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Hadron properties difficult to derive from QCD
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The “Y” problem
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The Y Problem

Exclusive ete™ cross sections have shown surprisingly complex behavior as a function
of ems energy. The Y(4260) is more complex than a single ordinary resonance, as shown
by the complicated lineshape in the ete™ — a7~ J/7 cross section in Fig. 3.10(e); the
Y'(4360) and Y (4660) are seen in ete” — w7 1)(3686); two other peaks are seen in
ete” — mhr he in Fig. 3.10(f); the ¥/(4220) is seen in efe™ — wx,o in Fig. 3.10(g) and
so on. A summary of the masses and widths of resonances extracted from recent BESIII
results is shown in Fig. 3.11. There is currently very little consistency between different
reactions. Furthermore, none of these complicated features are apparently present in
the inclusive ete cross section, which only shows evidence for the ¥(3770), (4040),
1(4160), and ¢(4415) [64]. This is the “Y” problem. Arc the many peaks scen in ¢'e
cross sections really new states? Or are they the results of more subtle effects? With
new data, will new patterns emerge? What are their exact line shapes? Will they match
theoretical predictions, such as a very asymmetric line shape for the Y(4260) obtained
within a molecular frame [69]7 With our limited number of data points (ems energies),
there is little hope in resolving the issue. We require (1) more data spread over a variety of
ems energies, and (2) a global and simultaneous analysis of many final states. This latter
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More precise experimental results
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Theoretical explanations to Y (4220)
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Quenched potential model
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Mass (MeV)

Unquenched quark model

States Mass (MeV) Y. (keV) Cee (keV) LeXPt (keV) Candidate
1S 3097 10.18 5.34 5.26 + 0.37 $(3097)
28 3686 4.13 9.17 2.14 +0.21 (3686)
aSs 4033 2.35 1.23 0.75 + 0.15 1 (4040)
48 4262 1.46 0.77 0.77 + 0.23 1(4160)
558 44715 0.91 0.48 0.47 +0.10 1 (4415)
10800 1P 3526 X(3526)c.0..
1D 3805 $(3770)
@) Y 4105
224 MeV f 224 MeV ,
Y Y(3S) v 10400 Y. B. Dong, K. T. Chao, and D. H. Qin, Phys. Rev. D 51, 5064 (1995)
[353 S 332 MeV 10200 State Expt. Theor. of ours Theor. of Ref. [5]
Y(2S) Mass {2 NR GI
S U 10000
1S J/w(13S,)  3096.916 = 0.011 3097 0.41 3090 3098
— n.(1'S,) 2980.3 + 1.2 2979 2982 2975
589 MeV 28 @'(23S)) 3686.093 = 0.034 3673 0.91 3672 3676
n%.(2'S,) 3637 + 4 3623 3630 3623
sala 3s #(3’S)) 4039 * | 4022 1.38 4072 4100
n.(3'S.) 3991 4043 4064
9400 45 (43S)) 426378 4273 1.87 4406 4450

e B. Q. Li and K. T. Chao, Phys. Rev. D 79, 094004 (2009)

v family Y family
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4S-3D mixing scheme

Screening potential
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What dynamical mechanism constrains the mixing angle within this range?
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Formalism
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The mixing scheme induced by the tensor term
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The 4S-3D mixing scheme induced by a coupled-channel model
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Coupled channel model
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Results for
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Results for and
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Results for

and

Channels AM; AM;/ 3 AM; I Ty 2T AM; AM 2 AM; T T/ 3T
DD -58 3.8% 0.3 0.6% -10.7 7.0% 1.8 78%
DD’ -12.3 8.0% 97 18.3% =3.1 2.0% 34 14.4%
DD, -1.0 0.7% 0.2 0.3% -1.1 0.7% 04 19%
DD -35.1 22.8% 41.0 77.8% -36.9 24.2% 8.0 34.0%
D,D" —44 28% 0.4 08%  -13 09% 09 36%

DD;(2300) - - - . - B =
DD, -7.1 4.6% 11 2.1% -10.1 6.6% 0.7 31%
DD, (2430)" -16.1 10.4% - - -16.4 10.7% 24 10.2%
DD (2420) -8.7 5.7% - - -14.5 9.5% 57 24.0%
D,D(2317) = = - - - _ -
DD5(2460) -85 5.5% - - -5.1 3.3% 0.2 09%
D*D{(2300) -12.1 7.8% - - -84 5.5% - -
DDy(2550)" -22 1.4% - - -6.2 4.1% - -
D*D,(2430)° -22.8 14.8% - - -214 14.0% - -
DD, (2460) -23 1.5% - - -33 22% - -
DD y(2317) -22 1.4% - - -1.1 0.7% - -
D*D;(2420) -13.2 8.6% - - -13.0 8.5% - -
Total -153.9 100% 52.7 100% -152.8 100% 236 100%
M =4279.1 M =4338.5

