PHYSICAL REVIEW D VOLUME 57, NUMBER 9 1 MAY 1998

Excited baryon phenomenology from largeN. QCD
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We present a phenomenological analysis of the strong couplings of the negativetpadityparyons from
the perspective of the large; expansion. In the largh; limit the mass spectrum and mixing pattern of these
states are constrained in a very specific way. The mixing angles are completely determined in this limit, with
predictions in good agreement with experiment. In the combined Idgggad SU3) limits the pion couplings
of the five negative-parity octets to the ground state baryons are given in terms of only 3 independent
couplings. The larg®&¥, predictions for the ratios of strong couplings are tested against experimental data.
[S0556-282(198)02609-3

PACS numbds): 11.15.Pg, 13.75.Gx, 14.20c

I. INTRODUCTION other hand, because of the small value of the number of
colors in the real world, its applicability to the decuplet states
The largeN, expansiorf1] proved to be a valuable guide is limited. One of the larg@, relations among-wave pion
for a qualitative and even quantitative understanding ofcouplings appears to be badly violated and we discuss a few
gauge theories. In the past few years its application to barypossible explanations, one of which involves a different
ons in QCD pioneered by Wittd2,3] has been substantiated quark model assignment for the observ8g states. We
and greatly expanded in a series of papers by Dashen, Jesimmarize our conclusions in Sec. IV.
kins and ManohafDJM) and otherd4,5] (and references
cited therein.
In a recent papel6] we studied the strong couplings of Il. SU(3) SPIN-FLAVOR STRUCTURE
the orbitally excited baryons in the framework of the large- OF THE EXCITED BARYONS
N. expansion, extending the results obtained by DJM in the . o
s-wave sector. The general structure of the pion couplings to 1 ne structure of the baryon spectrum in the lahgehimit
these states has been derived from a set of consistency cdfn P€ obtained by examining the symmetry properties of the
ditions which follow from requiring the total scattering am- St&t€S under permutations of two quarks. The ground state
plitude to satisfy the Witten scaling rules. The analysis pre-S"Wave baryons transform according to the completely sym-
sented if[6] assumed only isospin symmetry and was for themetric representation of th@T permutation group shown in Eq.
most part limited to baryons containing onlyandd quarks.  (2-1- For baryons containing two flavors this means that
The present paper is a continuation [ and its aim is their spm-flav_or wave funct!on must trans_form like the to-
twofold: first, to extend the results ¢6] by incorporating @/ly Symmetric representation of $4, which is decom-
SU(3) symmetry and second, to present a phenomenologic0S€d into representations of SU(@)pin< SU(2)spin With
analysis of the existing experimental data from the persped-=—J- The analogous decomposition of the totally symmetric
tive of the largeN, expansion. representation of S(@8) into representanons'o.f SU(,E.;QUor
In Sec. Il we demonstrate that the combined lakgeand < SU(2)spin, relevant for the baryons containing 3 light fla-
SU(3) limits of QCD provide very strong constraints on the YOrs is shown in Eq(2.1). For No=3 this representation
structure of the mass spectrum and mixing pattern ofLthe contains the familiar spin-1/2 octet and the spin-3/2 decuplet
=1 light baryons. A set of relations are derived amongParyons:
strong transition amplitudes between p-wave and s-wave
baryons in Sec. Ill which are then compared against avail _% ___
able experimental data. These relations are shown explicitl L1 -0 = <BHB:]J = %) + (BHB:D:]J = ;)
to agree with those derived in the quark model with arbitrary
number of colors in the limiN,—c. ForN,=3 they reduce
to the usual S(B) predictions of the quark modél7,8].
However, the largéN; approach turns out to be both less and
more predictive than the S6)-based. On the one hand it
predicts well-defined values for the mixing anglesich are
left completely arbitrary in the quark modebut, on the
The spectrum of the p-wave baryons can be obtained in a
similar way from symmetry considerations. In the real world
*On leave from the Department of Physics, Technion-Israel Instiwith N.=3 the spin-flavor wave function of the=1 light

tute of Technology, 32000 Haifa, Israel. baryons transforms according to the mixed symmetry repre-
'On leave from the Floyd R. Newman Laboratory of Nuclear sentation70 of SU(6). Its decomposition into spin-flavor
Studies, Cornell University, Ithaca, New York 14853. multiplets takes the forn9]
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Hl=a,s=5e00.s=5)06.5=5a6,5=3).
(2.2
After adding the orbital angular momentum=1 the result-

ing states reproduce the observed spectrum of the p-wave

light baryons[13].

