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Chiral shielding
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We demonstrate how a chiral soft pion theoré8PT) shields the scalar meson ground-state isoscalar
o(600— 700) and isospinok(800—900) from detection im;— (7 7) syave: YY— 27°, m p— 7 n and
K~ p—K~7"n processes. While pseudoscalar meBafV transitions are known to be determined (oyly)
quark loop diagrams, the above SPT also constrains scalar n$agurransitions to be governe@nly) by
meson loop diagrams. We apply this lat&YVtheorem toay,— yy andf,— yy decays.

PACS numbegs): 11.30.Rd, 12.39:-x
I. INTRODUCTION II. VANISHING SOFT PION THEOREM

.. To resolve this apparent contradiction, we note that there
The recent plethora of scalar meson papers appearing in

, . ) are in fact two Feynman graphs to consider faa,
the Los Alamps arc_hweEL] stresses once again the impor- () decay. the “box” quark graph of Fig. (&)
tance but difficulty in observing the ground state 0 and and the qamgrvli“triandle” graph of Fig.(b) (for nonstrangel
:h:o ilzh Stﬁalgg rrneessoonn;(czcz)sogvz(r)g) ﬁ?sr:dﬁ;(tzg%ﬁogﬁ AI(;f thandd quarks. In the soft pion limit for one soft pion in the
19609—1970 Particle Data Grou@DG) tables, the zvere ?Ww)swa"e doublet[but not the pion outside then(m)syae

. . i - ey doublei, there is a vanishing soft pion theord®PT) [6,7],
later removed in the mid 1970s in favor of the higher Mass. celina the box araph in Fi (@ against the triangle
€(1300) andx(1400). Chiral symmetry shields the(600 9 grap 9. ag 9

- ; . graph Fig. 1b) in the chiral soft pion limit.
700) aan(SOO— 900) for many different reasons which Such a cancellation stems from the Dirac maidentity*
we shall discuss shortly.

Given the new CLEO measuremdi] of the a;(1230) 1 1 1 1
— o branching ratio based on— v37 decay of BR&; — 2Mys =Yg — .
—om)=(16=4)%, theaverage PDG value df3] I'(a,) y-p=m y-p=m y-p=m y-p=m (5)
~425 MeV then suggests a substantial partial width of size

TeLeo(a,— o) ~(0.16)(425 MeV)=68+33 MeV. We apply Eq.(5) together with the pseudoscalar pion quark

1) (chiral) Goldberger—Treiman coupling ,qq=m/f for f_
~93 MeV. This SPT forp,—0 applied to the graphs of
This was anticipated a decade ago by Weinleiy using ~ Figs. 1-4 results in the following.

mended chiral symmetr§MCS) to predict (@ a;— (7 m)swave The box graph of Fig. (& and Eq.
5) gives the amplitude —0,
FMcs(al—>O'7T):273/2Fp~53 MeV (2) ( ) g p apﬂ-
1
Moreover, assuming chiral symmetry, the needed coupling is Mgfigﬂa - f—M(a1—>0'77'). (6)

related 10 ga ,»=9,--~6, the latter found fromI',

~151 MeV. Invoking the PDGo mass of ~550 MeV  But the additionabr pole quark triangle graph of Fig(l) is
[3,5] (giving qcy~480 MeV), one anticipates the width

. 1
tri _
1 q%M Ma1—>377_ qu M(a1—>0"77), (7)
I'(a;—om==(92  _l47)—-~70 MeV. (3
3 a,om 2 2 2 . .
m;, because 8,,,=(m;—m%)/f_. in the linear ¢ model

(LoM). Thus the sum of Eqg6) and(7) vanishes in the soft
Considering the compatible(nonvanishing I'a,.ox  pion limit [6,7]

widths in Egs.(1)—(3) above, one might questidas Wein-

box tri

berg did in Ref[4]) why the PDG listed the much smaller Ma, 3rltota=Ma “ 5+ Mg _3,—0, (8)
value BRa;— 7(77) guavd <0.7% in the 1980s or the es- _ _
sentially vanishing width compatible W|t£1 datd3]: I'(@;— (7 7) swavd =11 MeV.
b —2 —m2- Again using pseudoscalar pion-quark
I8y () aym) =151 MeV @ (b) yy—27"|s_m2. Ag gp pion-q

couplings, it was predictefi8] five years before data ap-
in the 1990s.

