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Problems in scalar meson spectroscopy

(flavor singlet) scalar meson
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*Classification of the 99 multiplets and exotic states

(Y One nonet below and one above 1 GeV

states Seenario | Scenario 11
10(980),a9(980), 0,k g7 qromnd state | gqqq
fo(1500),a(1450), fo(1370), K3(1430) | gq first extted stafe | gg ground state

Hone nonet above or close to 1 GeV

0, K are not physical state
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Mixing of the flavor singlet scalar mesons

Lattice results for glueball: the mass of the scalar glueball lies in
(1500-1800)MeV

The mixing scheme is still under controversy. Here are
two typical schemes:

C.Amsler and F.E. Close, PRD53,295(1996); PLB353, 385;
f(3T0)\ (=091 007 040\ (M) LR 000,

fﬂ(lwﬂ) =(-04 035 -0.84 |S> F.E. Close and A .Kirk, PL B483,345(2000);

fo(1710) 000 09 036/ \[G)/ £k Closeand Q Zhao, PLBS86.332(2004)
PRD71,094022 (2005);

< [o(1370) 0.78 051 -036\ /|N)

fo(1500) | = [ -0.54 084 0.03 || |5) H.Y. Cheng, C.K. Chua and K.F. Liu,
fo(1710) 032 018 0.93 G) PRD094005 (2006)
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Scalar meson decay constant and distribution amplitude

Definition of the decay constant 0
(S() @710} = (P (S(p)|@2g110} = fsms
usfs = fs M3 = mn(#;nsmm (B}

Definition of the distribution amplitude

]
(SONselo®I0) = J5 [ dace{gs(e) 4 msgile) - Gmsupts )]

— L : iep 2 3 1 _ T
=% /n dze {ﬁ¢s($)+ms¢_».($)+ Gms(tﬂi 1)¢>s(z)}qﬂ,

I * " 3 f_:.
Normalization: jodmm{m)—— / dz¢3{z) = / du g (o) = Wi

2/6
5 == fS - /2. _
s(x) = wz.Tc[l + :\;'_] () C *(2x 1)]

H.Y.Cheng and K.C.Yang, PRD71, 054020;
. H.Y.Cheng, C.K. Chua and K.C.Yang, PRD73, 014017
C.D. Lu, Y.M. Wang and H. Zou, PRD7S5, 056001

pste.t) = Baet — o)[Botu) + 3 Ba 2~ 1)
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Semi-leptonic decays

<« The B—=>S transition form factor
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< The model calculation
Light front guark model: H.Y.Cheng, C.K. Chua and C.W. Hwang, PRD69, 074025;

C.H. Chen, C.Q.Geng, C.C. Lih, and C.C. Liu, PRD, Phys. Rev. D 75, 074010

Light-cone sum rules: Y.M.Wang, M.J.Aslam and C.D. Lu, PRD 78,014006
M.Z. Yang, PRD73,034027, 079901(E)
Perturbative QCD: R.H.Li, C.D.Lu, W.Wang and X.X.Wang, PRD 79,014013
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The decay B->/5(980)K

Experimental data

Mode PDG2006 Avg. BABAR Belle CLEO CDF New Avg.
Kjo(a80)t 55+07+08 55+07+08 76117103 59108
Jo{80)K 1 91708 10305720 gg+08tlY 0509

Theoretical studies
® PQCD: C.H. Chen, Phys. Rev. D 67, 014012(2003); 67,094011(2003)

® QCDF: Cheng et al Phys. Rev. D 71,054020(2005); 73, 014017(2006)

% f0(980) is regarded as mixing of 5s and 7in in the calculations
|f0(980)) = cosf|ss) + sin O|nn)
® The QCDF result suffices to explain the data, while the pQCD result is much

smaller: Where is the difference from? Is there really such big discrepancy
between these two methods?
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PQCD Amplitude ~ [dx,dx,dx;b,dbb,db,b,db,
(Tr(C (1) ,(x,.b)D ,(x,.b,)D ,(x5,b,)
H(x,,b,0)S,(x)e "]}

