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Outline:

1. Introduction
2. Scalar charmed meson resonances:
D*.,(2317). D",(2400)

3. Possible exotic doubly charmed baryons

4. Summary
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Introduction
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First glance from PDG

CHARMED MESONS

(€ =+1) Y INSPIRE search
D'=¢cd DP=¢cu D =cu D =ecd similarly for D*'s

Dj;(2400)* I(JF)=1/2(0")

J F need confirmation.

D}(2400)" MASS 2351 + 7 MeV
D(2400)* WIDTH 230 + 17 MeV (S = 1.1)

CHARMED, STRANGE MESON 5

(C=8=+1) INSPIRE search
DY =es D =¢s similarly for I%'s

* - PY +

10(2317) I(J*) =0(0")

AUBERT 2006F and CHOI 2015A do not observe neutral and doubly charged partners of the D:.;.{Z?.l?}*_

¢, (2317)" MASS 2317.7+ 0.6 MeV (S=1.1)

mﬂﬂ{ggw]‘ — M, 34944+ 06 MeV (5=1.1)

D7%,(2317)" WIDTH < 3.8 MeV CL=950%

BRERE (AL KE) Charmed hadrons from chiral EFT @ XYZ ¥, 10. 2018



(2317): ahotto

1. The BaBar detector
2143) BaBar Collaboration (Bernard Aubert (Annecy, LAPP) et al.). Apr 2001. 119 pp
Published in Nucl.Instrum.Meth. A479 (2002) 1-116
SLAC-PUB-8569, BABAR-PUB-01-08
DOI: 10.1016/S0168-9002(01)02012-5
e-Print: hep-ex/0105044 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EV) | Harvmac | EndMNote
ADS Abstract Service; BaBar Publications Database; BaBar Password Protected Publications Dat:
Detailed record - Cited by 2145 records

2 Observation of CP violation in the B” meson system
(%7) BaBar Collaboration (Bernard Aubert (Annecy, LAPTH) et al.). Jul 2001. 8 pp.

Published in Phys.Rev.Lett. 87 (2001) 091801

SLAC-PUB-8904, BABAR-PUB-01-18

DOI: 10.1103/PhysRevLett.87.091801

e-Print: hep-ex/0107013 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndMote
ADS Abstract Service; OSTI.gov Server; BaBar Publications Database; BaBar Password Protecte
Document Server

Detailed record - Cited by 867 records

Observation of a narrow meson decaying to D:TFU at a mass of 2.32-GeV/c’
BaBar Collaboration (B. Aubert (Annecy, LAPP) ef al.). Apr 2003
Published in Phys.Rev.Lett. 90 (2003) 242001
SLAC-PUB-8711, BABAR-PUB-03-011
DOI: 10.1103/PhysRevLett.90.242001
e-Print: hep-ex/0304021 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac |
ADS Abstract Service; OSTIl.gov Server; BaBar Publicationsj
Document Server

Detailed record - Cited by 823 records

”!-\J

5. Measurements of the meson - photon transition form-factors of light pseudosca
610} CLEO Collaboration (J. Gronberg (UC, Santa Barbara) et al.). Jul 1997. 30 pp.

Published in Phys.Rev. D57 (1998) 33-54

SLAC-PUB-9838, CLNS-97-1477, CLEO-97-7

DOI: 10.1103/PhysRevD.57.33

e-Print: hep-ex/9707031 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
KEK scanned document; ADS Abstract Service; Cornell U., LNS Server; SLAC Document Server; SLZ
Data: INSPIRE | HepData

Detailed record - Cited by 610 records

6. Observation of a narrow resonance of mass 2.46-GeV/c**2 decaying to D*+(s) pil
573) CLEO Collaboration (D. Besson (Kansas U.) et al.). May 2003. 16 pp.
Published in Phys.Rev. D68 (2003) 032002, Erratum: Phys.Rev. D75 (2007) 119908
CLNS-03-1826, CLEO-03-09, CLNS03-1826
DOI: 10.1103/PhysRevD.68.032002, 10.1103/PhysRevD.75.119908
e-Print: hep-ex/0305100 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service
Detailed record - Cited by 575 records

7. Observation of B Meson Semileptonic Decays to Noncharmed Final States
419) CLEO Collaboration (R. Fulton et al.). Nov 1989. 14 pp.
Published in Phys.Rev.Lett. 64 (1990) 16-20
CLNS-89/951, CLEO-89-14
DOI: 10.1103/PhysRevlett.64.16
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndMNote
OSTl.gov Server
Detailed record - Cited by 419 records

Ic at B-Factory

]

. Study of B- ---> D**0 pi- (D**0 ---> D(*)+ pi-) decays

17.
37) Belle Collaboration (P. Krokovny (Novosibirsk, IYF) et al.). Aug 2003. 6 pp.

