Strong Decays of the Excited D and D; Mesons
(D;(2400), D3(3000), D,(3000), Dy,(3040))

Tan Xiaoze, Li Sichen

Harbin Institute of Technology

Base on

Phys. Rev. D 97, 054002 (2018). & Eur. Phys. J. C 78, 583 (2018).
In cooperation with: Wang Tianhong, Jiang Yue, Li Qiang, Wang Guo-Li, Chang Chao-Hsi

HFCPV - ZhengZhou
2018-10-28

Tan Xiaoze (HIT) HFCPV2018 - ZhengZhou 2018-10-28 1/23


https://doi.org/10.1103/PhysRevD.97.054002
https://doi.org/10.1140/epjc/s10052-018-6054-z

Outline

o Motivation

© B-S method

o Formalism of strong decay
© Numerical results

© Summary

Tan Xiaoze (HIT) HFCPV2018 - ZhengZhou



Motivation

In 2004, the FOCUS Collaboration and the Belle Collaboration observed the Dj
(1P(0%) !, has been studied widely and carefully).

In 2009, D,,(3040) was reported by the BABAR Collaboration in the D*K channel?.

In 2013, the LHCb Collaboration announced D,;(3000) and D7(3000) in D*xr and Dr
mass spectrum respectively>.

MD5(2400)0 = (2308 £ 17 + 15 £ 28)MeV, MD}(3OOO) =3008.1 + 4.0 MeV,
Tp; 4000 = (276 + 21 + 18 + 60)MeV, I'pr3000) = 110.5 £ 11.5 MeV.
Mp,coa0y = (3044 £ 872) MeV, Mp, 0000 = (2971.8 £ 8.7) MeV,
T, 3040y = (239 +3 533) MeV, T'p,c0000 = (188.1 +44.8) MeV.

1Phys. Lett. B 586, 11 (2004), Phys. Rev. D 69, 112002 (2004)
2Phys. Rev. D 80, 092003 (2009).
3JHEP 2013, 145 (2013)



Spin analysis indicates that D,;(3040) and D;(3000) has an unnatural parity. Their
masses are lower than the 3'Sy and higher than the 1' D, and 13D, states in theoretical

predictions, located in the mass region of 2P(1%) states.

The parity of D’(3000) is still uncertain, but most work treate it as a natural parity

particle. The assignments of 07, 17, 2%, 3™ and 4% are possible.

Table 1-1: Several natural parity candidates of Dj(3000)0 MeV)

JP o m®* 1, Godfrey1985  Pierro2001  Ebert2009  Sun2013  Godfrey2016

o+ 3Py 2400 2377 2466 2398 2399
23P, - 2949 2919 2932 2931

1- 338, - 3226 3096 3111 3110

2t 23p, - 3035 3012 2957 2957

3 13Ds 2830 2799 2863 2833 2833
23D - - 3335 3226 3226

4* 1’F, 3110 3091 3187 3113 3113

Phys. Rev. D 32, 189 (1985), Phys. Rev. D 64, 114004 (2001), Eur. Phys. J. C 66, 197 (2009),

Phys. Rev .D 88, 094020 (2013), Phys. Rev. D 93, 034035 (2016)
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Table 1-2: Decay widths of D;(i’»OOO)0 with different assignments (MeV)

ST, Mode Sun2013 Yu2015 Lii2014 Song2015  Godfrey2016

Dn 0.91 5.45 14.0 13.5 3.21

ERS D'r 3.5 4.85 19.4 25.7 5.6

! Total 18.0 87.2 158.0 103.0 80.4

Dn 49 359 83.5 72.5 25.4

3 D'r - - - - -

2°Py

Total 194 224.5 639.3 298.4 190

Dn 1.8 5.0 1.92 1.46 5.0

»p D'n 81x1073 17.8 11.89 0.12 17.1

2 Total 47.0 174.5 110.5 68.9 114

Dn 16 18.8 28.6 26.1 23.1

BF D'r 13 15.7 21.0 18.8 18.5

2 Total 136 116.4 3429 222.0 243

Dn 1.2 21.3 9.96 4.97 15.8

BE D'n 1.8 14.1 9.41 5.31 15.2

¢ Total 39 102.3 103.9 94.5 129

Phys. Rev .D 88, 094020 (2013), Chin. Phys. C 39, 063101 (2015), Phys. Rev. D 90, 054024 (2014),
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In 2016, the LHCb announced another natural parity D meson (3214 + 29 MeV)*,
and confirmed its quantum number is 23P,. Thus D7(3000) cannot be the 2* state.