We would like in the following to construct the generali-
zation of this procedure to the case of arbitréty. The
corresponding representation of &is obtained by adding

additional boxes to the first line of the Young diagram. Itsproduct on the

decomposition under the flavor-spin X SU(2) subgroup
can be obtained as described[##)] for the corresponding
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SU(4) representation. One starts with the product of(@U
representations

Ne-1

m— e,
Ten =

Ne-1

e e,
... O

N,

(2.3

The decomposition of the symmetric representation on the
left-hand side is known from Ed2.1). Subtracting from the
left-hand side the representations of
SU(3)XSU(2) corresponding to the symmetric representation
on the right-hand side we obtain

N¢.—1
Y
... 0 = _1 ( 17 _15’1?)
] (_ 35 2)+ u S =333
13 13
.. l o2 2 .. =2
+( ik 2ﬂ>+(_ - 29
Ne~1
Nc Nc ,—I/—D Nc Nc

(2.9

The physical multiplets with well-defined spihare obtained by adding the orbital angular momentlmS+L with L

=1

The first three S(B) representations on the right-hand sidg2#) correspond foiN.=3 to 1, 10 and 8 respectively. The
others are new and appear only fog>3. Their isospin content for each value of the strangeness nufhber/2 can be read
off from the corresponding weight diagrams and is given below for the first few representations.

All the other SU3) multiplets in (2.4) contain, forK=0,
isospin multiplets with =2. Let us consider now in turn the
sectors with different values of the strangeness nunkber
=ng/2.

A.K=0

We list in Table | the lowest-lyingK=0 p-wave light
baryons containing only,d quarks. They are contained in
the SU3) representation$2.5), (2.6), (2.7) which will be
called in the followingl, 10 and 8 respectively, correspond-
ing to their dimension foN.= 3.

1
S (K=g I=0)+(K=1,I=)+" @5
B 2 135
1
[ | |_>(Ix:0,[:-;—)-{-(K:—,[:1,2)4_([{:17[::2_,5,5)_4_ (2.6)
1 1 13
S (K=0,I=3)+(K=5,1=0)+(K=1,I=5:)+ 27
J_I—)([(z%,[=1)+(I(:1’[=.;_,%)+... (2.9

The entries in the last three columns of this table require
some explanation. Usually these states are labeled by the
quark model quantum numbers, §), the total isospin and
spin of the quarks. The assignments shown in Table | for this
qguantum number are the conventional ofE3]. Of course,
in NatureS is not a good quantum numbers and the physical
eigenstates ofl(J) are linear combinations of states with
different values ofS. This mixing is usually considered to
have a dynamical origin and is treated in a phenomenological
way.

The largeN, treatment of these states discussed6h
suggests a different picture. In this approach the physical
states are classified into towers of states, each labelled by a



5436 DAN PIRJOL AND TUNG-MOW YAN 57

TABLE I. The p-wave light baryons containing onlyd quarks 1 3 1 1 1 3
and their quantum numbers. l=— A=1J==)=——||== S==—:J=—
2’ T2 \/E 2’ 2’ 2
State ,JP A [,S [SU(3),SU2)]
) 9 5 1 3 3
NSy ) 1 () ®2 N5 |'m2%727 3
N(1520 (3.2 (2.12
NSO (41
N(1700 13- 13 (8,4) 1 3 5 1 1 3
(2’2 ) (2!2) |:_,A:2,J:_ :\/: IZ_,S:_,J:_
N(167H (%’g*) 2 2 6 2 2 2
A(1620 E5- 2 N € ) (102)
A(1700 (%,%7) - +i |:E ZE-J:§
\/6 2’ 2’ 2
(2.13

spin vectorA. The members of a given tower have quantum A examination of the mass spectrum of thel states in

numbers (,J) which are constrained by the conditigh  Taple | suggests their association into towers of states with
—J|<A and are degenerate in the laiygdimit. 1/N. COr-  the shown values ak. The relationg2.10—(2.13 give then
rections will in general remove this degeneracy and will splita prediction for the mixing matrices of these states, which
the states of the tower. can be compared with experimental data. Adopting the defi-