18.
7) Belle Collaboration (Kazuo Abe (KEK, Tsukuba) et al.). May 2002. 7 pp.

L e L e R R e

BELLE-PREFPRINT-2006-11
DOI: 10.1103/PhysRevLett.97.251802
e-Print: hep-ex/0604018 | PDF

References | BibTeX | LaTeX(US) | LaTeX{EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 347 records

Belle Collaboration (Kazuo Abe (KEK, Tsukuba) et al.). Jul 2003. 20 pp.
Published in Phys Rev. D69 (ZI}I]-H-) 112002
DOI: 10.1 ; 00z
e-Print: heg—e)d0307021 | PDE PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNo
ADS Abstract Service
Detailed record - Cited by 338 records

Observation of the D(sJ)(2317) and D(sJ)(2457) in B decays

Published in Phys.Rev.Lett. 91 (2003) 262002

DOI: 10.1103/PhysRevlLett.91.262002

e-Print: hep-ex/0308019 | PDFE
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 337 records

Observation of double ¢ anti-c production in e+ e- annihilation at

Published in Phys.Rev.Lett. 89 (2002) 142001
BELLE-PREPRINT-2002-13, KEK-PREPRINT-2002-27
DOI: 10.1103/PhysRevl ett.89. 142001

e-Print: hep-ex/0205104 | PDF

Continuing efforts from
LHCDb, Belle-I1I,
PANDA,...

and also Lattice QCD

FEME (FALITTERE)
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Theoretical interpretations
recent reviews: H.X.Chen, et al., Rept.Prog.Phys.2017; F.K.Guo, et al., Rev.Mod.Phys.2018

o CS state: VY.B.Dai etal.. PRD2003 : S.Narison, PLB2005:

E. van Beveren, et al., PRL 2003; Z.G.Wang, PRD2006 ......

*Hadronic molecular state: T.Barnes, et al., PRD’03;
F.K.Guo, et al., PLB’06; Altenbuchinger, et al., PRD’14; Du, et al.,
1712.07957; Albaladejo, et al. EPJC’18 ...

eFour-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*,(2400): two-pole structure ?

[Albaladejo,Fernandez-Soler,F.K.Guo,Nieves, PLB'17]
[ZHG,Meissner,Yao0, PRD'1) . o oo e

50 O LB B B L e HUL
(S,I) RS VFpole [MeV] |Residue|'/? [GeV] Ng 4.0 :_ : ]
o S 3.0 B T\ : ]
0,4) 10 | 211473 —i111 73 0667013(Dm) L 90 L | ]
T 10k ] ]
B 26040 D) 0.0 e T | e ——— 4

©-22 f S fzE 2000 2100 2200 2300 2400 2500 2600

E (MeV)

Absent in PDG!

The above results are predicted from other channels with different
guantum numbers.

Direct Exp measurements, like phase shifts & inelasticities, are not
available at present!

Any concrete confirmation about the resonance structures in D-pi,
D-eta, Ds-Kbar coupled channel scattering?
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Yes, Lattice QCD can help !

[Moir, et al., JHEP'16]

Eigenenergies [000] A}
In finite box

[001] A, (011] A, [111)A,

048

046 - 042f = L=

044 F 040" """ """ 7 o T T T T T T . - e T T T T T E = - — Drlihr

0381
042+ 2 °
036}
040E Dl == = = - = =
g
034+ E‘é
Lja,
0.38 L L L " . L . L .
16 20 24 20 24 20 24 20 24

Length of
finite box
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Our improvements:

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

& their Nc and m_ dependences

 We also try to use the lattice energy levels to
constrain the physical scattering amplitudes
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Scalar charmed meson resonances:
Ds*0(2317), D*0(2400)
& their Nc and mpi dependences
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Theoretical framework
LO ChPT with heavy-light mesons

cY) — D, DD* Dt — AT, DDY
NLO ChPT with heavy-light mesons
£P) = D (=ho(x+) — hixs + haluguy — hauut) D!
+D,,D (hy{u,u’y — hs{u, u’}) D, DT .

- ; . 3 LD R TR
with u, =i (-H.TGHH. — udyu ‘) U = exp (-\/EF{}) \+=u'yu' Tuyu
It is essential to generalize to U(3) case to study the Nc behaviors:
(\/57[0 8 + + ) \/§7Z0+778+\/§770 + +
% o K 76 V4 K
- —/37° 8 0 T /37" + T + \/5770 0
¢= /4 TH] K é \/g K
_ — —21, - =0 —2175 + ‘/5770
k K K 76 ) K K —\/E

Possible new operators with singlet n, can appear, but they are
much less relevant in the present analysis.