Otherwise, D;(3000) was only found in D* spectrum, while D7(3000) only in Dx

spectrum in the LHCb experiment.

DCPy) » D'n
D(1’Fy, 3’8y, 2°P,, 2°D3) —» D't

Thus, the assignment of 23 P, (2P 0*) for D(3000) is more reasonable.

We try to calculate the two-body strong decays of the excited D and D, mesons
Dj;(2400), D7(3000), D;(3000), D,;(3040) by using the relativistic Bethe-Salpeter (BS)
method.

4Phys. Rev. D 94, 072001 (2016).



B-S(Bethe-Salpeter) method

The BS equation of two-body bound state can read in momentum space as

d*k
()t

S @)y =i f I(P; q, k) p(k), (2-1)

We follow Salpeter to take the instantaneous approximation /(P; q,k) ~ I(q, — k)
The three-dimensional salpeter wave function (g ) is defined by

. (d &k
va =i [ Fra o) =500 [ 5510~ kurkISe) 22)
2n 2r)
We adopt the Cornell potential as the interaction kernel 1(r)

A 4
)= Vi) + Vo + 700 ) = S(1 =)+ Fp= 32567, (2:3)
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B-S wave founction

For example, we express the relativistic wave function of a scalar meson as

1 P L
000 = M| 52 g + () + fig) + gm(qg], (2-4)

Within BS framwork, the four wave functions f;; are independent, they have the
following relations

P g% (w1 + W)
BT Mimywy + mywy "
fa= g% (w1 — w)
7 Mimw, + man)y

(2-5)
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+

In our calculation, we only keep the positive energy parts <p;i (gi1) of the relativistic

wave functions because the negative energy part contributes too small.

P P
@o- (qu) = 4 +A2M +A3% +A4%. (2-6)
1P, and 3P, are
P P
¢17(g) = qu-€|Bi+ 2B+ %33 + %34] ¥s. (2-7)
©it(qL) = ie P—anegy“ C +£C L +%c (2-8)
1++\qL HVG‘ﬁM 1 1 M 2 M 3 M2 41
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Formalism of strong decay

We take the channel D(";(24OO)0 — D*n™ as an example. The Feynman diagram of

this process is shown in Fig. 3-1.

u
Py, My,
7 07
P
d
Df 0"
P, My,
Dt o

Figure 3-1: Feynman didgram for D8(2400)0 —
D*n™.

Pr,, M,
T 07
U d
P, M; Pr, My,
Dj oF Dt 0-

Figure 3-2: Feynman diégram with the low-energy
approximation.

By using the reduction formula, the transition matrix element can be written as

T =(D*(Pp)w(Pa) | Dy(Py)

= f dhxe X (MR — PLXD* (Pp) I¢x (0] Dy(Py)).-
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By using the PCAC relation, the field can be expressed as
Pr(x) =

(3-2)

/Zf

According to the low energy theorem the Feynman diagram turns to Fig. 3-2 and the
amplitude can be written as

M2
T=—"—— f d'xe"> (D (P) |0 Gay,ysd)| Dy(Po))

. ,-f-_fz f e D (P [y DyP) )

P,
=- zf—<2n)“6“<P Py — Pp)D*(Pp) [ity,ysd| Dy(P)).
Within Mandelstam formalism, we can write the hadronic transition amplitude as

Ph
M=- if-—<D*(Pﬂ> [iy,cysd| Dy(P)

3-4)
R P
=—1f—”f(2ﬂ)3 ‘Ppﬂ(%‘u) ‘PP NCAZIE
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Mixing of the 17 state

For heavy-light 1* state, we do not use the S-L coupling, but j-j coupling. The orbital
angular momentum L couples with the light quark spin ;.

Then 17 state can be grouped into a doublet by the total angular momentum of the
light quark(]j; = 1/2) and |j; = 3/2)).

