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We further explore the consequences of treating the X (3 872) meson as a tetraquark bound state by analyzing

its one-photon decay X — y +.J/y in the framework of our approach developed in previous papers which
incorporates quark confinement in an effective way. To introduce electromagnetism we gauge a nonlocal effective

Lagrangian describing the interaction of the X (3 872) meson with its four constituent quarks by using the P-
exponential path-independent formalism. We calculate the matrix element of the transition X — y+J/y and
prove its gauge invariance. We evaluate the X —> y +J/y decay width and the longitudinal transverse

composition of the J |y in this decay. For a reasonable value of the size parameter of the X (3 872) meson we
and find consistency with the available experimental data.

1 Introduction. This paper is a direct continuation of our previous work [1] where we have analyzed
the strong decays of the charmonium-like state X (3 872) in the framework of our relativistic constituent
quark model which includes infrared confinement in an effective way [2]. In our approach the X (3 872)

meson is interpreted as a tetraquark state with the quantum numbers J°° =17" as in [3]. In this paper we

analyze the one-photon decay X — ¥ +J/w in the same tetraquark picture. The electromagnetic

interaction is incorporated into our relativistic nonlocal effective Lagrangian in a gauge invariant way
using the P-exponential path-independent formalism. Then, we calculate the matrix element and width of

the X > y+.J/y decay.

We begin by collecting the experimental data relevant for our purposes. The X (3872) state
discovered by the Belle Collaboration in the decay B* — K*X(3872), X(3872)— J/yx'n~
is now well established [4]. The X (3872) decays into 7'z J/yw and has a mass of

m, =3872.0+0.6(star) = 0.5(syst) very close to the M”" +MP" =3871.81+0.25 mass threshold

[5]. Its width was found to be less than 2.3 MeV at 90% confidence level. The state was confirmed in B -
decay by the BARAR experiment [6] and in pp production by the Tevatron experiments CDF [7] and

D@ [8]. The Belle collaboration has reported [9] evidence for the decay modes X — y+J /y -
B(B— XK)B(X = y+J/y)=(1.8+0.6(stat)+0.1(syst))x10™°,

F(X—);/+J/1//)
F(X—)ﬁ*ﬁi]/l//
— |4 ——

):O.14i0.05. (1)




Cepusa ¢usuxo-mamemamuyeckas. Ne 6. 2011

These observations imply strong isospin violation because the three-pion decay proceeds via an
intermediate @ - meson with isospin 0 where as the two-pion decay proceeds via the intermediate p -

meson with isospin 1. It is evident that the two-pion decay via the intermediate p - meson is very difficult
to explain by using an interpretation of the X (3 872) as a simple ¢¢ charmonium state with isospin 0.

In an analysis of B™ — J/wyK " decays, the BABAR collaboration [10] found evidence for the
radiative decay X — y+.J /iy with a statistical significance of 3.40 . They reported the following
values for the product of 3.40 branching fractions

B(B+ — XK )B(X > y+J/y)=(33+1.0(star)+0.3(syst))x10°. Q)
All available experimental data up to 2007 were analyzed in [11]. The authors found that [11]:
B(B" - XK")=130"2 %107,
rr(g:;;‘] J/ZZ) = 022+0.06. ®

The BABAR collaboration found evidence for the decays X >y +.J/y and X — vy + l//(ZS ) in
their data samp of the decays B — cc ¥K decays. The measured products of branching fractions are [12]:

B( T XKi)B(X >y +J/y)=(28+0.8(star)+0.1(syst))x10°°,

B(B* > XK*JBX —> 7 +1/(25)) = (0.5:+2.7(star)+ 0.6(sys) <10 @

There have been many theoretical attempts to unravel the structure of the X (3872) and its decays.
Many of the theoretical predictions for the decay X — y +.J /y published up to now are very model
dependent. We mention some of them in turmn. All possible 1D and 2P c¢cC assignments for the
X (3872) were considered in [13]. The authors obtained £1 radiative widths for decays into charmonium
cc states as well as for some strong decays taking the experimental mass as input. The conclusion was
that many of the possible J™ assignments can be eliminated due to the smallness of the observed total
width. The suggestion was that radiative transitions could be used to test the remaining J ™ assignments.
Some tests of the hypothesis that the X (3872) is a weakly bound D°D™ molecule state were suggested
in [14]. It was proposed that measuring the 37/ /v, %/ /v, yw',KK" and 7mp decay modes of the X will
serve as a definitive diagnostic tool to confirm or to rule out the molecule hypothesis. QCD sum rules were
used in [15] to calculate the width of the radiative decay of the meson X (3872), which was assumed to be
a mixture between charmonium and exotic molecular [cc?][q(? ] states with J ™ =1""

