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Current algebra, nn scattering lengths, and the S*(980)background contribution
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We demonstrate that the recently measured S*(980) —+me decay width implies an S*
background contribution in addition to the Weinberg low-energy m amplitude which sig-

nificantly improves the agreement between the current-algebra theory for mm scattering
lengths and experiment.

Attempts to improve upon the Weinberg low-

energy current-algebra —PCAC (partial conserv a-
tion of axial-vector current) analysis of i' scatter-
ing' have met with little success. In particular, the
overall picture given by unitarity and final-state-
interaction corrections does not appear to be in as
good qualitative agreement with the data as is the
soft-pion Weinberg theory. Yet recent extractions
of the isospin-zero s-wave nnscatter. ing lengths
from E,4 decay and n N +mN p—artial wave
analysis,

ao ' ——(0.27+0.04}m~

[from K,4 (Ref. 3)] and

ali
' ——(0.27+0.03)m~

[from n N~n. N (Ref. 4)], are nearly twice the
soft-pion prediction'

aIi
' 7m~/32m f~——=0.156 ~m (2)

for fr=93.3 MeV. This suggests that a modifica-
tion of the Weinberg theory may be required.

At the same time, but in the context of hard-

pion corrections, it is now clear that 5-isobar
corrections to the Weinberg soft-pion mN analysis'
are necessary to explain the threshold mN scatter-
ing lengths. Indeed, the accurate low-energy mN

data leading to an analytic subthreshold expansion
can only be understood via the mÃ current algebra
and cr terms in conjunction with the nonsoft axial-
vector background amplitude q&M""q„, the latter
also 6-isobar dominated. Isobar corrections also
play an important role in the current-algebra ana-
lyses of many other soft-pion processes such as
NN~NNm and nonleptonic hyperon decays.

A very recent measurement of the S~ (980)~n.ir
decay width

rs 2gs ~. ——24+8 MeV
8mms~

(3)

provides us with another test of a significant isobar
background contribution to a current-algebra am-
plitude. In particular for the process n ir ~m n,
the nonsoft generalization of the Weinberg
current-algebra amplitude is

(4)M~~=f~ [(s,b m)5, b5—,a+(s« m~ )5«5ba+(—sea m)5, a5b, ]+—f q&M""q„,

where s,b =(q, +pb ), etc. Owing to the spinless natures of n and S~, the divergence of the axial-vector cou-
pling, (S~

~
Ap 0)=aq&+ pp&, is then equivalent to (S~

~

m n } There are. then no differencess between
the nonsoft S~ pole graphs in the A&n ~A', n background current-algebra amplitude M&„(S~) and the nn
S~ pole amplitude itself, M (S~). That is, once the amplitude q„'M""q„ is computed and the aqz term
neglected, we obtain

5.b5.a
Ms. —s,b Ms~ —s«Ms» —s~

(5)

The coupling gsiS» n" m in (5) can be inferred
directly from (3), using the value ms+ ——972 MeV
as measured by Gidal et al., to have the mass-shell

I

value gs. /ms» ——0.9+0.3. Letting q, q'~0 in (3}
makes no difference of course, because of the
smallness of m„ /ms. -0.02.

25 3073 1982 The American Physical Society



3074 BRIEF REPORTS 25

+(5„5bd+5,d5t —, 5,b—5,d)M' '.
At threshold, s,b ——4m~, s« ——s,d ——0, and
M"=16mm ao'. Equations (4) and (5) predict

7m gs'2/ms+2 5—8(m„ /ms~ }

32trf ~ 32nm .
1 —4(m /ms. )

=0.156m '+(0.045+0.015)m

=(0.201+0.015)me

(6)

(7a)

(7b)

(7c)

2 2m gs. /ms~
ao 2+

16trf 2 16trm
(8a)

=—0.045m '+ (0.017+0.006)m~ (8b)

=—(0.028+0.006)m (gc)

Proceeding to an extraction of s-channel, s-wave
scattering lengths from (4} and (5) requires the
isospin decomposition

M =
3 5~b5~aM' '~(5e~5sa —5aa5~)M"'

We see from (7) and (8) that while ao ' is
changed very little, the ao ' scattering length is
enhanced by 30%%uo in the direction of the experi-

mental results (1). While other higher-spin isobars

such as the f(1270) also add to (7c), the contribu-

tions are much smaller because of I =2 and higher

angular momentum threshold suppression. To
consider the effects of the p(776), e(700), and their

possible radial excitations, p'(1600), e(1400},etc
in (7) and (8), we follow Sakurai' and observe that
the p simulates the I =1 current-commutator con-
tribution to the Weinberg amplitude in (4},while

the e simulates the o-term combination in (4} ac-

cording to the 0:-model. ' As such we argue that
the p and e are already accounted for in (7) and (8)
via (4).

Thus we believe that to a good approximation,
the current algebra-plus the S*background contri-

butions to the ~~ s-wave scattering lengths

represent the best theoretical estimates at the
present time. A comparison between (1), (2}, and

(7c) shows clearly that the S~ isobar contribution

should not be neglected if theory is to match ex-

periment, as it indeeed does for every other
current-algebra process.

along with the usual I =1 current-algebra predic-
tion

2ao ' —Sao '=3m'/4rrf~ =0.534m~

which is altered insignificantly by the S~ contribu-

tion.
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