WP=1%j;=3/2) | [ cos6 sin6
V=175, =1/2) —sinf cos@

We solve the Salpeter equations for *P; and ' P; states individually, and use these
mixing relations to calculate the contributions of two physical 1* states.

I'Py)
. 3-5
PPy) ] -3

We choose the ideal mixing angle 6 = 35.3° within the heavy quark limit.
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The effective Lagrangian

The PCAC rule is not valid for the light vector mesons. When p or w meson appears
in the final states, we choose the effective Lagrangian method to calculate the transition
amplitude. The Lagrangian of quark-meson coupling can be expressed as

_ ib v
quV = qi(ay# + mO'#VPﬂ)VZq/ (3—6)

where V’; is the field of the light vector meson; g; and g; are its constitute quarks.
And we choose the parameters a = —3 and b = 2 which represent the vector and
tensor coupling strength, respectively. Then we use Eq. (3-6) to derive the light-vector
meson’s vertex and get the transition amplitude

0P| (D)

it Pi ib
M= - f on )3Tr[¢pﬂ(qm) ¢, (g )@y, + M,

The two-body decay width can be expressed as

1Pyl )
= - . 3-8
T LM e
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D;(3000)Numerical Results (as 2P(1%))
Table 4-3: The decay widths of D,;(3000)° as the 2P(1*) state(MeV).

Final state Ours  QPCModel *PgModel Godfrey-Isgur Py Model,
1" >170 D007 x 097 11.85 15.64
1.3 379
D*(2010)*n~ 1.83 23.62 31.25
D*(2007) 0.10 049 248 5.0 6.88
D*(2007)y 0.08 0.00026 18.72 o 0.95
D°(2600)°7° 478 o o i, 593
D*(2600) 7~ 9.56 o o 11.84
D*(2650)°7° 026 o o o 0.02
D'(2630) 7~ 052 o o o 0.04
" =01 D%p° 1.90 17.27 116
4.7 34
Dy 431 3452 198
D'w 1.89 L5 17.30 1.1 0.95
=171 D*(2007)°° 11.30 18.46 3284
14 244
D*(2010)*p™ 21.29 36.26 62.68
(2007w 10.90 46 17.53 8.2 3131
1" =070~ D}(2400)°x" 0.46 " 0.17 49 0.94
Da(ZAOO)*n" 1.40 o 1.98
D;(2400)°y 023 0.14 030 o 04
" =170~ D;(2420)°7° 234 . 0.024 52 1132
Dy(2420) 7~ 470 o 262
D (2420)p 0.0029 0.0023 0.0061 o 0.03
D(2430)°x° 015 . 0.0081 25 0.15
D, (2430)* ™ 0.30 o 0.29
D;(2430)°n - - 0.003 - -
1+ 20" D3(2460)°x" 2.89 . 28.05 74 6.98
Dy24cOy 368 3621 1370 Phys.Rev.D88,094020(2013).
D;3(2460)°y - - 0.56 - -
1" =071 DK™ 0.41 0.7 3.82 143 10.41 .
"= 170- DK~ 0.055 0099 122 9.0 414 Chin.Phys. C 39, 063101 (2015).
1" =070~ D},2317)° K 5.29 12 0.52 o 0.74
- DK _ _ 408 _ _ Phys. Rev. D 93, 034035 (2016).
1+ 51700 Dy (2460) K~ 0.043 0.045 0.024 o 0.01
D(2536) K- _ _ 0.049 _ _ Phys. Rev. D 90, 054024 (2014).
Total Exp:188.1£44.8 93.6 57.1 293.1 124.6 2772
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D,(3000)Numerical Results2P(1*"))
Table 4-4: The decay widths of D, ,(3000)° as the 2P(1+') state(MeV).