The connection between the tower states and th8)(  nitions of[12] the mixing of theN states is parametrized as
quark model states has been givepGhfor states containing

i . 3 1

only u andd quarks(Eg. (3.23 in [6]): N(1650 = cos n,|S= §> —sin 6y, |S= §> (2.14
1L, (PL)A;dJma)=(—)""PFL9> (25+1)(2A+1) 1 3

S N(1535=cos aNl S= —> +sin Ay, |S= —> (2.1
| P S 2 12

X[L ; A}|(IP)S,L;Jma>. (2.9 and
N(1520 0n.|S 1>+ in 6. S 3> (2.16
=Cos =—)+sin == .

HereP=1 is the so-calledP-spin introduced ifj6] to relate Ns 2 Na 2

| andS for quark model states transforming under the mixed

symmetry representation of $4). For the p-wave states in S— } > 4 oS O | S= §
Table | one has.=1. One can see that in general the tower 2 N3 2/
states do not have well-defined valuesSoand the relation (2.19
(2.9 yields the following mixing matrices:

The sector (,J)=(3,3).

N(1700 = —sin 6y,

We obtain from(2.10—(2.13 the following predictions for
the mixing anglegly, = 0.615,6y,=1.991. The fit of12] to

the strong decays of these states gave the reéults 0.61

1 1 1 1 *£0.09 and @)t 1=3.04+0.15, (On,)sit 2=2.60+0.16.
>— - =|1=3.5=3 > The result fordy, is in excellent agreement with the data.
The disagreement Offy,, can probably be ascribed to finite-

1 N, corrections. Indeed, due to the fictitious nature of the
P-spin (which becomes apparent in the fact that the states
S=1=N./2 are forbiddej one expects the deviations from
(210 he largeN, mixing (2.9) to be largest foiS,| approaching
their maximal valuedN./2.

Thel =1/2 states of the towers belong to &J*“octets”
whose Young diagram is shown (8.7). There are five such
octets, two withJ=1/2, two with J=3/2 and one withJ
=5/2. The largeN; mass spectrum of th€=0 towers con-

J= 1 > strains therefore the mass spectrum of these octets, which are
5/

predicted to be degenerate in pairs with (1/2,3/2) and]
=(3/2,5/2), corresponding th=1 and 2 in theK =0 sector
(2.1 respectively. This is very different from the picture sug-
gested by the quark model, where one expects these octets to
fall into two groups with J=(1/2,3/2) and J
The sector (,J)=(3,3). =(1/2,3/2,5/2), corresponding to the two values taken by the
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total quark spinS=1/2,3/2. One problem with the quark TABLE Il. The p-wave hyperons containing one strange quark
model picture is the inversion of the two levels witik-3/2  and their quantum numbersl,§) denote the usual quark model
and J=5/2, which is difficult to understand by assuming a assignments of the states adjives their largeN, tower assign-
spin-orbit interaction along9,10]. ment.

The mixing of the octets with identical values dtan be

predicted from the mixings in th€=0 sector(2.10—(2.13. State (9 A (1.9) [SUE3),SU2)]
These relations can be extended to all the states in thesex (1405 (047 i 03 1,2)
multiplets as 2 3 2
A(1520 (0’%—) 5
AQ670 03 i (0 ®2
1 3(162 1- 1
a0 V3 s=112 s=312 A(1690 (037) 2 (0.3)
219 M0 @iy o @)
AQBOO 03z (03) ®4
*A750 (137 (13)
3
8,J= %> _ \ﬁ 8,J= %> +—|83= §> A 03) 2 (03
A=1 3 s=12 V3 S=32 2(?) (13) (13
5
219 MO ©0FH (0
ATy @) (13)
and AN ¢ 2 B CF) 102
= L3 -
8,J= > = 8J—3> +\/§‘8J—3>
' 2 A=1 \/6 ' 2 S=1/2 6 ’ 2 S=3/2 B. K=1/2
(2.20 _
The observed and expected p-wave baryons with one
strange quark are listed in Table Il, together with their quan-
3 5 3 1 3 tum numbers. In the quark model these states are labelled by
8J=3 =V (8973 + G 8J=3 - (1,5) with S the total spin of the quarks in the baryon. As
A=2 S=1/2 S=3/2

