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Motivation

Simplest Friedrichs model

=k

General Friedrichs-Lee-QPC scheme

Numerical studies of ete™ —
DD, DD*,D*D*, DDmt cross section data

Conjectures about ¥(4160) and (4230)



Experiment status of /(4160)

R'= (Thadron* T heavy lepton) / Oy
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Motivation

Experiment status of y¥)(4160)

VALUE (MeV) DOCUMENT ID TECN COMMENT
4191 +5 OUR AVERAGE

4191 13 AAlJ 2013BC LHCB Bt = Ktuty~
4191.7 £6.5 1 ABLIKIM 2008D  BES2 et e~ — hadrons

* » We do not use the following data for averages, fits, limits, etc. ® o

4193 +7 2 MO 2010  RVUE et e~ — hadrons
4151 +4 3 SETH 2005A RVUE et e~ — hadrons
4155 45 4 SETH 2005A RVUE et e~ — hadrons

4159 +20 BRANDELIK 1978C  DASP ete”



Experiment status of y)(4230)
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Motivation

Experiment status of y)(4230)

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
4222.5+2.4 OUR AVERAGE Error includes scale factor of 1.7, See the ideogram below.

4221.4 £1.5 £2.0 1 ABLIKIM 2022AM BES3 et e wwtn Iy
4225.3 £2.3 +21.5 2 ABLIKIM 2022AU BES3 et e = KK~ J/y
4234.4 £3.2 £0.2 3 ABLIKIM 2021A) BES3 et e = whr Y(28)
4216.7 £8.9 +4.1 4 ABLIKIM 2020AG BES3 ete = ptu
4220.4 +2.4 42.3 5 ABLIKIM 2020N  BES3 et e — 77/
4218.6 +£3.8 £2.5 5 ABLIKIM 20200 BES3 et e = nJ/
4218.5 +1.6 +4.0 & ABLIKIM 2019A1 BES3 et e = wyw
4228.6 +4.1 £6.3 ABLIKIM 2019R  BES3 et e 2 7t DD +cc
4200.6 135 £3.0 7 ABLIKIM 2019V BES3 et e — Yxa (3872)
4218 "1 +0.9 ABLIKIM 2017G BES3 et e = atnh

* + We do not use the following data for averages, fits, limits, efe. »
4231.9 £5.3 £4.9 ABLIKIM 2020N  BES3 et e — 7°Z(3900)°, 22 - =°J/¥
42220 £3.1 £1.4 ABLIKIM 20178 BES3 et e s ataJfY
4200.5 £7.4 £1.4 9 ABLIKIM 2017V BES3 et e - wia Y(28)
4200.1 6.8 £7.0 10 ZHANG 20178 RVUE et e” = atayY(25)
4223.3 +1.6 2.5 1 ZHANG 2017C  RVUE et e” = wtnJfior $(28)
4230 +8 +6 180 12 ABLIKIM 2015C BES3 et e = wya
4258.6 £8.3 £12.1 13y 20138 BELL et e = yrta Iy
4245 £5 +4 14 [EES 2012AC BABR 10.58 ¢t &= = yrta—Jiy
4247 +12 117 15,13 YUAN 2007  BELL 10.58 ¢* e~ = ywtx-JiY
4284 17 +4 13.6 HE 20068 CLEOQ 94-106 ¢* e = yrtr J/y

4259 +8 12 125 16 AUBERTR 20051  BABR 10.58 ¢* e~ = ywtx-JiY



Motivation

Experiment status of y)(4230)

BES ] ]

1000

....

....
-
V-

4.1 4.2 4.3 4.4 4.5 4.6
Ecy(GeV)

FIG. 2. Fit to the dressed cross section of eTe~ — 77 DD*~,
where the black dots with error bars are the measured cross
sections and the blue line shows the fit result. The error bars are
statistical only. The pink dashed triple-dot line describes the
phase-space contribution, the green dashed double-dot line
describes the R, contribution, and the light blue dashed line
describes the R; contribution.

PRL. 122 (2019) 102002
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FIG. 3. The fit results (solution I) of the dressed cross
section line shape of ete™ — D**D* 7. The black and
red points with error bars are data, including statistical and
systematic uncertainties. The blue curve is the total fit. The
green, azure and orange dashed curves describe three BW
functions, and the pink dashed curve is the three body phase
space contribution.

