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BESIII data Samples
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2009: 106M y(2S)
225M Iy
2010: 975 pb~! at Y(3770)
2011: 2.9 fb~! at Y(3770) (total)
482 pb~! at 4.01 GeV I
2012: 0.45B Y(2S) (total) ar

1.3B JAy (total) now 10B J /y [
2013: 1092 pb-! at 4.23 GeV 3 b

826 pb-! at 4.26 GeV [ i } % % (b
540 pb-! at 4.36 GeV N 4 %+ t # H J
~50 pb-! at 3.81, 3.90, 4.09, 4.19, 4.21, ; }
422, 4.245, 431, 439, 4.42 GeV ; } H
2014: 1029 pb-! at 4.42 GeV r
110 pb-! at 4.47 GeV [ Thresholds
110 pb-! at 4.53 GeV 0 Ll
48 pb-! at 4.575 GeV

567 pb-! at 4.6 GeV
0.8 fb-! R-scan from 3.85 to 4.59 GeV (104 points)

BESII98
BESII(Preliminary)
CrystalBall
Gamma2

Markl

pluto

R Value
[ N

V/¥(3.10)

o 0O >

2015: R-scan from 2-3 GeV + 2.175 GeV data ~ 130 points for R scan (~1.3 fb1)
2016: ~3fb-! at 4.18 GeV (for D.)

2017. 500/pb each for 7 energy points between 4.19~4.28 GeV
400/pb around chic cl
200/pb around X(3872) > 10 fb-1 above 4.0 GeV in total

2018,2019: J/psi nearby.
2020. More data taking between 4.6-4.7GeV 6



Charmonium(like) spectroscopy

—~4.8

> eeo] » Charmonium-like (XYZ) particles

S — » New type of hadron (multi-quark ...)?

7)) \/ A .

D 4.4 ia360) » Too many vector states! Exotics? —

= Y(4260) 2'D,(4.21) 2°D,(4.21) :2303(4-22)\T
1 1'F,(4.09) 1'F, (4.09) T'F4(4.10) £F, (4.0
3'S(4.06 2017 Belle =~ =—— : :

41— S8 (2P) 2 (395 Xcal2P) 2015 BESIII —

DD (3770) 11D2(3.84)|MT|)2)!1303(3.85)‘/

y(25)
N(25) 2005 ,
3617 [AaPI]_[yqp %el??) N
Xco(lp)
321 iy |unpredicted, discovered |
'
[M(15) | predicted, discovered

—

O'+ 1" 1+' lO-i--i- | 1++ 12-*--!- | 2'+ | 2" l 3" | 3+' l3-!--!- l4.4--!-
Godfrey & Isgur, PRD32, 189 (1985)
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The Y states

measurements of more final states for the

Y and vy states
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Belle: PRL99,142002, 670/fb

The Y States BaBar: PRD89, 111103, 520/fb
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m(JR ) (GeV/e?) May BESIII help'7

Y (4260)/Y(4360) is found in nrr-J/y /mrmny(2S).

A peak around 4660 MeV is found both in n* - y(2S) and Ac pair.
2019/7/29 The mass and width are consistent with each other .



Y (4660)

0.8 ; ,
with non-pole term

e Belle
064 | = BESII

0.2 1

0.0

——1LEC |
----2LECs

—-—-3LECs |
---- 4 LECs

4.55 4.60

Y (4660) baryonic coupling is 10 times
larger than mesonic coupling.
[PRD91, 112007 (2014)]  [PRL101, 172001 (2008)]

A hidden charm Baryonium?
[PRL104, 132005 (2010)]

BESIII indicates different trend for energy
dependence comparing with Belle.