1Equation (5) reduces to Bhys=2mys when multiplying both
*Present address: Inst. rfuKernphysik, Technische Univ., sides of Eq(5) on the left-hand sidéhs) and right-hand-sidérhs)
A-1040, Wien, Austria. by (y-p—m).
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FIG. 1. Quarku, d box (a) and triangle(b) graphs contributing
to a;— (7 7) swave- FIG. 3. Peripheral-dominated quankd box (a) and triangle(b)
graphs contributing ter " p— 7~ 7 n.
peared that this/y— 27 cross section should fall to about
10 nbarns in the 700 MeV region. Equivalently, using the—900) scalar mesons, justifying in pamhy these scalar
SPT theorem stemming from E¢p), we predict the ampli- mesons have been so difficult to isolate and identify in the
tude due to the quark box plus quark triangle graphs of Figpast.
2 With hindsight, the loM dynamically generates ground
stated(650) andk(850) scalars vidone-loop-ordertadpole
i i graphs[12]. Even though these tadpoles can be suppressed
(070 yy)— —f—<0'|'y'y>+f—<0'|'y‘y> —0, (90 by working in the infinite momentum framgl3], SU(6)
g g mass formulasgrequiring squared masgeken kinematically
5 o favor [14] the (ground state o(650) and«(820). This is
as s—m,(700) [7]. This picture was supported by recent gnother way(besides, e.g.)/¢— o) to circumvent the

Crystal Ball datg9]. four SPTs discussed in this section.
(¢) m p— o~ m"n. The SPT stemming from E@5) also
suggests that the sum of the two" peripheral-dominated Ill. QUARK LOOPS VERSUS MESON LOOPS

7 p—a wn amplitudes of Fig. 3 vanishes:
In most effective chiral field theorigsuch as the &M),
My pm n|per°‘[MS’ﬁTX+M:iﬂ]—>0- (10) one usually computes consu;tently either quark Ioo_ps alone
or meson loops alone for a given process. Sometimes one

. . _— must add together quark and meson lopj®|. Chiral sym-
.Th's chllraIIy eaten 0(600— 700) in Figs. 1b), Z(b)’_ 3(b) metry and the SPT discussed in Sec. Il actually help to put
indeed did not appear in PDG tables prior to 1996, just as thg jer in this morass of quarks and meson loops.

SPT mandates. In fact the(600—700) does not appear in
recent Crystal Ballr~ p— 7%#°n studies eithef10].

(d) K p—K~a*n. Finally, the SPT due to Eq5) re-
quires the sum of the twer"® peripheral-dominated ~p
— K~ a*n amplitudes of Fig. 4 to vanish,

Specifically forPVV transitions, the anomaf\L5] or sim-
ply the vanishing of, e.g., a mesanm vertex, etc. leads
directly to a “quark loops alone” theory16], such as for
m°— 2. However, forSVVtransitions, it turns out thainly
meson loop graphs contribute. Th&VV “meson loops
, alone” theorem also is a direct consequence of the soft pion
MK’p—»K’w+n|peroc[ME?TX+ Mg 10, (11)  theorem proved in Ref$6,7] and reviewed in Sec. Il above.
Specifically, we studyyy— 7°7° with one of the pions soft.
shielding this ground-state®(800— 900) scalar in Fig. ¢b).  Adgain the quark box plus quark triangle graphs of Fig. 2 add
Instead thek* (1430) (excited statpscalar resonance clearly Up to zero in the soft pion limit. Turning Fig() around, if
appears in LASS datfl1]; this K* (1430) not being eaten ¢ (as & 27 resonancedecays to 3, this SPT eats up the
means it also is not a true ground-state scalar obeying theeded quark triangle due to the quark box. This leaves only
SPT. An analogous disappearance of the ground-stai@€ meson triangler— K"K~ — 2y dominatingSVV decay

x(800—900) scalar occurs for the peripheral-dominated proo— 7?7- . ) )
cesseK p—mmtA KKA A more practical example of this theorem is &y(983)

None of the above four SPT processes depicted in Figs.”2Y decay. First we consider the inverse process

1-4 have been used by the experimentalists to observe such 77 With the 7 final state forming am,(983) resonance
scalar mesons. Instead they study processes avoiding the¥&—@o— 7. SO we should begin by first considering the
four SPTSs, e.g., #— o to isolate ther(500) resonance duark box graph foryy—a, followed by ap— 7. Again
“bump.” In effect, the aboveswave SPTs(with quark t_he_se quark box plus triangle graphs var_nsh in the soft pion
boxes canceling quark triangle graphs in the soft pion Jimit limit by the SPT of Sec. Il. All that remains are the meson

chirally “eat” the ground-states(600—700) and x(800  '0OP graphs fo+ra0j> vy decay.
Here ap— K"K~ —2y and the charged kaon loop con-

