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The Dalitz decays of the positive-parity D" charmed mesons, D) — D\ #+¢= with J = 0, 1, 2 and

¢ = e, u, are important processes to investigate the nature of the Df}) states. We analyze the full set of

decays, considering the four lightest Df}) mesons as belonging to the heavy quark spin doublets s2 = 1*

2

and %*, with s% the spin parity of the light degrees of freedom in mesons. The description implies relations
among the observables in various modes. We study the decay distributions in the dilepton invariant mass
squared and the distributions in the angle between the charged lepton momentum and the momentum of the
produced meson, which are expressed in terms of universal form factors and of effective strong couplings.

Such measurements are feasible at present facilities.

DOI: 10.1103/PhysRevD.108.074027

I. INTRODUCTION

The Dalitz decays of the positive-parity mesons with
open charm and strangeness, D) — D{")#+ £~ with J = 0,
1, 2 and ¢ = e, pu, are of interest, since they can shed
new light on the nature of the Dg? states. D7,(2317) and
D’ ,(2460) show puzzling features, already emerged at
their first observation by the BABAR and CLEO Collabo-
rations [1,2]. In particular, their mass is below the DK
and D*K thresholds [3]. Together with D (2536) and
D*,(2573), they are the lightest positive-parity mesons with
charm and strangeness [4]. The classification of the four
states in two heavy quark spin doublets with s = %’L and
%*, with sZ the spin parity of the light degrees of freedom
in the mesons, implies relations among various observ-
ables, namely, among mass parameters and widths [5,6].
Relations can also be established among different Dalitz
modes, thanks to the hadronic parameters common to the
various decay amplitudes. Such relations can be exper-
imentally verified, and this provides us with a new way to
probe the nature of the states, discriminating ordinary
quark-antiquark mesons from hadrons with large molecular

or multiquark components.1 In that respect, the DS) Dalitz

'A molecular structure of D%,(2317) is advocated in Prelov-
sek’s talk given at Hadron 2023, Genoa.
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modes complement the information from the electric dipole
radiative decays [7]. We have to say that, at present, the
description of the full spectrum of mesons with a single
charm or beauty quark in terms of heavy quark spin
doublets naturally emerges from data [8].

The Dalitz amplitudes involve terms with the virtual
photon coupled to the charm quark and to the light § quark.
For such terms, we use the effective QCD theory based
on the heavy quark expansion and on the hidden gauge
symmetry, together with the vector meson dominance
(VMD) [9] for the contribution related to the light
(anti)quark. The features of the effective theory are
described in Sec. II. In Sec. III, we collect the expressions
of the decay amplitudes, which involve two form factors
parametrizing the matrix elements of the charm vector
current with positive- and negative-parity mesons organ-
ized in spin doublets. The effective strong couplings of the
charmed mesons with ¢(1020) mesons also appear in the
amplitudes. The expressions of double- and single-decay
distributions are given in Sec. IV, with some functions
collected in the Appendix. In Sec. V, we discuss examples
of decay distributions useful for a comparison with meas-
urement. Then we conclude.

II. DYNAMICS OF MESONS WITH A SINGLE
HEAVY QUARK

In the heavy quark limit m, — oo, mesons comprising a
single heavy quark can be classified in doublets of s%, the
spin parity of the light degrees of freedom (light quark
and gluons). Indeed, in that limit, the spin of the heavy
quark decouples from the strong dynamics, and the QCD
Lagrangian displays heavy quark symmetry, invariance

Published by the American Physical Society
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under heavy quark spin transformations, and heavy quark
flavor transformations.”

