ yat c/3 f (39
° sing 3 W=1520 M
. . . = eV
TABLE Il. Parametrization and fitted values from our energy-
dependent analysis for the coefficieaid, c, d, e, f, andg. Each of
the coefficients is parametrized in the folye;(q%"/m,)" with up & ey 080 e 1o
to three terms. The coefficierdsb, ¢ have the dimension of a cross sl a 1 oot b 1 o5t C ]
section[ wb], all others are dimensionless. J [ I [
0.0

\ ‘\ 0.00 X
ng ay n; a N3 as \‘\F[LLLHT‘ !
3F J-025 F { 1 o5l { .

a O 4.59+0.04 2 —9.33+0.52

b 1 —0.29+0.07 %00 725 750 775 800" 900 725 750 775 800 "J00 725 750 775 800

c 2 —4.82+0.46 E, [MeV] E, [MeVv] E, [Mev]

d 1 0.16:0.03

e 2 9.6+2.3 3 —38.3+10 4 36.4*+10 FIG. 6. Fit coefficientsa, b, and ¢ for the differential cross

f 2 1.70t0.10 4 —1.38+0.32 section measured at Maifi4]. The solid lines show polynomial fits

g 6 —10.4+2.8 8 30.7-6.4 allowing for an energy dependent solution. The coefficients are

given in units ofub/sr.
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FIG. 7. Fit coefficientsd, e, f, and g of the target and beam
asymmetry measured at Borfil] and GRAAL [12]. The solid

0.3

.1
700 800 900 1000

E, [MeVv]

700 800 900 1000
E, [MeV]
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For our analysis of thd-,5(1680) resonance, there exists
experimental information only on the photon asymmetry and
the total cross section at 1 GeV. Therefore, only case 2 is
applicable and we obtain

127Tq,7’RM RFR 1/283_
\/b—n_< KrMy E 42
~ KrO total g
By =/ 5 . @3
: 4m0,r15SIN0 |\ 1680 wev 49

with 8o=137° from Eq.(27). In the case of thé- 5 reso-
nance we have no information on the helicity 1/2 amplitude
Az_ and thereforéd,,, is not determined. This helicity am-
plitude is only crudely known from pion photoproduction.
The value foré,, is obtained from

§3/2: Y, 127T83, . (44)

In Table Ill we show our numerical results for the reso-
nance parameters together with the values given by the Par-
ticle Data Tables[18] and a recent analysis of Mukho-
padhyay and Mathurl7]. It is very interesting to note that
though theD 3 has a branching ratio of only 0.08% accord-
ing to our analysis it nevertheless totally dominates the pho-

lines show polynomial fits allowing for an energy dependent solu-t0n asymmetry as shown in Fig. 3. The photon asymmetry
tion. The coefficients are dimensionless.

with  8,="72°

ity ratio

Az
A1

in contrast to 136°
independent analysigig. 4). Using Eq.(24) to evaluate the

helicity 1/2 amplitude&z_ we can now determine the helic-

V3B,

2 A,

f
V3

from our

LC
a f—
3

would basically vanish up tcE'j‘b~ 900 MeV without this
resonance contribution. The branching ratio of Ehe reso-
nance is also found to be well below 1%. Both resonances
would have never been seen in the total cross section, be-
cause theS;; dominates by two orders of magnitude, and
even in the angular distribution very high-precision data are
required to observe the interferences with sheave.

Our present analysis is in remarkable agreement with the
calculations of Koniuk and Isgud 9] who predicted theyN
branching ratios for theS;;(1535), D;5(1520), and
F.5(1680) to be 47, 0.09, and 0.8 %, respectively, in the

independent of the target asymmetry measurement. Furtheframework of the constituent quark model with hyperfine
more, the reduced photoproduction resonance paran&ters quark-gluon interaction. In comparison with Mukhopadhyay

Eq. (A4), are simply related to the amplitudés__ ,B,_ by

§1p= —VA4mA,- and §3p=—V37B,_.

and Mathui{17], we confirm their finding of a much smaller
ratio A,/ A4, for the D3 resonance than given in the Par-
ticle Data Tables and predicted by the quark model.

