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ABSTACT

o N

The problems suggested by authors for studying at the ¢-7, b and
super-c-T, b factories are stated.

e Comparison the production mechanism of the light scalar mesons
in DI — ssetv — [0(600) + fo(980)] eTv — ntn~ etv
with the production mechanism of the light pseudoscalar mesons
in DY — ssetv — (n/n’) etv shows that s5 — o (600) is
negligibly small in comparison with s5 — f(980). As for
fo0(980), s5 — f(980) is not more 30% of 8§ — N5 (Ns = SS).

The study of the light scalar mesons in semileptonic decays of the

DT (D7), DY(D°), BT(B™), B%(B") mesons is suggested.

o |
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ABSTACT

fo e Interference phenomenon observed in the 1(3770) resonance
region the eTe~ — DD reactions is described with models
satisfying the elastic unitarity requirement. As a candidate, a model
with the mixing ¥ (3770) and 1 (2.S) resonances is proposed. The
selection of theoretical models in the non-D D channels
e+ e— — P(3770) — vxco. J/Pn, PN, etc is suggested.

@ @ o The branching ratios (BR) of decays ¢(3770) and Y (10580)
into light (non-D D and non-B B) hadrons caused by the interme-
diate real DD and BB states are calculated. We got a band of
predictions for the branching ratios : 1% < BR < 15%. The lower
bound is 10 times as large as the branching ratio of annihilation into

Lthree gluons. J
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ABSTACT

f Enfant terrible of charmonium spectroscopy, the reso-T
nance X (3872), generated a stream of interpretations and ush-
ered in a new exotic XY Z spectroscopy. In the meantime, many
(if not all) characteristics of X (3872) are rather ambiguous. We
construct spectra of decays of X (3872) with good analytical and
unitary properties which allows to define the branching ratio of the
X (3872) — D*9 DO 4+ ¢.c. decay studying only one more decay,
for example, the X (3872) — wtw~J/1(1S) decay. We next de-
fine the range of values of the coupling constant of X (7872) with
the D*9 DO system. Finally, we show that our spectra are effective

\_means of selection of models for X (3872). J
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Light scalarsin semi-leptonic decays of heavy quarkonia

o N

Based on N.N.Achasov and A.V. Kiseley,
Physical Review D 86, 114010 (2012)

It is time to explore the light scalar mesons in the decays of heavy
quarkonia. The semi-leptonic decays are of prime interest because

they have the clear mechanisms.

o |
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The D — (o/fo) etvand D — (n/7n') e*v decays

o N
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Model of the DF — (o /fo) evand DY — (/1) eTv decays

o |
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The D — (o/fo) etvand D — (n/7n') e*v decays

|7 Below we study the mechanism of production of the light scalar T
mesons in the D;," — w7~ et v decays:
Df — ssetv — [0(600) + fo(980)] eTv — wtn~ etv,
and compare it with the mechanism of production of the light
pseudoscalar mesons in the DY — (n/n’) et v decays:

—_ / -
D — ssetv — (n/n') eTv, in amodel of the NJL type.

M[D} (p) = P(p1)WT(q) = P(p1) etv] = TEVesVaL®,

M[D7(p) = S(p1)WT(q) = S(p1) etv] = %VCSAQLO‘,

Vo =2 (a®) (P + P1)a + E(®) (P — P1)as
Ao =13(®)(P+ P1)a + f2(a®) (P — P1)a
Lo = Uva(1 + vs5)e, q=(p—p1)-

LThe influence of ¥ (g?) and £°(q?) are negligible for M+ . J
QUARKS-2014, June 2-8, 2014, Suzdal — p.7/51




Thedecay ratesin thestable P and S states

o N

dT'(D}F —>Pe™ G2 |Ves|?
( —+Pe"v) _ GF| lp?(q2)|f}:(q2)|2,

dg? 2473
dl'(Df —S et G%|Ves|?
B s {CDIFH R

For the f_f(qz) and f_f(qz) form factors we use the vector
dominance model

fL(@®) = (0 )m 3~ = L (0) fv(d?),

£3(q?) = £5(0) 72z = f(0)fa(a?),

where V' = D*(2112)*, A = D,;(2460)*.

o |
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Definitions

|7 Following the NJL type model we write f_f(O) and f_f(O) in the T
form

f1(0) =gp+ Frgssps £7(0) = gp+.-Fsgsss -
We know the structure of 1 and n’
N =g cosd— s sing, n =ngsing-+n, cosp,
where n; = (uit + dd)/+/2 and ns = s3.