discussed above, physical states are in general linear combi-

(2.21  nations of quark model states with different valuesSofrhe
) ] largeN. expansion combined with §8) symmetry can be
The notation8,J), does not imply that all the states of the |;ge( to predict this mixing.
belong to aA_-tower but only labels the S@3) representation From the point of view of larg&d. QCD the observed
in terms of itsk =0 members. , K =1/2 states fall into 7 towers of states, three towers with

Unfortunately, no unambiguous tower assignments can bﬁzllz three towers withA =3/2 and one tower withA
made for the excited=3A baryons. Because of the small _ ’ .

=5/2. Although the tower structure is complete only for the

value of N, in the real world the tower structure for= 2 is lowest value of the isospih=0, we can use SE@) symmetry
incomplete. For example, instead of a total number of twg . . ’ )
P P to assign the& states in the octets well-defined valuesiof

states with (,J)=(3,2) expected in the largdk limit, there  yqyever, just as in the case of the=3/2 states in th&

is only one such state. To fill up all the= 3 members of the  —0 sector, this cannot be done in an unambiguous way for
towers withA=0,1,2, additional states would be required the decuplet baryons. Therefore we cannot make predictions
with (1,8)=(%,2),(3,3), which however do not appear for for the couplings of these states.

N.=3. This problem did not exist fos-wave baryons and States with the same quantum numbers will mix in the
has as consequence an unfortunate loss of predictive powgeneral case. We parametrize this mixing in tke0 sector

for the largeN, expansion when applied to the excited bary-as in[12] in terms of six angles. For thé=1/2 states we

ons. introduce three angleg;; with i=1,2,3 as
A(1670 C11C12 $11C12 S12 Ay
A(1800 | =| —sS11€13—C11815812  C11C13—S11812813  S13C12 Az |, (2.22

A(1409 $118137C11C13812  —C11S137S11C13512  C1C12 singleg,
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with ¢,;=cos#6,1, S;1=sin 6;;, etc. ments are determined, at leading orderNp, by four re-
The quark model states on the right-hand digelS) are  duced matrix elements(A’,A),c,_3(A’,A):
denoted as\,s,;. In the SU3) limit two of the angles van-
ish 8,,=60,3=0, as there is no mixing between the singlet
and octet. The third anglé;; can be determined by noting (3'l";m’,a’[Y?Jl;m,a)
that some of thd =0 statesA belong to the same SB) P
“octets” as theK =0 states. Therefor€.18—(2.21) can be . Y '
used to obtain their relation to the quark model states with =C(A,A)V2I+1(—) 8 5JJ’5mm’{ A J A”
well-definedS and we find6,,=0.615.
The sectorJ=3/2 can be treated in an analogous way. X(l"a'[11;aa) (3.3
The mixing of these states is parametrized in terms of three
angleséy; defined as

(3'1";m’,a’'|Q*¥J1;m, )

A(1690 Az
A(?) =R( 031,037, 033) Ass (2.23 J+1+3"+17
el =(—- + +
A(1520 singlets (=) (2J+1)(21+1)
A/ I ! JI

where the unitary matriR is defined in analogy to the one in X > c(ALA) A T
(2.22. We find for this case, in the limit of S@) symmetry, y=123 7 1 2
031=1.991, 05,= 635=0. Similar predictions can be made in y
the limit of SU3) symmetry for the mixing matrix of th& X(3'm’[32;mKy(1" a'|11;ea). (3.4)

states.

