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Motivation

The Dy — K*n ™ decay reaction has been measured by the FOCUS collaboration
and BESIII collaboration with better statistics.

: We study the singly Cabibbo-suppressed

Dy — Kt~ decay.

J— ) ) ) In addition to the dominant mode

plitude analysis and branching fraction

measurement of the decay D} — K *ntn— Dy = KTp,p— ntn™ and

D — K*(892)°x ", K*(892)° = Kt7—,

ESSB]EE... collaboration the experiment finds traces of the fo(500),
Emad: estpubisatscmibar.sc.cn f0(980) and f,(1370) resonances.

320 of o= eollishon data eolleted at the centor-of-mass energes

No theoretical work on this particular channel
is available to the best of our knowledge, and

w :
T et et 00 80, 50 o 1 B we wish to address this problem here.
mance Produetion
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in the present work our aim

1) We relate the production of the f,(500), fo(980) and K5(700) scalar
resonances by the chiral unitary approach

2)
One looks at the main production modes at the quark level based on external
emission and internal emission , and then pro-

ceeds with the hadronization of the gg pairs in order to produce the coupled
channels needed to generate these resonances.

3) The nice thing is that we can correlate the production of these resonances by
means of only one parameter.

4) This procedure is different from the experimental analyses where the production
of each of these resonances is parametrized and fitted to the data.

Our approach is very restrictive, and the eventual agreement with the data
comes to support the picture of these resonances as being dynamically gen-
erated from the interaction of pseudoscalar mesons.
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Formalism

At first, at the quark level, we look at the different topologies that can
contribute to this Cabibbo-suppressed process.

Fig. 1 produce a 77 and K** with external
emission, and K*° — KT7~, one important
modes observed in the BESIII experiment

w

K*0

|
|

Fig. 1. Mechanism for production of 7+ K*? in D;"
decay with external emission

Fig. 2 produce a p° meson and a K™, and the
p® — w7, again one important mode
observed in the BESIII experiment

]
]

Fig. 2. Mechanism for D;” — pK™ with internal
emission
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Hadronization of gg component

Next we look at the production of three pseudoscalar mesons. This is
accomplished by hadronizing a gg component into two pseudoscalar mesons.

Fig. 3 a KT is produced in external emission
and the s5 component is hadronized into two
pseudoscalars.

the Cabibbo-suppressed Wiu vertex appears

in the upper part

K+

il

U

wt

D Q

Fig. 3. D" — K5 with external emission and
s5 hadronization
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Fig. 4 again with external emission, a 7 is
produced and the ds component is hadronized
into two pseudoscalars.

the Cabibbo-suppressed Wed vertex appears

in the lower part

wt

D Q

Fig. 4. D} — ntds with external emission and
ds hadronization
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Both vertices imply the same reduction factor. .



Both vertices imply the same factor sin 6,

Fig. 5 the mechanism proceeds via internal
emission, a K is produced and the ss
component is hadronized into two
pseudoscalars.

Fig. 6 again with internal emission a K™ is
produced and the dd component is hadronized
into two pseudoscalars.

s

V|

Fig. 6. D — K*dd with internal emission and dd

: i - hadronization
Fig. 5. D — K55 with internal emission

followed by ss hadronization

Table 1: The weight to the different diagrams

Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5 Fig. 6
weight @ 3 ah ah v h v h

h factor accounting for the mechanism of hadronization
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For different hadronization processes

= add a gq pair with the quantum numbers of the vaccum.

By writing the ¢;g; matrix of SU(3) in terms of the pseudoscalar mesons

% + % T K
_ _ 0
99 — P = ™ -Z+% K ¢y
— _0 7i
K K 7
Then we have the different hadronization
1
SSﬁZSq,qlS—ZP& 5= (P =K KT +KK° —|—31777
_ 1
ds = zi:dzli%i = Z:PZI'PB =P)s=7m K" - \EWOKO
0
- - 2
dd =Y dgigid= (P =n"nt+ +@——wn+1<1<0 )

v2 3 V6
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) _ _ 2
5)46) = (P)u+ (P)p=n"r +7:/g +3m+ KK +2K°K° — §7r077 3)

We can see that in Fig. 6 we already obtain K7~ 7™ at the tree level, but we also get other
intermediate states that upon rescattering lead to the same state, as depicted in Fig. 7

Kt K+

i ™

Fig. 7. Direct KT~ 7+ production (tree level) and production through intermediate states, i = 7+7~,
7070, nn, 7On, KT K—, K°K" in general.

we can write the production matrix for
each mechanism

=" ahWiGit e (Fig. 3)
i
where G; are the meson-meson loop functions and 7; .+ .- the scattering matrices for transitions

of the state 7 in the loop to the 77~ final state.

The intermediate states: i = KTK~, K°K°, nm, weights Wy4x— = 1, Wyogo = 1, Wy = %%
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The loop function calculated with cut off regularization

3
G(s) = / (d q wi+w 1 (4-2)
|g] <qmax

27)3 2wiwy s — (w1 + w2)? +ie

where w; = /¢ + m} calculated for each channel, using gmax = 600 MeV

The transition scattering matrices in a coupled channel formalism

t=[1-VG]"'v (4-b)
with the transition potentials Vj; obtained from
Y =an { L+ Wi Gi(Miny, 7 K) 1, o ot (Min, 7T_K+)} (Fig. 4)
with i = 7~ KT, 7°K° and weights W, — g+ = 1, W,ox0 = -2

{0 = {1 + ) W Gi(Mine, 77) £y it (Mo, m)} (Fig. 5+ Fig. 6)

/ _ oL ow ro_ 4 oy _ |2
W7r+7r*71’W7r07r07\/§7WK+K*717WKOK072’W777773 27W7r07]7 3
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Vector resonance production

We look to the mechanisms for K** and p° production, respectively, including
their corresponding decays. In both cases, we have K77~ in the final state.