[PRL120, 132001 (2018) [PRD96, 116001 (2017)]

More data from BESIII at threshold and
above 4.6 GeV in the future.
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Phys. Rev. Lett 118, 092001 (2017)

—— Scan

— Fit | 0.8 fb!
- = Fitll

103 points

»Most precise cross section measurement for center-of-mass energy from 3.77 to 4.60 GeV;
>Fit I = |BW,+BW,*e®2+BW,*¢i%|2 or Fit II =|exp+BW,*e'®+BW;*¢!®3|? (other fits ruled out);
»Compare with one Breit-Wigner fit, the significance of the second Breit-Wigner is 7.6c;

> Y(4260)+Y(4360)? The first observation of Y(4360)—>T[+T[_ J/.

| R R | (260 [PDG2016] | Y(4360) [PDG2016)

M (MeV/c?) 4222.0+3.1+41.4  4320.0+10.4+7.0 425149 434646
Gie (MeV) 441443420 10147233 +10.2 120+12 102+10




Dressed Cross section (pb)

ot

e T

_I_

-+ BESIII: R-scan data sample
= BESIII: XYZ data sample
—Fit curve: Total

Fit curve: Y(4220)
- Fit curve: Y(4390)
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» First precise cross section measurement from threshold to 4.6 GeV;

> Fit with [BW+BW,*¢i%2, two resonant structures are evident;

Lett 118, 092002 (2017)
(1. 28 e
- 3G contour
I I 26 contour
0.20 I 1G contour ]
i - Y(4390)
0.|5:‘ E
0.10F  + .
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w(4415)
0.05F + R
Y L ] . ] L L
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T h¢ cross section
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»Compare with one Breit-Wigner fit, the significance of the two Breit-Wigner fit is greater than 10c;

» The parameters of Y(4220) are consistent with those observed in ntn J /Y around 4222 MeV.

- M (MeV/c?) Gt (MeV)

66.073%° + 0.4

Y(4220)
Y(4390)

4218.4

+5.5
—4.5

+0.9

4391.5%83 + 1.0

139.51182

+ 0.6



BESIT Improvement of e*e— ™y’

PRD 96, 032004 (2017)

« Data samples:

— 16 energy points from 1/s=4.008 to 4.600 GeV.
— The total integrated luminosity (L) is 5.1 fb-1.

 Reconstructed modes:
Mode I: Y(3686)2>n nl/y, Jy=21"T (I=e/p)
Mode II: ¥(3686)> neutrals+I/vy,
neutrals=(n'n’, n°, n and yy) Jy=21"T (I=e/p)

2019/7/29 10



The Ys |

In e'fe - n'ny’

g O T T T Phys. Rev. D 96, 032004
g 1005— l l ~ Belle (2017)

:}% :2: _ : The Y(4220) is necessary
é 402— - (significance = 5.8c)
o : Fix parameters of the

Y(4660) to Belle results

_2 i N P L " PR R N PRI R T T
91.0 41 42 43 44 45 46
s(GeV)
Parameters Solution I Solution 11
M (Y 4220) (MeV/c?) 4209.5 + 7.4
(s (4220))  (MeV) 80.1 4 24.6
BI¢ ¢ (Y (4220)) (eV) 0.84+0.7 0.4 +0.3
M (Y 4390) (MeV/c?) 4383.8 +£4.2 Y(4360)?
() (4390)) (MeV) 84.2 +12.5 ’
Bre e (Y (4390))  (eV) 3.6 +1.5 2.7+ 1.0
¢1 (rad) 3.3+1.0 28404
o2 (rad) 0.8+0.9 4.7 £+ 0.1
2019/7/29 1



Cross Section (pb)

ete” - 1% (3686)

Phys. Rev. D 96, 032004 (2017) Phys. Rev. D 97, 052001 (2018)

120:----l----l-'-'l----l--_'.-_Béélil-_ g T T
100 F l l Belle | . 70f " T(3686)
80 3 -+ BaBar E @ 60 R (3EED)
N 1 = = 2x1%1%y(3686)
60 ll 3 &0
- ] ©
L - 40 %
D
40 —
- . a 30 i {
" S ] D
20 ‘k\ﬂr] O 20 {h% 8
' 1 O
0 ¢
] 10 e b {%
ool T T Y T O..I....l.-..l....l-...l..-. 2 3
40 41 42 43 44 45 46 4.1 4.2 4.3 4.4 4.5 4.6

(s(GeV) /s (GeV)
> Y(4360) was observed and subsequently confirmed in e*e™ — (y;sg)m 1~ 1(3686) by BABAR, Belle, and
BESIII, it is interesting to study the Y(4360) in 7°7° transition to 1(3686) and to examine the isospin
symmetry;
> Signal process: eTe™ - n91%(3686), Y(3686) » ntn [/, J/P - L1 (£ = e or u);
16 energy points from /s = 4.008 to 4.600 GeV, the total luminosity is about 5.2 fb!;

Y

» The result of cross section measurement is consistent with the charged mode from isospin symmetry.