2 Theoretical framework. The eective interaction Lagrangians describing the coupling of the
charmonium-like meson such as the X (3872) to four quarks, and the coupling of the charmonium J /i

state to its two constituent quarks are written in the form, (see Ref. [1]),

Lint = gX Xq,u (X)J;q (x) + gJ/z//J / l//,u (x)‘];l/l// (x)7 (q =u, d) (5)

The nonlocal interpolating quark currents teak

J;q(x):Idxl...jdx4§(x—lZi:a)ixijCDX(Z(xi —x].)zjx

i<j

%sabcsm {0.ccocre,cola, e ce, el < )}

T = Idylfdyﬁ[y—%(yl +y2)jq>J/w((y1 3P E e, () (6)
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where @, =w,=m/2(m, +m)=0,/2, o,=0,=m/2(m, +m)=w,/2. The matrix
C ="y is related to the charge conjugation matrix. We follow [3] and take the tetraquark state to be a

linear superposition of the and X, states acording to

X,=X,, =X, cos@+X,sinb,
()

X, =X, =—X,sin0+ X, cosb,
The coupling constant g, in Eq.(5) is determined by the compositeness condition Z, = 0. The

compositeness condition requires that the renormalization constant Z,, = 0 of the elementary meson X

1S set to zero, 1.¢.

Zy =11, (m;) =0, ®)
where X, (m},) is the derivative of the mass operator. One has
: : dii,, \p*
2y m}) = &3, )= & —;p(f ) ©)
piemiy

and where m, is the meson mass. At this point we take the mesons to be spinless for the sake of

simplicity. The generalization to mesons with arbitrary spin is straightforward. The gauge invariant
interaction with the electromagnetic field is introduced in two stages. The free Lagrangian of quarks and
hadrons is gauged in the standard manner by using minimal substitution:

8“q — (0" —ie,4*)q, g — (0" —ie, 4" ) . (10)
. \ 2 1 . o . .
where e is the quark’s charge (e, = ge, e, = —Ee, etc.). Minimal substitution gives us the first piece

of the electromagnetic interaction Lagrangian

Lf,;”l(l) = Zquﬂ (x)J: (x), J;‘ (x) = q(x)y/”q(x). (11)

The second term of the electromagnetic interaction Lagrangian Lf,;”l(z) arises when one expands the

gauge exponential in powers of Aﬂ up to the order of perturbation theory that one is considering.

Expanding the Lagrangian up to the first order in 4* one obtains
L (x) = g, X, (0)- T4, () + 8,0, 1w, (x)- T4, () (g=u.d)
Jh = [dp®, (5 (xx e, 12 1 e [ -1 (12)
oo = [0, (0" W (x e 12 - 1]
For example, expanding the Lagrangian Eq. (10) up to the first order in 4* one obtains

4
J; (x): 1.1:[1Id4xiId4nyq(xla"'nx4)Ap(y)E§(x; xl:"'7x4ay)a

gq-em

4 4
E)/? (x’ Xpseos x4’y) = f{j%[ﬂeim(xxl Jripa (2=, Jrips (x5 Jipy (x—x, )’ir(xfy)E)/?( e Pl I’), (13)

(27)” (27)




Cepusa ¢usuxo-mamemamuyeckas. Ne 6. 2011

1
E)'?( 1:~~~:p4: Ii{e[ q)X Zl] €+&)X(_sz ]+e[ q) Z4J 4]+CD ( Z3j)13pj]}'
0

j=l

Ty o) = [y [diy, [d 202 (3, 0:)4,(DES,, (731,35, 2),

d'p, ¢d'p, ¢ dq ialz
Ef/w(yaylayZJZ):J‘(zﬂ_p)zji(zﬂ_p)ij.(zﬂ_c)l pl(yl )pZ(yz yﬁq( y)Ef/w(plapzaq)ﬂ (14)

1

Ef/w(plapzaq): ec_.‘dr{_&)i]/z//(_ Z*)lio _&)Z]/z//(_ZJr)lf}'
0

For calculational convenience we will choose a simple Gaussian form for the vertex function

0 i (— Qz). The minus sign in the argument of the Gaussian function is chosen to emphasize that we are
working in Minkowski space. One has

D, (-0 )=explQ®/A%) (15)

where the parameter A, characterizes the size of the X - meson. Since Q° turns into — Q7 in Euclidean
space the form (15) has the appropriate fall-o0) behavior in the Euclidean region. We emphasize that any
choice for @, is appropriate as long as it falls o] sulJciently fast in the ultraviolet region of Euclidean
space to render the corresponding Feynman diagrams ultraviolet finite. As mentioned before we shall
choose a Gaussian form for @ , in our numerical calculation for calculational convenience. The matrix

element of the decay X — ¥ +.J /y can be calculated from the Feynman diagrams shown.