” , y tributes to thea,yy covariant amplitude
ANNN—— e x
ud + i'Ls__<::::: 0
™ ®) Two other reasons for suppressing these scalard Bréhey are

low mass and broad, sometimes at the edge of the phase space and
FIG. 2. Quarku, d box (a) and triangle(b) graphs contributing (2) they are usually swamped by the nearby vecte{g70) or

to yy— w°mP. »(783) andK* (895), respectively.
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FIG. 4. Peripheral-dominated quaukd box (a) and triangle(b)
graphs contributing t& " p—K~ 7 *n.
(2ylag)=Me (k" )e (k) (g#"K"-k—K'#k"),  (12)
where, according to Refl7], the effective amplitudév is
given by

_29’a 1
|MKI00p|_7TTEZIO _§+§|(§) )

13

with §=m§+/m§0=0.2520> 1/4. Then the loop integral be-

comes

1 1
1= [ oy axte-xya—y

= 2[arcsin1/4¢]2~4.39. (14
Also the LoM agKK coupling @’) is [17,18§
g'=(m§0—m§)/2f,<~3.18 GeV, (15)

so that theagyy amplitude in Eq(13) is approximately

Mk l00pl =~9.27x 1072 GeV ™. (16)
This results in the decay width
I'(ag—2y)=m; [M|%/647~0.406 keV. (17)

The resonanc&(900) contribute$17] 10% of Eq.(16), re-
ducing Eq.(17) to
I'(ag—27y)~0.406 ke\(0.90?~0.33 keV. (18)

Assuming thea, width is (100% dominated byay,— »r,
the PDG tables suggest
['(ag—2y)=(0.24"3%) keVv. (19
Another measure®VV decay isf,(980)— yy with [3]
I'(fo—2y)=0.56+0.11 keV. (20)
Hereo-f, mixing enters the amplitude analysis witt8,19
|fo) =Sin ¢ps|NS) + cose|S), (21

for f4(980) being mostly strange, withs~20°. The non-
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anglef= ¢.—arctan/2. The anglep, can be obtained from
Eq. (21) using (o]fo)=0 or m =mj sir¢s+m; coS¢s,
leading to[ 18,19

1/2

~20°

2

mfzo B m”s
¢s=arcsi 5

mfo_ m

(22

o

for m,~610 MeV and m, ~2mg~940 MeV, with con-

stituent quark massesi=(ms/m)m~470 MeV, andm
~325 MeV, mg/m~1.45. Sincef,(980) is mostlyss with
My~ My, [18], we simply scale up the widtt', .,
~0.33 keV in Eq.(18) by 2(cos 20°¥ from Eq.(21) (the 2
due t0[18,19 gskk= 1/v/2 whereagyysk=1/2):

I'(fo— yy)~2(c0s 209%(0.33 keVj=0.58 keV,
(23

again for af ;—K*K~—2y meson loop.

We observe that the predictio(i8) and(23) are in close
agreement with they, fo— 2y measured decay rates in Eqs.
(19) and (20), respectively.

IV. SUMMARY

In Sec. | we gave one experimental and two theoretical
reasons supporting the somewhat broad wid{la, — o)
~65 MeV. The latter appears to contradict the complemen-
tary PDG resultl’(a;— 7(77)guavd=1*F1 MeV. But in
Sec. Il we resolve this apparent contradiction, finding that
both quark box and quark triangle graphs contribute to the
ratel’ (a;— (7 7) qwavd, bUt the quark box—triangle sum of
these amplitudesanishedn the soft-pion limit. This SPT is
also valid for o(yy— m°#°), and peripheral decay rates
LCpedm p—7 7'n), Tpe{K p—K 7 n). With hind-
sight, our quark loop chiral shielding SPTs in Sec. Il parallel
the LoM “miraculous cancellation” eating up the pole in
7 — o scattering Ref[20], reducing the low-energy ampli-
tude to Weinberg's well-known CA-PCAC resuUR1]. Fi-
nally, in Sec. lll we turn this SPT around. Not only are
pseudoscalar mesddVV decays controlled by quark loops
alone(as is well known, e.g., forr—2+y), but scalar meson
SVVdecays are governed by meson loops alone. We dem-
onstrate how this latte®VVVtheorem works foay— 2y and
fo— 27y decays.

Without invoking this SPT, there are physicists who do
appreciate the utility of a meson loop only scheme3$&fV
decayd22].

Note added in proofA chiral shielding type of analysis,
but in the NJL four-quark picture, was given by Bajtal.
[23].
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