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Some comments on narrow resonancel§§1(2.46 GeVc?) and DSO(2.317 GeVc?)
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The newly observed resonanda§l and D, are discussed in a potential model. The relationship between
the mass difference between l}hetatesD;‘l(l+),DSO(0+) and thes statesD% (17),D¢(07) is also examined.
Some remarks about the stalBl§(1+) and D0(0+) in the nonstrange sectors are also made.
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Some time back the BaBar Collaboratiph] reported a p? mgMo R .
narrow resonance with a mass near 2.32 @8Wrhich de- Ho=2— +V(r), u= , p=—iV.

cays toD¢7°. Recently, the CLEO Collaboratiof2] has
confirmed the state at 2.317 Ge¥/and also reported a new
resonance at 2.46 Ged” which decays toD?¥ #°. Since
these states decay B,7° andD? #, it is natural to assign
them the quantum numbed§=0" and 1', respectively, as
required by angular momentum and parity conservation. In V(r)= I E—A (b=2.34 GeV'!K=052. (2

The third term in Eq(1) is the Darwin term. We tak¥(r) to
be the Cornell potentidl6]

this article we comment on the existence of relatively light b2 r
j=1/2 states in a potential model considered by us in 1993
[3]. This potential is taken to be flavor independent. The constitu-

In the heavy quark effective theoHQET) limit, the  ent quark masses are taken mg=my=0.34 GeV, m,
heavy quark spin is decoupled; it is natural to combjne =0.48 GeV, m.=1.52 GeV. We here confine ourselves to
:[+§q with §Q ie., j:f+§Q, whereq=u,d,s andQ  the charmed quark only. The potentials and V, which
=c or b[4]. Thus for thep states we get two multiplets, one occur in the spin-orbit, the Darwin, the Fermi, and the tensor
with j=3/2 and the other with=1/2. Hence we have the terms responsible for the fine structure are taken to be one-
multiplets for the bound state®q | =0 [D*(17),D(07)], gluon-induced Coulomb-like potentials:
|=1[D3(2"),D1(17)]j=32, and[D*(17),Do(0")]j=1s2- ,

The degeneracy betwegn- 3/2 apdizllz multiplets is re- Vi(r)=Vy(r)=— - K'=0.60. 3
moved by the spin-orbit coupling- S, . The hyperfine mass

splitting between two members of each multiplet arises from _ i .

the Eermi termS.-S . the spin-orbit couplin term% Based on the potential model outlined above, we discussed
S - 0" So; b ping the mass spectrum of tHe=1, charmed resonances in Ref.

+S,)-L, and the tensor terb]

[3]. In particular, we predicted twp=1/2 p statesD (1")
andD,(0") at 2.29 GeV and 2.19 GeV, respectively. These
12 . - - resonances are only 280 MeV and 321 MeV higher than the
—Z(Sq-r)(SQ-r)—4Sq-SQ1. correspondings statesD* (1) and D(07). But they are
r above the threshold for their main decay chanf¥sr and

D, respectively. Since these decays stwave decays in
These terms vanish in the heavy quark liming—).  HQET, the decay width will be larg&)] andD, will appear
Based on these considerations the effective Hamiltonian fors broad resonances. These states have now been observed

the qa or Qastates can be writtef8] by the Belle Qollgboration at somewhat higher mésse
below). Thus, in view of the fact thatnjs—my=0.14), one

would expect theD§l andDg states at 2.43 GeV and 2.33
n i v2y GeV, respectively. The work of Ref3] was extended to
8m§ ! strange and bottom quarks in R§T]. In Ref. [7], we pre-
dicted the masses @3 " andDg_ at 2.453 GeV and 2.357
(§q+ §Q) . [[} %} GeV, respectively, about 340 MeV and 389 MeV higher than
rodr the corresponding stat&s’ “(1~) andDJ (07). The former
agrees with the resonan&;(ZAG GeV) in[2] while the
(1) latter is at somewhat higher mass than that observéd, %
Since D" and D¢ are below the threshold of the decay
channelsD*K and DK, they will appear as narrow reso-
where nances.
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We now comment on the mass difference between memwith the confining potentiaV/(r) given in Eq.(2), one has
bers of thej =3/2 and 1/2 multiplets. In the potential model the relationq 8]
1 1
g-ﬁ*K r_2 , (9)
1s

