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Abstract. We calculate decuplet contributions to the s-wave pseudoscalar meson octet—baryon scatter-
ing lengths to the third order in heavy baryon chiral perturbation theory (HBxPT). Using experimental
pion—nucleon and kaon—nucleon scattering lengths as inputs, we determine low-energy constants and pre-
dict other meson-baryon scattering lengths. Numerically we consider three cases: (1) the case with only
baryon octet contributions; (2) with decuplet contributions and (3) in the large N limit. Hopefully, the an-
alytical expressions and the predictions are helpful to future investigations of the meson—baryon scattering

lengths.

PACS. 13.75.Gx; 13.75.Jz

1 Introduction

Chiral perturbation theory involving only pseudoscalar
mesons is expanded with p/A, where p represents the me-
son mass or momentum, and A, ~ 1 GeV is the scale of
chiral symmetry breaking. When ground baryons are in-
corporated in the Lagrangian, the chiral expansion is prob-
lematic because of terms like My /A, ~ 1, where M is the
baryon mass in the chiral limit. This problem is overcome
in HBXPT [1-3] by going to extremely non-relativistic
limit. Now one makes the dual expansion of p/A, and
p/Myp simultaneously, where p also represents the small
residue momentum of baryons in the non-relativistic limit.

In low energy processes, decuplet baryon contributions
may be important. Firstly, the mass difference between de-
cuplet and octet baryons § = 294 MeV is not large. Further-
more, this value vanishes in the large N, limit [4, 5]. Sec-
ondly, the coupling constant of decuplet and octet baryons
with pseudoscalar mesons is large. Thus, the inclusion of
these states may cancel some intermediate octet contribu-
tions. In fact, decuplet contributions partially cancels the
large octet contribution in baryon axial currents [2].

One of the systematic approaches to include decuplet
baryons in HBxPT is the small scale expansion (SSE)[6].
Within this counting scheme, the meson masses, all the
momenta and § are all of order O(e). This formalism was
widely used to study processes involving explicit J = %
fields [7—14]. Besides SSE, an alternative counting scheme
was proposed in [15-17].

For the elastic scattering of the pseudoscalar meson
and octet—baryon, the scattering length app is an import-
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ant observable, which is related to the threshold T-matrix
by Tpp = 4m(1+ ﬁ—g)apg. HBYPT provides a model-
independent approach to calculate this threshold parame-
ter. Chiral corrections to pion—nucleon scattering lengths
were first investigated in two-flavor HBXPT in [18,19]. In-
termediate A corrections to them can be found in [10].

For the other meson—baryon interactions, one has to
work in the SU(3) framework. Now the convergence of the
chiral expansion has to be investigated channel by chan-
nel because of the large mass mx or m,. In [20], the
s-wave kaon—nucleon scattering lengths were calculated
to O(p?) in SU(3) HBYPT. We calculated chiral correc-
tions to octet-meson octet—baryon scattering lengths to
the third order [21]. In the present work, we will consider
the decuplet baryon contributions to the threshold meson—
baryon amplitudes to O(€*) in SSE in SU(3) HBXPT.

In the previous calculations [20,21], the counter-term
contributions at O(p®) were assumed to be much smaller
than the loop contributions. This rather naive assump-
tion is an extension of the SU(2) case [18] where the
counter-terms were estimated with resonance saturation
method and found to be small. The assumption was used
partly because the complete third order meson—baryon chi-
ral Largrangians were unknown. Recently, the complete
and minimal Lorentz invariant SU(3) chiral Lagrangians
were composed to O(p?) [22—24]. One needs to consider the
counter-term contributions now.

In the following section, we collect the basic definitions
and Lagrangians. We present decuplet contributions to the
threshold T-matrices in Sect. 3 and the counter-terms for
the third-order T-matrices Sect. 4. Then we determine the
low-energy constants (LECs) in Sect. 5 by considering the
counter-term contributions. The final section is our numer-
ical results and discussions.
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2 Lagrangians

The Lagrangian of HBYPT with octet baryons has the
form

L=Lps+ LB, (1)
where ¢ represents the pseudoscalar meson octet and B
represents the baryon octet. The purely mesonic part Lgg
incorporates even chiral order terms while L4p starts from
O(p). When decuplet baryons are incorporated into the
system, an additional part Lgpr is introduced in (1) where
T represents the baryon decuplet. The lowest order La-
grangians of the three parts are

X
Eéi) = ftr (uuu“—k +> , (2)

4
£$) = tr (B(i8yB + [T, B))) — Dtr (B{o-u, B})
— Ftr (Blo-u, B]), (3)
£y = T (Do ) Ty +C (T, B + Bu, %)
~HT"o-uT,, (4)

where ¢ is the decuplet and octet baryon mass difference in
the chiral limit and the common notations read
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f is the pseudoscalar meson decay constant in the chi-
ral limit. I', is the chiral connection which contains even
numbers of meson fields. u,, contains odd numbers of me-
son fields. D+ F = ga = 1.26 where g is the axial vector
coupling constant. The superscripts in these Lagrangians
represent the order of the small scale expansion.
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In our calculation of decuplet contributions to threshold
pseudoscalar meson octet—baryon scattermgT matrices, we
truncate at O(e®). In this case, L ¢B does not contribute,

which can be found in [20, 21]. Similarly, L‘((#]%T or high order
Lagrangians also have vanishing contributions.

