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Abstract. We summarize some persistent problems in scalar specprpstal discuss what could
be learned here from charmless B-decays. Recent expedhnestilts are discussed in comparison
with theoretical expectations: a simple model based onyierdpminance leads to various symme-
try relations in good agreement with recent data; a factiaa approach yields absolute predictions
of rates. For more details, see [1].

WHY STUDYING SCALARSIN B-DECAYS

There are various reasons for studying scalar particlesdedays:

1. Dominance of S-wave resonances with little backgrounith trossed channels
In (B — 1,2,3)-decays the masses of (1,2) resonances can extéMdid GeV. Then
there is little overlap with resonances in crossed chani@® or (1,3). This is very
different from D decays where resonance masses extend only up I GeV and
in general there is a large overlap. Furthermore, in the fabbdy system$Swave
interactions are dominant.

2. New source of glueballs

The elementary subprocels— sgwith an isolated gluon is rather well understood
theoretically and is described by a penguin diagram. Thaydete has been calculated
in next-to-leading order of perturbative QCD as [2]

B(b—sg) = (5+1)x 1073, (1)

The gluon may give rise to production of a glueball which doghow up as a resonance
in the systenX of 2-body decay$ — K*) + X. This process adds to the other well
known gluon rich processes like: central productiopmcollisions,J/¢ — yX andpp
annihilation near threshold.

3. Non-charm final states with strangeness
The decaysh — soq are dominated again by the gluonic penguin process whereas
the electroweak tree diagrams occur at the level of 20% dnlihe leading penguin
approximation the decays — sw, sdd, sss occur with the same fraction and have
been calculated to amount to 2 x 102 each. In the corresponding hadronic 2-body
final statedB — xy, if x andy are members oBU(3) multipletsX,Y each, one obtains
various symmetry relations![3]. Hopefully, this will ulteely identify the members of
the lightest scalar nonet and the mixing properties.
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PROBLEMSOF LIGHT SCALAR MESON SPECTROSCOPY

The interest in light scalar mesons originates from thefwihg expectations:

1. The existence of glueballs

This is a requirement from the first days of QCD and may be thetraggent open
problem of the theory at the fundamental level. In latticed)Guenched approximation,
the lightest glueball appears in the 0channel with a mass of 1400-1800 MeV [4]. The
effect of unquenching is under study but realistic estimate still difficult, especially
because of the large quark masses. An alternative QCD agpr®based on QCD sum
rules [5] where the lightest glueball is centered arounddiDg00 MeV.

2. Multiplets of @ and exotic bound states
There is no general consensus on the members of the ligitfeginet, i.e. the parity
partner ofrt, K, n,n’. In addition, there is the possibility of tetraquarks [6duimd states
of di-quarks.

The list of scalar particles provided by the PD)G [7] with miss. 1.8 GeV includes
| = O fo(600) (or 0), f0(980), fp(1370), fo(1500), fo(1710);
| = 4: K(900) (?),K(1430;
| =1:ap(980), ap(1450.

There are two typical scenarios for the classification of¢hstates:

l. One nonet below and one above 1 GeV
The nonet of lower mass includes k, fp(980), ap(980), eitherqq (see, for example,
Ref. [8] and Van Bevereri[9]) aggqq [6] bound states. The higher mass states could
then make &g nonet with memberk; (1430 andag(1450); in the isoscalar sector the
three statesy(1370), fo(1500 andfp(1710 could be, as originally proposed in [10], a
superposition of the glueball and the two members of thecaas nonet.

Il. One nonet above 1 GeV
In this scheme the and k with the parameters given are not considered as physical
states to be classified along the lines we discuss hereq@menet is rather formed
by ap(980) (or alsoag(1450), fo(980), K;(1430 and fo(1500) [11,112] whereas two
higher mass nonets includinfig(1370 have been proposed in [13]. Thetr Swave is
interpreted as being dominated by a very broad object, mhtgound 1 GeV, the lower
part could be responsible for tls500) effect. This broad staté& (> 500 MeV) has been
proposed as representing the isoscalar glueball by vasigusnents [13, 12].