The experimental situation with these angles is not very
clear. The fit of12] gave six different possible solutions for
the #,; and four solutions foms; . The values taken by the
anglesé;,,0;3 in these solutions do not come close to the
SU(3) value (0), which can be explained by a sizable viola-
tion of SU3) symmetry. This implies in turn the existence of .
similar large deviations from the $B)-based prediction for The spln-1/_2 octet whosk =0 members belonig to the
6,,. However, the largéy. predictions for decays of tower =0 tower will be represented by the tensds.j; ;..
states to be presented in the next section do not depend orivith one upper and=(N.—1)/2 lower indices. The two

In the following we will extend these results to the case of
SU(3) symmetry. As explained above, we will restrict our
considerations to octet and singlet states. There are five oc-
tets and two singlets, which will be represented by(3U
tensors constructed as [i4].

precise knowledge of the mixing matrix. spin-1/2 and 3/2 octets whose=0 members belong to the
A=1 tower are represented by the tensoﬁ@){ljz,,,j and
lll. STRONG DECAYS (83)} i.--j. respectively. Finally, the two spin-3/2 and 5/2
112 v

Let us first recapitulate the results obtained[6] for ~ Octets whos& =0 members belong to the=2 tower will
strong decays of excited baryons in the latedimit by ~ be assigned the tensor8y); ; ., and (Bs)j ;..; respec-
assuming only isospin symmetry. Excited baryons can decatvely.
to s-wave baryons through pion emission $awave and The spin-1/2 and 3/2 singlet baryons are each represented
D-wave. The respective couplings are related to matrix eleby a SU3) tensor withv— 1 lower indices 61),-1,-2...”71 and

ments of the axial vector current taken between tower state(ssz)jljzmj - The nonvanishing components of these ten-

(A—47): sors for theA states areS;;..3=1. ForN.=3 these tensors

go over into SW3) scalars, as they should.
. 1 The s-wave baryons are represented by the usual octet
(31 ’;m’,a’|qy°y5§ 72q|J1;m, @) tensorlsjlj_z.._jv (for the spin-1/2 baryonsand the decuplet
tensor?ﬁ'jzz'?j,j , (for the spin-3/2 baryons
The couplings of the Goldstone bosons are described by
interaction Lagrangians built out of the &) tensors intro-
1 duced above. The part containing tBevave couplings is
(J'1 /;m/’a/|q_yi 7’5§TaQ|J|;m'a> written in  terms of seven S@3) invariants
M12,N12.L1,,P; as

:N§<J’I’;m’,a’|Ya|JI;m,a) (31)

=NEgi(J'1";m’, ' |QY3|J1;m, @)
+ NS (3'1;m’ o’ [R3[J1m,a) (3.2 Ls= My tr(By,A*By)+ Ny tr(By,BiA%)

+ M, tr(By ALB,) + N, tr( By BoAH
with g* the momentum of the currenk=0 for a decaying 2 By, A“B) + N By, BoAY)

state transforming under the mixed symmetry representation +L tr(?ﬂyvA”Bg)ﬂLﬁz tr(ﬁyvAVBf{)
of SU(4). The operator¥? andQ'" 2 parametrize th&-wave _
and D-wave pion couplings respectively. Their matrix ele- + Py tr(By, A*Sy). (3.5



57 EXCITED BARYON PHENOMENOLOGY FROM LARGEN, QCD 5439

The nonlinear axial current field,, is defined byA , = i/2(§Taﬂ§— gaﬂgT) with é=exp(M/f_) andf =132 MeV. The matrix
M contains the Goldstone boson fields and is giverivby (1/2) m3\2.

The D-wave couplings of the Goldstone bosons are described by an analogous Lagrangian containing ty@lve SU
invariants

Lo=mMgM; tr(BA*ysBs) + Mg tr(BysB4A,) + Mg My tr(BA*ysB;) +mgNy tr(BysBiA,)
+ Ms tr(B(D ,A,+D,A,) BE)+ N5 tr(BBEY(D A, +D,A,)) +MrLs tr(T,ARysBy) + MLy tr(T,A" ys5,)

+iLs tr(74(D ,A,+D A, +tt) By +i L tr(7#(D ,A,+D A, +1t)B})