10



Phys. Rev. Lett. 122, 102002 (2019)

1000 l ] —

500}— <Ly

C)-dress (pb )
1
|

0= L b e e e e e Ee i s it s e e e

E (GeV)

» Most precise cross section measurement for center-of-mass energy from 4.05 to 4.60 GeV;

» Fit with a coherent sum of three-body phase space term (pink dashed triple-dot line) and two Breit-

Wigner functions ( and );
» The statistical significance of two resonant assumption over one resonant assumption is greater than 10c;

> M(Y(4220)) = (4228.6+4.146.3) MeV/c2, T(Y (4220)) = (77.0+6.8+6.3) MeV. 9



Improve measurement e*e~ — Wy

Accepted by Phys. Rev. D (RC); arXiv: 1903.02359v1 [hep-ex]

@100:_ + —4- This work - 100:-' —— +w : ._:
i g [ po ]
—4 BESIII 2015+2016 S gof 4 l I m_:l;u ]
§ 60 + - 'y (3686)
S [ —%— DD
s bt s -
1 ~— L -
= U — [ ]
© I N N S S 20, _+|_. ! L =
42 43 44 45 46 4200 4220 4240 4260
I's (GeV) M(Y(4220)) (MeV/c?)

M =(4218.5 + 1.6 + 4.0) MeV/c?
I =(28.2.0 + 3.9 + 1.6) MeV

» This observation confirms and improves the previous result;

» Further experimental studies with higher statistics are needed to draw a more reliable

conclusion on the nature of this structure. 12



Y(4260)>Y(4220): what is it?

100 C
- . 250 .« BESIII: R-scan data sample
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Width (MeV/c?)

Y (4260)—Y(4220)

Parameters of the Peaks in e'e” Cross Sections

220 — V(4160)
200 — “Y (4260)” V(4415)
180 - was here O "Y(4220)" .
160 - "Y(a320)"
140 :— Y(4220) ny (2S)
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100 nah,
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80 — .TI.'thC
= "Y(4220)" "
60 — :
= "Y(4390)" .
40 - 0 ’
20 :_| | | | | | | |
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Submit to Phys. Rev. D; arXiv: 1903.08126v1 [hep-ex]

ete” > Y(3770)

i 3 [
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> We observe ee™ - ™ (3770) for the first time at 4.42 GeV;
> There are hints for peaks at 4.04 and 4.13 GeV/c? at 4.42 GeV, while the statistical significance is

low. 1 6



Submit to Phys. Rev. D; arXiv: 1903.08126v1 [hep-ex]

ete™ - D;(2420)D

4.36 GeV 4.42 GeV 4.60 GeV
35F 4-Dat: . 50 4 p 12F4p o
€ 3 _E‘; @) < i ®) o  [=m ©
= - = - —DD = 10F—DD
> -= TRy (3770 > 40[ -- zay(3770 > E - Ty (3770
R 3.26 | §¥rime™  N| .40 3 [ofwem 3.30
v i Sideband S C w Sideband w [~ = Sideband
g 20 < 30p 3 r
S S Tt S
o o F o
< 15 < 20F =
»n n C 0
£ 10 2 F £
QL L ﬂ.)
= > C >
w 5 ] C w
23 23 24 25 26 272 23 2.4 25 26 2 24 4
M(D’n) (GeVic?) M(D°rm) (GeVic?) M(D°z*r) (GeVic?)
o (d 35 14 :
E +D. = +D.
< MEZR @ T ish © T W
S _f —Di S 30— S 12F
% 12p--DD 1.6c % _F-DD 2.46 z F 1.5c
6 F_DDr © 26F _DDr S 10
0 0 E ™ Sideband w E
8 S 20% S 8f
o o E o E
- = 15 ~  6f
n n E 2}
ot} g :
@ o ; o
i & 5 {l i | 4 ) AN
TR D\ TENE N
L Ta - S EL j.j&-rt-ft.'_*./l/. ST }+ )’\‘ .\\. i ‘}\"-
2.2 2.3 2.4 25 2.6 2.2 23 2.4 25 2.6 2.2 2.4 2.6 2.8
M(D"') (GeV/c) M(D"') (GeV/c?) M(D"") (GeV/c?)
= - F 10F N
_ E 1g) N 35 +Data (h) e [ +Data (1)
S 20f Zop T L =T0p T LLTop
3 e 310 | 3 2niem 3.0 | 3 *[=i8em 1o
© 16E w Sldoband O 25F 'm Sideband © | = Sicbana
8 14F g _E S 6
S 12k - S
(=] E o C =] L
= 10 i Y= g |
2 8F g _E a [
g 6f & 10t s
@ 4E { it} E ]
25— -«-‘"‘-g__ & - - e el B B 1 MO (el S 59-,
2.2 2.3 2.4 25 26 2.2 23 2.4 25 2.6 2.2 2.4 2.6 2.8
M(D'r*) (GeVic?) M(D ) (GeVic?) M(D'*) (GeVic?)