There are states whose identity is in doubt as can be seereligrife uncertainty in
mass and width estimated by the PDd3500), fo(1370 with no single branching ratio
or ratio of such numbers accepted by PDG and finellgr K*(800) not carried in the
main listing of PDG. We will add a few remarks on these proldgmstates which will
be of relevance for our discussionBflecays.

| soscalar channel: fp(600) or o and fp(1370)

Most definitive experimental results on these states carbtared from the 2 2
scattering processeast — 1T, KK, nn applying an energy independent partial wave
analysis (EIPWA); in this case unitarity provides impottaonstraints in the full energy



range. Recently, results dd and B decays as well app — 3 particles with higher
statistics became available. There is no general constnaithe mass dependence of the
amplitude which can be affected by various dynamical efte8b far, in these processes
no EIPWA over the full energy range has been performed, sopéimal description
of data for a particular model parametrization is seleckegromising new approach
towards EIPWA inD-decays has been presented at this conference by Meadajws [14

Concerning thetrt interaction there is a general consensus that there ergged a
broad state with the width of the order of the mass, but thampaters depend on the
mass range considered, a feature which is known alreadg almaut 30 years.

1. Low mass range i <0.9...1.2 GeV.

In this region the complextrt amplitude moves along the unitarity circle to its top
(phase 90) where a rapid circular motion follows fronfy(980). An early analysis
has been performed by the Berkeley collaboration [15], #oenmd a stateo, with
Mg = 660+ 100 MeV,I s = 640+ 140 MeV. Recently, results from-decays by E791
[1€], FOCUS [17] and frond /Y — wrirt by BES [18] have been interpreted in terms of
a o with similar mass, although good fits based dfmatrix parametrization have been
obtained without such a staie [17]. On the theoretical gide|metrizations of such data
using the low masgPT constraints lead to a low mass pole wiity; ~ 450 MeV and
g ~450...600 MeV (see, e.g. Refs. [19,/20] and the reports by Bugg alaPE21]).

2. Extended mass rand®0< M < 1800MeV
In case of a broad state the parameters should be deternmoradte energy interval
where its influence is important and this includes the irtielasgion above 1 GeV.

All analyses ofrtrt scattering in this region find again one broad state, but @ith
higher mass than before, in a range around 1000 MeV and wgh {aidth> 500 MeV.
The first analysis along these lines goes back again 30 y24afsapd in Table 1 we
list the pole positions from K matrix fits of various analys&se fits by Estabrooks
[23] refer to the four solutions of an EIPWA of elastioT scattering([24] as well as
of the it — KK reaction. In all solutions of the EIPWA the@wave amplitude above
1 GeV follows a circular path with some inelasticity in thegaAnd diagram (m T
vs. Re T) which can be fitted by a broad resonance. Superimposed isabesrmircle
corresponding to a resonance![23] with parameters closehtt 18 known today as
fo(1500). No additional pole, such &g(1370), is seen in this analysis. A similar picture
is found [12] for the inelastic channetst — nn and rirr — KK comprising the broad
background andp(1500 with the interference pattern

i — KK:  background £p(1500 constructive interference )
nmrr— nn: background f5(1500 destructive interference

This broad state is seen in a variety of processes and hagslbhbbadfy(1000 in [25].
Later arguments have been presented that this broad statgloeball [13] 12]. This
state also appears in decay processes although it may hdggiehe higher mass tails
are suppressed for dynamical reasons. As an example, we tgostudy by BES [26]
of the final state) /i — wK ™K~ where the larg&wave background ¢”) extends up
to about 2 GeV. A significant flat background has also beenragbdaecently in the
gluon rich channel /¢ — yKK by BES [27].



Apparently, the statdy(1370 shows up if reactions other than (1)-(3) in Table 1
without unitarity constraints are included in the fits. Wéeesfy(980), “ fo(1000” and
fo(1500) are clearly seen as circles in the Argand diagrams, no sude bias ever been
shown to exist forfp(1370). Before such a behaviour is demonstrated, this state could
hardly be considered as established. The strong intederbatween background and
fo(1500), leads to very different mass spectra, depending on thévwelahase, which
could easily simulate a “new staté;(1370).

