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Outline

= Scalar meson study status

s Four quark states or two-quark states:
semileptonic decays

= Non-leptonic decays

= Summary
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Scalar Mesons (J°=0%)
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Vi Scalar Mesons around
1GeV (J°=07%)

o exist or not for many years

Mass too light to be 4

Because 0" states are S=1, L=1, should be heavier
than 1~ ~(p, ¢ K")
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Comparison with cc family
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Comparison with cc family
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“amm? the neutral scalar mesons O0** has the
same guantum number with vacuum

= They can mix with vacuum, glueball, even
molecular states

= SO a lot of explanations on the market—
tetra quark states

= Most study focus on the decay property of
the scalar mesons

= The production of scalar mesons from
heavy quark decays are more Iinteresting
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' — leptonic decays of D to Scalar
Mesons

l—l_

CD Lu



St leptonic decays of D to Scalar
Mesons

l+

D* =2 f,n*, D* 2 o =™ have been measured
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2-quark picture of ordinary
light Scalar Mesons
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me” 2-quark picture of ordinary
light Scalar Mesons
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ome” 2-quark picture of Scalar
Mesons

only dd component contribute, in Isospin
symmetry, we have

ADT = foltv) = —sinbA.
AD*T = oltv) = —coshA
where
A= ADT = aQIty)
Br~ |AJ? We can get sum rule as

B(DY = agl"v) = B(DT = foltv) + B(DT = oltv)
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Hadronic picture

= Isospin O and isospin 1 contribution should
be 1:1, derived from the Clebsch-Gordan
coefficients

= |Sospin conserved by strong interaction, no
matter perturbative or non-perturbative

--model independent
similarly, B* /D" — pe'v, =B" /D" — ar'v,
already verified by exp.
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4-quark picture of ordinary
light Scalar Mesons

] Group theory
o) = audd, |fo) = |nnss), |assignment (5
1 - _
ag) = E(ﬁa —dd)3s, |ad) =|duss), |ag) = |udss)
c - f, mixing:
f\ (cosg sing) nnss
o/ |=sing cosd | uudd
with nﬁ:umda
6 = (174.6133)° V2
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| 4-quark picture of ordinary
light Scalar Mesons

Group theory
o) = audd, |fo)= |fnss), |assignment '/
ag) = \%(ﬁa —dd)3s, |ag) = |duds) .
c - f, mixing:
f0>:[ CoS¢  Sin ¢j ﬁn§s> - -
o —sing cos¢ Jluudd
with utr +dd
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Mesons

—(cos ¢ + V/25sin ¢) A
(sin ¢ — V2 cos @) A,

./4(1)+ — f0l+£f)
A(DT — altv)

where

s

A= ADT = adl™v)
We can get sum rule as

1
B(DT — agltv) = g[B(DJr — foltv) + B(DT — al™v)]
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Define a ratio R

B(DT — foltv) + B(DT — ol v)

B(Dt — agltv) |
It Is one for 2-quark picture, while 3 for 4-quark
picture

Similarly, for B meson decays, we have
B(B* — folTv) + B(BT — ol*v)
B(Bt — ajltv)

| 1 two quark
| 3 tetra-quark

R =

R
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These channels have large
enough BRs to be measurable

If the mixing angle is modest, all three D™ — Sitv
have similar branching ratios. The branching ratio of the
semileptonic Dy — fy decay is measured [9] as

B(D, — fol) x B(fo = ntn™)
= (2.0£0.3+0.1) x 107°. (16)

Thus as an estimation, branching ratios for the cascade
DT — SlTv decays are expected to have the order

V
V2
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"7As for the B decays, the branching ratio of B — Slv
can be estimated utilizing the B — plv and D} — ¢l v
decays. If the mixing angle is moderate, the branching
ratio can be estimated as

B(Ds — folﬂ’)
B(Ds; — ¢lv)

B(B — folv) ~ B(B — plv)

1073

~ 1074 —
102

107°. (18)

Compared with the recently measured semileptonic B —
n decay [11]

BB~ =»nl" 7)) = (3.1+0.6+0.8) x107°, (19)

CD Lu 20



B Iy 0 O

= Semileptonic B decays B™ — f,I"v, are clean,
but the neutrino is identified as missing
energy, thus the efficiency is limited

= The lepton pair can also be replaced by a
charmonium state such as J/vy, since J/y

does not carry any light flavor either.

= B2 J/yf, decays may provide another ideal
probe to detect the internal structure of
the scalar mesons.
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B> ymafe @ )

= Semileptonic B decays B" — f,I"v, are clean,
but the neutrino is identified as missing
energy, thus the efficiency is limited

= The lepton pair can also be replaced by a
charmonium state such as J/vy, since J/y

does not carry any light flavor either.

= B2 J/yf, decays may provide another ideal
probe to detect the internal structure of
the scalar mesons.
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=P B J/y(n) S

B(B° — foJ/v) + B(B® — aJ/v)

R = ! =1 (20
B(B% — adJ/v) (20
in the gq picture, and
R0 R0
p — BB - fod/Y)+B(B" 2 ad/Y) _, (21

B(BY — a3.J/v)

in the gqqq picture. Although these are hadronic decays
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The branching fraction is expected to have
the order

B(DS — fgli‘j’)

B(B ~ fol /) ~ BB® = p"J[¥) g0

103

0 >~<10_2

107°. (22)

On experimental side, the J/v) is easily detected through
a lepton pair [T]~ and thus this mode may be more use-
ful. If the J/v meson is replaced by 7. in eq.(20,21), one
can get the similar sum rules.
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Uncertainties mainly from
SU(3) breaking

Form factor difference — no problem, since it
makes the R for 4-quark picture even larger than 3

Mostly by mass difference, only problem:

m_ = (0.4~1.2) GeV, but any way phase space
IS easy to calculate

Relatively large uncertainty in D decays. But in B
decays, there Is no problem, since m_ negligible

Governed by heavy quark effective theory, the
SU(3) breaking Is suppressed by 1/m,
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me” 2-quark picture of ordinary
light Scalar Mesons

a0) = \/%um —|dd)), lag) =

V2

c - f, mixing:

fo\
)=

with
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ome” 2-quark picture of Scalar
Mesons

only dd component contribute, in SU(3)
symmetry, we have

ADT = foltv) = —sinbA.
AD*T = oltv) = —coshA

where
A= ADT = aQIty)

Br~ |AJ? We can get s sum rule as

B(Dt = adl*v) =B(DT = fol'v) + B(DT = oltv
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_ B(DXB—}fgfu) (R . B(B—:"fﬂJ/'(,b) )
B(D/B—alv) 0

~ B(B—agJ/v)

The
measurem
ent of
ratio R
can
determine
the

mixing
angle of f,
and o

R
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Summary

= The semi-leptonic decays of D and/or B
mesons to scalar mesons can provide a
theoretically clean way to distinguish the 2-
guark and 4-quark picture of light scalar
mesons

= S0 as the non-leptonic decays of B> Jiy(n,) S

= They can also be used to measure the mixing
angle between f, and o
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