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1. Motivation

e There are puzzles for the A resonances. For example, are the A(1405),
A(1670) three quark states?* or multi-quark structures? 1

e The K—p — 970 gives us a rather clean channel to study the A reso-
nances, for there are no isospin-1 baryons contributing here.

e The recent higher precise data of the reaction K —p — X9x0 at eight mo-
mentum beams between 514 and 750 MeV/c were reported, which provides
us a good opportunity to study the properties of these low-lying A reso-
nances. ¥ .

e The chiral quark model has been used to study the #~p — nn successfully,
which also can be extended to analyze the K —p — =970.8

*Isgur and Karl,PRD 18, 4187 (1978)

TOset and Ramos, NPA 635, 99 (1998); Oller and Meissner,PLB 500, 263 (2001)
'R. Manweiler et al., PRC 77, 015205 (2008)

5Zhong, Zhao, He and Saghai, PRC 76, 065205 (2007)
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2. The chiral quark model

e The quark-meson couplings
e The transition amplitudes

e Separation of the resonance contributions

Xian-Hui Zhong NSTAR2009, Beijing, April 19-22, 2009. 4



‘The quark-meson couplings I

e At the leading order of the chiral Lagrangian, the quark-meson coupling is
given by I

1 -
Hpm = Z—@Dﬂ '75ij o* Qbm (1)
j Jm

where ; represents the j-th quark field in a hadron, the ¢, stands for the
pseudoscalar-meson octet in the SU(3) case.

e The non-relativistic form of Eq.(1) can be written as

0] q+ ,Ll,o-j p]} Py 2)

o = m :
" %:{Ef+M f+E —I—M A

where P;, P ¢ are the three-vector momenta of the initial and final baryons,
respectively. The wnm, and q are the energy and three-vector momentum of
the light meson, respectively. p;- is the internal momentum for the j-th quark
in the initial meson rest frame. o; corresponds to the Pauli spin vector of the

9Z. P. Li, H. X. Ye and M. H. Lu,PRC 56, 1099 (1997);Q. Zhao, J. S. Al-Khalili, Z. P. Li and
R. L. Workman, PRC 65, 065204 (2002)
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g-th quark in a baryon.The isospin operator I; in EqQ. (2) is expressed as

( a}(u)aj(s) for KT,
a;-(s)a,j(u) for K—,
al(d)a;j(s) for K©,
I; =3 al(s)a;(d) for KO, (3)
a}(u)aj(d) for =,
al(d)a;(u) for 77—,
\ %[a}(u)aj(u) — al(d)aj(d)] for z°,

where a}(u, d,s) and a;(u, d, s) are the creation and annihilation operators
for the u, d and s quarks.
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‘ The transition amplitudes I

e The Feynman diagrams for the K —p — =979 reaction :
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‘The s-channel amplitudes I

e The s-channel amplitudes can be expressed as

1
Ms = N¢|Hz|N;){N; H | N;), (4)
s z]:< f| 7r| ]>< ]|Ei+wK_Ej Kl z>
one can then express the s-channel amplitudes by operator expansions:
1 _
M = SN[ Hr | NN D" —— o (H — B)"Hi|Ny) | (5)
) n W

J K
where n is the principle harmonic oscillator quantum number. Note that for

any operator O, one has
(H — E)O|N;) = [H, O]|Ny), (6)
a systematic expansion of the commutator between the NRCQM Hamiltonian

H and the vertex coupling Hx and Hy can thus be carried out. Details of
this treatment can be found in Refs |l.

IZ. P. Li, PRD 48, 3070 (1993); 50, 5639 (1994); 52, 4961 (1995); C 52, 1648 (1995)
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e The s-channel amplitude in the harmonic oscillator basis is expressed as

M® = (MG + Mp)e K +d9)/602, 7)

where « is the oscillator strength, and e—(k2+q2)/6a2 is a form factor in
the harmonic oscillator basis. M3 (M3) corresponds to the amplitudes for
the outgoing meson and incoming meson absorbed and emitted by the same
quark (different quarks). Because of the isospin selection rule, the 7 and K~
can not couple to the same quark. Thus, the contribution of M3 vanishes
and only M3 contributes to the s-channel.
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e The transition amplitude is

{QSQAOUt A Z(—Q)_n%;n)xn
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2
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We have defined

Ain = — (1 —I—wKICZ — w—K> k,
Opig

Aout = — (1 +W7T}Cf_ 36227: )qa
q

Ki =1 /(B + M),

K-q

X = —F
302

M

Fs(n)E n

P’i -k — nanh’
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e the g-factors, g,» and g,», in the s-channel are defined as

g2 = (NI Y IFIf 0y 0j|N;)/3, (15)
7]

Gv2 = <Nf| E :Igrlgl((ai X Uj)Z|Ni>/27 (16)
1]

which can be derived from the quark model in the SU(6) ® O(3) limit.
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‘The u~-channel amplitudes I

e Following the same procedure in the s-channel, we obtain the amplitude for
the u-channel is expressed as

n!