Fig. 8 (Fig. 1) produce a 7" and K** with
external emission, and K** — K+ 7, one
important modes observed in the BESIII
experiment

K+

<
K P

Fig. 8. Mechanism for D;" — 7T K*0,
K0 — Ktn—

In order to obtain the K** — K™~ and p° — «

+

Fig. 9 (Fig. 2) produce a p° meson anda K™,
and the p° — 7™, again one important mode
observed in the BESIII experiment

K+

Fig. 9. Mechanism for D;” — Kt p°,
pO — ata—

m~ vertices, we use the standard Lagrangian

[PRL54(1985)1215; Nuovo Cim A 108 (1995) 241; Phys Rept 161 (1988) 213; PRD79(2009)014015]
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The amplitudes for vector
resonance production

We can write the amplitude in terms of the invariant masses s17, $13, S23 for the
particles in the order 7w (1), 7+ (2), KT (3).

for K*O vector resonance

1

D =g S
S13 — mK* =+ lmK*FK*

{ gy g e =), — ) }

m.
(Fig. 8/Fig. 1])

where s13 = (P~ + Pg+ )% s12 = (Pae + Prt)?, 523 = (Prt + Py )™

for p” vector resonance

1

_ Fig. 9/Fig. 2
slzfm%,+impf‘p{ s13 + $23} (Fig ig. 2])

1P =ygv2

and we use the relationship

2 2 2 2
S12 + 823 + s13 = mp, +my+ +m 4 +m_— .
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The amplitudes for higher mass
scalar resonances

Following the analysis of the experimental work , we also allow the contribution of two
scalar resonances, the f,(1370) and K; (1430)

Fig. 10 production K (1430) scalar resonance ~ Fig. 11 production fy(1370) scalar resonance

mt K+
c +
Dy Kt o s
K;(1430) - fo(1370) -
Fig. 10. Mechanism for Dy — m K¢ (1430), Fig. 11. Mechanism for D} — K+f,(1370),
K;(1430) — Ko~ f(1370) — ntn—
2 2
1D =3 Mp, PONS: Mp,

2 . . . 2 N
S13 7 Mg (1430) + img (1430 Uk (1430) S12 = My (137 + Emp 1370) L (1370)

These resonances are obtained from vector-vector interaction in the chiral
unitary approach [ Gen, Oset, PRD79
(2009) 074009] with less precision of 150 — 200 MeV mass difference compared with

the experiment, —> introduce them empirically as free parameters. .



The sum of all amplitudes
t =M + t@® + e + (@ + {(5+6) + D + (® (5)

We obtain the final mass distribution

2
2”2: 13 13\t!2 (6)
dmi,dms;  (2m)3 32M;),

where m?, = sy, for 777~ and m3; = sy; for 7K.

We integrate Eq. (6) over s,3 with the limits of the PDG
and obtain dI" /dm?,.

By cyclical permutation of the indices we easily obtain
dl /dm?; and dT"/dm3,.
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Results Of invariant mass distributions
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The agreement with the data is relatively fair and the K

reaction.

M (K*7) [MeV]

By conducting a best fit to the experimental
data of three invariant mass distributions
to obtain the parameters
a=14.67+128 /1 =6.86+2.57
v =10.75 £ 2.31
B =-3323+2485 0= —58.84+31.27
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"0, p° peaks are prominent in the
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higher mass scalar resonances

The errors in the 5 and ~ parameters are larger, indicating a
minor role of the Kjj(1430) and fy(1370) resonances.

The K;(1430) contribution is observed as a soft peak in
the K7~ mass spectrum around 1400 MeV

The f;(1370), which has a very large width, shows up in the
7~ spectrum around 1200 - 1400 MeV.
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f0(500), f5(980) and K;;(700) resonances

which are dynamically generated through the interaction of
pseudoscalar pairs in the chiral unitary approach

In the low energy part of the 77~ mass spectrum, we can
see the contributions of /(500 ), the sharp peak around
980 MeV (£5(980)).

In the low energy part of the K™ 7~ mass spectrum, we can
see the contribution of Kj(700).

All three resonance contributions = a unique parameter /

The fair reproduction of the spectra supports that these
contributions are indeed correlated

our mechanism produces a fair reproduction in these three
7, KTrt, K"7 mass distributions.
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Test 1: keep only the K* contribution
(") amplitude)
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b DI ue pr
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These peaks are well known as reflections and

Mg (K +7+) [MeV] .
not signals of a new resonance.

17/19



Test 2: keep only the p contribution
(#®) amplitude)
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Once again, we show that much strength outside
the p in the 7+ 7~ region is not accounted for.

The p peak generates reflections with two
peaks, both in the K™ 7" and K7~ mass
distributions.
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Summary

1. In the same D;f — K+ 77~ reaction, we have performed a fit to the three
7, KT, KT~ mass distributions.

2. Introduced empirically
Df — k+p° , Df — K70
D} — 7K} (1430), D} — K1£,(1370) smaller relevance

3. For light f;(500), fo(980) and K;;(700) scalar resonances, introduced
dynamically and their contributions are correlated by means of just one
free parameter.

We obtain a fair reproduction of the 7+7~, K™ 7~ mass distributions, the
relative weight of the contribution also agrees with the measured spectra.

Reproducing their effect by means of just one parameter adds extra support
for the dynamically generated origin of these resonances, stemming from the
interaction of pseudoscalar mesons.

Thank you Cfif)
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