The angle ¢ = 60; + Op, where 0; is the ideal mixing angle with
cos; = \/1/3 andsin@; = /2/3,ie., 0; = 54.7°, and Op

IS the angle between the flavor-singlet state 17 and the flavor-octet

Lstate 78. J
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Definitions

-

Particle Data Group give the Op band —20° < Op < —10° that T
gives us the opportunity to extract information about the ss — 1)
coupling constant, gssn,, from experiment and to compare with the
$S — fo coupling constant, Jssf,, extracted from experiment also.

We consider the next set of 0 p.

Op = —11° : 1 =0.7279 — 0.691,, n' = 0.6919 + 0.72n;
—14° : 1 =0.76190 — 0.651,, M’ = 0.6519 + 0.761;
—18° : 1 = 0.8n9 — 0.67m;,, n' = 0.6n9 + 0.87; .

S D
g B
Il

BR(D! — ssetv — netv) = (2.67 + 0.29)%,

BR(D! — ssetv — n'eTv) = (9.9 £ 2.3) x 10_3.J
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D —» sse'v >t etv
W(D;" — s5etv — [0(600) + fo(980)] et — ™ e"‘u)j

V2

B
A(m)

Ves LY (p + pl)a 9D cs fA(q2) X

& (Fags.§0'Dfo (m)ga71'+7r— + FO'gs§O'H0'f0 (m)gfoﬂ'"'ﬂ'_

+ FfogsngHfOO'(m)gO'W+7T_ + FfogsgfoDG (m)gfo»rr-l—»yr—) )

where m is the invariant mass of the w@ system, A(m) =
Dfo (m)DO'(m) T Hfoo'(m)HO'fo (m)’ DO’(m) and Dfo (m)
are the inverted propagators of the o and fp mesons, Hafo (m) =

Hfoa(m) IS the off-diagonal element of the polarization operator,

Lwhich mixes the o and fp mesons. J
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D;F ST T e v

@I‘(DJ _>7T+7T_ 6+V) L G%’lvcslz 2 |f ( 2)|2 3( 2 ,r:)‘
dg2dm 2473 Ipfes /AN P14

1
¢ L onlm)

1 2
A(m)‘

X Fagséano (m)gaﬂ""ﬂ'— + FO'gS§O'H0'f0 (m)gfoﬂ+77_
‘2

T Ffogs§fonoo'(m)ga7r+7r— + Ffogs§foD0' (m)gfow+7r—

9

where prr(m) = /1 — 4m2 /m?2.

o |
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D} — ntw~ efv, CLEO dataon w7~ mass (m) spectrum
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CLEO dotted line: BR(Dj_ — fo(980) etv — w4+~ etv) = 0.20%. Our solid line: 0.17%

<
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The g? distribution, the CLEO data
40j‘ | | | | | | | | | | | | | | | ‘7, —‘
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The g distribution for BR(DY — f0(980) etv). The axial-

vector dominance model (the theoretical curve) describes the data

Lquite satisfactorily. J
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Results of the analysis of the CLEO data

-

Br(Df — feetv —» wtw~etv) = 0.17%

Fogsse | Fi095550 | Fro95ss0 Fr g2,

Fio9ssso | Fr93am s 292 s

0.039 | 0.67 | 0.49 0.73
The n — 1’ mixing

Op | —11° | —14° —18°

?ggf 0.32 | 0.29 0.24

fjf 0.27 | 0.28 0.31

B

|
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Discussion and conclusion

-

When fitting the CLEO data, we use the parameters of the T
resonances obtained by us in PRD 85, 094016 (2012) in the analysis

of the w7 scattering and the ¢ — (o + fo) — '771'071'0 decay.
In addition, we take into account the Adler self consistency

condition (the Adler zero at m? near (mi)/Z) Fitting the shape

we fix only one parameter fj_(O)/fi0 (0) = Fogsso/Fr,Gs5¢,
=0.039, 0.014, 0.055, 0.058, 0.032, 0.055
for six fits from PRD 85, 094016 (2012).