TABLE 1. Position of broad state in thematrix of 77t scattering according

to various K matrix fits to data from reactions (fjt — 7, (2) it — KK,
(3) mr— nn,nn’, (4) pp annihilation and (5)/y decays

Authors mass (MeV) width (MeV) channels
CERN-Munich [22] 1049 500 1
Estabrooks [23] 750 800-1000 1,2

Au, Morgan & Pennington [25] 910 700 1,2,5
Anisovich and Sarantsev [13] 1530 1120 1,2,3,4

We conclude that there is indeed a broad state in the isost@anel with decays
into various 2-body final states but there is no standard forris line shape. Different
results on its mass emerge depending on whether the anpiytaenetrization is fitted
to a small or a large mass range (corresponding to eitherfadsainance circle or an
almost full circle) leading either to(500) or “ fo(1000”. There can be little doubt that
both results refer to the same state. Studies along pathuldshitimately extend their
parametrization to include higher mass inelastic chanes|secially the EIPWA results
by Estabrooks, whereas the analyses along path 2 shouldiantthe very low masgamt
data as well.

Isospin | = 3 channel: k(800) and K¢ (1430)

The elasticK it scattering up to 1700 MeV has been studied some time ago by an
experiment at SLAC [28] and the LASS experiment [29]. Bwave phase shifts have
been parametrized in terms K§ (1430 with a small inelasticity< 10% starting only
above the inelastic threshdltk > Mk ,» ~ 1450 MeV and a slowly varying background
with an effective range formula. This background phaseeérctnsidered range does not
exceed about 50and insofar it is a phenomenon quite different from the bawmligd in
rirt scattering where the background phase reacheb@&0w the first scalar resonance
fo(980). We do not want to enter here into the discussion about algesstatex but
point to different characteristics of therr amplitude in elastic scattering and decay
relevant to our later discussion. For a theoretical anglygse Buttiker et al._[30].

In weak decays likdd — Krmuv the Kir phase equals the one in elastic scattering
according to the Watson theorem and this is nicely born ouhbydata (FOCUS [31]).

If rescattering effects are small, then the Watson theorestill applicable in purely
hadronic decays and a recent example for this behavidBr-isJ/ (WK T measured by
BaBar [32]. On the other hand, D — Kt the Kt phases determined by E7911[14]
follow the trend as in elastic scattering below the inetakti)’ thresholdM ~ 1400
MeV, but with a relative shift of about 70 The Argand diagram in Fidl 1) shows



that the resonance circle relatedKg(1430 is much smaller than the circle related
to the background, which contrasts to elastic scatterirtly @icles of comparable radii.
Therefore the LASS parametrization does not represengteychmplitude in an energy
region beyond 1400 MeV.
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FIGURE 1. Energy independent partial wave analysis of Ithe% K Swave using E791 datec{”

and form factor$p; [14]. Plotted are the rescaled quantitis-= ¢; Fp; %s (arbitrary units) to be compared
with the elastic unitarity circle foK 71— K1t scattering.

B-DECAYS: EXPERIMENTAL RESULTSON SCALARS

The B branching ratios for the following scalar particles haverbeneasured, for later
comparison we present the results corrected for unseemelsaall in units of 108.
Isospin 1=1: &(980)
So far only upper limits have been reported by BaBar [383e Tal12.
TABLE 2. Bdecays int@y(980) [33] corrected using
B(ap — nm) = 0.85; all numbers<10-°.
B+ K%Y <9.2 Bt - K*aJ <29
B »Kta, <24 B~ —+K%, <46

Isospin 1= 3 : K5 (1430

Total decay rates derived from BaBarl[35] and Belle data §86]given in Tali.]3. Belle,

in a full Dalitz plot analysis using an isobar model ansatziditwo quite different
solutions inB™ — K§°n+ corresponding to different interferences with a coherent
background amplitude. Babar is inserting the LASS pardmaion for theK T phase

in a larger energy interval up 8l ~ Mp and is then left with only one solution. As
discussed above fdd — Kt the behaviour of th& r amplitude above 1400 MeV
could be quite different from elastic scattering and a maneegal ansatz in this mass
region seems appropriate. The situation is quite analogofgg980) in rrrinteractions
where the interference pattern & and background changes from one reaction to

1 After the conference results by Belle[34] became availalilieh confirm the tight upper bounds fag
productionB(B — a;K™) < 1.6 x 10~ for the nrr channel.