FEME (FTIEIHTE K5
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Chiral Lagrangian for pseudo-Goldstone with U,(1) anomaly

F- F* F* ~.|Leadstoa
L = —(u, ut)+ — +|— MZIn” detu .
X4 () 4 X+ 30 massive 1,
M: —1/Nc, mZ,m; — Const.
1000 — L L L p— -10 T | | |
L 15 % ! ]
O ] ’

800  foy, T o 7 20k ¢ _
= i "0800000000000nonong]| © 7 R _
L v

| ] v
> 600 K S0 o _
= HDAAAAAAAAAAAAANAAAANANAAAAAANANN é} - o -
7400 1 _ = bk %, ~
> - - > L %0, , i
200 T - S0l 000000000001

i C}OODDDOOOOOOODOOOOOOOOODDOO_
0— L _l ' .l T — 60 _ I IIRN N N R N _
06 12 BB 24 30 0 6 12 18 24 30
N, N

2

NC—oo: m, »m, mn.—>\/2m§—m”, .0 — Arcsin

£
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D, and light pseudoscalar meson scattering amplitudes

1 |[C
VIZS‘” (3. r’ ”) — ﬂ [:_"i' _ H) — 461{};}'0 —I— 2611;11 - 26124”24(35 r: H) —I_ 2{:135H35 (S" f, ”}

Dy =Dy, FZ 4
(S, f] Channels L‘m CD C1l (,‘24 C135
(—=1,0) DK — DK -1 M M 1 -1
(-1,1) DK — DK 1 M -M% 1 1
(2,3) DK —- D,K 1 M —M2% 1 1
([],%} Dn — Dn 1 M2 —M? 1 1
(1,1) D,x — D,x 0 M2 0 1 0
DK — DK 0 M% 0 1 0
DK — Dgn 1 0 —(M% + M2%)/2 0 1
(1,0) DK — DK -2 Mi, _QM%_. 1 2
DK — Dn —v3¢y 0 10 PE=Dyn 0 CLODK=Dy1
D — Dgn 0 C.‘é 0 Dyy—Dyy Ciﬂ D—Dyn ] Céf D,—D,y
DK — Dy —v/3s, 0 L0 DKn=D.f 0 CLO DK1-D.f
D.S‘"FI —_ DS}!II (j C[l},[} D‘_,lil—}D,!jlf c-iﬂ D,q—).ﬂ,ﬂ; U (:3[,50 D,rf—v.D,lf"
Dy — D 0 cy? DDt CyP O =D I Cyy PP
(l],llf} Dr — Dx =2 M2 —-M? 1 1
Dy — Dy 0 Cg-é DDy C?-% Dn—Dy 1 Cg-sé Dn—Dn
DK = DK -1 M% -M% 1 1
D'.'i'_—} D 0 0 Mi(ﬁ-"‘ﬂ —_ {;3} 0 Cg— \/i“"ﬂ
D.K = Drn _x-T“’E 0 _\/{?,(MEK + M%) /4 0 %
i 3 LD, K- 1D K-
D.K — Dn _ Lo, 0 C?‘ D,K~Dy 0 (:2;; D,K—Dy
Dy = Dz 0 0 —M2(V2cq + s6) 0 sa + V2¢q
Dn — Dy 0 0 DD 01 D1t 0 (03 Pr=Drt
0 1 35
= = L —Dy L —*
D.K — Dy _ »2_6 5o 0 C?" D KDy 0 Cg.; D,E—Dy
D;}-’ — D;}n" 0 C.G,% Dy =Dy C'D.% Dy =Dy 1 CU,% Dy =Dy
0 g 35




Unitarization: Algebraic approximation of N/D (a variant version
of K-ma’rr'ix) [Oller,Oset, PRD ‘99]

__ N(s)
L= 1 — N(s)G(s)

e The s-channel unitariy is exact. The crossed-channel dyanmics

IS Included In a perturbative manner.