Three different decay channels (D’ =, D**n~, and D™ r™) are used to search for D;(2420), the

neutral mode with D;(2420)° —» D%z* ™ is reported with statistical significance of 7.40 at 4.42 GeV.
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Submit to Phys. Rev. D; arXiv: 1903.08126v1 [hep-ex]

ete™ - D;(2420)D

-8 Born cross section (b)

¥ Upper limit at the 90 % C.L.
1

T

{ v
A\ 4
' R
Lo v b v bvv v by by b a Iy
4.3 435 44 445 45 455 46
s (GeV)
=&~ Born cross section (d)

¥ Upper limit at the 90 % C.L.

*W |

IIIIIIlIII|I|I||II|III]III|III|II

43 435 44 445 45 455 4.6
s (GeV)

The Y(4390) or the 1Y)(4415) resonance or from any other resonance cannot be distinguished based

on the current statistics.
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» We study the ete™ = ¢ xco1.2 at /s = 4.60 GeV (567 pb!), where yo » n7n ", K*K~,K*K n*n~, and
Tttt T, Yo 2 VI, /Y o €T (@ =eorp),andp > KTK™.

> No obvious eTe™ — ¢y signals are observed, the production a(ete™ - ¢y.0) < 5.4 pb @ 90% C.L;

> The first observation of ete™ — Py and Py, o(ete™ = Ppyq) = 4.2 1 pband o(ete™ — pyp) =

6.7%37 pb;

» No obvious eTe™ — yY(4140) signals are observed, o(ete™ — yY(4140))xB(Y (4140) - ¢J /) 14

1.2 pb @ 90% C.L..
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Phys. Rev. D 97, 071101(R) (2018)

ete™ - KKJ /Y

" Belle ]
% or Phys. Rev. D 89, 072015 (2014)
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< sf ]
Sl SRR
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> Measure the cross section of ete~™ — KK J /Y at c.m.
energies from 4.189 to 4.600 GeV.

» The energy dependence of the cross section for ete™ -
K*K~] /1y is shown to differ from that for 7*7~] /1 in the
region around the Y(4260);

> The ratio of cross sections forete™ - KK~ ] /1 and
ete™ - KJKJQJ] /4y is consistent with expectations from

1sospin conservation. 15
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The Z_ states
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[ = (46 £ 10 #+ 20) MeV

Mass close to DD* threshold
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s Signal
20
_1 el o 1.l..a..m-u“l'"l"'l'“:“‘:c| | A :""l"'l"'f"l"'r-u-J sandsachandansl 6
365 37 375 38 38 39 3095 4 405
m (Jy mt*) [GeV]
. 1 14 41770
¥ 3800 3900 4000
37 38 39 4 41 42 Mo J1y) (MeV) 20
M, ax (/) (GeV/c"’)
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Observation of Zc(3900)

Z.(3900)" :e'e >x'nJ/y

100~ PRL 110, 252001 (2013)+ ==
NL) — Total fit
> ===+ Background fit
8 80 BGSIII -.=- PHSP MC
= + [l sideband
g 60 ‘
o 40
c
g
D 20
0 3.7 3.8 3.9 4.0
M., (t5Jy) (GeV/c?)
+ — - R F
Z (3900)" :e'e- > (DD)"
GQOF T Trrrrrrrrrrrrrrrr o]
. (a) 7
; PRD92, 092006(2015)
© 40 .
=
= [ JP=1"‘
<
2’ L
£ 20
i
0

3.9 395 4 4.05

M(D’D ) (GeV/c?)

