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Theoretical interpretations

° CS state: Y.B.Dai, et al., PRD2003 ; S.Narison,
PLB2005;

E. van Beveren, et al., PRL 2003; ......
*Hadronic molecular state: T.Barnes, et al., PRD2003;

F.K.Guo, et al., PLB2006; M.Cleven, et al., EPJA2011;
D.LYao, et al., 1502.05981:......

‘Four-quark state: H.Y.Cheng, et al., PRD 2003; K.
Terasaki, PRD2003; L.Maiani et.al., PRD2005; M.Bracco, et al.,
PLB2005;......

*Mixing of molecular and four-quark states:

T. Browder, et al., PLB2004;......
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D’,(2317)

* chiral symmetry &
heavy-quark symmetry

 a striking fact: below DK
threshold (bound state)

* Nonperturbative effects:
unitarity in D K scattering

* Coarse lattice study: scattering
length with vayring m_

* We fill the gap to address
the Nc trajectories for
D” ,(2317)

£, (500)/ o

* chiral symmetry

* an extremely broad resonance

* Nonperturbative effects:
unitarity in 7T scattering

* Theoretical prediction of pole
trajectories with varying m_

* Pole trajectories with Nc¢
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Why focusing on the Nc trajectory ?

A standard qq resonance:
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Our focus:

Scalar Charmed states from D¢, + @(K,n,n’)
scattering

& their Nc and m_ dependences
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2. Theoretical framework
LO ChPT with heavy-light mesons

) =, DD* Dt — M7, D D'
NLO ChPT with heavy-light mesons
L5 = D (~ho{x+) — hix+ + ho(uu) — hau,u) DI
+D,, D (hylu,u’y — hs{u", u”}) D, DT .

LD

with u, =1 ('H.TC)H'H. — U 5‘“-'“%) i = exp (ﬂFo) \t = "HT\"HT T uyu

It is essential to generalize to U(3) case to study the Nc behaviors:

\/5”0 + 778 + + \ \/5”0 + ng + \/5770 .71‘+ K*
_— V4 K
NG J6
3’ + n - 32 + s + \/5770 K°
¢ = \/_ 8 KO é T \/g
6
K- K’ —21, K K° 2, +2,
Vs 7

Possible new operators with singlet n, can appear, but they are
much less relevant in the present analysis.
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Chiral Lagrangian for pseudo-6oldstone with U,(1) anomaly

2 F?_
L, = T(u,m“) + T<X+> +

F2
—M In* detu

-

~

Leads to a
massive 1,

Why to include the singlet 1, when discussing large Nc?

* Nc=3 : U,(1) anomaly is violated at quantum level and it is

responsible for the massive 1,

* Large Nc: U,(1) anomaly is 1/Nc suppressed, i.e. the mass of 7,

approaches to zero in the chiral limit.

As a result, pseudo-Goldstone nonet, w, K, ng 1, will appear.
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F? F? F? . . .
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D, and light pseudoscalar meson scattering amplitudes

Virh e (5,1 1) = % C;:D (s — u) — 4Coho + 2C1hy — 2C24Hoy(s, t,u) + 2C35Has (s, t, u)
(S.71) Channels CrLo Co L} C24 Cas
(—1,0) DK — DK —1 AfZ AMZ 1 —1
(—1.1) DK — DK 1 AfE — M2 1 1
(2. %) DK — DK 1 A2 —AIZ 1 1
(0,3 Dm — Dw 1 Ar2 —Ar2 1 1
(1,1) D.w — D.w 0 Ar2 0 1 0

DK — DK 0 MZ 0 1 0
DK — D, 1 0 — (M2 + M2)/2 0 1
(1,0) DK — DK —2 ATZ —2A12 1 2
DK — Dy | —v3cs 0 c}-0 PK—D.n 0 CiP PK— Dun
D.y — D.ny 0 C&’O Dury—s Daxy Cll,o Dorp—Dam 1 ngo D.n—sD.n
DK — Dy | —/3ss 0 c,® PKm=>Daw 0o 3 PR
1)57) — 1)577' 0 Cc]’,o D onp—D o Cll O D g— D - 0 C—.és(l D og—D_«
Doyl — Doy o C.‘(-}’O Drf— Dory’ Cll,o Dory —=Dony’ 1 C:}go Dorf — Do’
(0. 5) Dw — Dw —2 Ar2 —AfL2 1 1
Dy — Dy 0 ch-% P> Dn co% Dn—>Dn 1 chi Dw—=Dn
DK — DK —1 AfE — M2 1 1
Dy — D 0 0 AM2(/2se — co) 0 co — V2sp
DK — D —xF 0 —VB(MZ + M2)/4 0 8
D.K — Dy | —2Fc 0 Cco% D-K—Dn 0 9% P-K—Dn
Dy’ — D 0 0 —M2(V2co + so) 0 sp + V2co
Dy — Dy 0 cg~i Ehe—>-Donf C?% B E0wf 0 Cf,’j Ov—s-0wf
D.K — Dy | —3¥Bsg 0 c-& D-K—Dwf 0
Dy — Dy 0 cS% Pr— D % D7 =D 1




Hoy(s,t,u) = 2hopa - ps+ ha(p1 - pap3 - pa+ p1-pap2 - p3) .