The 44 events in Fig. on page 13 determine only one parameter
fi(O)/f_{_o (0). The branching ratio fixes f_{_o(O).

So the intensity of the o (600) production is much less than the
Lintensity of the f(980) production ((f_i‘_(O)/f_{O(O))2 < O.OOS)J
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Discussion and conclusion

f That is we find the direct evidence of decoupling of o (600) with T
the ss pair. As far as we know, this is truly a new result, which

agrees well with the decoupling of o(600) with the K K states,
obtained in PRD 85, 094016 (2012)

2 2 _
92 i - /92 . __ =0.04,0.001, 0.01, 0.01, 0.003, 0.025

for six fits.

The decoupling of o (600) with the K K states means also the
decoupling of o (600) with o, = (u + dd)/+/2 because o
results in g2 oy - /92, = 1/4.

Fit 1 describes the w77~ spectrum better than others,
(£7(0)/F1°(0))* = (0.039), g2 s /92 1 = 0.04.
So,the CLEO experiment gives new support in favour of the four-

Lquark, udiid, structure of the o (600) meson. J
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Discussion and conclusion

fln the chirally symmetric model of the NJL type the coupling
constants of the pseudoscalar and scalar partners with quarks are
equal to each other, i.e., gssn, = Gssf,., Where fos = $5. If to
neglect the strange quark mass as compared with the charmed
quark mass (ms/mC < 1) in the numerators of the integrands for
the decay diagrams, then F¢, = Fj and we find that

g§§f0/g§§ns ~ 0.3. So, the fos = s5 partin the fy(980) wave
function is near thirty percent.

Taking into account the suppression of the fy(980) meson
coupling with the 77 system, 912‘-’07r+7r— /ng,_,OKJrK_ = 0.154, one

can conclude that the fo, = (uit + dd)/+/2 part in the fo(980)
wave function is suppressed also.

So, the CLEO experiment gives new support in favour of the four-

\_quark, (sdsd + sdsd) //2, structure of the fo(980) meson, tooJ
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Outlook

Certainly, there is an extreme need in experiment on the
D;," —~ sSeTv >t eTr decay with high statistics.

Of great interest is the experimental search for the decays

DY — duetv — ay (980) eTv — m~netvand

DT 5> ddetv — a8(980) etv — 7% eTv (or the charge
conjugate ones), which will give the information about the

a, = du (or a,(‘l" = ud) component in the ay (980)

(or ag (980)) wave function and ag = (uwt — dd) /2

component in the a8 wave function.

Now it is known that
BR(D® — duetv — n~ etv) = (2.89+£0.08) x 102 and
LBR(D"“ —ddetv - metv) = (4.05 £ 0.18) x 1073, J

QUARKS-2014, June 2-8, 2014, Suzdal — p.19/51




Outlook

o N

No less interesting is also search for the decays

DT — ddetv — [0(600) + fo(980)] ety — nTn~ eTv
(or the charge conjugate ones), which will give the information
about the o4 = (u + dd) /+/2 and foq = (utt + dd)/+/2
components in the o (600) and fy(980) wave functions
respectively.

Now it is known that
BR(Dt - dde"wv — neTv) = (1.14 4 0.10) x 1073 and
BR(DT™ - ddetv — n'etv) = (2.240.5) x 1074,

Comparative research of light scalar and pseudoscalar mesons in

semileptonic decays of B quarkonia at super B-factories is very

Ltempting. Now it is known that J
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Outlook
| -

BR(B? — dietv — 7w~ etv) = (1.44 £ 0.05) x 1074,
BR(BT = utiev — wleTv) = (7.79 4 0.26) X 1072,
BR(BT — utietv — netv) = (3.8 £ 0.6) X 1072 and
BR(Bt - utie™v — n'eTv) = (2.3 +0.8) x 10™°.

o |
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| nterference phenomenain the ) (3770) resonance region

Based on N.N. Achasov and G.N. Shestakov, T
Physical Review D 86, 114013 (2012) and
Physical Review D 87, 057502 (2013)

12

12

® BES
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8% o N IEL *
3

7 3.75 3.8 3.85 3.9
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L -
ANEPARN L L
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L Vs (GeV) J
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The D meson electromagnetic form factor FB

A similar representation of the et e~ — DD reaction amplitude used

for the data description guarantees the unitarity requirement on the model level.

