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L Introduction

» The first observation of the orbitally excited charmed
meson was made in 1986 [1] and the observation of them
has continued in the following past few decades.

» This period has also been accompanied by several
theoretical studies on the masses, strong and
electromagnetic transitions of these mesons via various
methods.

» In the literature one may find little theoretical works on the
properties of tensor mesons compared to the other types
of mesons.

» One can attain valuable information about the internal
structures and the natures of these mesons via the study
of the parameters of these mesons and comparison of
their results with the existing experimental findings.
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L Introduction

» Through these studies one may also test the assumptions
of some theoretical calculations and comprehend the
experimental results which provides a better understanding
of the strong interaction.

» This type of work may also be helpful to gain useful
information related to the study of B meson since charmed
tensor mesons appear as an intermediate state in B
meson decays. Additionally, the possibility for a search on
the transition of D; meson at LHC provides motivation on
the study of these mesons.

» D;(2460) having the quantum number /(JF) = }(2%) is
among these orbitally excited mesons and was reported
twenty years ago.

» In this work we present the analysis for the transition
D;(2460)° — Dt n~
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LQCD sum rules calculation for the coupling constant

QCD sum rules calculation for the coupling constant

The method: QCD Sum Rules
The starting point: Three-point correlation function

Nuv(p.p',q) = iZ/d“X d*y e=Px &Y (0| (JD(Y) J7(0) J;%T (X)) 0. (M

Sy = idy)sey),
J(0) = i0(0)0(0),
JE® = 2 [800% Dy ()e(0) + 8 Dy (0e(x)] @
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LQCD sum rules calculation for the coupling constant

Two-side covariant derivative is defined as;

Du (X) = 5 [Du ()= Du ()]
and

Du(x) = 9 u(x) ~ ig A2 (x),

Du(x) = 8 ,(x) + ig)\aAfj(x)

Fock-Schwinger gauge, x*A%(x) =0

1 1
Aa / daaxg Gﬁu(ax) Xg Ggu(()) + gxnxﬁDnGgu(O) +
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LQCD sum rules calculation for the coupling constant

Correlation functions:
D*
(0| J™ | 7(q)){0 | JP | D(P))(D5(p,€) | Jui | O)
(P2 — M2, (P — mB)(q? — m2)

Ph —_
rl,ul/ys(p7 pla q) -

x (n(q)D(P') | D5(p,e)) +--- (6)
. . m2f,
(0] J" | m(q) = ’ma (7)
©]4°| D(p)) — i ®)
p - md+m07
D} J2 1 0) = M, fos W) 9
< 2(:076)’ 1224 ‘ Dy Dy €uv” > ( )
(n(q)D(P') | D(p,€)) = Gpsprcly Py Ph (10)



Coupling Constant of the D (2460)° — DT~ Transition via QCD Sum Rules

LQCD sum rules calculation for the coupling constant

905 D m2, m2 fp fr foy
(me + mg)(mu + my)(p? — ’7722*)(P’2 —m2)(q? — m2)
2(p-p/2+mp, p*

3 mDZ*

ns(p,p', q)

x [mogp ', Py — Pu Pv — M P}, P,

o, mog(mRe p = (p-p)?)
mD;(pp)pMpu_’_ 3 gl“/j|+"',

(1)

+

Summation over the polarization tensor

% 1 1 1
Sty = 3 Twalvs + 5TupTva = 2T Tap, (12)
)
_ PuPv
Tuw = —Guv + . (13)
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LQCD sum rules calculation for the coupling constant

fofps fr m3m2 mizé‘ _ig
e m
(Me + mg)(mu + mg)(m2 — qz)

BN."(q) = 9ps D

—

1 4 212 2 2
Moz (mb + (i — ) —Zmo(””%z* +)) 9,

+

1

o b+ mB(4mby — 267) + (M — )] pupe
D2

1

— oMoz (M + mp; — @*)pup), + m%; PP,

]
= oMoy (mp + m; — qz)pup{,} +o (14)
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LQCD sum rules calculation for the coupling constant

The QCD side of the calculation is made in deep Euclidean region where p? — —oo
and p’? = —co

- o
I'IQCD(p,p q) _ ’E/d4x/d4yeflp.xe/p .y
x {Tr [45 Sh(=y)sSE (Y = )3 D (ST ()] + I 0] }1 5)
Sil( ) — i /d4keflk X /Z gse,{')éﬁ Uozﬁ(k + mc) + (k + mC)Uaﬁ
(2m)* K—me 4 (k2 — m3)?
2 asGG k2 4+ me K
+3< - >5"‘"m°(k27m§)4 (16)
slx) = i—X g M, 199 (1- ia Vo5 — 2o me@a) (1 - UL X)5i
a 2m2x4 1T 472521 T T2 4 y 192 6 v
igsGI
_ Js on [)(0‘97] + 0_97] X} 4 (17)