« Unitarity condition: ImG(s) = —p(s)

o] 152 [ et

* N(s): given by the partial wave chiral amplitudes

(8.1 1 [+] . - .0
VJ-DI"!’[_’DZQ{'Z(S) - E -1 dLUbfjﬂpJ (LUE’ qj)v”l‘}bl_}ﬂzﬁbz (S, I(S, COS {:ﬂ})
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D (—ho{x+) — hix+ ) DT hg h; determined by masses
of D and Ds

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

[} T | T | T | T | T | T | T T | T | T | T | T | T I T [} T | T | T | T | T | T | T
- (S=-1,1=1) . F o (S=-1,1=0) . - (S=2. 1=1/2) .
0.05— — = — 0051
= 00F - =08 = = -0 a
St 12 r 18 r 1
F]: 015 - f]: 0.6 - - E]E 015 -
e - 1 ke T 7 ke - i—Q—L‘
S 020 =R, S ) S 041 ~ A" -021 ® -
| B i . | B ] :; B .
0.25 — - 0.2 i 0.25 — -
ol bbb L] P I N R N A ol bbb L]
0 0.1 02 03 04 05 0.6 07 0 01 02 03 04 05 0.6 07 0 0.1 02 03 04 05 0.6 07
M_ [GeV] M_ [GeV] M_ [GeV]
[«} T | T | T | T | T | T | T T | T | T | T | T | T T [«} T | T | T | T | T | T | T
B (5=0, I=32) 7 0.04 — (S=1,1=1) ; — = (8=1, I=) =
005 — — I i 04—
) I 1€ oo E
= N — — e - —
= 01k | = 002 =
= sl 12 [ 8% S\ g © .
30 17 00 1
b B S a1 = - b =12 — —
S 02 o S ol L S :
- B . [} L | .
0.25 - . - ] L6 m
. 1 ol - , 4
_D_3 | | | | | | | | | | | | | | | | | | | | | | | | I 1 _2 | | | | | | | | | | | | |
0 0.1 02 03 04 05 0.6 07 0 01 02 03 04 05 0.6 07 0 0.1 02 03 04 05 0.6 07
M_ [GeV] M_ [GeV] M_ [GeV]
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Radical Assmuption

All the channels, regardless of the quantum numbers and the
dynamical states, share a common subtraction constant in the
unitarized amplitudes |

Prediciton of scattering lengths for (S,I)=(0,1/2) channel

1.6 — 1.6 -
L — 5-Channel Fit . L — 6-Channel Fit
| o =0 1=12) o N=2 LQCD-Data |_ | ol G=01=12) o N=2 LQCD-Data| |
- m N}=3 Estimate . - m Nf:.? Estimate
E 0.8 — E 0.8 -
= 04 4 = 04 .
R B H L
T 13 o )
R a4l R a4l
_;a -04_ % 0.4_
= 0.8 = 0.8
-1.2+ -1.2+-
L6 | | | | | | ] ‘L6 | | | | | | |
0 0.1 02 03 04 05 06 0.7 0 0.1 02 03 04 05 06 07
M;T [GeV] Mﬂ [GeV]

It clearly indicates that “exotics” things happen around m_=0.3~0.4GeV
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Pole trajectories with varying m_
[ ZHG,Meissner, Yao, PRD'15 ]

15k A ]

120 —
90 -
60 —

30

0 O

A

Im (s ) [MeV]
Im (s Uzj S 1m

30

e
gy |
I
oy
=

-60

90—

D threshold

-120 —

et threshold

: 1 15 B |
| ] | 1 | 1 l 1 | 1 ]
0.85 0.9 0.95 1 1.05 11 ] ) 3 4 5

o 112
Re(s )/ (M +M) Re(s )/m

(5,I)=(0,1/2) channel Hanhart, et al., PLB14
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(S, I) RS| /Spoic [MeV] |Residue|”? [GeV] Ratios
—1,0) 1I 2333755 7457355 (DK)

(1,1) II|2466%32 —i271t%  6.95 §§§(Dsﬂ') 1.721012(DK /D7)
—0.13

11 222r'+12 i178119  7.351019(D 7)  0.8010-94(DK/D,x)

(1,0) I 23217+5 9.301003(DK)  0.7770:05(Dsn/DK) 0.43%013(Dsn’ /DK)

(0,3) II|2114*5 —4111%5  9.661513(Dn)  0.31%503(Dn/Dx) 0.461303(Ds K /D)
0.4970-58 (D0’ / D)

I11| 2473129 — 14013  5.361099(Dn)  1.097008(Dn/Dn) 2.12100%(D,K /D)
1.1243 15 (Dy' /D)

Pole positions and their residues with physical masses
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Nc trajectories for D™ o(2317) [ ZHG,Meissner,Yao, PRD'15 ]