TABLE 3. B decays intdK; (1430 corrected for unseen modes using
B(Kg — Km) = 0.93; units in 10°°

BaBar [35] Belle [36]
BY — Kom® 127+5.0 98+27
B — Kgtm 361122 164+5.3
Bt — KZOmr" 37.0+4.4 (n 457133 (I8.332

another. It will be therefore important to clarify the existe of two solutions and to
possibly exclude one of them by physical arguments.

Isospin I=0: (1500
Both Belle [36] and BaBar| [37] see a peak in tke K~ Mass spectrum irB —
(KTK™)K. The mass and width are consistent wigi1500. However, no signal in the
correspondingrrrdecay channel is observed despite the ratio of branchimasfatfo —
KK) /I (fo — ) = 0.241+0.028 [7] is favourable for therrr channel. Therefore both
collaborations suggested the existence of a new stat@500 or X(1500).

In a previous work![3] studying the Belle data[36] we argulealtthese phenomena
are naturally explained by the existence of a broad backgravhich interferes with
fo(1500: constructively inK ™K~ giving rise to the observed peak but destructively in
mtm leading to a vanishing signal. In our analysis we have remtesl the mass spectra
as a superposition of three componefg6980), fp(1500 and a broad resonance as
background, which fits the data well, see FIgEl 2,3. Thigfietence pattern is the same
as in inelastigrr — KK, nn [12] and elastigrmr scatteringl[23] (see above).

These signs are consistent with our hypothesis [12] thab#oground represents
a broad glueball (flavour singlet) with mass in the 1 GeV ragio above interfering
with fo(1500), which is close to a flavour octet state according to the clamations in
[1,012].

Both collaborations find two solutions for tiBe— K fo(1500 rate corresponding to
different interference signs with the background. Frontdi& charmless and the partial
fractions we obtain the branching ratios in Tab. 4. Accagdmour model Sol. Il is the
physical solution.

TABLE 4. B-decay rates X1079) into fo(1500K (total
rates usind3(fo(1500 — KK ™) = 0.043).

B(B — fo(1500K) Belle B™) BaBar(B?)
Sol.1 (bg— fo) 4718+513 223+42
Sol. Il (bg+ fo) 6114144 299+ 137

Isospin 1=0: (980
fo(980) was the first scalar particle observedBrdecays and the results obtained by
the heavy flavor averaging group (HFAG) [38] are presentethim[3. In these decay
channels there is again some background contribution aase of fo(1500), so we
expect two possible solutions corresponding to differaterference signs. Note the
negative interference in our fits in Figd12,3, also obsemed ¢ — @rrby DM2 [39].
It would be important to study the possibility of a secondusioh besides the one in
Tab.[5.
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FIGURE 2. m"m mass spectrum iB-decays (BELLEI[36]) in comparison with a model including
f0(980), fp(1500 and a broad gluebalgp). Also shown are the individual resonance terms. The back-
ground gb) in this fit interferes destructively with botfy(980) and fo(1500).
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FIGURE 3. K"K~ mass spectrum iB-decays (BELLEI[36]) in comparison with the model amplitude
see Fig.[[R). Herdp(1500 interferes constructively with the background.

Other results on scalars
fo(1370: A 20 signal has been observed by Bellel [36], not so by BaBar [35].

0(600): No obvious peak near threshold is visible adir+ 3r. For our discussion
of scalars it would be interesting to obtain the rateBors oK (or a limit).

K (800) : A Kmrbackground irk rrrt has been observed by Belle [36] but a fit witk a
particle was not successful.



ap(1450): This state has not been seen yet.

TABLE 5. B-decay ratesX10 %) into fo(980)K, for fo(980) —
rrrrand total rate using (fp(980) — 1) /Tiot ~ 0.8.

f0(980) — . 5(980) — all

B(B* — fo(980)K™) 132+16 16.5
B(B® — fp(980)K?) 8.25+15 10.3

B-DECAYSINTO SCALARS: THEORETICAL EXPECTATIONS

The theoretical considerations to some extent follow tleasddeveloped earlier f&-
decays into pseudoscalar (P) and vector (V) particles. \ilenethere two complemen-
tary approaches.