PRL. 130 (2023) 121901



Motivation

¥ (4160) and ¥ (4230)

« Both of them are 1~ states, small mass
splitting, similar widths

« Hardly accommodated in the quark models
simultaneously

«  Mutually exclusive decay modes
1¥(4160) mainly open-charm modes

1(4230) mainly hidden-charm modes,
except n*D°D*~ and D*°D* " n*

« No same decay mode has been reported.
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P (4160) Mass Width
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Motivation
¥(4160)

VALUE (MeV) DOCUMENT ID TECN COMMENT
4191 +5 OUR AVERAGE
4191 1§ AAll

20138C LHCB Bf — Ktptp~

4191.7 £6.5 T ABLIKIM 2008D BES2 e* e — hadrons

¢ ¢ We do not use the following data for averages, fifs, limits, etc. « ¢

4193 £7 2 MO 2010 RVUE et e — hadrons
4151 +4 3 SETH 2005A  RYUE ¢ ¢~ — hadrons
4155 +5 4 SETH 2005A RVUE et e — hadrons
4159 +20 BRANDELIK 1978C  DASP ete”
Scale Factor/

Mode Fraction (T'; /T) Conf. Level P(MeV/c)

Iy ete™ (6.9+3.3)x10°¢ 2096

Ty php seen 2093

I's DD seen 956

T D’ spen 956

Ts D*D seen 947

Tg D'D+cec. seen 798

Iy D*(2007)°D" + c.c. seen 802

I's D*(2010) 7D +cc. seen 792

Ty pD seen 592

T1o D*(2007)°D"(2007)° seen 604

Tn D*(2010) " D*(2010)~ seen 592

T2 DD nt 4. (exdl. D*(2007)°D +c.c., D*(2010)" D~ +c.c.) e

T'is DD'7 +c.c. lexcl. D*D”) seen

T DPD* t +c.c. [exdl. D*(2010) T D*(2010)~ ) not seen

Tis DDy not seen 719

T DitD; +cc. seen 385

VALUE (MeV)
4222.5+ 2.4
4221.4 +1.5 +2.0
4225.3 £2.3 £21.5
4234.4 £3.2 202
4216.7 £8.9 +4.1
4220.4 +2.4 +2.3
4218.6 £3.8 £2.5
4218.5 £1.6 +4.0
4228.6 £4.1 6.3
4200.6 135 +3.0
4218 752 £0.9

4231.9 +£5.3 £4.9
4222.0 £3.1 +14
4200.5 +£7.4 +1.4
4209.1 +6.8 +7.0
4223.3 £1.6 £2.5
4230 +8 +6
4258.6 £8.3 £12.1
4245 +£5 +4
4247 £12 17
4284 1T 44
4259 +8 2

180

13.6

125

(4230)

EVTS DOCUMENT ID

OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below.

T ABLIKIM
2 ABLIKIM
3 ABLIKIM
4 ABLIKIM
5 ABLIKIM
5 ABLIKIM
é ABLIKIM

ABLIKIM
7 ABLIKIM

ABLIKIM

TECN

2022AM BES3
2022AU BES3
2021A) BES3
2020AG BES3
2020N  BES3
20200 BES3
2019A1 BES3
2019R  BES3
2019V BES3
2017G BES3

COMMENT

et e sty

et e = KTK-JY

et e = wim o p(29)

et e s utp”

et e = 2nly

et e = /v

et e = wyaw

et e 5 at DD tec
e e = yxa(3872)

et e s atah,

* ¢ We do not use the Fc"owing data for averages, fits, limits, etc. » ®

ABLIKIM
& ABLIKIM
¢ ABLIKIM
10 ZHANG
11 ZHANG
12 ABLIKIM
13U
4 | EES

15,13 YUAN
HE

16 AUBERTB

2020N  BES3
20178 BES3
2017V BES3
2017B  RVUE
2017C  RVUE
2015C  BES3
20138 BELL

2012AC BABR
2007  BELL

20068 CLEO
20051  BABR

et e — 7YZ.(3900)", 22 — x"J/%
et e watam Jy

et e o ata(2S)

et e = atrP(25)

et em = ata J/y or Y(285)

et e = wyaw

et em o yrtaT /P

10.58 ¢t e = yrtm T/
1058 et e~ = yrta = JY
94106 " ¢ — yrta Jfyb
10.58 et e~ = ynta— T/
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Background