The four positive-parity mesons corresponding to the
P-wave states in the constituent quark model can be
collected in two doublets with s? =1t (JF =07,17)
and s¥ = ;* JP =17,2%). The pseudoscalar and vector
mesons belong to the s5 = %‘ doublet. In the case of charm,
the mesons in the sf,f = %‘ doublet are (D, D}),a = u,d, s
being a light flavor index, and the two positive-parity
doublets comprise (D%, D!,) and (D, D?,). Each dou-
blet is described by a 4 x 4 matrix:

Ty, I-
Ha 2 [Pap}/ﬂ - Pa7/5] (55 = 5 ), (21)

1+ ¥ . 1+
Sa = T [P/lﬂa]/”}/s - POa] <S§ = 5 ), (22)

1 3 1
TZ :_g)é{PZa},IJ Pluy\/;ys |:g’w_3yy(yﬂ_7]”):|}
nggj. (2.3)

In (2.1)—(2.3), the fields P(;;) are normalized including
a factor \/W and have dimension 3/2. v is the heavy
meson four-velocity, which is conserved in strong inter-
action processes.

The low-energy Lagrangian describing the strong inter-
actions of the heavy mesons and the light pseudoscalar and
vector mesons can be constructed on the basis of the heavy
quark symmetry, the chiral symmetry, and the principle
of hidden gauge invariance [12—17]. The octet of hght
pseudoscalar mesons is introduced defining & = ¢% and
¥ = £2. The matrix M comprises the 7, K, and #(® fields
(the normalization corresponds to f, = 132 MeV):

\/%zto + \/%17(8) a8 K"
M= T —\/;7[0 + \/%17(8) K°
(2.4)

The fields £ and ¢ transform under the chiral group
SU(3), x SU(3)p as

> —» LIRT,

E(x) = LEUT(x) = U(x)ERT, (2.5)

For reviews, see [10,11].

with L(R) belonging to SU(3), ) and U(x) to the
unbroken subgroup SU(3),,. Vector and axial-vector cur-
rents can be constructed in terms of &:

1,.. .
=5 (9.6 +¢0,8). (2.6)
= (0,620, (2.7)
with transformation properties
A, - UAU", (2.8)
V, = UV, U +Uo,U". (2.9)

The interactions of the heavy mesons with the light vector
mesons can be constructed using the principle of hidden
gauge symmetry [16,17]. The fields p, are introduced:

. 9v 4

=i = 2.10

Pu =1 5P (2.10)
in terms of the Hermitian fields of vector mesons
\/%po I \@qg(s) ot Kt
'ﬁﬂ = p- _ %p() + \/%45(8) K*O

K+ I_(*O _ 24)(8)
3 H
(2.11)

The value gy, = 5.8 is chosen to satisfy the Kawarabayashi-
Suzuki-Riazuddin-Fayyazuddin relations [18,19]. The mes-
ons @ and ¢ correspond to the mixing between the flavor
octet ¢® in (2.11) and the flavor singlet component ()

¢ = sin 0,90 — cos Oy p®

= cos Oy ¥ + sin O, p®) (2.12)

Flavor eigenstates ¢, = ’_“Lﬁz’d and ¢, = §s are obtained for

0y = arctan—= \/—, and the observed w and ¢ are identified with

w = ¢, and ¢ = ¢,. Replacing %QS(S) =sin@yp® — ¢,
2 (8
and —%qb( )

(which is exact in the large N, limit [16]), we have

\Apo + \/%a) pr K*t
Pu= o —\@po—i—\@w K0

K I_(*O ¢ u

= —cosOyp® = ¢,, the ideal @ — ¢ mixing

(2.13)
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FIG. 1. DU
photon coupled to the light 5 (right).

The interactions of the positive- and negative-parity heavy
quark doublets with the light vector mesons, of interest
for our analysis, are described by the effective Lagrangian
terms [17,20]

L3 = - Tr[HSy" (Vg — po)] + Heee,  (2.14)
L5 =45 % Tr[HSo* F 5] + H.c. (2.15)

(with H = y°H"y%), and
LT = in" % TrlHT , 6" D" F 5] + H.c. (2.16)

The field strength F 43 and the covariant derivative D, are
defined, respectively, as

‘7:ﬂIJ = aupv - aypu + [pﬂ?pl/]’
D,=0,+V,. (2.17)
gf.z and h” are dimensionless low-energy constants, and A is

a low-energy scale set to A = 1 GeV.

We compute the D'

formalism.