[7], we find the mass dif'ferencen,:,,s»—mDS ~100 MeV,
1 0

whereas the experimental value for this mass differd¢2¢e 4W|\Ills(0)|2:2M<(;—\/> =2u
r

is 144 MeV, close to the mass differencng —Mp_ 1s
=143.8-0.4 MeV. In order to see whether this deficiency is
an artifact of the potential model obtained in the previous 1 2p [ dV 2p) 1 1
: =) =) =—|=+K{=) |
paragraph but not of the bound state picture as such, we want r3 4 \dr 4 | p2 r2
to discuss some general features of the model. From (Eps. 1p tp 1p

and(3) (10

Using these relations we get from E@4) and(5)
mD: —Mp = <VF>tripIet_ <VF>singIet

oo = 2k 2| L (E) ]
2 K [W1(0)]P= 2 4 L L |
= = — L S
3mcms ™ | lS( )| 3 S () ] ]
2 2 |1 )1
.- .- 1 Moy = Mo = 3% mema| b2~ \ 2/ |
mD;_mDsO: mcms[(S'L)D;_(S'L)D%]K <r_3> L 1p 12)
1p
1 1 Hence we obtain
+——[(S1) . — (S 3K'{ —
12mcms[( 12)[,51 (S12)o, ] o Mo — Mo = Mos — Mo 13
1p Sy Sp s S
8 1 3 only if
= e — =_—\!
ameme <\ 3 gt © 1 1
r r
1 1 1p 1s
Mpy —Mp, = M[(S'L)D;‘Z_(S'L)Dsl]K,<r_3> It is unlikely that this equality would hold in a potential
1p model. In fact one would expedtl/r?);, to be less than
1 1 (1/r?),5. This is the reason why we gempx —mp_) less
! 1 0
+ —12rncms[(812)D;‘2_(Slz)Dsl]sK <r_3> . than (mpx —mp ). In Refs.[3,7], we obtained
1
16 1 1 16 <—2> ~0.357 GeV,
= — ! —_— = — ! r
15 mcmsK r3 - 15)\151 (6) 1s
1
<—2> ~0.088 GeV. (15
ngl_mDSOZ E(mD:Z_mDsl)- (7) ™/ 1
These values give
As is well known Eq.(4) is on solid ground. The mass split-
ting between the’s; and 'S, state is due to the Fermi inter- Mpx —Mp ~147 MeV,
action uq- nq and is governed by the short range Coulomb-
like potential. For p-wave states, the same interaction Mpx —Mp_~91 MeV. (16)

induces the tensor ter®,,. The spin-orbit coupling: L is _
needed to preserve the observed hierarchy in the mass spdtfe now wish to comment on recently observed stddgs
trum of heavyp-state mesons. In its absence, we would getand Dy in the nonstrange sector by the Belle Collaboration
Mpx —Mp_=—5(Mpx —mp_), in contradiction to the ex- [11]
s1 o 52 )

perimentally observed mass heirarchy. The spin orbit cou- mD;=(2427t 26+20+15) MeV/c?,
pling (1/mg)§q~ C gives the mass splitting

Mp, = (2308 17+ 15+ 28) MeV/c?. (17)

Nig- (8 The axial vector states mix. The mixing angle is given by

31 <1dV1>_3mC
4 my [11]

Mg~ Mi—qp=5 ——>5\ - ——
j=3/2 j=1/2 22m§ rodr
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w=—0.10+0.03+0.02+0.02. (19
Taking these masses at their face values,
Mp* —Mp ~ 119 MeV, mp — Mp3 ~ 0. (19