Recently, the complete three-flavor Lorentz-invariant
meson—baryon chiral Lagrangians have been composed to
the third order [22—24]. Only three independent terms will
contribute to the meson—baryon scattering T-matrices at
threshold

L8} = hitr(BB[x—, uo)) + hatr(B[x—, uo) B)
+ hg{tr(Bug)tr(x_ B) — tr(Bx_)tr(uoB)},

where hi, he and hsg are LECs, which also play the role
of absorbing divergences from loop calculations. When
transforming the relativistic Lagrangian into the heavy
baryon formalism, additional 1/Mj corrections may in
principle appear. However, these kinds of recoil corrections
are higher than our truncation order. Thus the above La-
grangian may also be treated as the form in HBxPT.

(10)

3 Decuplet contributions to threshold
T-matrices

There are many diagrams for a general elastic pseudoscalar
meson octet—baryon scattering process to the third chiral
order. When intermediate decuplet contributions are con-
sidered, there are additional diagrams. However, the cal-
culation is simpler at threshold. One may consult [20,21]
for the case with only intermediate octet baryon. Here
we consider intermediate decuplet contributions. Decuplet
corrections at the tree level vanish either due to o-q =
0 or ql‘Pj’f = 0. Here o is the Pauli spin vector, ¢ is
the momentum of the external meson and P,%Z is the
projection operator of Rarita—Schwinger field. In the d-
dimension space, P,%Q = Guv — VU + ﬁSuSV where g,
is the metric tensor, v, is a four-velocity and S, is the
Pauli-Lubanski spin vector. Corrections to the one-loop
diagrams start from O(€®) in the small scale expansion.
There are six non-vanishing diagrams at this order, which
we show in Fig 1. The vertices in the figure are generated
from £33, L33 and L)

In the previous loop calculations [20,21], dimensional
regularization and minimal subtraction were used. The d1—
vergences were completely absorbed by the LECs in E
When we consider the additional diagrams due to 1nterme—
diate baryon decuplet, there are divergence that the LECs
will not absorb. We give the finite parts from the loop calcu-
lation in this section and give the counter-terms in the next
section.

To write down the threshold T-matrices in compact
forms, we define

W(m?) = J1n |m‘—|—\/52 m21n5+vlfj‘ m? ,if (m? < 6?)
5lnT—\/ 2 — 2 arccos |T‘;‘, f(m >52)

(11)
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Fig. 1. Non-vanishing diagrams for meson—baryon scattering
with intermediate decuplet contributions at threshold. Dashed
lines represent Goldstone bosons, full lines represent octet
baryons, and double lines represent decuplet baryons

where m represents the meson mass and ) is the scale from
dimensional regularization. We list the T-matrices below.
For mN scattering, we have

C2
TG =2 - B {-mZw (m2)}, (12)
or
C?m2
Tin = T1an2gd {w(m2)},
T n=0. (13)
For X and 7= scattering T-matrices,
n_ Cmg I
W= gy (e S () - (m)]
(14)

where I labels the total isospin and B the baryon X or =,

Poa Wor, @-a )
and
&P =—1; &P =-1. (16)
The T-matrix for wA scattering is very simple,
C*m3 2
The kaon—nucleon scattering T-matrices are

where M represents K or K and I =1 or I =0.
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The T-matrices for kaon-X and kaon-= scatterings are
complicated due to the last diagram in Fig. 1 with an inter-
mediate 1 and an intermediate 7°. If we define

1 My 26 (3m2 —246?) My
4 2 2\ % K
+73 (m%—mi)[(m" 6%) arccosmn
_(52_ 2)%1 5+M}
mx

the matrices for these two channels read:

CQTFLK

T _
MB = 48m2 £k

{mc [(§pT—2w (m2) ]}, (20)

where M represents K or K, B represents X or =,

3/2 3/2 3/2 3/2
(21)

and

GE=-3, Gel=-1, ¢l=1.
(22)

The T-matrices for T, and Tk 4 vanish.
The four nB T-matrices depend on W (m2), W (m¥)
and W (m%)

C2
T . — 2 2 2 2
nB 71447r2f,‘% {aBmWW (mw) + BemgW (mK)
Fpamd - 2w (2) | 29
where
an=12, Byn=-6, w=0; axr=2, Bz=-20,
v2=3; az=3, B=z=-18, y=z=3; aar=9,
BA = _127 YA = 0 (24)

In these loop expressions, we have used f in pion pro-
cesses, fk in kaon processes and f;, in eta processes. Differ-
ent usage of decay constants leads to deviations at higher
order. Therefore the difference in the numerical results is
expected to be negligible.