Phenomenological amplitudes

The decay rates are expressed in terms of a set of phenorgaablamplitudes
including the gluonic penguin, the electroweak tree amgés and others. Such a
scheme has been successfully applied to the degay$PP, PV [40,141].

Here we apply a scheme of this kind [3], but in this explonatphase for scalars
with moderate statistics we restrict ourselves to inclgdanly the dominant penguin
diagrams and neglect in particular the tree diagrams whivd gse to corrections at
the 20% level. We then consider in this scheme the thpprocesses with the same
amplitude as well as the gluonic amplitude

b—sui, b-—ssdd, b—ss b-—sg (3)

These processes together with the recombination of theatpecjuark give rise to 2-
body decay® — xywherex, y are mesons out of the flavour3) nonetsA andB. Given
the members of these multiplets with a particular mixinglanige decay amplitudes can
be given in terms of the following parameters: the penguipléode pag with s — X,
the exchange amplitud@xgpas for s — y and yagpag for the gluonic amplitude. For
a more detailed discussion, see REgf. [3], here we just adibeskustration the decay
Bt — n'K** for the mixingn’ = (ut,dd,2ss)/v/6. The decay amplitude is derived
from the penguin amplitudes as in Hig. 4 and reads

1
T=—(1+20pyv+4 4
\/(—3( Bev +4ypv) Ppv (4)
A consequence of this penguin dominance model are varicusgyjry relations, espe-
cially thel = % rule: The final state of process¢$ (3) has 0 and therefore the final

state ofB decay has the isospin of the spectator,Bét B this is| = % which is also
realized in our amplitudes![3], see also Tab. 6 below.



(a) (b) (c)

FIGURE 4. Two-body decayB~ — K n’ (or B~ — K*n’) with three amplitudes fromTl3): (a)
amplitudep‘é,n, with s — K—, (b) exchange amplitudr:;f7 with s— n’ and (c) amplitudes¢ -,/ for
gluonic production ofy’.

K~

Application to B-decays into pseudoscalars

As a test of this penguin dominance model we have comparediits data on the
decaysB — PP, B — PV [3]. In Tab.[® this comparison is repeated with new data
compiled by HFAGI[38]. In col. 2 we show our predictions for d2cay rates oB™
in terms of the parametengp, pvp, Yep, Wp, Bvp and the corresponding 12 rates for
BY obtained after multiplication by the lifetime ratigB®) /7(B+) = 0.921. From col. 2
various symmetry relations can be obtained, especiallythé rule (favouring charged
rror p over the neutral decays by a factor 2) for the doublets

(KOmrt), (KTm®); (K+tm), (KOm®); (K*Omh), K*+nm0); (K*+m K*Om0)
(p*KO,p%K™);  (p K™, pKO)

These relations work well, except for one case where thefoaté °r° is significantly
(4.30) below the expectation; however, the statistics is very ilowhis case. Further-
more, there are SU(3) relations betwa€trr and K, and also betweepK and wK
which work reasonably well.

For a full description we made some simplifying assumptiBag= —1, ypv = Vpp
which can be removed if necessary with improving statisfi¢tee remaining 3 param-
etersppp, pvp, Yep have been determind from 3 input rates. Remarkably, withdtta
of increased precision obtained in the last year [38] theament with the predictions
has generally improved in comparison to our earlier resualf8] (2 exceptions with
deviations of> 30).

B-decays into scalar particles

After the success of this simple penguin dominance modelake it over to the
decays with scalar particlé&s— PSandB — VS We denote the members of the scalar
multiplet by a, K&, fo, f) and define the mixing angle bfy = nnsings + sscosgs,

f{ = nncosps — sssings, wherenn = (uu+ dd)/v/2. Then our predictions [3] for
scalars are given in Tall 7. Given the decay branching ratioscalars one can check
any scenario for the multiplet of scalar particles. Hopgfuhe symmetries implied by



TABLE 6. Branching ratios foB decays into pseudoscalar (P) and vector (V) particles (cols
3,4,6,7) and amplitudes (col. 2) as in EQ. (4) wjgp, yp and Byp for gluonic and interchange
processesppp, pvp set to 1; cols. 3,6ypp = yp = 0.3, Bvp = —1, |ppp|?> = 24.1 x 1075, |pyp|? =
11.4 x 10°%. Experimental Data from HFAG, July 2005 [38]