X'I’L

Mu — _{an : Bout [9?1 + (_2)—ngg2}

n=0

2
W WK WK Wr &
T Bin K~ o By - q o
+ ( 3my 3my cat 2ugmg 3 )

E u -n _u Fu(n) n—1
X — [gsl + (_2) 9s2 (n - 1)|X

s Fu _ _
44K () g 4 (~2) g2

18maug £ (n—2)!

+io - (Bin X Bout) Z [931 + (-2 _”gﬁg] Fu<|n) x"

n:
n=0
WrWK . u —-n_u
T 18mep, (@) ;[91,1 e
Fy(n) -2 : Wn i
Xn N Bm k Il Bou
e T [ 3m, o K0 =g, (4 Bow)
B B Fu(n> _k2 2 2
" B nu n—1 (K +q°)/6a
> o+ (=27l X —(n_l)!}Xe a/6e7, (17)
n=1
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e The g factors in the u-channel are determined by

gs1 = <Nfz KITING,
gl = (Ny fof;faz-- ;|N:) /3,
17]
_ K
go1 = (Ny ZIJ I;sz
g2 = (Ny ZI{(I}T(%X%MNO/Z
17 ]

(18)
(19)
(20)

(21)

The numerical values of these factors can be derived in the SU(6) ® O(3)

symmetry limit.
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‘ Separation of the resonance contributionsl

e All the resonances with the same number n are degenerate to each other.
We need separate out the single resonance contribution out.
In s channel, for n=0, only the A contributing to the amplitude, which can be

written as
2
My = (9/\%/\26—0( —|-q2)/6a2, (22)
S — M/\
with
O/\ — ngAout : Ain + gy210 - (Aout X Ain)a
(23)

where M, is the A-hyperon mass.
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e For n=1, the amplitude can be written as
Miy= 2B ope(K4a%/60? (24)
S — MR —|— ZMRrR

Here S and D waves involve in the reaction. According to the roles of S and
D waves, firstly we can separate out the amplitudes for them:

1 |qu| WK Wi WrWK a2
@ — —=30s Aou : Azn - Aou q — A -k - | 25
° 292 (' ol A 9a? By A 3my + 2mgpg 3 (23)
1 kilg] 1 . k-q
O == - — Ys Aou ° A.Zn 3 C052 9 - 1 - — Yo ° Aou X A’LTL A 26
D 5952 Aout| - [Ain( )50z~ 590210 (Aou )30 (26)
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In the NRCQM, the n = 1 shell contains three different SU(6) representa-
tions:

1.[70,21]: A(1405)Sp1 and A(1520) D3 (no counterparts in the nucleon
spectrum)

2. [70,28]: A(1670)Sp1 and A(1690)Dgs3 (partners of the nucleon reso-
nances S11(1535) and D13(1520))

3. [70,48]:A(1800)Sp; and A(1830)Dgs (the contributions of [70,4 8] are
forbidden in K—p — X979 due to the so-called “A-selection rule” **)

**Q. Zhao and F. E. Close,PRD 74, 094014 (2006);N. Isgur, G. Karl and R. Koniuk,PRL41, 1269
(1978);A. J. G. Hey, P. J. Litchfield and R. J. Cashmore,NPB 95, 516 (1975)
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The separated amplitudes for the S- and D-wave can thus be re-written as

Os (950, (1405) F 950, (1670)1Os; (27)

Op = [9pys3(1520) T 9Des(1690)1OD; (28)
where the factor g (R = Sp1(1405), etc) represents the resonance tran-
sition strengths in the spin-flavor space, and is determined by the matrix
element (N¢|Hr|N;){N;|Hg|N;). Their relative strengths can be explicitly
determined by the following relations

9501(1405) __ (Ny|1303]501(1405)
955,(1670)  (Nf|IT03]501(1670)
9Dg3(1520) _ (Nyl1303|D03(1520)

9Dg3(1690)  (Nf|ITo3|Dp3(1690)

S01(1405) |15 o3| N;)
S01(1670)| I o3| N;)’
Do3(1520)|I4 o3| N;)
D03(1690) |15 o3| N;)

(29)

(30)