Final state Ours  QPCModel *PgModel Godfrey-Isgur Py Model,
151700 D'(2007)x" 1337 10.03 18.79
38 21.6
D*(2010)*n~ 25.40 20.32 36.92
D*(2007)°n 5.03 52 4.92 o 439
D*(2007)'yf 4.15 0.023 271 o 3.80
D*(2600)°7° 13.14 o o 209 20.90
D*(2600)" 7" 26.28 o o 42.04
D*(2650)°7° 1.01 o o o 0.02
D*(2650) 7 2.02 o o o 032
" =01 D%p° 2.00 5.61 26.99
7.6 18.8
Dp 426 10.59 53.14
D'w 215 25 4.99 6.11 26.55
=171 D*(2007)°° 551 s 21.07 23 2947
D*(2010)*p™ 1038 41.34 5733
D*(2007)°w 541 49 19.93 73 28.70
1" =070~ D}(2400)°x" 1.90 B 0.24 o 1.93
Da(ZAOO)*Ir’ 4.09 o o 4.06
D;(2400)°; 053 0.068 027 o 084
" =170~ D;(2420)°7° 233 " 0.0081 159 277
D1(2420) 7 4.69 o 553
D (2420)p 0.0023 0.0042 0.003 o 0.0072
D(2430)°7" 1.84 " 0.0099 5 0.11
D, (2430)* ™ 3.64 o 0.21
D;(2430)°n - - 0.0015 - -
1+ =20 D3(2460)°x" 30.69 . 539 03 40.40
Dydcoya 3801 1032 80.53 Phys.Rev.D88,094020(2013).
D;3(2460)°y - - 0.024 - -
1" =071 DK™ 0.12 0.12 7.13 4.0 1.48 .
"= 170- DK~ 114 37 9.45 14 0.95 Chin.Phys. C 39, 063101 (2015).
1" =070~ D},(2317)° K~ 0.42 0.67 0.83 o 1.19
- DK _ _ 205 _ _ Phys. Rev. D 93, 034035 (2016).
1" = 170~ Dy (2460 K~ 0.049 0.082 0.0081 o 0.00021
Dy(2536) K- N _ 0024 N _ Phys. Rev. D 90, 054024 (2014).
Total Exp:188.1+44.8 229.6 146.8 177.5 209.9 4893

HFCPV2018 - ZhengZhou 2018-10-28 15/23



Dy;(3040)Numerical Results(2P(17))

Table 4-5: The decay widths of D,;(3040)* as the 2P(17) state(MeV).

Final state Ours  Goldfrey-Isgur Constituent quark model
1* > 170" D*(2007)°K* 0.02 613 7.99
D*(2010)*K° 0.02 ' 7.79
1" > 0%0"  D;(2400)°K* 3.46 295 6.86
D;(2400)*K° 3.86 ’ 6.43
1" > 270" D;(2460)°K* 1.05 067 3.00
D;(2460)*K° 1.96 ’ 2.89
I* > 171=  D*Q007)°K**  17.06 189 39.84
D*(2010)*K*0  15.81 ’ 37.36
1" =071° DOK** 4.83 12.74

6.54

D*K*0 4.47 13.27
1" > 1Y0  D;(2420)°K* 2.75 15 4.99
D1 (2420)*K° 27 5.01
D (2430)°K* 0.08 129 1.59
D, (2430)*K° 0.05 ' 1.52
1t - 170" Ditn 3.77 9.65 1.10
1t = 070~ D}(2317)*n 1.56 o 1.19
1t = 170~ Dy1(2460)" 7 0.03 o 0.10
1t - 1%1° D¢ o 16.2 0.40
Total Exp:239 35 635 143.0 154.1

HFCPV2018 - ZhengZhou
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D,;(3040)Numerical Results(2P(1*"))

Table 4-6: The decay widths of Dy;(3040)* as the 2P(1*") state(MeV).

Final state Ours  Goldfrey-Isgur  Constituent quark model

1" > 170" D*(2007)°K*  48.06 165 3435
D*(2010)*K° 47.00 ’ 34.84
1* > 070" D;(2400)°K* 3.71 - 19.07
D;(2400)*K° 3.74 ’ 14.39
1* > 270" D3(2460)°K* 2.83 284 39.68
D3(2460)*K° 4.87 ’ 38.97
1" = 1717 D*(2007)°K**  12.67 207 34.59
D*(2010)*K°  11.77 ’ 32.24
1" =071- DOK** 5.05 01 31.85
D*K*0 478 ' 30.31