Dalitz amplitudes using this

1L D!} DALITZ AMPLITUDES

The low-energy theory has been applied to the heavy
vector meson magnetic dipole transitions D}, — D,y [21,22].
Here, we focus on the electric dipole transitions of positive-
parity heavy mesons, which contribute to the Dalitz

amplitudes. The Dg’}) - D\ etem amplitude reads

A (p) = DY (p)e=(p1)E ()
= (D (p.e)|issm D) (' €))

‘;%” " (—ie)alpy)r,o(pa).

(3.1)

where ¢ = p; + p, = p’ — p is the dilepton momentum.

€’ is the polarization vector of D§/1) or the polarization tensor

e—
f)/
/a
¢
S S
D o
C »>- Cc

- DWetem amplitude: photon coupled to the charm quark (left) and vector meson dominance contribution for the

of D7,, and € is the polarization vector of Dj. The relevant
term of the electromagnetic current is

I = e(e.Cy,c + es5y,s), (3.2)
with e, and e, the charm and strange quark electric charge,
respectively (in units of ¢). The amplitude comprises two
contributions depicted in Fig. 1, with the photon coupled to
the charm quark and to the light antiquark s.

For the photon coupled to the charm quark, the cI'c
current (with I" a generic Dirac matrix) matrix elements of
the S, H and T, H doublets can be computed in the effective
theory using the trace formalism [23]. They involve the
712(w) (for S — H) and 73,5(w) (for T — H) universal
functions [24]:

(H(v)[eTe|S(v)) = =712 (w) Tr[H(v)I'S(v')].

(H(v)[cTe|T(v')) = —13,0(w)Tr[H(v)T'w, TH(v')],  (3.3)

with w the product of meson four-velocities w = v’ - v =
m? . +m? —q2
oy o ) _, p® :
. The D,/ — Ds;’ matrix elements of the
UCNOLINO) S

D\-J s

charm vector current read

(D3 (mp;v.€)cy,c|Dyy(mp: v'))
= 110(W)/mp, mp; [=(w = Ve, + (" - v")v, ], (3.4)
(D(mp, v)[cy,c| Dy (mp; v, €))

= 112(w),/mp mp [(w—1)e, — (¢ - v)v,],

(Di(mp;v.€)[ey,c|Dy; (mp, v'. €))

_ . I, BT 1o, 3,17
=11(w) /mD;]mD;l(eaﬁme €MV — €45, €% PVT),

(3.5)

(3.6)
<DS(mDSv)|5}/ﬂc|DS1(mD“v’,e'))
= 13),(W)/Mp_p, \/LE {(w2 - e, + (€' - v)
x (3v, — (w— 2)1);)}, (3.7)
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TABLE I. Input parameters in the numerical analysis.
a(Myz) =1/127.9 (4]
m, = 105.66 MeV [4]
gy =5.8 [17]
A=1GeV [17]
my = 1019.461 + 0.016 MeV [4]
I, =4.249 £0.013 MeV [4]
Bl — ptu) = (2.8540.19) x 107 [4]
fy =208 =7 MeV [4]
lg5| = 0.10 [17]
lg5] = 0.29 £ 0.03 [7]
|hr] = 0.23 +0.09 [20]

= 1968.35 £ 0.07 MeV [4]
mp: =2112.2 £ 0.4 MeV (4]
mp:, = 2317.8 0.5 MeV (4]
mp = 2459.5+ 0.6 MeV (4]

mp, =2535.11 £ 0.06 MeV [4]
['(Dy) = 0.92 £ 0.05 MeV [4]
mp:, = 2569.1 £ 0.8 MeV [4]
F(Djz) 16.9+£0.7 MeV [4]

712(1) = 0.70 £ 0.21 [27]

P =-02+14 [27]
732(1) = 0.70 £ 0.07 [27]
Py =16+02 [27]

<D: (ij v, 6‘) ’Eyﬂchsl (mDSI U/’ 6/)>

= #3200~ ) i {

1 (e{,/;,ﬂe’ae*ﬂ v°

+ €a/}r,4€/a€*/31]/‘r) + (€/ . 71)6(4;1,,6*“11/}1/7
~ 2eapac €TV, (3.8)
(Dy(mp,v)[ey,c| Dy (mp:, v', €))
= 132 (W)i\ /MDD €ape’™ vv™v?, (3.9
<D§(mD*U 6)’67’#4[);2(’"0* v, e’))
— €, V7€ (v,, + vﬂ)}. (3.10)

(D,|ey,c|Dy,) vanishes.