N~ NN S | S~
A~~~ o~
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e Various g and gp factors defined in this work and extracted in the symmetric
quark model.:

factor | value factor value
gy | 12 9; V2/2
9352 2/3 g? —/2/6
g1 | “1/6 | 95,,(1405) | 32
9o | 1 | 9sp.(1670) | 172
gso 2/3 | g Do3(1520) 3/2
gu2 1 | 9pya(1600) | 172
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3. The role of A resonances in the reaction

e The parameters

e The roles of A resonances

e The backgrounds
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| The parameters I

e Breit-Wigner masses Mp (MeV) and widths I (MeV) for the resonances
in the s-channel. States in the n = 2 shell are treated as degenerate to n:

resonance Mp [ p Mp (PDG) [ » (PDG)
Sp1(1405 1420 48 1406 £ 4 50 £ 2
Sp1(1670 1697 65 1670 4+ 10 25 ~ 50

Dmélszo% 1520 | 8 1520 + 1 16 + 1
Do3(1690) | 1685 | 63 1690+5 | 60410
N=2 1850 | 100

e The other input parameters used in this work are grouped as below

a = 0.4GeV, mqy = myg = 330MeV,
ms = 450MeV, fr = 16OM€V

= 132MeV, ¢ = 1.557
G/UCL — 38 9 Km — 4.
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e The differential cross sections for Prr = 475 ~ 775 MeV/c (i.e. W
1536 ~ 1687 MeV):

0.8

P, =436 MeV/c P, =455 MeV/c P, =475 MeV/c
0.6 W=1536 MeV % W=1543 MeV W=1552 MeV
i {1

% : X
0.2
; i ¢ ¢ B ? 9

0.0
0.4 P, =514 MeVic P =560 MeV/c P =581 MeV/c
0.3 W=1569 MeV % W=1589 MeV W=1598 MeV

P =629 MeV/c P, =659 MeV/c P, =687 MeVic
0.3/X  W=1620 MeV W=1634 MeV W=1647MeV

d o/d Q (mb/sr)
o
N

0.1
0.0
0.4 PK=714 MeV/c pK=750 MeV/c PK=773 MeV/c
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\ |
4

H Q/? 8%
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|The roles of the resonances I

e The configuration mixing between [70.21] and [70,28] in A(1405) and
A(1670).
We empirically introduce a mixing angle between [70,2 1] and [70,2 8] within
the physical states Sp1(1405) and Sp1(1670), i.e.
1So1(1405)) = cos(0)|70,21) — sin(6)|70,2 8), (31)
1S01(1670)) = sin(6)]70,21) + cos(9)|70,° 8). (32)
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e The solid and dotted curves correspond to the results with and without con-
figuration mixing respectively.
Configuration mixing is needed. In agreement with coupled channel studies
based on UxPT 11
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-1.0-0.5 0.0 0.5-1.0-0.5 0.0 0.5-1.0-0.5 0.0 0.5 1.0
cos (0, ,)

fTD. Jido, J. A. Oller, E. Oset, A. Ramos and U. G. Meissner, NPA 725, 181 (2003).
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e The partial wave contributions to the differential cross section

do/dQ(mb)
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e [he exclusive cross sections for different contributions.

oo

Sl e——total |
........ A(1520)
.......... t-channel -
e u-channel |
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e The A(1405)Spq is very crucial in the reactions. It is the major contributor
of the S-wave amplitude in the low-energy region. In particular, in the region
of P ~ 300 MeV/c, A(1405)Sp1 dominates the amplitudes, and contribu-
tions of the other resonances are nearly invisible in the total cross section.

e Around Pr = 400 MeV/c, the A(1520)Dg3 is responsible for the strong
resonant peak in the total cross section.

e Around Pr = 800 MeV/c, the differential cross sections are sensitive to the
A(1670)Sp1. In this energy region the role of A(1690)Dg3 is visible, but
less important than A(1670)S(1.
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| The backgrounds I

e The backgrounds u channel contributions are crucial in the reactions, which
agrees with the Uy PT predictions.

e The backgrounds t channel contributions are significant in the reactions,
Which is dominated by the vector meson K* ex-change.

1J. A. Oller,EPJA 28, 63 (2006);J. A. Oller, J. Prades and M. Verbeni,PRL 95, 172502 (2005)
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4. Conclusions

The A(1405)Sp1 dominates the reactions over the energy region consid-
ered here.

Around Py ~ 400 MeV/c, the A(1520)Dg3 is responsible for a strong
resonant peak in the cross section.

The A(1670)Sp1 has obvious contributions around P = 750 MeV/c,
while the contribution of A(1690)Dg3 is less important in this energy re-
gion.

The non-resonant background contributions, i.e. u-channel and t-channel,
also play important roles in the explanation of the angular distributions due
to amplitude interferences. In the t-channel, the K*-exchange is more dom-
inant over the x-exchange.

There exist configuration mixings within the A(1405) and A(1670) as ad-
mixtures of the [70,21,1/2] and [70,28, 1/2] configurations. A(1405) is
dominated by [70,21,1/2], and A(1670) by [70,28,1/2].
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Thanks very much for your attentions!
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