2] | | | T,
- O 1St-RS BS 11 E -
0.15 — @ 2nd-RSVS. 10 -~ ]
¢ 2nd-RSV.S. 9 _[I7
0.1 — [0 2nd-RS Res. g . L7 —]
— [ 2nd-RS Res. BT -
E 0.05 — R _
= 3 4756
o m — — = -.H )—(—(*C*—
™) 0 7 . DK threshold
> <
g -
01 Physical fpne
0.15 — poin'l' 10 - E ~g.
12 =
02| | | | |
2.25 2.3 2.35 2.4 2.45 2.5

Re(v3) [GeV]
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Nc trajectories for D, pole in (S,I)=(0,1/2) channel

?m [ | I | I I I I
i ® 2nd Riemann Sheet |
600 — ) 3rd Riemann Sheet —
500 |- o’ —
@
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< 400 |- .' ]
- i 7 @ |
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Z 00 - e OO0
= . =0 :::'l‘—‘“k" ]
— !__\_‘ll._-"fj ] -~y () |:“‘ AN -
OO0 o000 @O OOV YE
200 O ¢ — —
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112
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Precise determination of the scattering
amplitudes using the lattice energy levels:

coupled D-pi, D-eta and Ds-Kbar channels
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Lattice simulation data:

finite-volume spectra in meson-meson scattering

Eigenenergies — <™ 000]
. ?: . bg 1100 An example:
In Tinite DOX 0 Isoscalar S-wave pi-pi scattering
1000 | {
%EEE [Briceno, Dudek, Edwards, Wilson,
900 | Tog. PRL'17]
B
800 |
700 | ﬁﬁznﬁﬁ
fi Length of
600 | .
L finite box
16 20 24
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Luscher's Approach:

connect the discrete spectra in finite box to the scattering amplitudes

in the infinite volume

Elastic scattering case: tan¢(gq) = —

B (000]
1100

1000 |
B3

900 -

800 |

700 | L oeEC

600

[Luscher, NPB ‘91]
,n.:a/zq

Zoo(1;9%)

Phase shifts \

LLuscher's Zeta function
( function of L, parameter free)

 For the elastic case, one has the one-to-one
correspondance between the phase shifts and
energy levels.

* The one-to-one correspondance will be lost
In the inelastic case.

FEME (FTIEIHTE K5
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[He,Feng,Liu,JHEP'O5] [Wilson,Briceno,Dudek,Edwards, Thomas, PRD ‘15]
[Lang,Leskovec,Mohler,Prelovsek, Woloshyn, PRD'14] [Fu,PRD'12]

[Gockeler,Horsley,Lage, Meissner,Rakow,Rusetksy, Schierholz,Zanotti,PRD'12] ......
A widely used approach in the inelastic scattering case:

Luscher function + K matrix

detll+ip-t-(14+iM)| =0

/

Kinematical || matrix:
factor polynomial + pole Luscher's finite-volume
terms functions (complex objects)

* Free parameters in K matrix are determined by the finite-volume
spectra. Then one can determine amplitudes in infinite volume.

« K matrix does not automatically respect the QCD symmetries,
such as the chiral symmetry. It could be problematic for chiral
extrapolation.
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Our approach:

Step 1: Put chiral perturbation theory (ChPT) In finite volume.

Step 2: The free parameters in ChPT, which are indepdent of
guark masses and volumes, are fitted to the finite-volume energy
levels obtained at (un)physical quark masses.

Step 3: Perform the chiral extrapolation and give the predictions

In infinite volume with physical quark masses, including phase
shifts, inelasticities, resonance poles, etc.

| will show some results for the D-pi, D-eta and Ds-Kbar scattering.
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Finite-volume effects

Two types of finite volume dependence of scattering amplitudes:

* Exponentially suppressed type o< exp(-m,L) : s, t, u channels

e Power suppressed type o< 1/L3 : only s channel

We ignore the exponentially suppressed terms, indicating

that finite-volume effects only enter through s channel.

N (s)

L =T e ae

|.e. We only consider the finite-volume corrections for G(S).
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4
G(S)—’i/(dq , ! — s = P?

21m)% (g2 — m3 +i€)[(P — q)%2 — m3 + i€

Sharp momentum cutoff to regularize G(s)

w1 + w9

|q1<qmax 13 (ltﬂ) - 2?1)1'(1)2 E2 — (w1 () 21”7
st — | a), T
( ) v; = \/|(f|2—l—m?: s = F?
G(s) in a finite box of length L with periodic boundary condition
|71 <gmax
-1 Lo
G=— >, Iy, 7 = 7 nel
il

Finite-volume correction AG [Doring, Meissner, Oset, Rusetsky, EPJA11]

AG = é o chtoff

STt rlal<amas d3 1 wi(q) +w2(q)
{L3 Z / }2w1(q)w2(q) E? — (w1(q) +w2(q))?
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Finite-volume effects in the moving frames
Lorentz invariance is lost in finite box. One needs to work out the
explicit form of the loops when boosting from one frame to another.