Events/(10 MeV/c?)

Events / (10 MeV/c?)
D
o

(o]
o
T

no -
o o
T L T

o
L

Z (3900)° :e'e” > n'n’J Iy

(a) 4.230 GeV, 1091.7 pb’

FRL 115, 112003 (2015

38 40 . 4;
M sy, (GeV/c)
0. + - 0rnN™°
Z.(3900)" :e'e >z (DD")
PRI] 115,222002 (2015) 4 Data
— Global Fit

M Incl. Bkg
« PHSP

3.85

3.9 3.95 4

M(DD*) (GeV/c?)
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BESII Spin-parity of Z(3900)

PRL 119, 072001 (2017) « Asymmetric line

O F n S-wave J/ ‘\Q 400 - e TR S-wave J/
% 00E . _"i(‘t”"””i’w f (a) 2 3%0f 0y Shape
g 250; e ¥ Eg 300 B
S - 4.23 GeV S 0 « JP=1+ preferred
@ - 1092/pb S
Z 10} E o over O', 1‘, 2', 2+
u>J . ) E 100E

50 ¥ soF
Yk iy, | @7 by at least 7.

0.2 0.4 0.6 0.8 1.0 1.2 3.2

m,.. (GeV/c?)

« Significant f,(980)

K G——eTT Lo T O
N © | 3l (@ contribution
8. 120; 2 1205
S 1:2: 4.26 GQV | ; :02: ° TETC D-Wave
U foction i
i Yz raction increases
W 20f - > 20} .
o ik as E_, increases
m,.. (GeV/c?)
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BESII Spin-parity of Z_(3900)

PRL 119, 072001 (2017)

400
o
~~
U)35()
2
Z
L300 D e TTRT1 0] S———
E prnauy ceeoe 5250
250F .. 200
--2: - 2- 15() _.2-' - 2.
2000 wmgp =-2° 100} =g =-2°
50
f (a) :
150 — , , / ol L |1
00 02 04 06 08 1.0 00 02 04
[cos(6,,.)

C

0.6 0.

8 1.0

[cos(6,,,)|

« Z.enhanced events show clear JP=1+ preference!

2019/7/29
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(3900) — p,

arXiv: 1906.00831

60F
Decay mode BR ~ 200 :EZ‘:.m N 505—
No 180 = = Background NQ ;* = 5
n— pp ~0.13% > 160 Moemac. > 40
o) (X sideband of p [6)) 305_
n. — 2(K'K") ~0.15% > 140 s 3
— 120 —~ 20
M. — T KK~ ~1.50% © 100 2 10
e — KK ~1.20% a & PR
£ 60 € . F
. — ppnd ~0.18% S 4 o -10f
M. — KeKn ~1.80% W20 mﬁgé””,“”_,_, ,
p— 1 60% 37 88 39 a4 37 88 39 4
+ +
o KK 057 M(p™n ) (GeV/c) M(p*n) (GeVicY)
—— 2.40% Strong evidence of ete— nZ,, Z. = p1. is observed at \/s = 4.226,
statistical significance is 4.30.
- Also calculations predict
Dynamical Z. tetraq. Type:| —— idal Z'c tetraq. (type indep.) —
"/ Molcur 2, — ‘ // | weawz. —  very different values:
10 10 ,// RZ:10-3N102 !
il W arXiv:1806.05651
" ’ arXiv:1512.01938
R = H R, = W PRD 91, 034032 (2015)
ST -
o (Ze=>7he)  pRD 90, 054006 (2014)
A.Esposi , Phys. Lett. B 746, 194 (2015
sposito et a, Phys. Lett (2015) EPJC 73,2561 (2013) 3
Vs = 4.226 GeV /s = 4.258 GeV /s = 4.358 GeV| Type-I Type-Il  Molecule
Rz, (3900) 2.2 £0.9 < 5.6 230+f;’;3 062?“_4“ 0. O46+§ 532
+




ol Observation of Z_(4020)*

BESII: PRL111, 242001

U 120f
2 100 Sl Simultaneous fit to
S sof g0 4.23/4.26/4.36 GeV data,
?- 60% 16 n, decay modes. 8.9
A e | M(Z(4020)) =