Mwmzzu' =42221+23 [87]
——

Cyazo) =49 £ 7 [87]
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The mixing induced by the coupled -channel effects

007,
~0.08F
det M - Mg - AM (M) <WS ‘HT‘V/D>+AMSD(M) —0 %, 009:
<WD‘HT‘WS>+AMSD(M) M—Mg—AMD(M) = -olor
0.1

P N DA N PV N e O

4.20 4.25 4.30 4.35 4.40 4.45
M (GeV)
"\ Wasap T Visap
4 .\-
M Wis-3p = 4235 9 MeV M Wis-ap — 43 87 . 1 Mev - g 4350 :'"""""""::::::'.'::'-""“_'""'"""-‘"-‘--'-'-‘-:-'-:-'-:-..:'..-.-_._._,_,_'
C n S ISte nt & 4300 - DD,’(2460) threshold i
’ @

— a0t - _

\ — e _% LY(4220) . %_4

[-30°,-36" 1 .

' :

0 0
0 (degree)



Decay width for  _
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m=4235.9 MeV m=4387.1 MeV 49+ 7 OUR AVERAGE Error includes scale factor of 3.4. See the ideogram below.
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[#/ [#/
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DD* 1.7 5.4% 097 1.7% 72.9 +6.1 +30.8 4 ABLIKIM 2022AU BES3 et e — KYK-Jj
D.D 0.6 1.9% 0.1 0.2% 17.6 £18.1 0.9 5 ABLIKIM 2021A) BES3 et e — mra o (28)
=8 . 2 : S 47,2 £22.8 £10.5 6 ABLIKIM 2020AG BES3 et e —ptu
D*D* 292 91.4% 8.0 18.1% 46.2 +4.7 £2.1 7 ABLIKIM 2020N  BES3 et e = atml I/
D.D* 0.0 0.0% )5 579 82.0 +5.7 +0.4 7 ABLIKIM 20200 BES3 et e —s iy
&S 28.2 £3.9 +1.6 8 ABLIKIM 2019A1 BES3 et & — wyen
DDS(ZSU{}) - - - - 77.0 £6.8 6.3 ABLIKIM 2019R BES3 et e st DD srcc
115 38 £12 ? ABLIKIM 2019V BES3 et e — yxx(3872)
DD’ 0.3 08% 0.8 1.9% . '
wi 66.0 T1%° 0.4 ABLIKIM 2017G BES3 et e” = atmwh,
DD1 (2430)(] — — 5.? l 3.0% * » We do not use the following data for averages, fits, limits, etc. » »
41,2 £16.0 £16.4 ABLIKIM 2020N  BES3 et e — 0 Ty (3900)° , 70 — w0 J/op
DD, (2420) = = 7.3 17.4% Liedi e i
44,1 £4.3 £2.0 19 ABLIKIM 2017B  BES3 et e —miw Jiy
D.D(2317) - - — - 80,1 £24.6 +2.9 11 ABLIKIM 2017V BES3 ' e —ata 4(25)
76.6 £14.2 £2.4 12 ZHANG 2017B RVUE  eF &= — (28
DD:(2460) - - 165  37.3% (&9
e 54.2 +2.6 +1.0 13 ZHANG 2017C RVUE et e = wtw Jfy or (28)
D" D;(2300) = - 1.6 3.7% 38 £12 42 180 14 ABLIKIM 2015C BES3 et e —uka
134.1 £16.4 +5.5 151y 20138 BELL £ iy =F
Total 32.0 100%  44.1 100% e
114 *18 47 16 |FES 2012AC BABR 10.58 e* &= — ywtwJfep
erzzO) =49+7 [87] 108 +19 +10 17.15 YUAN 2007  BELL 10.58 e* e~ — ywim Jfy
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e Total width of = _ is32.0 MeV
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e The dominant decay channel: . % Prediction



The properties of

rrs

Prediction
e Themassof ~_ is4387.1 MeV zjz
o Totalwidthof " _ is44.1Mev  Zw
e The dominant decay channels : éiz
0 90
% o

%

%
[(D'D"):T(D D,(2430)°): (DD, (2420)) {T(D'D;)|=1.4:1:1.4:2.9

More precise experimental data are required to conclusively determine its properties
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Summary

° can be assigned as the = _
® The — mixing angle Is
determined be = by a dynamical analysis.
® can be searched for in :
( ), , and channels.
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