R LR — —%k "
transforming qi=1,2 tO qi—1.9 — | CM quantities

PO (j;ﬁ ¢V =
=g+ ||——-1)|—=——1|P
i =i+ |(F-1) - %

—

moving frame with total four-momentum P* = (P°, P) s = E? = (P%)? — |P|?

Impose on-shell condition q; 0 = \/|fi’i*|2 +m;
{_] —*
) P 0 =
in _ 1‘1 ;_{]q’t — qz p— \/‘q,l‘z - ?’Tl?

G function in the moving frame

‘91| <(@max d3 _’* E | ‘<Q'max 7 = fﬁﬂ ic le :
~MV __ —k [ — /
/ ) S5 = GYY = o Z I(lg7 (q)l) LBy ew

g1

Finite-volume correction AGMY: | AGMV — MV _ qeutoff

[Doring, Meissner, Oset, Rusetsky, EPJA12] ;
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Mixing of different partial waves in finite volume

.. . i 2T ™
The mixing is absent in - X
.i"lr b Q.i{?Ym 93 'Ill Yf ! 93 'Ill — 5 !(Smm-r
the infinite volume: / {Q_/G S 0dfYem (0, 9)Y i (0, 9) e

The mixing appears in finite-volume case, due to the absence of the
general orthogonal conditions.

Finite-volume correction to G function: AGYY = GV _ Geuteft
|§*|{Qmax I
ir 1 E I
~MV N
G =\ 1P 2 (|r§bﬂ*| Yem@) LT
Final expression for the G function: | G,,,, = Gfinitevolume | A GMV

To determine the energy levels in different frames with only S and P waves:
A1+ (0,0,0) . d&t[I + N(}(S) . é{]g] =0
T, (000):  det[] + Ny(s) - (Ggy + 2Gog)] =0

A,(0,0,1): det[I + No, M‘nqll] =0, Nos No 0 Mii—( éoom Ni\/gélf )
’ 0 N J —iv3G1o  Goo + 2Gao

------ [ZHG,Liu,Meissner,Oller,Rusetsky, to appear]
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Reprduction of the lattice energy levels
[Moir,Peardon,Ryan, Thomas, Wilson, JHEP'16]
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[ZHG,Liu,Meissner,Oller,Rusetsky, to appear]
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Reprduction of the lattice energy levels
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[Moir,Peardon,Ryan, Thomas, Wilson, JHEP'16]

[Lang,Leskovec,Mohler,Prelovsek,Woloshyn,PRD"14]
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Reproduction of scattering lengths

[L.Liu,Orginos,F.K.Guo,Meissner, PRD'13]
[Lang,Leskovec,Mohler,Prelovsek,Woloshyn,PRD"14]
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Prediction of the physical phase shifts and inelasticities

300
1 e e e e e+ 1 8
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o
E 150 ¢ o 0.6 F
o
L 100 r 0.4 | DT (Fit-2B) =—
~ : DN (Fit-2B) ======
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[ZHG,Liu,Meissner,Oller,Rusetsky, to appear]
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Prediction of the physical scattering amplitudes
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Exploratory study of

exotic doubly charmed baryons
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Status of ground-state doubly heavy flavored baryons

Only doubly charmed baryons are observed now.

Long standing experimental puzzle:

» SELEX: 2. - A/ K a*,pD*K-
mass 3519 =+ 2 MeV

[SELEX Coll., PRL'02, PLB'05]

» However the results are NOT confirmed by FOCUS, Belle,
BaBar !

[Ratti, NPPS'0O3, BaBar Coll., PRD'06, Belle Coll. ,PRL'06]
» New measurements from LHCDb:

oF o ASK trt, mass 3621.40 = 0.78 MeV

[LHCb Coll., PRL'17]
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Our exploratory work aims at pushing forward the study
of the EXCITED doubly charmed baryons.

» Methodology: Scattering of ground-state doubly charmed
baryons (.., E..", Q. ") and light pseudoscalar mesons (7, K,

n)
» Theoretical framework:

E..T=ccu, E f=ccd, Q. " =ccs): charm quarks behave like static

color source. The dynamics is governed by the light flavors.