20% 4022.9+0.8+2.7 MeV;,

P95 400 405 410 415 43D 425 ['(£,(4020)) =

M, ., (GeV/cT)

7.9+2.7+2.6 MeV

o(e'e> nZ;>n'wh) : Close to D*D* threshold

8.741.9+2.841.4 pb @ 4.230 GeV
7.441.7+2.141.2 pb @ 4.260 Gev  Significance: 8.9c [£,(4020)]

10.3+2.3+3.1+1.6 pb @ 4.360 GevV  No significant Z(3900) (2.1c)
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Events/(0.005 GeV/c?)

Observation of Zc(4020/4025)

Z (4020)° :e'e” > h

120 PRL;111,242001 (2013)

100 -

80

M}:— ‘}

PP et i\ Ji s 39 40 41

Mn.hrl(ie\'/(“)

395 400 405 410 415 420 425
M, (GeV/ch)

Z (4020)" :e'e > (D'D’)’

80 .~ — - comb. BKG —4— data
S D*D** — total fit
60 —_ - Zc(4025)
- ----- PHSP signal
ws

B
o
T T

f

Events / ( 2.5 MeV/c?)

N
(=}
T T

4.02 4.04 4.06 4.08
RM(r) (GeV/c?)

PRL 112, 132001 (2014)

Z.(4020)° :e'e” > n'n’h,

—
n

PRL 113,212002 (2014)

h 2 5 &

20

Events/(0.01GeV/c?)
>

o
=

= W

385 39 395 4 405 41 415 42 425
M (GeV/eh)

Z (4020)° : e'e” > 2°(D'D")’

LA S S B S S S S S S S BN S SR S S

30 - ]

i 4230eV+426GeV & e

> 4 b -

(a) 2 ]

i § o i

o 20+ & .

S L 15| 5=426Gev]{

s | 4 dtl ]

o : )

Z‘ 10 07302 404 406 408 41 _|
qc) RM(z°)(GeV/c?)

g L ’ 4

m - -

0

4.04 4.06 4.08 41
RM(°)(GeV/c?)

PRL 115, 182002 (2015)
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Cross section (pb)

Z.¢c(3900)/Z.c(4020) production cross section

_ T+
ete” > ntzZ>,n°Z?,

p—
()
(%]
T

._.
o
T

Z.(3900)% — (DD *)*, PRD92, 092006
7.(3900)° - 7%/ /1, PRL115, 112003
Z.(3900)% - w*J /3, PRL119, 072001

2019/7/29

[
i

LLLLLLLLL

4.30

—— Z0 510y
—— Z oty
—— 225 (pD*)°
—— Z.— (DD*)*

—

\'s (GeV)

_ T ot
ete” - nt7's, 7079,

Q 10 : ;
g f t ——Zonth
cC —a— Z" oty
9 —— 7 (DD¥’
—
O 10 i —— 2~ (DD*)’ |
O} u
0 r
U) L
7)) i
@)
— 1 -
O g
1 i L l L L L 1 l L 1 1 1 1 L
4.25 4.30 435

\'s (GeV)

Z.(4020)* - w*h,, PR111, 242001
Z'(4020)* - %] /3 : PRL119, 072001
7'.(4020)* - (D*D*)*: PRL112, 132001
Z.(4020)° - (D*D*)°: PRLI115, 182002
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BESII Z.inete- ntny’ ?
PRD 96, 032004 (2017)

« A prominent narrow structure is observed in my(3686)
mass spectrum for data at /s = 4.416 GeV.

« An S-wave Breit-Wigner fit function is performed on the
Dalitz plot of M?(n*(3686)) versus M?(m~(3686))
p-q/c . p-q/c’

(Mi —x)2+ M3 -T%/c*  (Myp—y)+ Mg -T?/c*
« The fit yields a mass of M=4032.1+2.4 MeV/c* and a
width of ['=26.1+5.3 MeV, with a significance of 9.20

Stat. err. ONLY!