From these T-matrices, we see the intermediate decu-
plet states do not generate any corrections for the imag-
inary part of the threshold T-matrices. One can verify
that the kaon—baryon and anti-kaon—baryon T-matrices
satisfy the crossing symmetry [20,21]. In the SU(3) limit,
the relations in [21] also hold. However, the similarity for
T-matrices involving isospin doublets do not exist any
longer.
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4 Counter-terms

In the previous calculation of the threshold T-matrices, the
contributions from the renormalized counter-terms were
naively assumed to be much smaller than chiral loop cor-
rections and ignored in the numerlcal analysis. With the

complete third-order Lagrangian ¢ " B [22—-24], we need to
include the counter-terms explicitly at O(e3) from (10).

T2 = _applx /2 _gpe M7 =0
2 f2 v LaN 2 f2 »TnN ’
T =iy n i (25)
3
T3 = 4(h} — b + ha) x|
T = —4(hE — hS+ hg) M
X 3 f ’
3
SRR 3 )
3 3
T/ _ apr M T2 _ 8h‘im—; . (27)
3
m
T = 4(h% — hb + hg) =K |
K
3
m
T = 4(RS + hb — ha) 2K |
K
3
M r M O _ _4(pr —op iy
Ty =4l f2 Ty =—4(hi—2h3+ 2h3)—12< 7
(28)
m L ami
T(3/2) _4h , Télz/,z) = —2(3h1 - h2)_5< ’
K K
3
T2 g T2 — o(ry - 3hy) K (29)
K K
3
K K
3
m
TE) = 4(hY — b+ hs) =K
K
3
TO) = — 4R} + by + ha) ok (30)
K
3
Ty = —Txa=—2(hy + hr) ; (31)
K
Trn=Tyn=Tys=Ty==Tya=0. (32)

Among these counter-terms, h] and h}, are renormalized
LECs while hs is finite. The renormalized LECS connect

with unrenormalized ones through h] = hy +3 1 fT and hf =

=4
16 Tonzla—at
(v — 1 —In47)] where d is the space-time dimension and
~ve is the Euler constant. When decuplet contributions
are con51dered loops generate divergences proportional to

(5m2c—4]i, which can not be candelled. This is the result
of incompleteness for the renormalization in HBYPT with

J= % states because of non-vanishing §. One notes this

ho — f2 when decuplet was not included. L =
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term is of 4 and analytical both in § and m. In the large

N, limit, § — 0 [4, 5], the correspondence between diver-
gences and counter-terms recovers. One practical approach
is to keep non-analytical chiral corrections only in the nu-
merical analysis and throw away the above divergent term
with analytical coefficients.

One notes that the LECs h] and hj are in fact scale-
dependent. They cancel the scale-dependent parts arising
from loops, which makes the resulting T-matrices scale-
independent. One may define scale-independent LECs
when only baryon octet is involved. However, when de-
cuplet is considered, one can not find self-consistent def-
initions of scale-independent LECs. One can verify these
counter-terms satisfy the crossing symmetry and SU(3)
limit relations in [21].

5 Low-energy constants

To calculate the scattering lengths numerically, one has
to determine the LECs and their combinations. There are
eight and three parameters in the second and third-order
Lagrangians, respectively. The final T-matrices to O(e®)
involve five LECs bp, br, h}, h%, hs and four LEC combi-
nations C1,0,r ¢ which were defined as [20, 21]

D? + 3F?

=2 -2 2 -2 -
1 (do bo)—|— (dD bD)+d1 60y ,
D(D—3F)
Co =2(dg —2bg) —2(dp — 2bp) —dy — ———=
0 ( 0 0) ( F F) 1 -?)M() )

DF D? —3F?

2 =d;— —

Cr=(dp —2bp)— 2M0 Cy=d; oMy (33)

where by, bp, br, do, dp, dp and di come from L3y It
is impossible to combine the LECs h 23 with C1 g 7,4 to
reduce the number of parameters. Up to now, we can de-
termine most of them with available inputs. Unfortunately,
one is unable to extract Cy strictly from known sources. We
simply estimate its value.

In the SU(2) case, numerical evaluations for observables
with either scale-dependent or scale-independent LECs give
the same results. In the SU(3) case, symmetry is largely
broken. The two usages of LECs may result in some devia-
tions for current T-matrices, especially when baryon decu-
plet contributions are considered. To reduce the effects from
symmetry breaking, we use scale-dependent h} and k% in the
following calculations. This choice is also convenient for the
discussion about the assumption used in [20, 21].