The term with the photon coupled to 5 involves a long-
distance contribution that can be computed using the vector
meson dominance [25,26]. The matrix elements of the
strange quark vector current are written, neglecting the ¢
width, as

(DS (p) 57,5105 (p))

= (D () )10 () =y (Ol b(a-)
(3.11)

with
(Olsyuslep(q.n)) = myf gny- (3.12)

The decay constant f,/,, set by the measurement of
I['(¢p - putyu™), is quoted in Table I. The strong matrix
elements of positive- and negative-parity charmed states
with ¢(1020),

* * \* *>¢ *(1
(D (P)dg.m)|DS () = A (3.13)
can be obtained from the low-energy Lagrangians (2.14)—

(2.16) [17,20]. Hence, the elements in (3.11) are written as

i

* - * D<*)D§*)¢
(DY (p) 57,505 (') = AL~ L

o
) (—g;; +qqgﬂ>’

)
with the following amplitudes AD P ¢

igV 0 S+2( + >9_§
\/_ mp: Dj“ i mDiO o A

x (€*

(3.14)

APWPsd _
14

v )vg —mp (w4 1)

%
e )

s
DDy igy 9
Ae* =5 Ve, {(91 (mp, +mDJ.)K>

(€)= (04 1)
(3 20mpy, = mp) ).

S

D\Dib Gy s A0

Aq ——ﬁquDglmD;{[gl+2A
X (’/nD;1 - ij (1 + 2W)):| €a/3(;r€*ﬂ€/(;vr

%
A

10 ,,/T

+ |:gf +2 (’nD;l + me):| €apor€ '[}6

gS
_4AmD (€ U) €apor€ ey /T}’ (317)
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igyhy

D — = 3\ Vi Tip {=mp (mp, +mp,)
x (W = Deg + [mp, | +mp, (w+2)

—mp mp_ (1 +3w)](€ - U)vﬁ,}, (3.18)

b _ gvh
Dt = \/V-ATZ \/Mp Mp:Mmp: {(mDX1 - ij.)
X (W+ 1)€aﬂ67 >kﬁé‘/o- e + (mel + (2W+ 3)th)

X (€' 0)€gpor€ vV = (mp  — (2w —1)mp:)

X (Wt 1)eqppee v, (3.19)
DDy _ \/—g h
Ad” : T\/W’"D
X (mez + mDs)é‘aﬂmU/fvlae/urvw (320)
DD _ V2 gth

A
* It
X(e V)™, ( DszrmD;
= 2wmp: mD;)e”"v,e*”v’a +mp:€ v,
—2mp. (" v)vy) }-
(3.21)

X [(mD* + mp: e,

IV. DECAY DISTRIBUTIONS

The previous amplitudes allow us to compute the various
decay distributions. We define the functions appearing in
the distributions:

at 4m?
9(q*) = Pl /1 ——F.
12745 q
Sfogvm
flg?) =221 (4.1)
q —m¢

11/2( 2 ,m2 ’qZ)

* D *) "
> the modulus of the D( ) three-

with |p| = 2m 0

momentum in the decaymg particle rest frame.

A.D{}) - D+ ¢~ distributions

For D\") = D ¢+ ¢~ the double differential distribution
in ¢> and cos@, @ being the angle between the charged
lepton momentum and the D, momentum, is written as

ar ( dT N d’T
dg*dcos® \dg*dcos®), \dgq*dcosf)

(4T
dq*dcos0)

(4.2)

The subscripts ¢ and s refer to the photon coupled to the
charm and strange quark, respectively, and the last term is
the interference. Each term in (4.2) has the form

ar
Tdeosd). = Ax(@) +Bx(g?)cos? 0 (4.3
(dq2dcos9)x x(q*) + Bx(q”) cos (4.3)

with X = {c, s, int}. The ¢* distribution is obtained inte-
grating over cos 6:

dr _(dr\ , (dry  (dr
dq2 B dq2 c dq2 s dqz int.