Then chiral EFT is a perfect tool to study such processes.
» Benefits: Our results could provide useful guides for future

experimental measurements and lattice QCD simulations !
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Construction of the leading order chiral Lagrangian

» Ground-state doubly charmed baryons form a chiral triplet

e i
( —cc \
Yee = =1

\

»  Light pseudoscalar mesons identified as pseudo Nambu-Goldstone bosons

[ — 2 — iV20/F

( %WO—F%U Tt K+ )
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» The leading order Lagrangian

1
D, =0, + 3 [’U,Tc‘?“u + u@MuT] , Uy = iu“'DuUu"'

L = QECC (ZZD — 1o + %7“75“#) wcc

Ai—Bj _ mAi—Bj Ai— By Ai—Bj
T =T + T + T ,

wi
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Ai—+Bj _ mpAi1—Bj Ai—Bj Ai—Bj
T =T + T + T ,

wt
. . 1
Tiﬁz—:rBj _ _fwtﬁ B (g + QF)U-A ,
Ai—Bj 9’?4 _ 1
1 = sz uBd s 5 —mo dvsua
TPl = - w2 UBgYs d vs5uA
F pc — mgc
(S5,1) Processes Fut Fs (C) Fu (C) (S, 1) Processes Fwt Fs (C) Fu (C)
(-2,3) QoK = QK 7 0 5 (Ece) (1,0) EecK -+ ZccK -7 0 -2 (Qee)
(0,3) EceT — BeeT 3 0 2 (Bee) (1,1) EK — ZE.K 3 0 = (D)
(—1,1) Qeem = Qe 0 0 0 (0,3) EceT — Ecem -% 2 (Bee) -1 (Bee)
ZeeK 5 Zce K0 0 0 Eeel) = Zeeh) 0 = (Bee) 5 Eee)
Qeem = Ecc K 0 5 (Bee) Qe K = Qe K -7 5 (Bce) 0
(-1,0) ZeeK 5 E.K -3 1(Qc) 0 EeeT = Beel) 0 7 (Bee) 7 (Bee)
Qeenn = Qe 0 1 () 1 (Qe) Deem = Qee K -5 25 (Ee) 0
BeeK = Qeen B -T2 (Qe) 3o (Bee) Bee) = Qe -2 =L (Bee) - (Qee)

[ ZHG, PRD2017 ]
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Partial-wave projection and the unitarization

» S-wave partial-wave projection formula for baryon-meson scattering

T(W) = Z/dQTV[/QJJ)

cr—l ,2

» Unitarization: to take into account the possible strong interactions of the
two-body scattering

ImT = —p(S) p(s), = q(s)./8xy/s ( q(s): CM three-momentum )

| T(s) = [1 = T(s)- G(s)] " T(s)

v' G(s) takes care of the right-hand/unitarity cuts

Gt =1 [ 4 1
’ (2m)% (g2 — m3 +ie)[(P — q)%2 — m3 + i€

[q1<A 435 .

q wi + wy | re—

Gil""" . — r - s - — z ) ‘-g
(é) / [:2?1_)‘; 21[,’1“_}2 [S — (?_Lrl + wg)z] ( Wi |'§] + ﬁ’Ll )

v T(s) contains the remaining contributions except the right-hand cuts
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Inputs

Mett = Mot = 3621.4 MeV [LHCb, PRL'17 & Isospin symmetry ]

—CcC —CcC

mq+ = 3700 MeV [Chen, et al.,PRD'17]
F =TI, =921 MeV [PDG, CPC'16]

lgal = 0.2, ga=0 [Sun, Vicente Vacas, PRD'16]

( The final results are barely affected by the g, term.)

> The most sensitive parameter: cutoff scale A

Our conservative estimation: A =1.0 =+ 0.2 GeV
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Scattering lengths

a>! — ! T/ (Sthr)
VeePWeed  Rr(myy, + myg) PeelPWeed TN
(S, I) Processes Scattering lengths (fm)
(—2,1/2) QoK — QK ~0.1919-02
(1,0)  E.K — E.LK —1.4, —3.6, 5.2
(1,1) EpK — EK —0.1915:52
(0,3/2)  Seelm —> Egem ~0.095%0:004
(-1,1)  Qeem = Qeem 0.03%5:01
EeeK = SeeK —0.224014 4 0.4510.00
(=1,0) E.K — E.K —0.4915-15
Qee) — Qeep - —0.267003 +70.0270-02
(0,1/2)  Seemm — Eeem 0.55701%
Eecl] =+ Seel) —(].T’QJIE'E% + i U.SUJ_F},:}%
Qee K — Qe K —0.551011 +430.134019
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Resonance poles in the complex energy plane
[ ZHG, PRD'17 ]

(S,I) RS Mass Width /2 IResidue| 11> |Residue|>4> |Residue|54>
(MeV) (MeV) (GeV) (GeV) (GeV)
(1,0) EccKK 3
I | (——, 4112, 4096) 0 (——, 10.0, 14.9)