When determining the LECs, our procedure is as fol-
lows. (i) We first choose the scale A = 47 f,., which is widely
used in chiral perturbation theory. With the six pion-—
nucleon and kaon—nucleon scattering lengths we determine
Ch0,= and hi, hf, hs; (ii) then we determine My, bo,bp,br
by fitting the baryon masses and o, x; (iii) finally, we use
these parameters as inputs to estimate other LECs and Cjy.
The errors will also be estimated with the error propaga-
tion formula. We consider three cases: the case with only
baryon octet contributions, with decuplet contributions
and in the large N, limit.
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Few experimental scattering lengths are avallable Re-
cently, those for mV scattering were measured [25]: afy =
—0.000115-0990 m -t a_y = 0.088570 0050 mt. The new
datum for ay - » [26] is not enough for our purpose. We use
the empirical values for kaon—nucleon scattering lengths
from [27],

aly =—0.33fm, al) =0.02fm,

a) =0.37+0.60ifm, al) =

agep = —1.70+0. 68ifm.

(34)

For the parameters in the expressions of T-matrices, we
use [28]

My = 139.57 MeV
My = 547.75 MeV

mx = 493.68 MeV ,

0=294MeV, fr=924MeV, fxk=113MeV,
fn:1'2fK
D=075, F=05, C=-15. (35)

Now we reconsider the case with only baryon octet con-
tributions by including the counter-terms. The loop ex-
pressions can be found in [21]. When We express C’1 0,75

R, h% and hg with aly, a_y, a%l])v, aKN, Re[ ] and
Re[a%)v] we get

C,=-2339GeV™!, (Cp=4.389GeV 1,

Cr =0.15270 032 GeV 1,

R, =0.037GeV ™2, hi=—0.27470 51 GeV 2,

hs = 1.76970 01 GeV 2. (36)

With the mass formulas in [3,29], we get bp, br, by and
M by fitting baryon masses My =938.9+1.3MeV, My =
1193.44+8.1 MeV, M=z =1318.1£6.7MeV, M, =1115.7+
5.4MeV and o, n =45+ 8MeV [30],

My =808.944+104.20MeV, by = —0.786+0.103GeV !,

bp =0.028+0.008GeV ™!, bp=—0.473+0.003GeV 1,
(37)

with x2/d.o.f. ~ 0.75. In the fitting procedure, we have
used f = fr in 7 loops, f = fk in kaon loops and f = f, in
71 loops in the formulas. The results differ slightly from our
previous values only, because we used a smaller D.

From the above determlned quantities, We deduce dp =
—0.56210:037 GeV ! with dp = Cr +2bp + 2F . Similarly,

if we use the second order dy = —0.996 GeV ! [

1], we have

dp =0.33110912GeV 1
Cy=—3.73310133 GeV 1.

dy = —3.77210 155 GeV 1,
(38)

One notes they are estimated values because of lack of ex-
perimental inputs.

With intermediate decuplet contributions, one should
note there are still divergent parts in the T-matrices which
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could not be absorbed. We just ignore them in the numer-

ical evaluation as usually done. By repeating the above

procedure, we get
Ci=-2339GeVt, Cp=
Cr =—0.14510020GeV !,
R, =0.037GeV 2, hi=-0.27410111 GeV 2,
hy =1.76975 01 GeV 2,

4.389 GeV 1

(39)

with the updated threshold T-matrices.

When we determine by, bp,br and My, decuplet cor-
rections to baryon masses and 7N sigma term have to be
considered. One gets the corrections from the self energy
diagram. If we define

I (o) = (o =) W (o) 5 (g 32°)

1
+§5m21n%,

then the shifts of baryon masses are

(40)

c? I(m3)  I(mg) — I(m})
AMB‘24w2{aB R P }
(41)
where
2 10
ay=4, By=1, yw=0; as =3, ﬁ2=?7
2=1; as=1, B==3, y==1;, as=3,
Ba=2, y1=0 (42)
The shift of 7N o term is
202 (W (m2) W (mk)
Ao,y = == T . 4
OnN 327r2{ 2 + 2 } (43)

Here we give the finite parts only. In contrast to the case
without decuplet corrections, the divergent parts are non-

vanishing. Those proportional to dm?2<£& L vanish either in

chlral limit or in large N, limit. Those proportional to

53C L in baryon masses vanish only in large N, limit.

