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Outline

» The BESIII experiment
» Charmoniumlike states

* The Y states — JPC=1~
Yorntan I, Y->n" n"y(3686),Y > n" nh,
* The Z_ states — I=1 & decays into cc
JP for Z¢(3900), Z,. — pn,
* The X(3872)— Jre=1**
ete™ - yX(3872),X(3872) » nt ] /Y
»Summary



Beijing Electron Positron
B T T

W8  Storage ring ~240m

Collider I1 (BEPCII)

T 4

A
it
f‘ :‘ﬁ
%
{

Ecm = 2-4.6 GeV
& v light, charm quarks physics and T -
. charm physics.

v' Peak luminosity: 1x 1033 cm=2s™1




Beiljing Spectrometer (BESIII)

Nucl. Instr. Meth. A 614, 345 (2010)
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BESIII data sets for XYZ study
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The Y states



Precise Measurement of ete™ —» ™ w~J/ Cross Section

100 150 118, 092001 (2017)
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» Simultaneous fit to the cross section from XY Z data(left) and R-scan data (right)

> Fit | = |BW1+BW2xe'?2+BW3* e!?3 |2 or Fit Il =|exp+BW2* e'?? +BW3* e!¥3 |2
Resonance I: M =(4222.0+3.1+1.4) MeV, I' = (44.1+4.3+2.0) MeV ,
Lower and narrower than previous Y (4260) PDG value
Resonance I1: M = (4320.0£10.4+7) MeV, I' = (101.4£25+10) MeV ,
a little bit lower than Y (4360) PDG value

» The significance of the second resonance is 7.6c
> The first observation of Y(4360) - t* w~J/y?



ete” > 1 YP(3686)

» Reconstructed modes

« Mode I: ¥(3686) » ™ n= Y, )Y - 1T 1= (L =e/un).
* Mode II: 1/)(3686) — neutrals + J,

PRD 96, 032004 (2017)

neutrals=(n°n°, 7°, n and yy), J/l/) — [t~ (l = e/,u)
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ete” > mYP(3686)

PRD 96, 032004 (2017)

: ' = BESIN -
100 :— 5 1fb1 l Belle —: Parameters Solution I Solution II
8 wmk _= BaBar M(Y4220) MeV/c?) 4209.5 + 7.4
— (Y (4220)) (MeV) 80.1 4 24.6
S eol BLe ¢ (Y(4220)) (eV) 0.8+ 0.7 04403
:: [ M(Y4390) (MeV/c?) 4383.8 + 4.2
] ( I'(Y(4390)) (MeV) 84.2 &+ 12.5
3 ; / : B ¢ (Y (4390)) (eV) 36+15 2.7+1.0
S 20¢ i . o B ¢, (rad) 33+1.0 2.8+ 0.4
" ! 1 Ll / - ¢, (rad) 0.8 +0.9 4.7 +0.1
_20;1..1.“[..“1. ..1“1.11“71‘ .
40 41 / " 4-34 ¥  Fix parameters of the Y (4660)
s(GeV)

. to Belle results.
Y(4220) Y(4390) | Tail of Y(4660) . The y(4220) is

necessary(significance = 5.8c )
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e"e” > m" wh,

250

PRL118, 092002 (2017)

-+ BESIII: R-scan data sample BES]I[
= BESIII: XYZ data sample

— F'it curve: Total
- Fit curve: Y(4220)
- Fit curve: Y(4390)
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’ The cross sections are

150
of the same order of

Dressed Cross section (pb)

100 magnitude as those
50 oftheete” >t ™
JY(P(3686)), but
0% = follow a different line
50 shape.

IIIIIIIIIIIIIIIIIIIII
4.0 4.1 4.2 4.3

Vs (GeV)
 Fitted with coherent sum of two Breit-Wigner like structure

M,=4218.4*55 , .+0.9 MeV/c?, I',= 66.0*123__.+0.4 MeV -> Y(4220)

4.4
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e

M,=4391.5*63 _ .+ 1.0 MeV/c?, I,=139.5*162__ _+0.6 MeV - Y(4390) 10



The Z_ states
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Determination of J° of Z¢(3900)
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PRL 119, 072001 (2017)

Based on a PWA of the ete”™ - it*
n-Jp at VS = 4.23,4.26GeV.

Assume Zc to have JP=1*,

parameterized with Flatte formula.

Pole Mass=(3881.2+4.2+52.7)MeV,
Pole width=(51.8+4.6+36.0)MeV
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Determination of J° of Z¢(3900)
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Polar angle distribution of Zc * in
the process ete™ - Zc*n™ + c.c.
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possibilities to be
larger than 70 .
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Search for Z,. — pn.
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A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)
- The ratios of Z\” - pn, to Z\” - 7] /i (h,.) may distinguish
the tetra-quark and molecule models.

* The green band and yellow band show the 16 and 26 confidence
range of the corresponding theoretical model.
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Evidence for Z,. — pn,

e ete” s>t 1,
N. = 9 hadronic decays

preliminary

Decay mode BR
n.— PP ~0.13%
N. — 2(K'K") ~0.15%
N — 7w K'K™ ~1.50%
n. — K'Kn’ ~1.20%
n. — ppr’ ~0.18%
n. — KKn ~1.80%
N.— T ~1.60%
n. — K'K™ ~0.57%
N — o n’n’ ~2.40%

 Strong evidence forete™ » nZ,, Z, -
pn. at/s = 4.23GeV
Significance: 4.30.

« ete” > mZ.,Z.— pn, not seen.
Significance: 1o.
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Evidence for Z, — pn,

preliminary

Vs =4.23GeV /s = 4.26GeV /s = 4.36 GeV | Tetra-quarks-I Tetra-quarks-II Molecule
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A.Esposito et al, Phys. Lett. B 746, 194 (2015)
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Also calculations predict

very different values:

103102  arXiv:1806.05651
RZ 10 10°1 arXiv:1512.01938
PRD 91, 034032 (2015)
PRD 90, 054006 (2014)

EPJC 73, 2561 (2013)
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The X state
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L o 1« The X(3872) signal is clearly
of B - Background observed: significance 6.30.

M(X(3872)) = 3871.940.7+0.2 MeV [PDG: 3871.68 +0.17 MeV]

Mujﬁji ﬂ-l 1”1} Hﬂ * Existence of radiative transition process

38 - "385 39 395 Y (4260) —> ’yX(3872)

M(r*mJ/y) (GeV/c?)

Zz BES Hoe * Assuming that measured transition is from
o | -~ Phase Spece Y (4260) and B[X(3872) —» n* ™ ] /Y]=5%

--- Linear

B[Y (4260)—~yX (3872)] _ 0.1
B(Y (4260)—ntn—J/v¢)

18



Summary

»BESIII collaboration has performed a detailed study of the XYZ at 3.8-4.6
GeV

* Measurement of Born cross-section for different channels reveal complex
structures and new Y states

« JP=1* for Zc(3900), evidence for Z, — pn,
» Observation of Y(4260) —» yX(3872).

» BESIII will take more data and continue the study.

Thanks!!!
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