1" > 1*0  D;(2420)°K* 2.73 122 1.76
D1 (2420)*K° 2.67 1.77

D1 (2430)°K* 1.58 138 0.5

D;(2430)*K° 1.24 ’ 0.48

1" > 170" Dty 422 0.153 6.20
1" = 0%0~ D}\(2317)*n 0.37 o 3.12
1" - 1*0™ Dy1(2460)" 0.07 o 0.03
1* > 171° D¢ o 4.15 0.39
Total Exp 1239 £35%% 1574 147.6 324.5

HFCPV2018 - ZhengZhou
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Dy, Results (as 0%)

Table 4-7: D{;(2400) strong decay widths (MeV)

Mass Chanel Decay Width(MeV)  Exp. Value®
o D*n™ 151.5
2318+29  Dy(2400)° — 267 +40
D°n° 74.8
D*n® 81.6
2351+7  Dy(2400)" — 230+ 17
DOr* 164.3
300
280
>
[}
=
T 260
3
=
> 240
g — Dy*(2400)°
a - Dy*(2400)*
220
200

2.30 2.32 2.34

2.36 2.38 2.40 242

Mass (GeV)
Figure 4-3: T’ D}y (2400)0) versus the mass.
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"(3000) Results (as 2P(0"))

Table 4-8: Two-body strong decay widths (MeV) of Dj(?aOOO)0 as the 2P(07") state. “-” means the channel

is forbidden, “0” means the channel is not included by this method.

Chanel Final States Ours 3Py Model QPC Model Relativistic quark model Effective Lagrangian
Dn~ 11.6 23.94 66.2
1
DCSom D' 6.1 1197 49 54 333
D(2550)* 7~ 6.9
D' 18.6
(2 So)m D(2550)°7° 33 © o 0
Dy DOy 0.51 426 3.8 1.53 10.8
Dnf Doy 6.0 1.07 2.7 4.94 o
DK DiK~ 1073 2.85 6.6 0.76 542
D,(2420)°z° 18.7 2620 ,
D;(2420 38 96.1(' P
1QROT a0y 368 o P °
D1 (2420)p D;(2420)°5° 0.85 137 1.1 o o
D, (2430)°7° 2.1 6.69
D, (2430)7 Dy(2430) 1 41 o 30 o o
D1(2430)n D, (2430)°n° 0.12 0.35 0.91 o o
D,(2460)K Dy1(2460)" K~ 12 12.81 1.5 o o
D*(2007)°p° 7.0 31.60
D" 41 32 o
L D*(2010)*p~ 13.3 62.01
D'w D*(2007)°w’ 7.5 29.91 13 10.2 o
D;K* D;*K*(892)" 4.1 3.06 1.0 o o
D,(2536)K~ Dy (2536)* K- - 6.40 - -
Total 130.2 2245 193.6 189.5 164.5
Experimental value 1105+ 11.5
Chin. Phys. C 39, 063101 (2015).  Phys.Rev.D88,094020(2013).  Phys. Rev. D 93, 034035 (2016). Phys. Rev. D 97, 014015 (2018).
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Table 4-9: Two-body strong decay widths (MeV) of D7(3000)* as the 2P(0*) state.

Chanel Final States Width Chanel Final States Width
D*n® 6.5 07t 3.8
1 1
D( So)r DOt 135 D(2'So)m DOt 77
Dn Don° 0.56 Dy Dy? 5.7
D, (2420)*7° 183 D, (2430)*° 2.1
D420 D, (242007 374 DA D1(2430)°7* 43
D(2420)n D1 (2420)* 0.77 D(2430)n D;(2430)*5° 0.11
- D*(2010)*p° 6.1 D'w D*(2010)*° 6.5
p D*(2007)%p" 12.9 D,(2460)K D,1(2460)*K° 12
DK DiK® 0.05 DIK* DI K*(892)° 3.8
Total 131.3
145
— D;*(3000)°
— 140 D,*(3000)*
S
(0]
=
£ 135
]
=
>
T 130
jo)
a
125
290 292 294 296 298 300 3.02
Mass (GeV)
Figure 4-4: FD;(3000)(0,+> versus the mass.
0183028
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Discussion

Questionl:
Which one of the 2P(1*) doublet should be assigned to D(3000) and D,;(3040)?

Thoughts:
From the total width and the result of D*zr and D*K channel, we favour the broad 1*'

state.