In [29] a counter-term was added by hand to cancel the lat-

ter divergence. In our case, we simply ignore these regular

parts. Our formulae are slightly different from those in [29].
With the updated mass and o, formulas, we get

My =T745.02+104.22MeV, bo = —1.342+0.103GeV !,

bp =0.308£0.008GeV ™!, bp =—0.705+0.003GeV*
(44)

with x?/d.o.f. ~ 0.39, which is smaller than the former
case. In this procedure, we again used f, in pion loops,
fx in kaon loops and f, in 1 loops. Further we obtain
drp = —1.303T005 GeV ™1, dp = —1.608 0316 GeV ™1, dy =
—0.97570955 GeV~! and Cy = —0.93370:733 GeV ! when
we express them with C1 ¢, by, bp, My and dy and use
do = —0.996 GeV ! [31] as inputs.
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An important case is the large N, limit. In this limit,
d =0,C = —2D [32]. The divergent parts related with ¢ in
T-matrices, baryon masses and N sigma term vanish. The
defined W and J are simple:

W (m?) = —%W|m| ,

2 (m2 +m2 +m,m
J: ( n n) . (45)
3 (my +my)

We also determine all the other LECs with dy =
—0.996 GeV ! in this limit by repeating the above proced-
ure. They are

Moy = 808.94 4 104.20 MeV ,
bo = —0.786+0.103GeV !,
bp =0.028 +£0.008 GeV !
bp =—0.473+£0.003GeV !,
dp = —0.80610 07 GeV 1,
dp =0.08715413GeV!, dy = —3.284T04 GeV L,
Ry = —0.037GeV~2, hi=-02741510GeV 2,
hy = 1.76970:0%1 GeV 2. (46)
When we obtain the first four parameters with MINUIT,
we have x2/d.o.f. ~ 0.75. Those LEC combinations are

Cy=-2339GeV!, Cyp=4.389GeV 1,
Cr = —0.09215533 GV, Ca=—3.2451503; GeV(1 :
47

6 Numerical results and discussions

With the three sets of parameters, we evaluate all the
meson—baryon threshold T-matrices. We present numeri-
cal results involving only octet baryons in Tables 1-3, the
results for the case with decuplet contributions in Tables 4—
6 and those in the large N, limit in Tables 7-9. The corres-
ponding scattering lengths are given in the last column. We
estimate the errors from those of Cr, Cqg, bp, br, h5 and hs
with the error propagation formula.

We first consider the case without explicit decuplet con-
tributions. In this case, the contributions from the decuplet
baryons, resonances close to thresholds and other baryons
are all buried in the LECs.

It is interesting to see those eta—baryon scattering
lengths. The widely studied n-mesic nuclei were proposed
decades ago [33,34]. The n-mesic hypernuclei were also
proposed [35]. An important parameter to verify whether
they exist is the eta—baryon scattering length. One can
consult [21] for our previous calculation for this observ-
able. When counter-terms were considered, we find that
Relay ] is negative, contrary to the results in [35, 36]. This
is due to the large and negative contribution at the second
order. From T}, at the second order and the values Cj,
Cq4 and bp, it is not surprising to get this result. One may
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think that the estimated Cy is problematic. According to
Cy=—Cy—2C; —4by+2dy — %52, we see that even if
dy ~ 0.0, Cy would still be negative. As a result, it is almost
definite that Refay,a] < 0.

From the results in Tables 1-3, we find that the

T-matrices Tﬁ%z), T7£22)» TSE) and TI(<12/2) converge well. The

situation differs slightly from the previous calculation [21].
Any scattering lengths related with Cy can be used as
a constraint to determine LECs if they were measured, but
afrlg is particularly ideal for this purpose.

Let us discuss the contributions from counter-terms.
The pion—nucleon scattering lengths were first calculated
to O(p®) in [18] in the SU(2) HBXPT. The counter-terms
were estimated with resonance saturation method. It was
found that counter-terms have much smaller contribu-
tions than chiral loop corrections. This naive assump-
tion was extended to the SU(3) case in [20, 21]. However,
such an extension is actually problematic. We have ana-
lyzed the third order T-matrices numerically. We found
that counter-terms have even larger contributions than

loops in the following T-matrices: Tﬁlz), 7502), Télzzi, TI(&,,

ngi, TI(fZ/Q), Tl(g, T%lzl and ng. Fortunately, most of
the predictions in [21] are not far away from the current
calculation.

When the baryon decuplet contributions were consid-
ered explicitly, about half of the predictions are close to
those without decuplet contribution. But several scatter-
ing lengths change sign. Now the real part of a,ny has
a negative sign which is contrary to results in literature
(see [37] for an overview). Re(a,s;) = 0.70 £ 0.04 fm is still
consistent with a,x = [(0.10 ~ 1.10) 4 (0.35 ~ 2.20)i] fm
in [35]. Re[aya] is still negative. The change of scattering
lengths due to the inclusion of decuplet is known to be the
result of non-commutativity of the chiral limit and large
N, limit. The effects of the interplay of these two limits on
meson—baryon scattering lengths were recently discussed
in [38].

From Tables 4-6, one finds that the chiral expansion
converges for 72 p@ p0) p/2) Tia, and T ,.

o™N o TpXy TgXiy TKX ’ KA
It was pointed out in [13,14] that the chiral expansion
in HBYPT with decuplet is worse than that in HBxPT
with only ground baryons. In the present case, the con-
vergence of scattering lenghts changes little with decuplet
corrections.