Hss(s.t,u) = hapa-ps+ hs(p1-paps - pa+ p1-pap2 - p3).
(10 DE—=Den  _ — M3 (5cp + 4v/2s9) + 3 UQC@
! —

2v/3

(L0 DE=De co + 2v/2sp

V3

.-[1] 0 Dsn—Dgn _ ('—1FHK — HE —I— 4\/_-1'5;'-19 jr”%{ —m ) + ‘!Q(ZIHK + m: )
3 \
(_.1 0D.n—=D.ny 2[?]’1% — 2”?%{)('\/5“5 + ":‘19)2
1 —
~1,0 Den—D.n 2(\/5(_.’9 -+ HQ)Q
‘35 —
3
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Partial wave projection

- 1
b} A:'.I 1 \’A__ .1
1/{(5. )(S)Dlél—>D2¢')2 =3 /1d0089P((Cos 0) l/g‘d)z_)D.z@Q(s,t(s,cos ))
Unitarization
1 <

— -V, ,» g(s) = diagr9(s)i=p, .
! _Vébj)‘.(](-q) ( (#) tg(s) - J

(s) / d4q 1
J (2m)4 (2 — M2+ ie

5 /2
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Results and Discussions
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D (—hg(j}(qr) — hix o ) DT hy, h, determined by masses

of D and Ds
Five-channel fit (5¢c): 4 LECs and 1 common a.
0 T | T | T | T | T | T | T I I T I T I T I T I T I T 0 I I I I I I I I I I I I I
- (3=1,I=)) . - (S=1,1=0) . - (5= I=1)
005 = 1 —~ _ 005+
E T 1 E..[ 1 & i i
= 01f - Zosls — = 01F -
20 i i lgocs— _f"os_ i
2 015+ — 206+ — S 015+ —
70T ‘L; 1T 17770 |
S 02f= = Losf & 02 P
= — § 1 = . : B .
025 . 02 N 0251 .
I N N Y NP P P O B P B [P P Y O P P
0 0102 03 04 05 06 0 0102 03 04 05 06 0 0102 03 04 05 06
M, [GeV] M, [GeV] M, [GeV]
0 O T I T I T I T [ T I T I T
0.04 (S=1,1=0)
0.0 _
E o £ o0m &
8 0.15 g’ 0 g
~ -U. D ~
.1 . )
. £
Q 02 Q 002 4 2
= -~ o3
025 - i T
- 1 -004F .
1 I 1 I 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 I 1 I 1 D 1 I 1 I 1 I 1 [ 1 | 1 I 1
0 0102 03 04 05 06 0 0102 03 04 05 06 "0 0102 03 04 05 06 07
M, [GeV] M, [GeV] M, [GeV]

Zhi-Hui Guo (Hebei Normal Uniy.) Scalar Charmed Mesons



Six-channel fit (6¢c): 4 LECs and 1 common ag

a (DK—DK) [fm]

a(Dr—Dr) [fm]

Zhi-Hui Guo (Hebei Normal Univ.)

-0.05

LN L DL L L
- (S=-1,1=1)

T ®

0 0.1 02 03 04 05 0.6
M_ [GeV]

0.7

T TTTT T 7T 7]
B (S=0, 1=3/2)

.3
0 0.1 02 03 04 05 0.6

M_ [GeV]
T

1
0.7

e
o0

a (DK—DK) [fm]
o
o)

<
=

<
()

M_ [GeV]
T

0 |
0 0.1 02 03 04 05 06 07

I I I I I 1
(S=1, I=1) ; —

M_ [GeV]
T

|
0 0.1 02 03 04 05 06 07

a (DK—DK) [fm]

O

(S=2,1=1/2)

0

0.1 0.2 03 04 05 0.6
M_ [GeV]

0.7

O

-

7 7 1T T
(S=1, 1=0)

25

0.1 0.2 03 04 05 0.6
M_ [GeV]

Scalar Charmed Mesons

0.7



Prediciton of scattering lengths for (S,I)=(0,1/2) channel
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It clearly indicates that “"exotics” things happen around m_=0.3~0.4GeV
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Pole trajectories with varying m_
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(S, I) Channels Fit-5C Fit-6C
(—1,0) DK — DK 1.27+9-49 1.26+9-1¢
(—1,1) DK — DK —0.21+3-92 —0.21+501
(2,L) D.K — D.K —0.10%50] _0.10+00
(0, 2) Dm — D —0.101+9-003 —0.101+9-001
(1,1) D.m — D.7 0.0047 0 001 0.004+0001
DK — DK | 0067503 +i017700  0.067505 +i0.17100]
(1.0) DK — DK —0.92+5-32 —0.80+598
Doy — Doy | —0277501 +i0.03700]  —0.277000 +i0.03700;
D.yy — Doy | —0.2270-0% 4 001591  —0.22+9-0! 4+ i0.01+50!
(0, %) Dm — Drx 0.351003 0.35+0-01
Dy — Dy 0.02°00% 4+ 0.037003  0.02700% +i0.03120]
DK - DK | —005+204 4 50354007 _0.05+392 4 §0.35+0-04
Dy — Dy’ | 0.16%28% 40051226  (.34+931 4 ;00470 {l,*‘

Scattering lengths at physical masses
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(S,1) RS| /Sl MeV]  |Residue|'/* [GeV] Ratios
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Pole positions and their residues with physical masses
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Nc trajectories
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Nc trajectories for D™ ,(2317)
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Nc trajectories for D7, pole in (S,I)=(0,1/2) channel
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Summary

‘D) + m(K,n,n’) scattering amplitudes are calculated in
U(3) chiral Lagrangian and then unitarized.

« The broad pole around 2.5 GeV with (S,I)=(1,1) may
explain the newly observed enhancement in DOK* channel

* Pole trajectories with varying m_ for the
(5,.I)=(0,1/2) channel are found to be quite similar as
those from f0(500).

* Pole trajectories with varying Nc for D™ ,(2317)
and the (S,I)=(0,1/2) channel are given.

They do not tend to fall down to the real axis for
large values of Nc, indicating their marginal effects
at large Nc.
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Even more exotic case
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Controversial behaviors: f0 (500)/c
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