For the various processes, the expressions of the functions
Ax(q?) and Byx(q?) in (4.3) are in the Appendix. The
distributions in the lepton pair invariant mass squared are
listed below.

(4.4)

1. D, - Dg*¢-

20(mpy —mp )2 = g*?
(d_r2> = 9(q*)[r12(a*)) o, = o) =4

dq 2Tm, my,
sl §
X [(mpy, +mp, ) +24°)@m2 + %), (45)
dr 9(a*)f*(q%) o
[ e A S A , _ 2 5 5
<dq2>s 1087’)1?_), mp, [(mDsl + mDs) q ] ( my +q )
sl 3
12655 a2
) {(gf)z[(mDi-l —mp,)* +2¢%| + #
4¢3
x (mD;1 - mDS) + %
X [2(mpy, = mp,)* + 7] } (4.6)

9(@*)f(q*)[z12(q?)] V1

2 2
27mD, mp, (mDI b, 4 )

ary _
dqz int_

<o+ ) gt = b, + 267

S 2
2. Dsl - Dsf-'—f_
ary o, 2 2’12(”’%?51 ) m%) q°)
(), = e lesnta P =
x [2(mp, +mp)* +q*|2m2 +4*),  (4.8)

dr 2\ £2(,2 h%qz
— = —12 2 , 2 , 2
(d612>s 9(q°)f*(q )A4324m%ﬂme (mel mp . q )

x [(mp, +mp)* +2¢*]2m%: + ¢*),  (4.9)

074027-5
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dr s ) hrq?
_— = - T
<dq2>im 9(q*)f(a*)t32(q )A281ﬂm5D“m,2):

X/12<mD ?mD? q*)(2m3 + ¢ )(mp, +mp).

(4.10)
3.D5 > Dre-
dr 22(mp. .mp, . q°)
(Gor) = ol P =55
q /¢ Mp+ Mp,
x q*(2m% + ¢%), (4.11)

dar 2 o h%qz
= — 1 2wk, m >
<d‘12>s 9(q*)f*(q >A4180m§)j2mDs ( D, M- 4 )

x (mp: +mp )*(2m3 + q°), (4.12)

dar

hrq?
a2 2\, 2 T
(Gar) = oA @ea(a) e i

X/12<mD ’mD’ q*)(2mz + ¢*)(mp: +mp ).

(4.13)

B. Dﬁ;) — D;¢* ¢~ distributions

1. D}y - Dt~ ¢~
This process is kinematically allowed only for £ = e.
The terms in the ¢ distribution (4.4) read

2[(mp- —mp:)?* — ¢*)*
(55) = otarenatady ™ ") =

dq2 9m%:0mD:
X [(mpy, +mp;)* +2¢°)2m7 + 7). (4.14)
4 o)) 2 212(n, 2 2
<d_q2>s - W[(”‘Dio +mp)? = P (2m% + ¢%)

1zgSgSq2
s { Gl = o 427 + AT

4(9)*q*

X (mp» 2

50

—mp:) +

x [2(mp: — mp;)* + ¢’ }

ary
qu int B

(4.15)

g(qz) (q )[71/2(61 )] \/—/1( )

2
m*m*q)
D D
Om3,. m
D, MD;

x (2m} + q?) {gf [mp., = mp, —24°]