©0or Lum.=1073.56 pb- |H® & [T +' e ;
> e - R . o™ * «
o 15 IS0 > | * .
i . o e | O 4l +_'
R A f0 S ) S8 | i W
goe—' s ~ WAt 7 S b /4
fmﬂ; T A AN T I Y -
2 4 £

00 w [ T ‘ > 0- T A A

T ' 17 ’ 0 15 16 w 9% 102 " ""03 . 04
MZ( /(3686)1) (GeV/C)? M""""“‘“’“” GeV’°)’ V(' ) GeVIc?

Different behavior between high and low M?(r*n™)!
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Search for a strangeonium-like structure Z; decaying into ¢»;t and a measurement of the cross
sectione*e” — P

1000

500

Events/1MeV/c?

1 1.02 1.04 1.06 1.08
M(K* K) (GeV/c?)

t Data (a)

— Fit result

[ Non-¢ Bg

[ (a)
400}

Events/10MeV/c?

® PWA is performed.

3
> 100
=
a |
& 50
>
L
oRE
1 1.02 1.04 1.06 1.08
M(K*K) (GeV/c?)
NO 80F +-Data
% (b) d \ — Fit result
---Non-0 Bg
g 60 Bz, signal
g “of it
= { |
01 ] 20}
L 1.2

14 16 18 2
M(6n°) (GeV/c?)

Events/10MeV/c?

Phys. Rev. D 99, 011101(R)

' (© N§ : (d)
600 C g
I { Data % 80[
—— Fit result 9 60 _
400 e Non-¢ Bg ?_,J
I = I +
I @ 40t
200 et
L 20 -
i . sH s, o4 + 1 TR
--------- P AT P TP B I A s S T L v W
0704 06 08 1 064 06 08 1
. 2
M(r*m) (GeV/c?) M(r°n%) (GeV/c?)
3 z 8
g |@)P =1t —regsove | g mJF =17
2 = TI(Z)=20 MeV 29
© © 6
q.2 1I4 1.I6 1.I8 q.2 1|4 1;6 1:8
M(Z;) (GeV/c?) M(zg) (GeV/c?)
— -~ 8
g g @I =1"
EX 28 e
4
2 3

® NO Zs signal observed and upper limit is given.

2019/7/29

1.6 1.8
M(zg) (GeV/c?)
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The X state
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What have we known about X(3872)?

* Mass
* 3871.68 + 0.17 MeV/c?

By =0.01+ 0.20 MeV/c2 * Whatisit?
Loosely D°D®* bound state?

* Width * Mixture of y.,;' and D°D?*?
e < 1.2 MeV * Cusp? .
. ]PC - * Tetraquarks?
* Production DO
* Inpp/pp collision (@
* In B decays 1y
* InY decays
* Decay L o
e ]/ and w] /Y D°-D™ “molecule”  Diquark-diantiquark
* ¥J/¥ and y1)(3686)
« D°D*0 4+ c.c.
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BESIT Observation of e*e- 2>yX(3872)

NO 15 L B e e B e Y B e e ]

> 500 - - Data .

) o~

O 400 O = Total fit

o % i === Background 1

o S 10 -

S 300

B - Clean background. i

§ 200 . I | -

[ - ok ]
100 L || \l I 1 .

S | e - S T
§667367 368 369 37 371 372 98 3.85 3.9 3.95
M Jhy) (GeV/c?) M(r*mJ/y) (GeV/c?)

ISR '’ signal 1s used for mass, and mass resolution calibration.
N=1818; AM=0.34+0.04 MeV; Ac,=1.14 £0.07 MeV

N(X(3872)) = 20.1+4.5 6.3c  PRL112,092001 (2014)
M(X(3872)) = 3871.9+0.7+0.2 MeV  [PDG: 3871.68 +0.17 MeV]

2019/7/29
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BESIL opservation of e*e- >yX(3872)

5(

4(

3(

2

Events / 0.001 GeV/c?