(4114, 4115, 4113) (6.5, 3.9, 4.1)

(-1,1) Qeem Sec K
I | (4191, 4134, 4090) (89, 83, 74) (15.7, 14.5, 13.2) (21.0, 18.3, 16.4) )
(—1,0) ECC}_{ 2een
1 | (4018, 3957, 3907) 0 (22.4,21.7,19.8) (13.4, 125, 11.1) Resembles A(1405)
II | (4105, 4095, 4083) 0 (5.7, 6.6, 7.4) (3.0,3.2,33) & D'«(2317)
(0, 3) Eec Eecel) Qee K
I | (3830, 3816, 3800) (76, 50, 33) (15.7, 14.6, 13.4) (1.0, 1.2, 1.2) (8.3, 7.6, 6.9)

II | (4170, 4146, 4116) (8, 18,22)  (4.4,5.7,6.4)  (9.9,12.1,13.2) (12.0, 13.6, 14.1)

See also a pioneer study of the bound state pole in the = Kbar scattering
by F.K.Guo & UIf.-G.Meissner, PRD'11; and a following detailed study by
M.J .Yuan, et al., 1805.10972 and J.M.Dias et al., 1805.03286
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Phase shifts, inelasticities, line shapes

Zee K — Zc K scattering with (5, 1) = (1,0)

(S,I) RS Mass(MeV) Width/2(MeV)  |Residue|},?(GeV)
(1,0) I | (——, 4112, 4096) 0 (——, 10.0, 14.9)
11 | (4114, 4115, 4113) 0 (6.5, 3.9, 4.1)

100 I | | I | I | I |
0.8 =eveurns |
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w
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o o
7 = ]
0 _
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5| T —— .
-100 1 ] ] 1 ] 0 ] 1 ] 1 ]
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Qe — Qeem and Qe — ZEqK scattering with (S,1) = (—1,1)

(S,I) RS Mass(MeV) Width/2(MeV)  |Residue|i/*(GeV) |Residue|s2*(GeV)
(—1,1) II | (4191, 4134, 4090) (89, 83, 74) (15.7, 14.5, 13.2)  (21.0, 18.3, 16.4)
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S K — B K and E.,.K — Q..n scattering with (S,I) = (—1,0)

(S,I) RS Mass(MeV) Width/2(MeV)  |Residue|i/*(GeV) |Residue|s2*(GeV)
(=1,0) I | (4018, 3957, 3907) 0 (22.4, 21.7, 19.8)  (13.4, 12.5, 11.1)
I1 | (4105, 4095, 4083) 0 (5.7, 6.6, 7.4) (3.0, 3.2, 3.3)
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ZeeT, Zeen and Q.. K coupled-channel scattering with (S, 1) = (0,1/2)

(S,I) RS Mass(MeV) Width/2(MeV)  |Residue|},*(GeV) |Residue|;,*(GeV)  |Residue3.*(GeV)
(0,3) 10 | (3830, 3816, 3800) (76, 50, 33) (15.7, 14.6, 13.4) (1.0, 1.2, 1.2) (8.3, 7.6, 6.9)
II | (4170, 4146, 4116) (8, 18, 22) (4.4, 5.7, 6.4) (9.9, 12.1, 13.2)  (12.0, 13.6, 14.1)
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Summary

* Chiral EFT provides a useful tool to study the
charmed hadron spectra.

* 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.

» To further constrain the scatteing amplitudes using
lattice finite-volume energy levels and scattering
lengths appears soon |
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» Two clearly exotic doubly charmed baryons are predicted, due
to their exotic quantum numbers of (S,1)=(1,0) and (-1,1).

> Two resonance poles in the Z_n,Z_1n, QK coupled-channel
scattering with (S,1)=(0,1/2) are predicted.

> Similar to the A(1405) in KN and D",(2317) in DK scattering,
one bound/virtual state pole is found below the E_K threshold
with (S,1)=(-1,0).

» These findings can provide useful guides for future experimental
and lattice studies.

T L !

B EME GrdEImTE KER) Charmed hadrons from chiral EFT @ XYZ %8/, 10. 2018



	 Charmed hadrons from chiral EFT
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33
	幻灯片编号 34
	幻灯片编号 35
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	幻灯片编号 41
	幻灯片编号 42
	幻灯片编号 43
	幻灯片编号 44
	幻灯片编号 45
	幻灯片编号 46
	幻灯片编号 47
	幻灯片编号 48
	幻灯片编号 49
	幻灯片编号 50