The sum oftheete™ — DO%DP and et e~ — DT D~ reaction cross

sections is expressed in terms of Fg in the following way

8mwo?

o(yy — DD) = D (s)|" v(s),

3s2

where v(s) = [p3(s) + PL()]/v/5, Pot(s) = \/s/4—me, .

o |
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The model for F'g with the mixing " and 1 (2S') resonances

f It is clear that the main sources of the background in the )"/ T

region are the tails from the J /1, 1(2S5), 1(4040), 1/ (4160)
and other resonances. It is easy to incorporate the right number of
resonances in our scheme.

Here we present the simplest variant of the model taking into
account the background contribution from the nearest neighbor
resonance 1(2S) and also discuss how it can be checked.

In the considered model the 1" and 1 (2.S) resonances mix
via transitions ¥ — DD — 1 (285).

o |
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The model for F'g with the mixing " and 1 (2S') resonances

0 (4 — Rpp(s)
f Fp(s) Dy (5)Dy(25)(5) — Iy (as)(S) | T

where Dy (s) = mfb,, — s —iv/sCynpp(s),
Dy (25)(s) = mzzp(zs) — 8 — Z'\/EI‘zp(zst(S)a

2 2
9ypp V(S) T () = 9y25)pD V(3)

the ¥"" — 1p(28) mixing amplitude caused by "’ — D D — 1)(25S) transitions

via the real DD intermediate states has the form

I"LP”DD (8) =

ILyrrqp(29) (s) = 739¢~DD9¢(25)DD v(s)/(6m),

Rpp(s) = (mf/),, — 8)gy(28)vGyp(25)DD T+ (qup(zs) — 8)Gyp'~ Gy DD +

o |
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The model for F'g with the mixing " and 1 (2S') resonances

|7m11b”, 9y DD+ '~ ANd gy, 26y p p are determined by fitting; T
My, (28) and gy, (25)~ are fixed by the PDG data.

Note that Fg In the considered model is proportional to the first-
degree polynomial in s with real coefficients (see R pp(s) above
). Hence the dip observed in a(e"‘e_ — DD) near 3.81 GeV can
be explained by the FIO)(S) zero, caused by compensation between

the 7’/ and v (2.5) contributions.

o |
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The simplest variant of the ¥”" — 1)(2S) mixing model for F')

o N

a(e*e"-»DD) (nb)

3.7 3.75 3.8 3.85 3.9
Vs (GeV)

The solid curve is the fit to the data. The dashed and dot-dashed curves show the

1" and 1 (2.5) contributions, respectively. Bare parameters: M., =3.794 GeV,
_ _ 2 _
Ly pp=56.8MeV, T'yeto— =0.062 keV, gw(zs)DD/zm =32.2.
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The simplest variant of the ¥”" — 1)(2S) mixing model for T

-

From the fitting of the eTe~ — DD data we all know, at the
model level, about the I =0 P wave DD elastic scattering
amplitude T10:

Tlo(s) — ¢%97(8) gip 5?(3) =

I/(S) _(m,?p// — S)gfb(zs)DD _I_ (mfb(ZS) T S)Q’?D"DD-
o7 D¢//(S)D¢(25)(S) — H'?b”?,b(ZS')(S)

|
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Cross section and phase for D D elastic scattering in the P wave

120
(b)
100

5(3)

-

80
60

40

82(s) (degree)

20

0

3.7253.753.7753.83.8253.853.875 3.9
Vs (GeV) Vs (GeV)

(@) The cross section o (D°D°% — D°D°)=37| sin 62 (s)|?/p?2(s) and (b) the
phase 89 (s) for the simplest variant of the ¥’ — (2.5 mixing model. Unfortu-

nately, these predictions are not possible to verify. However, there are many other

reactions which can be measured experimentally.
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The 1"’ shapes in non-D D decay channels