TABLE Ill. Resonance properties determined by our analysis. The first line for each resonance is taken
from the Particle Data Tables 19988]. Our analyseg¢case 1 and Rare based on the average values from
PDG for the mas#l g, full width T'g andAgj,, see Table Il .

N* resonance  b,=I',/T'r Aup Azl Ay &3 &1

[%] [107%/\GeV] [10”*/MeV] [10”4/MeV]
D,(1520) —24+9 ~6.9+2.6
case 1 0.080.01 —79+9 —-2.1+0.2 0.185-0.018 —0.087+0.013
case 2 0.050.02 —79+9 —-2.1+0.2 0.134-0.018 —0.087+0.013
Ref.[17] —79+9 —25+0.2+£0.4 0.16720.017 —0.066+0.008
Ref. [19] 0.09 —23 ~5.56
F,(1680) —15+6 ~8.9+36
case 2 0157933 0.16+0.04
Ref.[19] 0.8 0.0
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IV. SUMMARY and

We have demonstrated that polarization observables are a ( 1
powerful tool in analyzing individual resonances in the eta -1 for ﬂN( | = 5),
photoproduction channel. The strong dominance of $he
channel allows for a more straightforward analysis than in 1
the case of pion photoproduction. Furthermore, the nonreso- Cm=¢{ 3 for WN( I= §>'
nant background in eta physics is small due to the weak
coupling of the eta to the nucleon. A combined analysis of n \ﬁ for WN( | = §>
differential cross section, photon asymmetry and target po- 2]
larization yields an almost model-independent determination \

of s and d-wave multipoles. The target polarization mea- . ) .
sured at Bonn results in an unexpected phase shift between 1N€se refations allow the extraction of the helicity ele-
the S;; and D45 resonances that needs to be confirmed byM€Nts for a resonance with mabkg, total width I' and
further experiments. If this phase is taken at face value, ifot@l SpinJ. The partial decay width in the meson-nucleon
implies that at least one of these resonaripeshaps ths,;) ~ decay channemis given byI'y, andkg, qmg are the c.m.
behaves quite differently from regular nucleon resonanced'omenta of the photon and the meson at the resonance po-
and might even be a completely different phenomenon, asition. The helicity multipoles\,. andB, . are defined as
suggested by Ref20]. B B

In conclusion, future experiments on target polarization A ,.=ImA,.|w-y, and B,.=ImB, .|w-u,,
and photon asymmetry are expected to solve another piece of
the “e_ta” puzzl_e that makes_ this fiel_d of phys_ics S0 exciting gnd in general we have
and yield qualitative new information on higher and less
known structures. The photon asymmetry recently measured 1
at GRAAL clearly indicates a contribution of the;5(1680) As=5[(/+2)E  +/ My ],
resonance with amN branching ratio of 0.15%. Similar ex-
periments at even higher energies could help to pin down the 1
properties of less-established resonances sudh,£4990) A, _=—[(/+1M,_+(/-1)E,_],
and theG,(2190). 2 ' '
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APPENDIX: HELICITY MATRIX ELEMENTS

myKgl’
Following the notation of Ref[21] the helicity matrix &=\ /LmzAi, for i=1/2and 3/2. (A3)
elements for nucleon resonance production can be written as MgAm R R

s+ Cur These quantities are not sensitive to the branching ratios
Al =~ jA/ +o or total widths of the resonances. This can be easily seen by
inserting Eq.(Al) into Eq. (A4),
Core

= _

A =—As-, a=—Cu\27(/+1)A,,,
Cm — 2=Cam\2m (A, _

Agp =5 N/ (7 +2)B, s, 12 =Cnv2m(F)A -

/+ T : ~
f’s/z=Cm\/§/(/+1)(/+2)B/+,

C
Asp == 5\ (/=D)(/+1)B,-

(A1) :
£p=—Cn \/g(/—w(/ﬂ)B/_ :
(A4)

with

a=|——F"F"F"— — (A2) where only the photoproduction amplitudes at resonance
7 R (2J71) MR TZ enter.
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