All known scattering lengths have been used to deter-
mine LECs. There are no available experimental data to
compare with. The present predictions require future ex-
perimental measurements to test HBxYPT. On the other
hand, once the four kaon—nucleon scattering lengths as
well as agrlg were measured accurately, we can predict pre-
cisely others to the third order in HBxPT. Strangeness pro-
grammes in CSR and JPARC are hopeful for these purposes.

In summary, we have calculated intermediate decuplet
baryon contributions to the s-wave meson—baryon scatter-
inglengths to the third order in small scale expansion. Hope-
fully, the explicit expressions are helpful to future chiral
extrapolations in lattice simulations. From the known a y,
axn and agp, we determined the LECs and predicted other
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Table 1. Pion—baryon threshold 7T-matrices order by order with only octet contributions in

unit of fm
O(p) O(p?) O@p®) Total Scattering lengths
Thy 0 0.6070 52 —0.60 —0.00270 528 —0.0001479 50327 (input)
T 1.61 0 0.1915:03 1.817007 0.12515:09% (input)
(3/2) 40.02 +0.04
TG 161 0.6070:02  _0.791901  _1.81+0.05 —0.130+0.003
(1/2) +0.02 +0.08 +0.18
Tl 3.23 0.6070:92  _0.211008 3611018 0.25+0.01
7) ~3.23 105 —0501906  _g77+0.06 —0.340+0:004
1) +0.37 +0.06
() 3.23 2317037 _0551008  4.9940.38 0.36+0.03
79 6.45 —6.097956 0417012 _0.0540.57 —0.004 +0.041
T2 161 0.46 ~1.23 ~2.38 ~0.17
/2 323 0.46 ~0.48 3.21 0.23
Tpa 0 0.50+0.06 ~1.52 ~1.02+0.06 —0.072+0.004

Table 2. Kaon—baryon threshold T-matrices order by order with only octet contributions in unit of

fm

O(p) o(p?) o) Total Scattering lengths
T8 763 —8.81 10.11 —6.33 —0.33 (input)
) 0 16.53 ~16.15 0.38 0.02 (input)
T8 381 3.86 —0.58+6.95i 7.09+6.951 0.37+0.36i (input)
T 1144 ~21.48 —22.56+4.17i ~32.60+4.17i  —1.70+0.22i (input)
&2 381 5017085 orstliomsi 195t 2 ao7si 0117007 +0.16i
T2 763 3207008 1627063 L0601 12547084 10691 0.7170:04 4 0.040
TP 381 3.86 —4.39+2.78i —4.3442.78i —0.24+0.16i
TP 763 5587023 6627090 10601 19.83T19240601 112700 40.040
) 381 5017918 1767527+ 6.951 10587528 +6.951  0.617097 +0.40i
7 144 22627018 23467288 a7 34647284 a0 —2.0170:06 1 0.24i
T8, 763 ~8.81 10831179 —5.611479 —0.32+9.10
) 0 18.8210:31 —5.147579 13.6811:82 0.79+911
T A 0 4981108 —281105 +6.251 2177133 +6.251 0.1270 0% +0.34i
T4 0 4987108 —1.0570%3 +6.251  3.937122 16.251 022007 4 0.34i

Table 3. Eta—baryon threshold T-matrices order by order with only octet contributions in

unit of fm

O(p?) O(p?) Total Scattering lengths
TN 1291752 2.06 + 8.32i 3.351152 +8.32i (0.17£0.07) 4 0.42i
T)s 5.4970-67 1.88 4 5.551 7.3710-87 1 5.551 (0.40 4 0.04) 4 0.30
T,= 11287132 0.53 +8.32i 11.807132 +8.32i (0.66 +0.08) +0.47i
Tya — —20411507  267+16.641  —26.737301 +16.64i  (—1.43+0.11) +0.89i
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Table 4. Pion—baryon threshold 7T-matrices order by order, including decuplet contributions
in unit of fm

O(e) O(€?) O(e3) Total Scattering lengths
Thy 0 0.337092 —0.33 —0.00270 538 —0.000147 595227 (input)
Ty 1.61 0 0.1915:03 1.817007 0.12515:09% (input)
TG 161 0331002 531001 _18140.05 —0.125+0.003
T/ 323 0.331002 0051009 3.6170:18 0.25+0.01
T3 _3.23 ~1.05 0.60+9:99 —4.8870-06 —0.3519:004
() 323 0217937 0797096 2.231037 0.16+0.03
7 645 —23179% 0311912 3824057 0.27+0.04
T2 161 0.46 ~1.34 ~2.49 ~0.18
/2 393 0.46 ~0.58 3.11 0.22
Trs 0 0.74+0.06 ~1.32 ~0.58+0.06 —0.041+0.004