Question2:
The 2P state D;(3OOO)O has larger phase space and more decay channels than those
of 1P state D(’;(2400)0, why we get a narrower full width?

Thoughts:

We consider the reason is the different structures of wave functions.

Tan Xiaoze (HIT) HFCPV2018 - ZhengZhou 2018-10-28 21/23



3|
T T 2 N —— lal-/M of D(3000)°
3 E E of S/ v lal-£:/M of D,(3000)° -
= ——lalhiM s, —ry Y] = lalfi/M of °Py
g2/ N [al- /M Y lal-/M £ - lal M of *Py
5 S S
t [ [
2, g g
H H H
-1 -1
o _
0 1 2 3 ] 1 2 3 ] 1 2 3
Il (GeV) Idl (GeV) 19l (GeV)
a) 0*(1P) state D;;(2400)" b) 0%(2P) state D}(3000)° ) D3(3000)° and D;(2420)C P, state)
8fT
i . —— lal-f/M of D*(3000)°
! — ki of D7000° T g — Mol @000 -~ O A lal2M of D,/(3000°
3 FOONNC S 0 A N £/M of D,7(3000)° 3 J
COE T A al-/M of D(3000)° = & lal-2/M of D/ (: ) K f of D°(2'S0)
b ql-fi/M of ' Py < 4 f of D('So) T4 Y e hof DP2'S)
2 - lal-fM ot 'Py 2 - hof DP('Sp) 2 )
< g S 2
Z i 2 Z
< g g
-2
0 1 2 3 ] 1 2 3 o 1 2 3
Iqi (GeV) Il (GeV) Iqi (GeV)

d) D73(3000)° and D;(2420)(' Py state)

e) D;(3000)° and D°('S, state)

) D3(3000)° and D°(2'S, state)

Figure 4-5: Several examples of wave functions for some states
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Summary

@ By using BS method, calculate the strong decay width of Dj(2400)(as 07 (1P)),
D75(3000)(as 07(2P)), Ds;(3040) and D;(3000)(as 17(2P)), close to the present ex-
periment results;

@ For D,(3000), D*x, D3(2460)r, and D5(2600)r are dominant; For Dy;(3040), D*K,
D*K*, DK* are dominant. The broad 2P(1*") assignment is more possible.

@ For D3(3000), Drr, Dp and D1(2420)r channels contribute much. And try to ex-

plain“why the 2P state get narrower width than the 1P state” with the structure of
BS wave functions.

Thanks !

More details — Phys. Rev. D 97, 054002 (2018). & Eur. Phys. J. C' 78, 583 (2018).
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Backup-BS equation
The BS equation of two-body bound state can read in momentum space as
d*k
(2m)*
We follow Salpeter to take the instantaneous approximation /(P; ¢, k) = I(q, — k.)

ST @Sy = i f 1P: g, bk, 6-1)

The three-dimensional salpeter wave function (g ) is defined by

d d’k
¥(gy) = if—z‘”’)(p@, xP(@) = Si(p1) f i@~ kOwrk)SP2) - (62)
T 2n)

In this work, we adopt the Cornell potential as the interaction kernel /(r) as follow
form
0 % —ar 4 [
1) = V) + Vo +y0 @y V() = — (1 —e™) + Vo — 3 —2e™, (6-3)
a r
where A is the string constant, a,(#) is the running strong coupling constant and Vj is
an adjustable parameter fixed by the meson’s mass. In momentum space, the potential

can read as

1 1
1§ = _(E + VO)(2H)353@ + pes

1 2 alq)

.z 6-4
+a?)? 372 (g% +a?’ ©-4)

ne O 2 (] delined nDv:
Tan Xiaoze (HIT) HFCPV2018 - ZhengZhou 2018-10-28 2/7



Mass predictions of 1* state

Table 6-10: Mass spectrum of the 2P states in the D and Dy families (in units of MeV).