32m2x2



e
Coupling Constant of the D (2460)° — DT~ Transition via QCD Sum Rules

LQCD sum rules calculation for the coupling constant

To perform the four-x and four-y integrals

1 _ dbt e~ity=x) j (_1)n+1 pD~2n ;.D/2 r(b/2—n ( )D/Z*”
[y —x)3" (2m)* r(n) 2 '
1 dPs i, . _ r(b/2 —m) 1\D/2—m
_ _1)ym+1 2D 2m _D/2 _ 1
RR C N )
are used to transform the terms containing W to the momentum space with
D =4.
Xu = igp—and y, — %.
/ g (Y imA(-1)PCT(B 4 2)M(a— 5 - 2) (19)
(2 +L)e r2)r(a)[—-Lje—>5-2 ’
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LQCD sum rules calculation for the coupling constant

N%%p,p',q) = NMi(¢®)pupy + N2(aP)Pup, + Na(G?)pup,

+M4(9%)P, P, + N5(G%) Gpuv (20)

pert
(s,8,q
/ds/ds (s— ,O2 s — p),2)+nlf’onpe”(q2)7 1)

where i=1,2,3,4,5 and the spectral density p;(s, §’, %) is given
by the imaginary part of the I1; functions, i.e.,
pi(s; ', %) = LIm[Mj].



e
Coupling Constant of the D (2460)° — DT~ Transition via QCD Sum Rules

LQCD sum rules calculation for the coupling constant

The p1(s, 8, g°) and N°"*"(¢?) corresponding to Dirac
structure, p,p,:

P~ 812
O[L(s, s, q%)], (22)

1 1—x 2 2
pert(s’ s, qz) _ / dX/ dy3(1 +8x° -7y + 8y —7x+ 16xy)
0 0

X

and
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LQCD sum rules calculation for the coupling constant

mn ;mnpert ( q2 )

+

+ o+ o+ o+ o+ o+

+

1 1—x a562 1
/dx/ dy 8 (F20) 8 e mex(1 = 2x = 2y) [memgmu(1 — x - y)
0 0 T 8L4
me(PPx + Gy = 1)) (x +y = (X +y) + mop x(x +y = xy = y2 = 1)
2

(mulx+y = 1) = ma(x+ ) (PP(x = 1)(x +y = 1)+ y(p" (1 = x))

1 2
2 _ L _1)2,2 _ 22 2 _
Plx+y=1)] + g3 [(x = D2¥@x = 1) (0" - & +P*(3x - 2)
xy(x—1)(q2(x—1)(4—13x+6x2)+p2(x—1)(2—17x+24x2)
P (3 — 11x +15x% — 6x3)) + gPy?(3 — 32x + 81x% — 75x3 + 24x%)
xy? (p2(57x — 90x2 + 42x° — 10) 4+ p”* (11 — 40x + 50x2 — 18x3))
Py (x — 1)(15 — 62x + 42x2) + xy°® <p2(x —1)(42x — 19) + 48xp”
24x2p” — 19p/2) +xyt (p’2(17 —18x) — p2(17 — 24x))

QPy*(27 — 73x + 42x2) + 6xy5(p? — p’°) + 3y5?(8x — 7)
6y8q% — m2x3(1 + 8x% — 7y + 8y% — 7x + 16xy)
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LQCD sum rules calculation for the coupling constant

—  memux(x +y — 1)(8x% — 3x%2 — 2x — 5y 4 10xy + 8x%y + 8y?)
mcmux(8x4 —11x3 +8x2 —3x — 3y + 14xy — 19x2y+ 16x3y-&-7y2 — 12xy?

8x2y? — 4y3)] + [24x4 + x3(72y — 55) + 3x2(13 — 48y + 32)?)

1
4812

+ (y2 - y)(8 — 31y + 24y?) — 8x + 75xy — 144xy? + 72xy3] }

mg{ddym, 2 2 4
0 u 4 3 _ 2 ’ /
+ 24G2(m — p) <9mC 8mymy —12mZp” + 2memgp’ + 3p )
ma{auym,
o d 4 3. 2.2 2 4
+ 24G2 (2 — p2)* <9mC +8mamy — 12mgp 2memyp” + 3p ) , (23)
where

L(s,s', %) = —m2x+sx—sx’+qPy—xy—sxy+sxy—aq?y? (24)
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LQCD sum rules calculation for the coupling constant

After double Borel transformation the final form of the QCD side
of the correlation function:

BI2(¢?) = { [os [dse e v i (s 8 qP)

+ BIPP(@) bpupy + - (25)
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LQCD sum rules calculation for the coupling constant

)

where

§nnonpert(q2) _ /0 dx exp [mgM’Ax + m§M4X + MZM,Z(_QZ(X —1r+ 2m§x)] <OcsG2
! 1 M2MP2 (M2 + M?)x(x — 1)