S 80 3 12 — 4
= g 2

_ 60 _ 10 =3
3 S 8 =

= 40 = 6 <2
1 T T
O (¢D]

+$ 20 J:q-)/ 2 @i 1
E/ o e N Trae S 0 I Lr - °

0

3.7 3.75 3.8 3.85 3.9 3.7 3.75 3.8 3.85 3.9 27 375 38 385 3.9

Vs (GeV) Vs (GeV) Vs (GeV)

The solid curves show predictions of the model with the mixing ¥’ and (2.5
resonances for the 1’/ peak shapes in the eTe™ —yXco, €€~ — J /1)1, and
ete™ — @1 cross sections; the dashed and dotted curves show the contributions
from 1)’ and 1)(2S) production amplitudes proportional to g/ qp and gy (25)ab:
Lrespectively (ab = YXco, J/1¥1, ¢n). The points with errors are the CLEO dataJ
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Conclusion

. The 9"’ resonance shape keep important information about the

production mechanism and interference with background. Its
description requires taking into account the unitarity.

. The simplest model mixing the 1’/ and 1(2.5) resonances

satisfies the unitarity requirement and describes the current

data on the eTe~ — DD reaction cross section very well.
. 5 N

We also extracted from experiment g¢(25)DD/4ﬂ' ~ 13 — 30.

New high-statistics data on the reactions ete” — DD
should help reveal the complex mechanism of the 1)/
production.

The measurements of mass spectra in the 1"’ region in the
non-D D channels, such as ete™ — yXxeo, J/¥n, ¢n, etc.,

will promote comprehensive study of the 1)”’ resonance

physics and effective selection of theoretical models. J
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Branching ratios of decays(3770), 1/(4040), and Y (10580) into light hadrons

Based on N.N. Achasov and A.A. Kozhevnikov, T
Phys. Rev. D 49, 275 (1994) and
Yad. Fiz. 69, 1017 (2006) [Phys. At. Nucl. 69, 988 (2006)].

Exclusive decays of the ground-state cc and bb quarkonia
J/1(1S) and Y (1.5) into light hadrons are qualitatively similar in

that their branching ratios are very small, ~ 1073 — 10~ Since
In the framework of the quark-gluon picture such decays are
originated from the 3-gluon annihilation, a rough estimate gives

r'(QQ — (q9) + (¢9)) ~ aiT'((QQ — 3gluons),
where Q (q) denotes heavy (light) quark, means that each of above

listed decays has the branching ratio which is much lower than the
branching ratio of the decay into 3 gluons.

o |
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The three-gluon annihilation
a L

O

Let us try to understand this suppression in the language of in-

termediate hadronic states, i.e. in the framework of dispersion ap-

Lproach. J
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Thelanguage of intermediate hadronic states

f In this approach a amplitude of a decay under discussion can beT
represented as the sum over the contributions to the dispersion in-
tegral coming from the DD, D* D + c.c., D* D* etc., intermediate
states in the case of the J /1/(1S) or BB, B*B-+c.c., B*B* etc,,
intermediate states in the case of the T (1.5). We do not see a rea-
son for large suppression of each specific contribution. The most
probable explanation of the suppression of the decays under con-
sideration is the strong cancellation between the contributions from
Intermediate states listed above. However, such a cancellation could
be broken when a new channel is opening. If so, the energy window

Lmay open where imaginary part of the amplitude is appreciable. J
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¥ (3770) — PP

N b A N
Ww(3770) e n Ww(3770) i 5 ()
i i .
m

0

D- I D
> | K
W (3770) | *
—< | D, (6)
I
D ! K

We believe that such a situation is realized for the states lying
slightly above the production thresholds of open charm and beauty.
Hence, the states ¥ (3770) and Y (10580) are most promising