. For. ng) - Pﬁf“f‘, we consider the double distribu- _ Zgng (mp — 3’"1)*]}- (4.16)
tions in ¢” and in the angle @ between the momentum of the A 0 !
charged lepton and the momentum of D¥. The functions
Ax(q?) and By(g?) are in the Appendix, and the distribu- ) e
tions in the invariant mass squared of the lepton pair are 2. Dy - Dt
given below.
|
dF) ) 4(mp —mp;)* = ¢*P
— ) =9(@’)[ri2(a*)] ) [(mp; +mp:)* +2¢%)(2m7 + ¢%),
<dq2 B / 27m%),”mD; P b ‘
ary _ 9(@)f*(q*)
<d_qz> = Santly mp; [(mpy, +mp:)* = g2 (2m3 +¢*) 3 (97))*[(mpy, = mp;)* + 247
s ]_)’ M
1265542 4(8)2q?
+%(m1);1 —mD;) +L[2<m011 —mD;)2+q2] N (417)
[
3. Dy - D¢~
dr 2 2 2
<—2> - e )f(z 0124 )2\/5/1(’"%)’ .M, q%) 20,2 2 2
dq int 27mb’ mD; o1 ) dr’ 2 2 2/1 (mDS]’sz’q )
i1 12 :g(q )[73/2(‘] )] 16205 m2
X (2m3 + q*)(mp, +mp;) /e Do ™05
} A7 x [(mp,, +mp,)* + 5¢°]
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hiq’
A4324m%” mD;
x [5(mp, +mp;)* + 612]12(’"%)“ ; m%)s*, %)

x (2m2 + ¢%), (4.20)

<dr>s = 9(¢*)f*(¢*)

dq?

V2hrq?
/\281m§)51 m%)if

(Gar) = (@rey(a?)

X (mp,, +mp )22 (mp_,mp., ) (2m3 + ¢*).

(4.21)

4.D;, > D+ e

iz(m%);zv m% 7°)

<;1_;) = 9(a)[z32(*)?

x [S(mp. +mp, ) +7¢°)2m3 + ¢°), (4.22)

<qu2>s =9(¢*)*(¢*)

53
270’”0;2’"0?;

hiq®
A4540m§):2mD;
X [7(mD:2 + mD§)2 + qu]/lz(sz;Z’ sz;w (]2)
x (2m% + ¢%), (4.23)
2\/§th2
A*45m3,. m,.

<5—:2) = ~9(8)f(4*)t32(q?)

x (mp:, + mD;Mz(mZD;Zv mpe. q*)(2m3 + q°).

(4.24)

V. NUMERICS

The expressions of the decay distributions involve the
universal form factors 7;/,(w) and 75/,(w) and the low-
energy couplings in (2.14)—(2.16). Numerical results can be
given using determinations of such quantities available in
the literature.

For the form factors 7/, and 73/,, the parametrization

i(w) = 7(1)[1 = (w = 1)p7] (5.1)
allows us to encode the uncertainties in the value at the
zero-recoil point w = 1 and in the slope. We use the values
in Table I, obtained from data on semileptonic B decays to
positive-parity charmed mesons [27], which for 7, ,, agree
with the computation in [28]. The value of gf in Table I is
an estimate obtained using D — K* semileptonic form
factors [17]. The value of g5 comes from a light-cone QCD
sum rule computation of the decay amplitude of the
positive-parity mesons to real photons [7], together with
VMD. The value of i is obtained from the strong decay
widths of the excited charmed mesons [20].

The relative phases of the two amplitudes describing the
photon coupled to ¢ and § depend on the relative phases of
the functions 7; and the strong couplings. Since such phases
are not fixed, we consider the extreme cases: case A, where
the product of the functions 7; and the strong couplings is
positive (a relative phase between g} and g5 is ignored), and
case B, where the product is negative. In the experimental
analyses, the hadronic quantities are parameters to be
determined from data.

Table II contains the decay widths corresponding to the
maximal interference cases. We also display the branching
fractions for Dy and D},, for which the full widths are
measured. The effect of the interference is large in D, —
Dty and D, — D'y~ for the other modes, the
interference contribution is small. Such effects can be better
observed in the decay distributions. The dilepton invariant
mass distributions for the modes D!, — Du*u~ and
D'y — Diu*u~ is depicted in Fig. 2 for the maximal
interferences. The interference term is sizable in the former
mode. The amplitude corresponding to the photon coupled
to the light quark gives the largest contribution. The
distributions for D,; — D\”u*u~ and D}, — DSyt
are shown in Figs. 3 and 4, with a sizable interference
term visible in D, - Dt u~.