How to describe a resonance

(p1p5, b|iT|p1p2, )
= i(2m)*6*(py + p2 — P1 — PL)M (P1, P25 P1, P2)ba

Disc Myq = My, — Mg, = i(2m)* Zcf dd MM

Imea = 2 M:bpcMca | physical sheet
C

Unitarity and analyticity

unphysical sheet

PDG review
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Do anl

Background

How to describe a resonance

cross-section phase
The simplest Breit-Wigner
s 1
- M2—s—iMT

Or Breit-Wigner distribution with

energy-dependent width Blatt-Weisskopf Barrier Factors
Bf ()T Fols) =1
Ti(s) =15 2 = 2 Fi(x) = |—
M? —m? —i pB{ (q)m,l X+ 1
Fi(q) 2q; = 13x2
Bl(q'qR) =Fléq1)’pi Z% Fa(%) \/(x—3)2+9x

by Hippel and Quigg (1972)
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Background

A lesson from Taylor’ s book

The behavior of the partial cross section o,(p),

ofp) = m:f—” sin® 8(p)

near a resonance depends on the value of the background &,,. Four different
possibilities are shown in Fig. 13.3. The first and simplest, shown as the
curves below (a), is when the background &,, is zero, and &(p) therefore

242 13. Resonances
(© @ J.R.Taler,
| Scattering theory,

- (a) )
= P241-242

S A

FIGURE 13.3. Four possible resonances. The (p) plots show the resonant phase
shifts for d,, = 0, #/4, =/2, and 3x/4. The sin® &(p) plots show the corresponding

behavior of the partial cross section [apart from a factor 4+(2/ + 1)/p?].




Motivation

What we should know about Breit-Wigner distribution in
the experimental analysis

« Only distribution, no analyticity
« Multi-solution ambiguity

n + 1 Breit-Wigner with 2™ solutions

of similar fit quality N "
K. Zhu et. al., IIMPA 26, 4511 (2011)
A. D. Bukin, arXiv:0710.5627 LN | N
X. Han and C. P. Shen, CPC 42, 043001 (2018) RS R S

Y. Bai and D.Chen, PRD 99, 072007

FIG. 2. Anexample of interference between two Breit-Wigner distributions. The solid curve is the total cross section, and the dashed
curves are the individual contributions from the resonances.

PRD 99, 072007



Motivation

What we should know about Breit-Wigner distribution in
the experimental analysis

« Only distribution, no analyticity
« Multi-solution ambiguity
* Non-unitrarity



Motivation

Coupled-channel models with unitarity

E. Eichten, K. Gottfried, T. Kinoshita, K. Lane, and T.-M. Yan, Phys.Rev. D 21, 203 (1980)

N. A. Tornqvist, Z. Phys. C 68, 647 (1995)

H.-B. Li, X.-S. Qin, and M.-Z. Yang, Phys. Rev. D 81, 011501 (2010)

X. Cao and H. Lenske, Hadron 2019, pp. 433-437, arX-iv:1408.5600

A. Limphirat, W. Sreethawong, K. Khosonthongkee, and Y. Yan, Phys. Rev. D 89, 054030 (2014)
N. N. Achasov and G. N. Shestakov, Phys. Rev. D 86, 114013 (2012)

Y.-J. Zhang and Q. Zhao, Phys. Rev. D 81, 034011 (2010)

J. Segovia, D. R. Entem, and F. Fernandez, Phys. Rev. D 83, 114018 (2011)

T. V. Uglov, Y. S. Kalashnikova, A. V. Nefediev, G. V. Pakhlova, and P. N. Pakhlov, JETP Lett. 105,
1 (2017)

T. Wolkanowski, F. Giacosa, and D. H. Rischke, Phys. Rev. D 93, 014002 (2016), arXiv:1508.00372
Z.Yang, G.-J. Wang, J.-J. Wu, M. Oka, and S.-L. Zhu, Phys. Rev. Lett. 128, 112001 (2022)

S. X. Nakamura, Q. Huang, J. J. Wu, H. P. Peng, Y. Zhang, and Y. C. Zhu, Phys.Rev.D 107 (2023) 9,
L091505

Z.-L. Zhang, Z.-W. Liu, S.-Q. Luo, F-L. Wang, B. Wang, and H. Xu, Phys. Rev. D 107, 034036 (2023)
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A method to restore the unitarity----K matrix

S =l I2TA
A=KQ1 -iK)!
1
K = z Gia(S)mGja(S)
a
a

2l;+1

Glza(s) B glza l\/g

Ay = 2 Gia(S)Pop(s)Gjp(s)
af

O(s — si)

(P—l(s))aﬁ = (M2 — 5)8 05 — iz GmaGmp

33 free parameters to fit well ee™ -
DD,DD* D*D*, DD, but no poles’
Informations could be extracted.