Lfrom the point of view of the idea under consideration. J
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Y (3770) - VP
; -

| v |
Y(3770) | Y(3770) i *
o =

P |

D

=

All told about the % (3770) is transferred to the case of
Y (10580) = Y (4S) by means of the replacements ¥ (3770) —
Y (10580),c — b,D — B, D! — B etc. J
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Mode ¥ (3770) Y (10580)
ntm 2-107%(7.107%) | 8-108(6-1079)
KK 2.10—° 2.10°
wm? 2.-1075%(7-10=%) | 5.107%(4.107%)
wmn 3-10%(1-107%) | 3.-10"4(4-1079)
wn’ 1-10=%(7.10=%) | 2.107%(2.-1079)
pT 2.1073(7-107%) | 1-1073(2-1079)
pn 1-1075(83-107%) | 4.-107%(83-107%)
pn’ 7-107%(1-107%) | 2.107%(2-107%)
ptp~ 3-107°(1-1073) | 1-107%(8-1073)
K*K + c.c 3.10—4 4.10—4
K*K* 7.10—4 3.103
J/Pp(1S) + 70 | 8.1076(1-107%)
J/Pp(A1S)+mn | 4-1075(1-1079)
T(18) + =° 7.-1079(5-1077)
Y(1S) +n 2.10~7(3-1079)
3 gluons 2.10—4 4.10—4

total

-1073(3.1073)

5-.10—3(13 -1073)

|
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Discussion

o N

Calculating the amplitudes, we took into account two suppressing
factors: 1) the absorption in final state, the suppressing factor is
1/2; 2) the exponential vertexes of the t-channel exchanges in Figs
in the previous slides, exp{At} with A = (1/mg)?, where mg is
the mass of the lightest threshold in the t-channel, the effective
suppressing factor is 7.

So, if carefully to formulate our results we got a band of predictions
for the branching ratios (BR) of decays 1(3770) and Y (10580)
into light (non-D D and non-B B) hadrons caused by the interme-
diate real DD and BB: 1% < BR < 15%. The lower bound is 10

times as large as the branching ratio of annihilation into three glu-

LOI’]S. J
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How learn the branching ratio X (3872) — D*YD° + c.c.

o N

Based on N.N. Achasov and E.V. Rogozina,
arxiv:1310.1436 [hep-ph].

The mass spectrum w7~ J/v(1S) in the X (3872) —
nmtw~J/1(18S) decay looks as the ideal Breit-Wigner one, see

next Fig.

o |
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The mass spectrum w mw~J /1 (1S)

ﬂ —
c
51500
> -
i

gof I
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60 I

4of

500—

20—

-

P T S f —
3865 3870 3875 3880
m, MeV

_I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
ébzo 3840 3860 3880 3900 3920
m, MeV

(@) (b)

a) The Belle data on the invariant 77~ J /1 (1S) mass (1) distribution. The
solid line is our theoretical one with taking into account the Belle energy resolution.

b) Our undressed theoretical line.

The mass spectrum D*%D9 4 c.c. inthe X (3872) — D*YD0 +

c.c. decay looks as the typical resonance threshold enhancement,

Lsee next Fig. J
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The mass spectrum D*°D% + c.c.

i ST
i A n

T 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T Ll 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
3870 3875 3880 3885 3890 &70 3875 3880 3885 3890
m, MeV m, MeV

(@) (b)

The Belle data on the invariant D*9 DO -+ c.c. mass () distribution. The solid line is our theoretical

one with taking into account the Belle energy resolution. a) D*0® — D970 p) D*0 — DO~

If structures in the above channels are manifestation of the same reso-

nance, it is possible to define the branching ratio BR(X (3872) —
LD*ODO -+ c.c.) treating data only about once more decay channel. J
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The mass spectrum D*°D% + c.c.

|7 We believe that the X (3872) is the axial vector, 17T In this casej

the S wave dominates in the X (3872) — D*°D° + c.c. decay
and hence is described by the Lagrangian

L(z) = gaX"(Dy(2)D(z) + Du(z)D(x)).

The width of the X — D*9DY + c.c. decay

3 2 k2
X — D*9D0 4+ c.c. s TN) ga P(M) <1 + ) ,
8T m

2k| 1/ (m? — m2)(m? — m?)
p(m) = — = , M4+ = Mmp~otmpo.

oo ™ N
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The mass spectrum D*°D% + c.c.

CBR(X — D*D° +c.c., m) A 1 m*T(X — D*YDY, m7
dm o | Dx (m)|?

The branching ratio of X (3872) — D*D° + c.c.