BT — PP =1 Bin[10 %] Bexp[10°% B —= PP Bp[10°° Bexp/10
KOmrt 1 inputpep  241+13 K*tm 22.2 182+0.8
K+ %2 121 121+08 K°r° 111 115+1.0
K*n %WP 0.7 26+05 KO 0.7 <20
Ktn’' ﬁ(3+4ypp) inputypp  70.8+3.4 KO°n’ 65.3 686+4.2
Bt - VP prp=1 B - VP

KOt 1 inputpyp 114+10 K**m 105 11733
K*+ 0 % 5.7 69+23 KOn® 53 17408
K*tn %(1—[5\“3—}— wp) 201 24333 KO 185 187+1.7
K*+n’ %(1+ 2Bvp+4yp) 0.8 <14  KOp’ 0.1 <76
ptKO Bvp 114 <48 p Kt 10.5 9.9118
poK+ “5Pvp 5.7 5117982 pO0KO 5.3 5117552
WKt %ﬁvp 5.7 51+0.7 KO 5.3 56-+0.9
K+ 1 114 9.03708 KO 105 8313

TABLE 7. Dominant contributions foB decays into scalar (S) + pseudoscalar (P) or
vector (V) particles: penguin amplitudesy (normalized to 1 in each sector), exchange
and gluonic amplitudegps, Bvs and yps, Ysp, Ys resp. with scalar mixing anglés; in
brackets results for sifs = 1/1/3 (¢s~ ¢p); cols. 3,6: upper sign fdB®, lower signB+.

B - Bt— normalizationto B°— B* — normalization to
P+S P+S Pps=1 V+S  V+S s=1
Kta- KO%" 1 Kta- Kat 1
K0%  K+al 1% K00  K*tad 1%
Kofy  Ktfo %(H 2ypg)sings  KPfy K fy %(H 2y/5) sings
+(Bps+ Yps) cosps +(Bvs+ Ws) cosps
[ 75 (1+2Bps+ 4yps)] [J5(1+2Bvs+4ws)]
KO, K (ir2pgooshs KO Ky L1+ 2y coshs
—(Brs+ Yes)sings —(Bvs+ ws)sings
[F5(1— Bes+ )] [55(1~Bus+ws)]
K K Brs p K pTKY Bvs
KE oK jF%BPS pOKz  pOKS 1%[3\/5
kgL nKg \% (—1+Bpstysp) WKL  wKgd % Bvs
NKE K @+ PestAve)  OKE oKL 1

penguin dominance (isospin, SU(3)) inherent in Tab. 7 walphn selecting the correct
assignments of scalar particles. The parameters we hawe disposal are foB — PS
Prs, Vs, YVsp, Bpsand forB — V' S pys, W, Bvs In our first analysis [3] we used initially,
in analogy to the pseudoscalass= 1, Bys= —Bprs, Ys= Yps= Ysp.



Comparison with experimental results on scalars in B decays

Considering first the multipletr, k, fo(980), ap(980) along scenario | we note that
only fp(980) has been observed so far. For a meaningful test one wouldaneseh-
surement of the rates f@ — Ko andB — 1k which should be possible for a given
parametrization.

On the other hand, the decay rates for all members of the pratltilong scenario I
f0(980), ap(980), K5(1430), fo(1500 have actually been measured (upper limitdgr
only). According to our scheme with penguin dominance weuhdescribe these four
rates by 3 parameterpps, ypsandfBps

In a first attempt in 2004 we analysed the data assuming aseafgpseudoscalars
|Bpsl = 1. Then we expected for the decByB — Kaj) >11.0x 106 (+£50%) The
new upper limits from BaBar in Tabl 2 are below this expeotatFrom Tab[17 we find
B(B — K1) /B(B — Ka¥) = |Bpg2. The new data requirpg ~ 2.7...4.6, or, from
averages using the= 1/2 rule |Bpg > 2. The production of a scalar with the spectator
is suppressed against production fremguark.