+ L7 € opys tH(T(DPAP+DFAP) TBE) + Mg P, tr(BysA,Sh). (3.6)
|
We extracted factors ofng,my; in the definition of some M,
couplings such that their expansion in powers o starts . 3 +O(1N) (3.1

with a term of d1). The form of the trace terms “t.t.,”
needed to project out a pu-wave, is given in the Appen-

dix. In these expressions only the Lorentz indices are written Ms _ 2 O(1N 3.1
explicitly. The traces over the §B) indices have the follow- Ly \/_§+ (1Ne) 12
ing form:
tet-octet li M 4
(a) octet-octet coup ﬁ'?% » A L O(1N,) (3.13
tr(BABy) =B, VA?(Bl)glbzme' Lo 3
- _ 13Chy b, a d M 2
tr(BB,A) =B, (B1)db,--b,Ac £—4 =4 \/;+ O(1/N) (3.19
7
(b) octet-decuplet coupling
7 — .aB by b, v
tr(7AB;) =¢ V?Z;V AL(B1)yoib, b, % =— §+ O(1IN,). (3.19
7

(c) octet-singlet coupling
tr(BAS) =822 AR 5 The A parameters in the Lagrangiaf&5), (3.6) contribute
é v to the pion couplings only to subleading ordalthough they
The interplay of the largét, predictions(3.3), (3.4 with ~ contribute to the same order &gl to the kaon couplings
the SU3) symmetry leads to significant simplifications in the 1 n€refore, in order to obtain information about them, knowl-
structure of the Lagrangian@®.5), (3.6). Thus, theS-wave €dge of the pion couplings to next-to-leading order N lis
pion couplings of the excited baryon octets to ground staté?qu'red- This will have to be obtained from model calcula-
baryons are described in this limit by just one common relions. _ _ o
duced matrix elemer(instead of five, assuming only isospin _ !N Practice the M. corrections to the prediction8.7)—
invariancé and in theD-wave sector only two independent (39 (3.10—(3.19 can be sizable. In the following we com-
couplings are requiredinstead of seven pare these predictions against ava|IabI.e expgr_lmental datg on
These additional relations can be derived by writing relo_s.trong decays of these stqtes. To avoid additional complica-
resentative transition amplitudes in two alternative ways, ustions related to S(8) breaking effects and a more complex
ing the SU3) and SU2) relations respectively. We obtain in MiXing structure, we will restrict ourselves to pion decays of

this way the following model-independent predictions for theNPnstrange excited baryons. ,
S-wave couplings, The relation (3.8) betweenS-wave amplitudes can be

tested by examining the ratio of decay widths

M;=0O(1IN,) (3.7
- I'(N(1535—[N]) e 227M§  6.960
My 2 L UeTTONS20-[Aly Tz O
'Cl - V3 ( c) ( ' ) (316
_ We used on the right-hand si@HS) the theoretical expres-
=0O(1/N 3.9
£2=0(1No) 39 sion for the widths together with the coupling rat&8). The
and, for theD-wave couplings experimental value of this ratio [4.3]

L3=0(1INy) (3.10 (Ry)exp=6.625" 352 (3.17
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Not all relations forS-wave couplings work as well. For
example, one expects frof8.7) the couplingM, to be sup-
pressed by N, relative toM,. However, the corresponding
ratio of decay widths

I‘(N(165()—>[N7r])_1 58/\42
T'(N(1535—[N]) M

takes the experimental valu®{).,=0.58—4.88, which is

(3.18

(R2)th=
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N* states are related in the quark model to the reduced ma-
trix elements7(1’,Sl) introduced in[6]. Their explicit for-

mulas for arbitraryN. are[normalized ta(3.50 of [6] in the
largeN, limit]

at least a factor of 4 larger than the one obtained with the

naive estimate\(%/ M3=

The situation with the predictio(8.9) is less clear, as the
Particle Data GrougPDG) does not quote branching ratios
for the decay mod&l(1700)—[Am]sp . The S-wave mode

RN 2v2 /(Nc—l)(Nc+3)I
2'22/° 3 Ne(N.+2) =
A3y 2 Ne-1
2'22]7 3 NN +27

appears however to be suppressed in comparison to the

D-wave ond 11], in agreement with the largdz expectation
from (3.9).
This analysis can be extended to thewave couplings.

The following ratios of decay widths can be used to test

(3.1, (3.12, (3.19 and(3.15.