Uglov et al., JETP Lett. 105, 1 (2017), arXiv:1611.07582

= =6
= 20

) Belle data b)
2_

4 15 0
Vs GeV
E g
4 d)
0.5
2
+
0 H+ —l—++{—+ I f .
I
! Is T Gev * (s 3 GeV
Figure 1. Exclusive cross sections for the et e™ — DD ([ete™ — DT D7 ]+[ete” — DD (plot (a)), ete™ — DT D*~

s sections for
(plot (b)), ete™ — D*TD*~ (plot (c)), and ete™ — DDx ([ete” — D°Dat] +[eTe” — D°DTa7]) (plot (d)). In
all plots, the points with the error bars represent the Belle data and the red curves show the fit results. In plot (c),
the blue, magenta and green thin curves represent the P-wave with § = 0, the P-wave with § = 2, and the F-wave
with § = 2 contributions in D** D*~ final state, respectively.
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Friedrichs-Lee model

Background
GamowZSHIEF E il
Energy eigenfunction with a complex eigenvalue, proposed by G.Gamow to
understand alpha decay. G.Gamow , Z.Phys. 51 (1928) 204-212

However, in Hilbert space, a self-adjoint operator can only admit real
eigenvalues. A rigorous treatment to Gamow state require an extension of
Hilbert space to Rigged Hilbert space(RHS).

A.Bohm, M.Gadella, Dirac kets, Gamow vectors, and Gelfund Triplets,
Friedrichs-Lee &84 Springer Lectures Notes in Physics Vol.348, Springer, Berlin

A solvable model to demonstrate the properties of Gamow state.
Several variants: K. O. Friedrichs, Communications on Pure and Applied Mathematics 1, 361 (1948).

Lee model T. D. Lee, Phys. Rev. 95, 1329 (1954),
Fano model U. Fano, Phys. Rev. 124, 1866 (1961).

Anderson model p. w. Anderson, Phys. Rev. 124, 41 (1961).



L
A ! b ] '?J L] )
Do ROUTHEART LNIVIOSTTY

Simplest Friedrichs model

Background

Free Hamiltonian H, with a simple continuous spectrum R* = [0, ), and a
discrete eigenstate |1) with the eigenvalue wg > 0 .

Ho 1D =@, |, H, | 0) = 0| )
Then the free Hamiltonian is
Hy = o, |1 +] do o] o))
Normalization :
1D =11]w) ={w|D) =0,(0’| ®) = 6(0'- )
Suppose there Is an interaction between the continuous and discrete parts
V=4[ do [f ()| )]+ (@) |15e]]



Simplest Friedrichs model
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Background

We can solve the eigenstate |W(x)) of the full Hamiltonian H = Hy + V, with
eigenvalue x. H [W(x)) = X | P(X))

Since the |1) and |w) form a complete set, |[¥(x)) could be expressed as

W) =a(x) |+ do o(x o) o)
Using VI = A1 (o) | @), V|w) = 217 (0) |2)
i e (0, — X)x(X) + A j f (@) (X, ®)dw =0,
0

(0—X)w (X, )+ AT (0)a(x)=0.
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Simplest Friedrichs model

Background
For Eigenvalue x>0
Aa(X) (o
v.(xw)=- 220D L o)),
w—XxTlg

(@ —X)a, () + 2T ()7, () —a. (04| fag“:)xf;(i“g))da) =)

Define resolvent function

. o | (@)
n‘(x):x—a)o—lzjo )l(—(a)J)rligdw

Solution:

19 | ydal

—wxlE

aks

e L0 -
RO Ly AR k=



Relativistic Friedrichs-Lee-QPC scheme

Two-pole structure(Fitk=4514)

resolvent function

SI
77(5) =S—w(%_f ds’ p(l ) :
FOA RS, S =

p(s) = 260, k'ifz ()2

WRREHE: —MRESEERPN RS

Phys.Rev.D 83 (2011) 014010

Abs[1/n]

Fig. 2 |1/n(s)| for the scalar (uit + dd)/~/2 on the complex s plane
of the second Riemann sheet with y = 4.3 GeV

Eur.Phys.J.C 80 (2020) 12, 1191
Eur.Phys.J.C 81 (2021) 6, 551



Relativistic Friedrichs-Lee-QPC scheme

Two-pole structure(W Rk =4513)

Im[s]
N II-sheet of Complex s-plane
-
S / bare
dynamical /

I-sheet pole \ Refs]
- . \

Sth 7

The general trajectories of two pairs of poles for the two-pole
structures on the second Riemann sheet of the s-plane as y increases.