Until now, there are still considerable experimental utaiaties, especially the am-
biguities in theK(1430) rates and the missing rate. If we chooséfpg = 2 then
we find with B(B — Kmt) ~ 12x 107° (if we include the lowerkg mass), for
B(B — ajK%) ~ 3x 107 andB(B — K 5(980)) ~ 13 x 10-° four solutions in g, y).

ForB = —2,y =2 we findB(B — K fo(1500)) ~ 25 x 10-® which compares well with
Sol. Il in Tab.[4. So there is no difficulty in the moment witretmultiplet along path
Il considered. The tests will hopefully become more resuécwith improved data and
with measurements of other channels Kgg 14301, K5(1430n’ andB — V+ scalars.

QCD-improved factorization approximation

In this complementary theoretical investigation one aitreneabsolute prediction of
rates for scalar particles [42,143, 44]. This follows theraagh applied before to decays
B — PP, VP [45]. In the recent worki [44] one includes perturbative QGDrections
to the common factorization ansatz but needs to includewuarmon-perturbative ob-
jects: formfactors, light cone distribution amplitudeslatecay constants where results
for scalars are derived from QCD sum rules. In scenarn #,ap(980), fo(980) are
taken agyq ground states anah(1450), K*(1430), fo(1500 asqq excited states. In sce-
nario Il it is assumed that the low mass multiplet is buildqgfiq states for which no
quantitative predictions can be given, whereasderound state multiplet includes
ap(1450),K;(1430 and a second multiplet is around 2 GeV.

An early calculation|[42] predicted a very small rate &t — ag K~ which turned
out successful. The recent predictions [44] concern deicegsy(980), fo(980), also
K*(1430 and ap(1430. Within scenario | the results on the low mass multiplet are
satisfactory whereas the higher mass particles requirdothemass solutions with
B(B~ — K*(1430 ") < 10x 10°°. In scenario Il theK rates are about twice as
large as before, but still smaller than some experimensailig

If this largeKj rate is correct, then scenario | is excluded and there areathqtions



for the light mesons wittM <1 GeV. It will be important to know the predictions for

the other states, k to compare with, likewise predictions fdp(1500 and the other
isoscalar meson.

CONCLUSIONS

1. Experimental results on decays-BScalar+X
By now f(980), ap(980), K;5(1430 andfo(1500 have been measuredBadecays. Dis-
crete ambiguities are found fég;(1430, fo(1500 (how aboutfp(980)?) and emerge
naturally in coherent superposions. A clarification is imgnt, possibly these ambigu-
ities can be resolved by physical arguments (comparisdmeldtstic scattering phases,
isospin relations fulfilled within- 20%).

2. Model with gluonic penguins dominating and-BS+ X amplitudes
This model continues to work well fd — PPV P within ~ 20% or better, especially
thel = % rule and other SU(3) relations are generally successfid. mhathod has the
potential to test the multiplet structure in the scalar@e&resent data within their ambi-
guities are consistent withgg multiplet fo(980), ag(980), K;(1430), fo(1500. Further
tests are possible with — Kj;(1430n (or n’) as well asV Srates. The possibility of a
light multiplet with o, k can be tested once dataBnr- oK, Kk Tbecome available.

3. Factorization approach for B-decays into scalar pamigl
Using QCD sum rules to obtain nonperturbative quantitienesabsolute predictions
have been obtained, a successful one concerns the deca(88D). Further distinc-
tions between different scenarios depend on the magnitittie ambiguou; (1430 11
rate. It will be important to have predictions for the otheembers of the considered
multiplets, especially foB — oK, kK 1T, as well as for heavier isoscalars.

4. Broad state: a respectable glueball candidate and ti&500), fx (1500 puzzle.
In the rrrr channel there is a broad state with~ M. It is plausible thato(600) and
fo(1000) refer to the same object. The puzzles witfiL500), fx (1500 are resolved by
taking into account the interference ff{1500 with a broad background. The relative
signs are explained by taking the background as flavour etingl agreement with
the glueball hypothesis, anf$§(1500 as a flavour octet state. The same interference
phenomenon is known from processes— 1T, nn, KK.
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NOTE ADDED

After this conference a paper by Gronau and Rosner [46] apdedth isospin relations
between pairs oB® andB* 2-body decays as well as 3-body decays also basing on the



dominance of penguin amplitudes.
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