['(N(1520 —[Nm]p) M3
(RIn=F(N(I520 - [A 7))~ 22t 2 L2 =15.30,
(Rs)exp=3.57-6.01 (3.19
_ T(N(1520 —[N]p) M
(R0 =T((1535 A ]p) 4216 72 =562
(Ry) exp=4-4 (3.20
_T(N(1679—[Nmlp) ME
(RS)‘“_F(N(1675)—>[M]D) 4.59577 L3 =2.042,
(Rs)exp=0.66—1.00 (3.2
_T(N(1700—[N7lp) M
(Rﬁ)m_r(N(m?a_)[M]D) —0.883£—§—5.651,
(Re)exp=0.055-0.2. (3.22

We do not present a comparison with data for the regi@3
because of the lack of data N(1700)—[A7]p .
The deviations of these ratios from the lafgg-predic-

. 311) 2 /(Nc+3)(NC+5)I
2'22] "3 Ne(Nc+2) 7

. 331, 2 NC+SI a0
2'22/°73 N.12 (3.23

with Z a common overlap integral. We obtain for example
for the ratio(3.8) of the S-wave couplings

111 131}
Mz \/§T<§ EE)COSﬁN +T(§ EE)SI” 0N1
. N3 311 331\
T(E EE)COSHN +T(§ EE)SIH 0N3
(3.29

In the largeN,. limit and for the mixing angles given in Sec.
Il A the value of this ratio reduces t(8.8). For N.=3 it
gives[7,8]

Mo
Ly

\F 2 cosaN1+sin On,
~ V3y3 cos On,— /5 sin Oy,

—0.689 6y, =1.990),

—0.763 6y, =2.6),

—1.105 6y,=3.04). (3.29

The numerical values shown are computed with the I&ge-
value for0N =0.615 which was seen to agree well with the

tions can be understood partly as a consequence of the fm,g@<perlmental one. For the largest value @&f,=3.04, the
value of N, and partly because of the sensitivity of theseratio (3.25 predicts R;):,=6.382 which is in good agree-

ratios to the precise value of the mixing angke,. We will

use in the following the quark model witk.= 3 to illustrate
the importance of the IV, corrections. The couplings of the

ment with the experimental valug.17.
The ratioM4/ M, depends only on the angEQdl and is

given by
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111 131 In the last line we used the experimental valgig =0.61
-Tl5 sinfy +7| 5,5 5|cos by " g ; .
M, 2'92 9 1 2'22 1 +0.09[12]. This yields in turn a result for the rati8.18
M: 111 1 (R5),=0.005-0.092, which is still smaller than the experi-
(—,— —) cosOy. +7T —,——) sin Oy mental value R,).,=0.58—4.88. We will return later to a
2'22 1 2'22 . . / eXp.
discussion of this discrepancy.
2 sin gy, —cos Oy, Similar results are obtained for the ratios@fwave cou-
~ 5 cos 0N1+sin n, plings. For example, we get
=(—0.056—-(—0.24) (N.=3). (3.26

2@7111 0 f7131 0
M; 4 2'22)%05N, 2'22)5MN -
Ls 3\F7311 2\[T331 327
271222/ 2N 57|55 5/ O
Taking in this expressiohl.= 3 gives
M; 4 —24/10 cosby, +sin Oy,
Ls 3 10 cosby, +4 sin by,
=—1.9726y,=1.99), 122176y, =2.6), 2.493-4.113 6y =3.04:0.15. (3.29

This ratio is particularly sensitive to the mixing anglﬁ3 as the physical value of this angle lies in the vicinity of 2.47, where
the denominator vanishes. The ratta corresponding tofy,=3.04+0.15 is still larger by about a factor of 2 than the

experimental valu¢3.19. Similar large values foR; appear to be predicted also in other quark model calculafib®ls
The ratio(3.15 of the couplings of thed®=5/2" state is given in the quark model by

=— . (3.29

For N.=3 this implies Rs),=0.510 which is in reasonable agreeméithough somewhat smallewith the experimental

result(3.21).
Finally, the ratio(3.14) is given by

Jior 111 o AT 131 P
M, 8 21225t T| 5.5 5C08 0, o
L; 33 NEEE: (3.39
2'22
which for N.=3 reduces to