First we wish to show that the observed mass spectia of

mesons imply that the parametere?,)\iq are independent of
the light flavor. Thus

Mpx — Mp _~ 144 MeV,

mD*_mD%l40 Me\/:>)\5%)\d, (20)
mp* —Mp_ ~40 MeV,
S, S1
16, 16
mD;_mD1%4O MeV= 1_5)\15% 1_5)\161’
(21)
N =\]4=36 MeV. (22)

In view of the definition of\,4 given in Eq.(8), one would
expecth 14 to be independent of the light flavésee below.
We note that

_3m 1,
mDSI_ngl_ Zﬁs)\ls‘l' g)‘ls' (23)

The spin-orbit potentiaM,(r) for the light quark in the

HQET as given in Eq(l) is expected to be of same form as

V,o(r). We may further assum&,(r) to have the same
strength a3d/,(r) [3,7]. With this assumption

N1g=N1q~36 MeV. (29
Thus we get
mDS—mD:~91 MeV (75 MeV [2]),
1 1

le—mem126 MeV,

Mp* =mp, — 126 MeV=2.295 GeV,

1 1
mp,~2.195 GeV, (25

compatible with the values of R€ff7]. However, if we take
N 14 slightly less tham\ 4, say 30 MeV, i.e.V4(r) is slightly
weaker tharV/,(r), then we get

Mp, —Mpx ~77 MeV,

1 1
le_ mDI ~106 MeV,
Mo+ =2.315 GeV,
1
Mp,= 2.215 GeV. (26)

Finally, the mixing angle between axial vector stabgsand
1 is given by
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2Mp_ - p* 2/3)\/
tan 2w = ol S SEINT 0.135,
Mo, ~Mot  (3myamon g+ Mo
(27
w=0.07, (28)

to be compared with the value af[11] given in Eq.(18). A
higher value ofw would imply \ 14 less tham 14, viz., V4(r)
is weaker than/,(r). For A 14~ 30 MeV, we getw=0.08.

To reinforce the above conclusion, we note from Egs.
(6), and(11) that

5mp++3mp  3Mp* +Mp
Sz s S, o

- — ] LY
8 4 2\ mgis s
(29)

Using the experimental values for mas§gg], we get

3/mg

E(E)\ls_l— 7\15 =133 MeV.

(30

Now, using\1,~36 MeV, we get\ ;s~33 MeV compatible
with the assumption stated above. The flavor independence
of these parameters gives

3mDI+mDO 5mD§+3mD
4 5

—133 MeV~2312 MeV.
(31)

This value is about 85 MeV, below that of the Belle Collabo-
ration, but only about 30 MeV above the values implied by
Eqg. (25). However this value is in agreement with that ob-
tained from Eq.(26).

The following comments are in order. In Ref®,10], it
was suggested that in the heavy quark lifyt 1/2 states
with JP=1% and 0" are chiral partners of 1 and 0. In
Ref.[9] a mass difference between parity doublets (0)
and (0",17) arises due to chiral symmetry breaking and is
thus expected to be small, a feature which we also get. In
particular, they find the mass difference of order 338 MeV. In
Ref. [10], they obtainedeI—mDO~mD*—mD. In the
bound state model, we genp —mp~326 MeV. Further,

we note that thg =1/2 p-wave multiplet lies below the
=3/2 multiplet, due to spin-orbit coupling of the light quark
in the limit of heavy quark spin symmetry reminiscent of the
fine structure of the hydrogen atom spectrum.

We now briefly discuss the decays of the resonarlil:?ls

and Ds,- The isospin conserving decays
D§1—>D*°K+(D*+K°),
D;O—>D°K+(D+K°)

are not energetically allowed. The experimentally observed

decaysD? * 7% andD ] 7 violate isospin. One obvious pos-
sibility is that these decays proceed via thaneson:
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D;‘l—>D§+77—>D;‘+7TO,
D;ro—>Ds+77—>D;r7TO.