Table 5. Kaon—baryon threshold T-matrices order by order, including decuplet contributions in unit

of fm

O(e) 0(e?) O(e3) Total Scattering lengths
&) 763  —881 10.11 —6.33 —0.33 (input)
) 16.53 ~16.15 0.38 0.02 (input)
) 381 3.86 —0.58+6.95i 7.09+ 6.95i 0.37+ 0.36i(input)
O 1144 2148 —22.56+4.17i ~32.60+4.17i  —1.70+0.22i (input)
32 381 277101 390t12T o781 2867528 4 2.78i 0.1679:97 + 0.16i

T2 763 441199 1081983 40601
TSP 381 3.86 —3.70 4 2.781
TP 763 22370% 11007890 +0.69i
) 381 277101 4911127 46950
) 1144 20397015 25237284 L 47
T8l 763 881 11527579
) 14.351031 0.47+579

T A 2427108 —2.8170-6% 1 6.251
T, 2427108 —1.0570:53 4 6.251

13117552 +0.69i
—3.65+2.78i
20.867102 +0.69i
11.497 320 + 6.95i
—34.18280 1 4.17i
it
14.821142
—5.237132 1+.6.251
—3474] 13 +6.251

0.7410:05 4 0.04i
—0.21+0.16i

1175804 +0.04i

0.671007 +0.40i
—1.9870 05 +0.24i

+0.10
—0.28_505

+0.11

086206
—0.2970 0% +0.34i
—0.1970 0% +0.34i

Table 6. Eta—baryon threshold T-matrices order by order, including decuplet contri-

butions in unit of fm

O(€?) O(e3) Total Scattering lengths
T,n  —9677132 38148321 587713248321  (—0.20+0.07) +0.42i
T,s 9.75T067  3.10+5.551  12.8670-8% +5.55i (0.70 £ 0.04) + 0.30i
T,= 1637132 112+8.32i 2757132 +8.32i (0.15+0.08) +0.47i
T,a  —17.607575) 6.33+16.64i —11.277309+16.64i (—0.60=+£0.11) +0.89i
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Table 7. Pion—baryon threshold T-matrices order by order in large N limit in unit of fm

O(e) 0O(e?) O(e) Total Scattering lengths
Thy 0 0.3810-02 —0.38 —0.002715-0.8 —0.00014 980127 (input)
Ty 1.61 0 0.19790:5 1.8115:07 0.12570:593 (input)
TGP 161 038t392 057190 ~1.814+0.05 —0.125 +0.003

(1/2) +0.02 +0.09 +0.18

T2 323 0381992 _0.01799 3.6170:18 0.25+0.01
73 _323 ~1.05 —0.6679:9 —4.9470-06 —0.3519:004
323 187103 0827006 4.28£0.38 0.30£0.03
79 645 —5441036 0417012 0.610.57 0.04£0.04
T2 161 0.46 ~1.39 ~2.55 —0.18
T2 393 0.46 —0.64 3.05 0.22
Trs 0 0.42+0.06 ~1.35 ~0.93+0.06 —0.066 +0.004

Table 8. Kaon—baryon threshold T-matrices order by order in large N¢ limit in unit of fm

O(e) 0(e?) O(e%) Total Scattering lengths
T 763 881 10.11 —6.33 —0.33 (input)
70 0 16.53 ~16.15 0.38 0.02 (input)
) 3.81 3.86 —0.58+6.95i 7.09+ 6.95i 0.37+0.36i (input)
O 1144 2148 —22.56 +4.17i —32.60 + 4.17i —1.70+0.22i (input)
T3P 381 371013 4627127 10781 3.987L28 o7 0.2210:07 4 0.16
TP 763 421199 111708 o601 12,9570 +0.69i 0.73+9:94 1 0.04i
TC/P 381 386 —3.44 4 2.78i ~3.39+2.781 ~0.19+0.16i
TP 763 282702 11954530 +0691 20401102 +0.69i 1.2670:5L 4 0.04i
) 381 3177015 5631027 605 12611128 4 6.95i 0.7310:07 4 0.40i
) 144 20797015 954328 L auri 347728 aar 2011006 4 0.24i
T8l -763 881 11781170 —4.6511 79 —0.271010
) 0 15157031 1657579 16.7911-82 0.97+0-11
Tk A 0 3457108 2817098 1 6.251  0.641173 +6.25i 0.0470:07 1 0.34i
T, 0 3457108 —1.05705% +6.251 2401173 +6.25i 0.1370:07 1 0.34i

Table 9. Eta—baryon threshold T-matrices order by order in large N limit in unit of fm

O(€?) O(e) Total Scattering lengths
T, N 0.51+733 4.30+8.32i  4.807132+832i  (0.2440.07)+0.42i
T)5 47010 87 3.38+5.551  8.08T0ST +5551  (0.440.04)+0.30i
Ty= 8.1471 %0 1.23+8.32i  9.387132+832i  (0.5340.08)+0.47i
Tya —27.067309  7.28+16.641 —19.7871-09 +16.64i (—1.06+0.11)+0.89i
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scattering lengths in three cases by including the counter-
terms. We found that chiral expansion in several channels
converges well without considering the decuplet contribu-
tions. When decuplet contributions were considered, the
convergence of the chiral expansion does not change sig-
nificantly. Our calculation indicates that a,, is negative.
Whether n-mesic hypernuclei is possible requires further in-
vestigations. We expect the numerical results are useful to
model constructions for meson—baryon interaction.