State ours Ref. © Ref.’ Ref. 8 Ref. °
DQ'P)) 2933 2940 2932 3045
D(23P)) 2952 2960 3021 2995
D,2'Py) 3029 3040 3067 3165 2959.0
D,(23P)) 3036 3020 3154 3114 2986.4

SPhys. Rev. D 84, 034006 (2011)
7Eur. Phys. I. C 66, 197 (2010).
8Phys. Rev. D 64, 114004 (2001).
9Phys. Rev. D 90, 014009 (2014).
MR



Parameters backup

In this paper, the masses of constituent quarks that we adopt are listed as follows:
m, = 0.305 GeV, my; = 0311 GeV, m; = 0.50 GeV, and m, = 1.62 GeV . Other pa-
rameters are @ = 0.060 GeV, 1 = 0.210 GeV?, Aocp = 0.270 GeV, fr = 0.1304 GeV,
Jk =0.1562 GeV , f;,, = 1.07fx, fos = 1.26f5, M, = 0.923 GeV, and M,,, = 0.604 GeV.
The masses of other involved mesons are shown in Table 6-11.

Table 6-11: Masses of involved mesons (GeV).

mDG(2400)0 =2318 mDE(2400)+ =2.351 mD;(moo)to,ﬂ =3.008 mp; = 1.968
Mp, (24200 = 2421 mp, 420+ = 2.423 Mp,(2430)05 = 2.427 mp:+ = 2.112
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Table 6-12: DE‘)(24OO)0*+ strong decay widths (MeV). Ref. adopts Chiral Quark Model, Ref. adopts the 3Py
Model and Ref. adopts the Pseudoscalar Emission Model.

Chanel Ours Ref. zhaoqiang2008 Ref. Close2005 Ref. Godfrey2005 Exp. PDG2016
. D*n~ 151.5
D;;(2400)° — DOx0 748 266 283 271 267 +40
D*r® 81.6

D;(2400)" — o o o 230+ 17

Dor* 164.3
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Experiment

“, 140
Belle Collaboration results Elzo F ©
D life time is short, more experi- g100¢
ment through B~ — D}(2400)°7~ — 280
Dtz channel. In 2004, the Belle 2 60
collaboration confirmed D, 1D} inB 40°
meson decay : 20
Mpsaaoop = (2308 + 17 & 15 + 28)MeV % 25 3 a5

2
M, in(GeVieT)

U'p;4000 = (276 £21 + 18 + 6O)Me\j Figure 6-6: D;2400 fitting graph ¢

aBelle Collaboration. Physical Review D, 2004, 69(112002)
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Experiment

LHCD experiment results
In 2013, the LHCb observed sev-
eral excited state of D mesons, includ-

pull

ing several new resonances around 3
GeV. D,(3000) and D7(3000) was con-
sidered to be the 2P excited state of
P-wave J* = 1t and J* = 0" :

:

Candidates / (4 MeV)

:

Mp,000) = (2971.8 + 8.7)MeV
Tp,c000 = (188.1 + 44.8)MeV
Mp:000) = (3008.1 + 4.0)MeV
Tpsao0 = (110.5 + 11.5)MeV

2200 2400 2600 2800 3000
m(D'7) [MeV]

Figure 6-7: LHCb fitting graph of Dj3000¢

aLHCb Collaboration. Journal of High Energy Physics, 2013:145
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Pseudo-vector D meson positive wave function

2% //

P /'’ n
prea(qu) = lgl.lvaﬁM,, 4 ey [Cl(‘h) + P,, G(g) + ]%CS(QJ_) P C4(‘h)] (6-6)

M//2

/7 /

P
ToDig) + Dy + T

7 D4(qL)] s (6-7)

¢1(q) =q.- 6[ 1(qu) +

In the case when heavy-light 1* state is involved, if we use the S-L coupling, the *P; and

IP, states cannot describe the physical states. Within the heavy quark limit(mg — co), its spin

decouples and the properties of the heavy-light 1* state are determined by those of the light

quarks. So j-j coupling should be used instead. The orbital angular momentum L couples with

the light quark spin §,, which isj} =L+ §,. Then 1* state can be grouped into a doublet by the
total angular momentum of the light quark(Jj; = 1/2) and |j; = 3/2)).%?:

( = 1%j=1/2) ):( —sind cosé )( I'P,) )

P =1%,j; = 3/2) cos® sind J\ PP ©-8)

Mixing angle(in heavy quark limit):

0 = arctan V1/2 ~ 35.3°

aMatsuki, Progress of Theoretical Physics 2010,(124.285)
Barnes, Physical Review D 2005, 72(054026)
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