«0 =0 1 [ m?T(X — D*°D°, m)
BR(X — D™ D"4c.c.) = 4— 5 dm
T Jmy |DX(m)|

o |
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The mass spectra of X (3872) in non-D*°D? + c.c. chanals

-

In others {7} (non-D*° DY) channels the X (3872) state is seen
as a narrow resonance that is why we write the mass spectrum in
the ¢ channel in the form

dBR(X —»i,m) 1 m}l,
dm @ |Dx(m)|?’

where I'; is the width of the X (3872) — % decay.

The branching ratio of X (3872) — 2

1 [ m2T,;
BR(X—>73):2—/ 2 ——dm,
T Jmo |[Dx(m)]
Lwhere my is the threshold of the 2 state. J
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The inverse propagator D x (m)

fDX(m) = m% —m*+ Re(Ilx(mx)) — I x(m) —amxT ﬂ
where I' = XT'; is the total width of the X (3872) decay into all
non-D*Y DY channels.

When my < m,

9 .2 9 .2 '
I \/m m_—l—\/m my |

In otherareasof m (m_ < m < m4, m < m_ and m? < 0),

the function Il x (m) is defined by analytic continuation.

o |
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Unitarity, Fitting Data

o N

Our branching ratios satisfy unitarity

1=BR(X - D*"D°+ c.c.) + Y BR(X —1).

Fitting the Belle data, we take into account the Belle results that
mx = 3871.84 MeV = mp+o + mpo = m4 and
I'x(3872) < 1.2 MeV 90%CL that corresponds to I' < 1.2 MeV,

which controls the width of the X (2872) signal in the
w7~ J/4(18) channel and in every non-D*°D° channel.

The results of our fit are in the Table.

o |
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Results and Discusion

|7 TABLE. Results of the analysis of the Belle data . T

Bseen = BR(X — D*ODY + c.c. ;m < 3891.84 MeV),

B = BR(X — D*D° + c.c.),

B(7)seen = 3.; BR(X — i3 3851.84 < m < 3891.84 MeV),
sum = BR(X — D*°D® + c.c.) + Y., BR(X — i) = 1.

r gi/Sw X2 /Ndf Bseen B B(7)seen Sum
1.2_95 0.975. 4442  0.570: 0.87035 0.2707 1

The current statistics is not sufficient for serious conclu-

sions.Nevertheless, one can state that our results are consist with

Lexperiment. J
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Results and Discusion
|7 Really, in view of T

BR(B — X (3872)K) x BR(X (3872) — D*°D?%) =
(0.80 £ 0.20 - 0.1) x 104,

BR(BT — X(3872)K™) x BR(X(3872) — wtw—J/¢(1S)) =
(8.61 £ 0.82 4+ 0.52) x 1076,

BR(BT — X(3872)K*) x BR(X (3872) —» ntw—w%J/¢(1S)) =
(0.6 0.2 +0.1) x 10~°,

BR(BT — X (3872)K™) x BR(X (3872) — ~vJ/(185)) =
(1787045 +0.12) x 10~°

it follows that BR(X — D*°D° + c.c.;m < 3892 MeV) is a

few times as large as the sum of all non-D*% D% known branching

Lratios. J
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Discusion

|7 So, when fitting the X (3872) — D*%D? data and data for any T
X (3872) decay into non-D*Y DV state, X (3872) — ¢, we find T
and g% /4m, which define BR(X (3872) — D*°D° + c.c.).
Generally speaking, we don’t need to know BR(X (3872) — 1).

Our approach can serve as the guide in selection of theoretical
models for the X (3872) resonance. Indeed,

3871.68 MeV < Mx < 3871.95MeVandI'pr, =1 < 1.2 MeV.

Let gi/47r < 0.2 GeV? that does not contradict current
experiment, generally speaking. But then

BR(X — D*D° + c.c. ;m < 3891.84 MeV) = BR,een, < 0.3,
that is, unknown decays of X (3872) into non-D*° D9 states are

considerable or dominant.

o |
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Thanks

fThis work was supported in part by RFBR, Grant No. 13-02-00039, T
and Interdisciplinary project No. 102 of Siberian division of RAS.

THANK YOU

o |
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