1 1 M (x — 1)8(M2 + M*x)

48\ (x —1)2 x3UB(M2 4 M7?)10

™

[xmg(/v/"‘ MY — MR

M2 (x — 1)8(M2 + M” x)
x3uS(M2 + M/2)9
M® (x —1)*

X2uAM2R (M2 + M’2)7

n M/GX<M2(X 1)+ mcmdx> + MAMP (4/\//2(1 — x) + memg(1 + 2x)>

X (P(x =17 —2mdx)] + (M2e?(x—1)

+AMAX + M7 (q? + 2MRx — q2X)> + [mcmdM6

M (M2 + M*x)
X2U3M2(M2 + M’2)6

+ memt (mcmdx(Z + x) + M?(7x — 5x% — 2))]

M2 — M2x
— 4 S —
x  (x 1)}9[M/2+M2]’ (26)
2 _ A2
U= —14x4 M -Mx 27)

M2 + m7*?
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LQCD sum rules calculation for the coupling constant

The final form of the sum rules for the coupling form factor:

m2
Opipr = € Afg e% 6(mc + my)(mg + mu[s])(mgr _ qz)mD;
2 fo; fotxmpmz
« 1
ot oty 217y ]
So 56 . y
X / ds/ ds'e w2 e*mpqaert(s7 s, qz)
(mc+mu)2 (mc+md)2
+ §|‘|;70”—pert(q2)} ’

(28)
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LNumerical Results and Conclusion

Numerical Results and Conclusion

Parameters Values

me (1.275+ 0.025) GeV[19]

my 4.8755 MeV[19]

my 2.3 MeV [19]

mp (1869.62 4+ 0.15) MeV [19]

my (139.57018 + 0.00035) MeV [19]
fpy (2460) 0.0228 + 0.0068 [20]

fo 206.7 &+ 8.9 MeV [19]

f. 130.41 £ 0.03 + 0.20 MeV [19]
(2sC) (0.012 +0.004) GeV*

Table : Input parameters used in calculations
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LNumerical Results and Conclusion

Four auxiliary parameters

» Continuum thresholds sy and s;,
7.6 GeV? < 55 < 8.8 GeV?
and
4.7 GeV? < s < 5.6 GeV?

» Borel mass parameters M? and M’
8 GeV2 < M? < 16 GeV?
and
4 GeV? < M2 < 10 GeV?
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LNumerical Results and Conclusion

8 10 12 14 16
35 T T . 35
. 30— 130
N e —
g 2s 25
o~ .
S 204 120
)
O
w151 l1s
Nl
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~ 1.0 [—— Total Contribution 410
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Figure : gp; p~(Q? = 5 GeV?)(GeV~') as a function of the Borel mass
M2 at M* =5 GeV2.
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LNumerical Results and Conclusion
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Figure : gp; p~(Q? = 5 GeV?)(GeV~") as a function of the Borel mass
M* at M2 =10 GeV2.
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LNumerical Results and Conclusion

The value of Q> = —m2 is outside of the reliable region of our
sum rules calculations. The fit function:

;- (Q%) = c1 exp [— QE} + C3 (29)
2 T 02
where Q® = —g?. With the value of M? = 10 GeV? and
M2 = 5 GeV? the obtained fit parameters
¢ (Gev™) c2(GeV?) c3(Gev)
p;0x(QB) | 517150 | 13.21+3.84 | —(0.54+0.16)

Table : Parameters appearing in the fit function of the coupling

constants.
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The coupling constant at Q> = —m?2 is obtained as

Op;pr = 463139 GeV .
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LNumerical Results and Conclusion
The decay width for D; D transition

_ M)

= 2oy, P! (31)

where

IM(p)? = onz*ow [3n§4* (mD;\/ p%+ m%>4
4m2 (mD* \/ P2+ m2>2 + ‘b] (32)

and

’
p| = s—/mh. + ml+ mt —2m2. m2 — 2m2m2 — 2m?, m?_.(33)
2Mmpx 2 2 2



Coupling Constant of the D3 (2460)° — DT~ Transition via QCD Sum Rules

LNumerical Results and Conclusion

Using the total decay width (I'p; (2460)0 = (49.0 £ 1.3) MeV
[19])the branching ratio of this transition is also attained from
the outcomes of the decay width.

r(GeV) BR

D;(2460)° — D*n— | (1.05+0.32) x 1073 | (2.13£0.67) x 102

Table : Numerical results of decay widths and branching ratios.
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LNumerical Results and Conclusion

To sum up, in this work we calculate the coupling constant for
the transitions D; Dm whose values is obtained as

9gp; D = (4.63 +1.39) GeV~' using the QCD sum rules. The
results of the coupling constant is also used to determine the
decay widths and the branching ratios of the mentioned
transition.
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THANK YOU...
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