M,y 4

——=——(cosfy,+2+10 sin 6

E? 3\/1—5( N3 \/_ N3)

=1.8476y,=1.99), 0.491-1.1426y,=2.6=0.16, (—0.449—(0.209(6y,=3.04+0.15. (3.3
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For 0N3=3.04i 0.15 this gives Rg):,=0.038-0.178 which  degenerate, which yields constraints on the masses of these
is in agreement with the experimental val{@&?22. states which are distinct from those of the quark model with

Perhaps the most puzzling disagreement between thaU(6) symmetry. Quite remarkably, the mixing angles of the
largeN,, predictions and experiment concerns the large exfive octets ofL=1 excited baryons are completely predicted
perimental value of the rati®, (3.18. Among the possible in the combined largéd; and SU3) limits. Unfortunately,
explanations for this disagreement, we can menti@: because of the small value of tié parameter in the real
wrong assignments of thA quantum numbers for th&;; VV_0r|d, we cannot accomodate the de_cuplet states into the
states(b) a large deviation of the mixing angi_from its ~ Picture suggested by largé; QCD. Despite these shortcom-
predicted valuedy, = 0.615; () the presence of a thir8 ings, we believe that this approach could be ugadch in

. L1 _ . the same way as done|ifa7] for the ground state baryonas

stgte in t_he.reglon around 1.6 GeV. The first possibility eNhe starting point for a systematic study of theN1/and
tails assigningA=1 to N(1650) andA=0 to N(1535),  gya3) preaking corrections for these states.
which results into the pred|ct|oﬂN1= —0.955. This would

give in turn a value for the rati(8.18 (R,),=67.47 which ACKNOWLEDGMENTS
is almost a factor of 5 larger than the one obtained with the _ o _
dimensional estimaté, / M,=N,=3. The second alterna- D.P. is grateful for the hospitality extended to him by the

tive (b) requires the angleNl to be of the order o=0.08 or  Theory Group of the National Tsing H.ua University, Taiwaq
1.04. Furthermore, the large splitting between the membe@”d to the Center for Theoretical Sciences for support. His
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disagreement in the value 6‘\‘1 with other determinations Arts of Israel. The work of T.M.Y. was supported in part by
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[12] combine to make these two possible explanations rather

unattractive.

Recent analyses of theN scattering dat@14] show evi-
dence for a new"=1/2" state with a mass of 1712 MeV.  We present in this appendix the partial wave decomposi-
Since its mass is very close to thatN§1650), it is possible tion for the decay 3/2—(3/2",07) which can proceed
that the data quoted by the PO®3] referring to the latter in  through bothS- andD-wave. The invariant transition matrix
fact cumulates over the decays of both states. It is interestinglement is decomposed as
to note that the new state has a small branching ratio for
decays into théN mode, of about 20%14], which fits the — -5 mﬁ,
largeN, prediction for theA=0 state. It is tempting there- M=UR(p') Co| 9,0,+29 m3+ 4mpmg+ m3— g2 Guv
fore to identify this state with thd=1/2 member of the\
=0 tower. It is not yet clear what the quark model interpre-
tation of each of the thre8,; states igfor example, in[15]
it is proposed to interpret one of them as a bound st&e
see alsg16]). Further investigation of these states is requiredyith g the pion 3-momentum in the rest frame of the decay-
to help settle this apparent puzzle of the laleexpansion.  jng particle. The masses of the initial and final particles are

denoted asnp andmg respectively. The partial decay widths

APPENDIX

+Cg

2
2quV)]uv(p)’ (Al)

+—
Ou (Mg+mp)?—q

IV. CONCLUSIONS are given by
We have analyzed in this paper the phenomenological 1 ,(mg+ mp)2—q? .
consequences of the lard&- expansion for the.=1 orbit- Fs=8—Cs—z|Q| (A2)
; : . . T mp
ally excited baryons, following from the formalism described
in [6]. These states are organized into towers of states, whose 1 2 2_ 2
: . . , Mpl(Mmg+mp)°—q°] .
couplings to the ground state baryons are related in a simple Ip=s—C3—> ——>5q|%.  (A3)
way. In the largeN, limit the members of a given tower are 27 7 (Mp+4mpmg+mg—q°)
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