. N A2 N4

(a)

M3

Hard kernel
dlagrams M2" M2 M2 \{iMZ
P e lon 0

S = =y
M3 M3 M3 M3

(a) (b) (c) (d)

eOnly the twist-3 wave function contribute to the factorizable emission
diagram, if the emitted meson is a scalar. (S-P S+P density current)

eThere is enhancement rather than cancellation between the two
nonfactorizable diagrams, and the twist-2 LCDA can give important

contribution.
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Numerical results for B — f5(980)K
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W. Wang, YLS, Y. Li and C.D. Lu,
PRD 74,114010(2006).
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The perturbative calculation suffices to explain the data in two
quark picture. This is consistent with QCDF.
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| B — K%(1430)7 and B — ag(980)K

Channel scenario [ scenario 1 exp. Channel scenario I | exp.
B~ 5 K3 n— |20.7H33108+18]l47 gH11343.7469 I4) 9 + 4 2B~ — K%][6.9705H 1420 e 29
B® = Ky~ m* 20,055 2105 005 800 TR IET | 466258 (|B® — K-adl 9.7 555 < 16
B® 4 K3 n® (100135104100 184144415140 1955 £ 9.0/ BY — K034 720300414 |« 78
B~ = K5a® 13ERIHA0 T 88232 800t | - BT = Kad35Epitiatio <25

YLS, W. Wang J. Zhu and C.D. Lu, EPJC 50,877

Conclusion: Scenario Il is more preferable

The result is consistent with the QCDF(With

topology contribution)

Other Studies: 7

large annihilation

1ao , arXiv:0812.2314, 0904.3375

Problems: large uncertainty at both experimental and theoretical side.
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Production of the flavor singlet scalar meson

»  Through the Dalitz plot analysis of the three body decays B> nnr, nnkK,
KK,KKK, some resonances like fx(1500) has been found.

In principal, they are mixing of the qqbar state and the glueball state. In some
mixing schemes, the gluonic component is negligible for fo(1500) , thus we can
estimate the decay rates by consider the quark components.

The results for B> fo(1500) K (W. Wang, YLS, Y. Li and C.D. Lu, PRD 74,114010(2006).)

Branching Ratio(X10°™)
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The glueball production in B decays

+ The previous studies: C.H. Chen and T.C. Yuan, PLB 650(2007),379.
2+ The B>G form factor (w. Wang, YLS and C.D. Lu, in preparation)

(b) (c)
+ Power counting: Ma~ Mb >>Mc

F(B>G )~ F(BOM ) ~ ey imonaennfacstey
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The glueball production in B decays

+ Calculation
I QAL f L, - F\.‘J.-{-H""‘ ) l - ir:~ PT p42 fa“gﬂh W 4o
(fo(P)|F*TH(27) (0)|0)y = [ﬂ dxe I INZ T 9" ¢(x)]
&(z) = 30z%*(1 — z? [1+Zr: G 5/ 22z — 1)}

+ The result for form factors and branching ratios

BR(B — Gli) = (1.73[1.03]) x 1072,
B B g B & A .
£ BR(B — Griiy) = (13.6[8.4]) x 1077,
(a) (b) (e

The B to glueball transition is

a b ¢ _|total |asymptotic smaller than that for the quark
Fy = Fo|0.084] 0.024 [0.003[0.111] 0.087 component, but it is not
Fr [0.071]-0.022]0.001[0.050] 0.034 negligible
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@We briefly introduced the current research status of the
scalar meson production in B decays, and get some hints of the
scalar meson structures.

(®The theoretical calculations still have large hadron
uncertainty, thus we need more careful studies of the non-

perturbation inputs.

®We hope the forthcoming LHCb and the future superB
factory can provide more accurate data to test the predictions
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