Acknowledgements. This project was supported by the Na-
tional Natural Science Foundation of China under Grants
10421503 and 10625521, Ministry of Education of China,
FANEDD, and Key Grant Project of Chinese Ministry of Ed-
ucation (NO 305001). Y.R.L. thanks Y. Cui for checking part
of the calculation.

References

1. E. Jenkins, A.V. Monohar, Phys. Lett. B 255, 558 (1991)
2. E. Jenkins, A.V. Monohar, Phys. Lett. B 259, 353 (1991)
3. V. Bernard, N. Kaiser, U.-G. Meissner, Int. J. Mod. Phys.
E 4, 193 (1995)
4. G.’t Hooft, Nucl. Phys. B 72, 461 (1974)
E. Witten, Nucl. Phys. B 160, 57 (1979)
6. T.R. Hemmert, B.R. Holstein, J. Kambor, J. Phys. G 24,
1831 (1998)
7. V. Bernard, H-W. Fearing, T.R. Hemmert, U.-G. Meissner,
Nucl. Phys. A 635, 121 (1998)
8. V. Bernard, H.W. Fearing, T.R. Hemmert, U.-G. Meissner,
Nucl. Phys. A 642, 563 (1998)
9. G.C. Gellas, T.R. Hemmert, C.N. Ktorides, G.I. Poulis,
Phys. Rev. D 60, 054022 (1999)
10. N. Fettes, U.-G. Meissner, Nucl. Phys. A 679, 629 (2001)
11. S.J. Puglia, M.J. Ramsey-Musolf, S.-L. Zhu, Phys. Rev. D
63, 034014 (2001)

o

12.

13.

14.
15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

30.

31.
32.
33.
34.
35.
36.

37.
38.

Yan-Rui Liu; Shi-Lin Zhu: Decuplet contribution to the meson—baryon scattering lengths

S.-L. Zhu, S. Puglia, M.J. Ramsey-Musolf, Phys. Rev. D
63, 034002 (2001)

S.-L. Zhu, G. Sacco, M.J. Ramsey-Musolf, Phys. Rev. D
66, 034021 (2002)

G. Villadoro, Phys. Rev. D 74, 014018 (2006)

V. Pascalutsa, D.R. Phillips, Phys. Rev. C 67, 055202
(2003)

V. Pascalutsa, M. Vanderhaeghen, Phys. Rev. Lett. 94,
102003 (2005)

V. Pascalutsa, M. Vanderhaeghen, Phys. Rev. Lett. 95,
232001 (2005)

V. Bernard, N. Kaiser, U.-G. Meissner, Phys. Lett. B 309,
421 (1993)

V. Bernard, Phys. Rev. C 52, 2185 (1995)

N. Kaiser, Phys. Rev. C 64, 045204 (2001)

Y .-R. Liu, S.-L. Zhu, Phys. Rev. D 75, 034003 (2007)

J.A. Oller, M. Verbeni, J. Prades, JHEP 609, 79 (2006)
M. Frink, U.-G. Meissner, Eur. Phys. J. A 29, 255 (2006)
J.A. Oller, M. Verbeni, J. Prades, hep-ph/0701096

H.-C. Schroder et. al., Eur. Phys. J. C 21, 473 (2001)

G. Beer et al., Phys. Rev. Lett. 94, 212302 (2005)

A.D. Martin, Nucl. Phys. B 179, 33 (1981)

Particle Data Group, W.-M. Yao et al., J. Phys. G 33, 1

(2006)

V. Bernard, N. Kaiser, U.-G. Meissner, Z. Phys. C 60, 111
(1993)

J. Gasser, H. Leutwyler, M.E. Sainio, Phys. Lett. B 253,
252 (1991)

J.C. Ramon et al., Nucl. Phys. A 672, 249 (2000)

E. Jenkins, Phys. Rev. D 53, 2625 (1996)

Q. Haider, L.C. Liu, Phys. Lett. B 172, 257 (1986)

L.C. Liu, Q. Haider, Phys. Rev. C 34, 1845 (1986)

V.V. Abaev, B.M.K. Nefkens, Phys. Rev. C 53, 385 (1996)
C. Garcia-Recio, J. Nieves, E.R. Arriola, M.J. Vicente Va-
cas, Phys. Rev. D 67, 076 009 (2003)

R.A. Arndt et al., Phys. Rev. C 72, 045202 (2005)

T.D. Cohen, R.F. Lebed, Phys. Rev. D 74, 056 006 (2006)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