(X (p)_>J/l//(%)+7(q2))_l(27z) §(p q, — Q2) . J/l// 7Tﬂvp(qlaQ2)a (16)

3 Numerical analysis. Using the calculated matrix elements for the decay X — J /iy + p(a)) one
can evaluate the decay widths X — y+.J/yw . We employ the narrow width approximation for this
purpose. The adjustable parameters of our model are the constituent quark masses 72, , the scale parameter

| characterizing the infrared confinement and the size parameters A .. They were determined by using a

least square fit to a number of physical observables, see [2]. We correct an error of Ref. [1] in the
normalization condition of the X meson, which led to a < 30% underestimate of the strong decay widths.
Both decay widths become smaller as the size parameter increases. Note that the radiative decay width for
X,=-X,sin0+ X, cosf is almost an order of magnitude smaller than that for

X, =X, cosf+ X, sind . If one takes A € (3,4)Gel with the central value A, € 3,5Gel then our
prediction for the ratio of widths reads
(X, >J/y+7)
(X, > J/y+2r)

=0.15+0.03. (17)

theor
which fits very well the experimental data from the BELLE collaboration [9] written down in their Eq. 18

M > J/p+y) | 0142005 BELLE (9)

(X —>J/w+27) 10224006 BARAR (11)

(18)

— 7] ——
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PEJIITUBUCTIK KOHCTUTYEHTTIK
KBAPKTIK YJITTJE X(3872) TOPTKBAPKTIK KYW/IH MTHOPAKBI3bLI
KOH®AMHMEHTIIEH SJIEKTPOMATHUTTIK BIJIBIPAVYEI

Bi3miH angbHFBL KYMBICTAPBIMbI3AAFEIAAN X (3 872) MC30HBI TOPTKBAPKTI OAWIAHBICKAH KYH PETIHAC 3epTTCH
OTHIPHII, O131iH TOCUIIIH ayMarsHAa OHbI OipdoTorms! bimbipay X — ¥ +J /i perinae TanmaiMbI3, 0J1 KBapKTEpi
¥CTan KadyJblH THIMAL TOCUIL. DNEKTPOMATHUTU3MII CHTI3Y YIIIH, TOPTKBAPKTAH TYPATHIH ME30HHBIH OCEPICCYiH
KepceTy YIiH 6i3 okamasl eMec THimMai Jlarpamxnan dyHkumicsH emmeiMis. Bis X — y +.J /y/ biasIpaybIHBIH

MATPHIATHIK JICMCHTIH CCCNTEI, KAMMOPIIK HHBAPHAHTTBUIBIFBIH JosenaciMiz. X — ¥ + J /iy BIIBIPAyAbIH CHIH
JKOHE OCBHI BIABIPAYABIH KYPAMBIHAAFBI J /iy ME30HIBI OaramaiMers. X (3872) MC30HHBIH OIPKCIIKI MapaMeTpiH
JKCICPUMCHTTCTI MOHACPACH AJTAMBI3,

M. A. Hsanos, M. Jlunetixan, I'. I'. Catioyinaesa, H. Xabwin

SJIEKTPOMATHUTHBIN PACHA L YETBIPEXKBAPKOI'O COCTOSHHS X(3872)
B PEJITHUBHCTKOHN KOHCTUTYEHTHOM KBAPKOBOM MO/JIEJIN
C THOPAKPACHBIM KOHOAMHMEHTOM

Mbl m3yvaeM, paccMarpmuBasi MOcHeaCTBHsI X (3872) ME30HA, KaK YCTHIPEXKBAPKOC CBA3AHHOE COCTOSHHE,
aHATM3HPYS €r0 Kak omHO(OTOHHBIH pacmax X — y+.J/w B paMKax Hamero moiaxoda, pa3paboTaHHOTO B

MPSOBIAyIMX pPadoTax, KOTOPBIM BKIFOYACT YACP/KAHHC KBAPKOB B 3(PQPCKTHBHBEIM Croco0oM. UtoOBl BBECTH
3JICKTPOMATHCTH3M, MBI H3MCPACM HCIOKANBHYHO 3((ekruBHY0 (yHKOWIO JlarpamkuaHa, OMHCHIBAFOIIYEO
B3AHMOJCHCTBHC MC30HA C €TI0 UCTHIPAMA COCTABLIIOIAMH KBAPKAMH. MBI BBUHCIACM  MATPHIHBIH
amemeHT X —> ¥ +J /| mepexoma W JOKA3bIBACM €0 KaTMOPOBOUHBIN HHBAPHAHTHOCTS. MEI OLICHHBACM LIMPHHY

X — y+J/y pacmaga m NPOJOIBHEIN IONEPSHHBIA COCTaB J /iy B 3TOM pacmazge. JUit pasyMHOTO 3HAYCHHA
pa3MepHOTO mapaMerpa Me3oHa X (3872) MBI ¥ OepeM JTaHHbIC, IMCIOIIIECS C IKCIIEPUMEHTA.