Eur.Phys.J.C 80 (2020) 12, 1191
Eur.Phys.J.C 81 (2021) 6, 551



Two pole structure

Sum rule:

This kind of two-pole structure contribute a total phase shift of 180° in the
single channel approximation

350

300 | - 150 |
250

200 - o 100F

50 |

1 1 L ] 0 1 L 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5
M(rrT)/GeV M(Km)/GeV

Fig. 3 Comparisons of experimental phase shifts and the theoretical
calculations when y = 4.3 GeV. The left one 1s that of /J = 00
scattering and the right one i1s thatof /J = %O 7t K scattering. The solid
line 1s the contribution of two-pole structure

Eur.Phys.J.C 80 (2020) 12, 1191
Eur.Phys.J.C 81 (2021) 6, 551



Two pole structure
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An ambitious prediciton with only a few parameters in this scheme
(1) Some Bare Masses (2) a global coupling y

%a%ﬁ’ﬂ%

# RO THEAST LIV IRSITY

Table 1 Correspondence of the discrete states and the continuum states as the parameter y = 4.3 GeV. The values in the fourth column are the
input mass of bare states. Unit is GeV

Eur.Phys.J.C 80 (2020) 12, 1191

“Discrete™ “Continuum™ GI mass Input Poles Experiment states PDG values [19]
f—,._—“'q;d (1°Py) (7T ) f=0 1.09 1.3 V1 = 1.34—0.29i fo(1370) 1.350-15 — 0.2%0.05;
52 = 0.39 —0.264 0 )] ] - — 0. g
0.39 — 0.26i fo(500 0.475+0075 _  275+0.075;
us(13 Py) (TK);_1 1.23 1.42 S5 = 1.41 —0.17i K (1430) 1.425005 _ 135004
5 = 0,66 — 0.344 )] . 05 . ]
0.66 — 0.34i K3 (700 0.68+005 _ . 30+00
s5(1° Py) KK 1.35 1.68 Vi1 = 1.71 — 0.16i fo(1710) 1.704=0012 _ 0 062+0-009;
V55 = 0.98,./5, = 0.19 fo(980) 0.99+002 _ 0 028+0023;
"'%3(13}90) n 1.09 1.3 S5 = 1.26 — 0.14i ao(1450) 1.474*0019 _  133+0.007;
572 = 0.70 — 0.42{ ap(980) 0.98+0.02 _ g, p38+0-012;
cii(1? Py) D 2.4 24 /51 = 2.58 —0.24i D} (2300) 2.30+0.019 _ g 137+0.02;
Sr2 = 2. — 0.1
52 =2.08 —0.10i
c5(1° Py) DK 2.48 2.48 51 = 2.80 — 0.23i
V5 =224 /5, = 1.8 D?,(2317) 2.317+0.0005 _  pp38+.0038;
bii (13 Py) B 5.76 5.76 51 = 6.01 —0.21i
V52 = 5.56 — 0.07i
b5(1° Py) BK 5.83 5.83 V1 =623 —0.17i
5 = 560,585, =53
ce(23 P)) DD* 3.95 3.95 /5 = 4.01 —0.049; X (3940)
/5, = 3.785 X (3872)

se7fepob?hys.J.C 81 (2021) 6, 551




Two pole structure

sll: WRREHENEEE

An ambitious prediciton with only a few parameters in this scheme
(1) Some Bare Masses (2) a global coupling y

results of y = 3.0GeV

cii(13 Py) J5T =239 — 0.18i S5 =221 — 028 RoEy
e5 (13 Py) 51 = 2.68 — 0.26i 55 =232,/50 = 1.9 e
bii (13 Py) /51 = 5.85 — 0.26i S5 = 5.62 — 0.13i

b3 (13 P) 5T = 6.11 — 0.22i S = 5.72,/5, = 5.4

cc(2° Py) V5 = 3.99 — 0.05i J5p = 3.84 X(3872)

Notice that it is a prediction with only one parameter y.