In this picture the couplinggDS D Can be expressed in
0
terms ongSODS,, as

2

— m7’7770 (32)
9o, Dem gDSODSnm%_ 370,
where[12]
> 1 2 2 2 2
m,],,.ro—_ﬁ[(mKo_mK+)+(mﬁ+_mﬁ0)]- (33
Then usingSU(3)
2
gD%D;n:_ §QDgD+w0: (34)
we get
2
gD;D;"O 2 m’ 0 2
0 _ n—m —5
— | =3l = > ~7.7<10 >, (35
ngD+7T mﬂ_m’lT
- 2
F(D;’O—>D;’7-r°)_ plo, M3, | (Mo, —Mp)
I'(Dg—D*7% |plp m3 | (Mp,—Mp)
So
X[7.7X10°°] (36)

~(1.07)(7.7x107%)=8.2x10"°,
(37)

where we have defined the dimensionless coupling constant

9o/ D+ 70 as[13]
2 _

2
D, Mb
“ome 9o/ D+ 70

m
M=\/4p0p6(D+(p’)|JW|D0(p)>=i( my

~i(Mp —Mp)Qp o+ r0 (39

and have usemDo=2.20 GeV and the experimental values

for the other masses. Assuming the decay width

I'(Dg—D*7%~200 MeV, (39

we get

F(D;O_>D;w°)~16 keV. (40)
That the decay width’(D§ —D* #°) is of order 200 MeV
can be seen as follows. In HQET, the coupliggsp, is
usually parametrized agp+p,=Apmp/f,; in the same
spirit gp o is parameterized d43]
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Mp

gDODﬁZZ)\DOf— (f,=132 MeV). (41

Thus we get
1 .1
+ + .0y — 2
L(D§ D) =g IMPIpl
0

11 (4\5em3)

2 (mDO_mD)2|5|

T 87 m2

~20202, MeV=202 MeV. (42)
D

In HQET the decay
D" —D: "7
1
is alsos wave and is related to
DS —DJ#°
0
as follows:

> _ . 2
I(D%—~D¥*a% |p|px (Moz~Moy)

F(D;:J*D;’”'O) - |l5|DS (mDSO_mDS)Z. 49
Thus, except for phase space, the decay widthDgf"
—D!" 7% is equal to that oD —D_; #°. However, the
mixing between axial vector statoésS andD? can contrib-
ute to the decay width dd¥ . The colntributioln to the decay
width of D3 due to mlixing is wZFDsl. Since l“Dsl
<2.3 MeV we gethFDsl<23 keV for the mixing angle

w=0.1 as implied by Eq(28). Thus the width ofD;‘l is
expected to be about twice that bf; .
0

Finally, the resonanceB{ " and D¢ can also decay to

D**y andD/ v, respectively, by th&1 transition[3]. For
the decay

DS —DJy,
0

the decay width is given by

da
F= M7, (44)
In the quark mode[3]
M*= 2 | | 45
“H3m, ¢ 3m, ® (45

wherel. and |4 are overlap integrals. Our estimate for the
radiative decay width comes out to be 0.2 kgl
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To conclude, in a picture in whicb mesons are regarded
as bound statesq, the potential model considered by us

gives
Mj=12<Mj=3/2, (46)
5
Mpx —Mp_ =5 (Mpx —Mp_), (47)
Sl 0 52 1
! ( ) (48)
Mp* —Mp_ ~ —(Mp*—Mp ).
DSl Dso \/E DS Dg

Further, using the experimental data of R¢1s2], our analy-
sis gives
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3mD‘:’l= + mD

" °~2.312 GeV, mp:=2.35 GeV,

mp,=2.20 GeV, (49)

~337 MeV. (50

( 3mDI + mDo 3mD* +Mmp
4 4

The p-wave j =1/2 multiplet is 337 MeV, above thewave
multiplet. Except for the mass relati@a8) (which is hard to
understand in a bound state pictyréhe general features of
the bound state picture are compatible with the experimental
data.
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