The angular distributions are displayed in Fig. 5 in the
cases of extremal interferences. From the plots, one finds

TABLE II. Decay widths of Dalitz modes for the two cases of maximal interference. Branching fractions are
displayed only for Dy, and D7, for which the full widths are measured.

Width x108 (GeV) Width x108 (GeV) BR x10° BR x10°

(case A) (case B) (case A) (case B)

D\, - Dty 4.7+0.8 81+13
D\, —» Diptu~ 2.14+03 274+04
Dy = Dyutu~ 29£06 2.8£0.6 314+ 64 30.7+6.3
D, — Diutu~ 0.18 £0.04 0.19 £0.04 1.95+04 21+04
DYy —» Dy u~ 0.05 £ 0.06 0.22+0.13 0.03 £ 0.04 0.13+0.08
DY - Dt~ 0.96 £0.19 0.87 £0.17 0.6 £0.1 0.5£0.1
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that the D, — Dup~ mode is affected by the largest
uncertainty.

Since the amplitudes of different modes involve the same
hadronic parameters, the decay rates and other observables
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Distribution ]l,;—l; for Dy; — Dyutu~ (top) and Dy, — Diutu~ (bottom panels). Notations as in Fig. 2.

are correlated, as shown in Fig. 6 for the decay widths.
Varying the parameters of the ranges in Table I, a positive
correlation is found between I'(D), — Dyutp~) and
(D), — Diu*u~) for both cases of interference, as well
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as for the widths of processes with s7 = 3" particles. The
experimental confirmation of such a behavior would further
support the classification of DE;)
doublets.

The requests for the experimental analyses are the
optimized reconstruction of D and D and of their momen-
tum and the precise measurement of the lepton momenta to
access ¢ and angular distributions. Both the requirements
are well satisfied by a hadron facility as the CERN LHC, in
particular, by the LHCb experiment, which can exploit the
large charm production rate needed for signals with branch-
ing fractions as in Table II. Measurements are also feasible at
a lepton facility such as the Belle II experiment at KEK, in
particular, when all the statistics are available.

In the experimental analyses, the expressions for the
amplitudes and the distributions can be parametrically
used, leaving the strong couplings gfz and hy and the
parameters of the universal functions z; in Table I as
quantities to be measured. This will allow an interesting
comparison with the determinations from different observ-
ables (strong decay widths of positive parity charmed

in heavy quark spin

mesons and semileptonic widths of B, ; decays to Dgz 7)-

From a general viewpoint, we emphasize that the expres-
sions given in the previous sections and used in the examples
presented here have been worked out under the assumption

that the four lightest DS) belong to heavy quark spin doublet.
In such a case, the formulas involve the heavy quark effective
theory of QCD together with the VMD model to describe the
coupling of the virtual photon to the strange quark. All such
features can be probed using the wealth of observables that

(D~ Ds pi*p) [GeV 2]

005 0.1 0.15 02 025 03 035

q* [GeV?]

T dg?

005 041 015 02
¢ [GeV?]

(bottom panels). Notations as in Fig. 2.

can be constructed: for single modes, with rates and
distributions in dilepton mass and angles, and comparing
different modes, in pairs or all together. This justifies the great
interest for the processes we have discussed.

VI. CONCLUSIONS

We have presented an analysis of the Dalitz decays of the

positive-parity D(j) charmed mesons, Dg*) ()Jf*f‘
with J =0, 1, 2 and £ = e, u. The study is based on the
classification of the heavy mesons in spin doublets. The
amplitudes are expressed in terms of universal form factors
and of effective strong couplings and can be computed using
information from different processes. We have discussed
how correlations can be established among different observ-
ables: Their experimental confirmation would further sup-

port our classification scheme for the DS) charmed mesons.
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APPENDIX: FUNCTIONS IN THE ANGULAR
DISTRIBUTION EQ. (4.3)

For the various Dalitz processes, the expressions of the
functions Ay (g?) and By(q?) in the angular distribution in
Eq. (4.3) are given below.
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