Eur.Phys.J.C 80 (2020) 12, 1191
Eur.Phys.J.C 81 (2021) 6, 551



Extended Friedrichs-Lee-QPC scheme with multi discrete and
continuous states

ZhF+Z18/HJFriedrichs-Lee-QPCHEZE

D C

Hamiltonian Ho=S Moo+ [ dw B|E; i) (B l,
p=1 j=1 v @i

D C 00
- ZZ/ AB[f2,(B) [ p)(Es ] + Foi (E)| B3 i) ]

p=1i=1" @i

Scattering matrix Sig =0 —2mi Y frAE) 0 pafri(E)

C 0O * / _ /
o = (B = M,)0p0 = Y / B / Eg M ’?E()E )

Y coupling to hadron pairs QPC model
P couplingto e*e” MW, = ete) = 0 5y )t

5
Cross section of e*e™ — hadron pairs 0i(E) = o a 1> gepln pafril®




Analysis of ete™ -» DD,DD*,D*D*,DDm

ZhiF+Z180Friedrichs-Lee-QPCIEZEHLS

4 channels

15 parameters

ete™ - DD,DD*,D*D*, DDm
4 bare discrete states are supposed

Y(1D),¥Y(3S),¥(2D),P(4S)

Background [¢(1D) |4 (35) ¥ (2D) |1 (4S5)

Bare mass 1.83 4.09 | 4.36 | 4.62 | 5.35

Jep 26.4 1.82 | 5.32 | -3.68 | -6.12

bep/” O(fixed) | 35.2 |-31.6 | 64.6 |129.3
Y 4.48




Analysis of ete™ - DD,DD*,D*D*,DDn

Combined fit of e*e- - DD, DD*, D*D*, DD1t

Belle 2008 : Belle 2018
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Analysis of ete™ -» DD,DD*,D*D*,DDm

Extract the nearby poles

4 channels
16 Riemann sheets
Extract the nearby poles by find the solution of det|n(V=sheet)| = ¢

DD DD D*D" DD,
'l H H
to 2pd sheet ,' to 4th sheet ,'
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Contour plots of 1/det
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Analysis of ete™ - DD,DD*,D*D*,DDn

Contour plots of 1/det[n] on 4-th sheet
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Analysis of ete™ > DD, D

D*,D*D*,DDn

Contour plots of 1/det[n] on 4-th sheet
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1(4160) and ¥(4230)

If ¥(4160) and ¥(4230) are the same y(23D,) state

benefits
« Quark model expectation

- Explanation of the mutually exclusive decay modes of y(4160) and
¥(4230)

 Reliability of coupled channel method analysis

Challenges faced in verifying this conjecture

« A fit with more bare discrete states and more decay model
DD,DD*, D*D*,DD,,DD;, DiD;, DID:~, Di*D:, -+ -

« More accurate experiment data



Analysis of e*e~ —» DD,DD*,D*D*, DD

Expected experiment explorations
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FIG. 2. Top: Cross section and fits of et e™ — nJ/y for XY Z
data. Bottom: Same for the scan data. Dots with error bars are
data. The solid (blue) curves represent the fit results of the

More precise J/yn data
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Analysis of ete™ -» DD,DD*,D*D*,DDm

Expected experiment explorations
More precise D”* D\~ data
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FIG. 4. The cross section averaged over the bin width for (a) the e*e™ — D] D, process, (b) the e"e™ — D D}~
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and (c) the e e~ — D" D}~ process. Error bars show statistical uncertainties only. There is a common systematic uncertainty for all

measurements, 11% for D D, , 17% for D] D}~
show masses of the /(4040), (4160), and ¢ (4415) states [18].

, and 31% for D" D~

. This uncertainty is described in the text. The dotted lines



Analysis of ete™ -» DD,DD*,D*D*,DDm

Expected experiment explorations
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of the background amplitudes.

Data at around 4.8 GeV are needed to understand |

the line shape.

> Could it be the Y(4710) in KK Jhy?

Result 1 Result 2 Result 3

M, (MeV/c%) 4186.5£9.0 4193.8+7.5 4195.3%7.5
) (MeV) 55+17  61.2+9.0 61.8+9.0
M, (MeV/c?) 4414.5+3.2 4412.8+3.2 4411.0+3.2
T2 (MeV) 122.6+7.0 120.3£7.0 120.0£7.0
Ms (MeV/c?) 4793.3+7.5 4789.8+9.0 478610
s (MeV)  27.1+7.0  41+39 6035

pends on the parametrization |
|
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Summary

Y (4160) and (4230) might be the same y(cc 23D,) state.

More experiments such as J/yn and D'”D{"are required to
verify or falsify the conjecture.

We present a coupled-channel scheme with unitarity and
analyticity, which could be used to study several
resonances and several decay modes simultaneously.

This scheme could be rewritten into the form used in the
experimental analysis.




Thanks for your
patience!