1(

N(

M(X(38/2)) = 38/1.910./%0.2 MeV

2019/7/29

GB(YX(3872)—yr mJ/y) (pb)

vvvvvvvvvvvvvv

[PRL 112,092001(2014)] 'I o

- —4- data

05- — Y(4260)
L -== Phase Space
. --- Linear

R
4.2

43 44
E.. (GeV)

45

<ground T

3.5

(2014)

|IPDG: 38/1.68 0.1/ MeV]
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o 0 i
e'e >y xuwnhxwasz/w

0 3.5§_ (a) J=0
X(3872) - 'y o
cJ
PRL 122,202001(2019) o 20p 1
e'e >y, n°® X, Withy =, Iy E, 150
- 1.0 + 44 v +
0.5} iy "
0.0_.” T “I‘;‘j:l-;“:‘t_.
N§ 5— (b) J=1
= v  af 5.2¢
[To) > [
» : E a 4
S B 1
w 3 g of 1
I e 30 M AT
3.35 3.40 3.45 3.50 3.55 3.60 o 2
M(y, ,J/w) [GeV/c?] asE T
' L 80F
o observation of x.,(3872) -» n°x., with 5.2 g, no signal for x,, £ *°°
f 2.02—
Ry <19 (90% CL) € 1s-
Br (3872)-n° . S
o Ry= Br(x(xc(;an)q,ﬁ,,f%) with R, = 0.88133 +0.10 R R IR TR
et R, <11 (90% CL) AN

0.0C " —m D T
375 3.80 3.85 3.90 3.95 4.00
M(r% ) [GeV/c?]

o PRD77,014013 (2008): TI'(x.,(3872) - n%.,) ~ 0.06 keV in case of a conventional cc
o combining 3.2% < Br(x.,(3872) - n*n~] /) < 6.4% with R, = 0.88 would imply
cc-state with To(¥01(3872)) ~ 1.0 —2.0keV - strongly disfavors cc interpretation
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ete” > yX, X - wly

BESIII, PRL122, 232002 (2019)

Ng . —+—'[:)_et3ta NQ e —+—Data
> - 5.70 __ l > - 5.70 _—
2 20¢ §§%888§ 2 20¢ _ éﬁ?ff’“’
- - B d
o 10 Bakground,  © | J mm Sitoband
[ - [
% 10_ Sideband % 10— 6.9
QO Q
> 5 > u
L i . (I i
85 39 395 4 5 39 305 4 408"
M(wJ/y) (GeV/c) M(wJ/y) (GeV/c?)

® Use 11.6/fb with /s=4.0~4.6 GeV.

® Observed X(3915) — w/ /Y with significance 3.10.

® X(3915) mass: 3926.4+ 2.2+1.2 MeV or 3932.61+8.7+4.7
MeV.

® X(3915) width: 3.847.5+2.6 MeV or 59.7 + 15.54+ 3.7MeV.
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ete” ->yX(3872),X(3872) » wlly

BESIIL, PRL122, 232002 (2019)

o
oo

5 g
2 ot —+4-Data =~ I —+Data
s — Fit > I -+ BESIII 2014
St & [
I 704 M = 4200.6%735 4+ 3.0 MeV/c?
S : N 0.2f ['=115%38 + 12 MeV
< C @ I
) P )
° Y4 42 44 4B ®
\s (GeV)

® Fitting cross section of ete™ — yX(3872),X(3872) » wl/yand ete™ —
¥X(3872),X(3872) —» n ™ J/y to study Y(4220).

_ B(Xx(3872)-wl/y)
- B(x(3872)-ntn- Iy

)=1.6f81§ + 0.2, roughly agree with BaBar measurements.
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Study of X(3872) — yJ/y, yw(3886)

Requirement: % %
cos@, € [-0.7, 0.7]inJ/}p » eTe” s s
IM(yLye) — Myoy| > 0.02(0.03) GeV/c? 8 g
My /) —my,,,| > 0.02 GeV/c? 2 1ok 2

T ok 38 765 _\3.';‘ "52'95 4 @
Simultaneous fit; significance > 3.5¢ My, Jw(n'p))iGeVic)

o 12 ~" 120

§ 10} Bis: ]/ §100
Requirement: e 2
IM(rLyi) = Moyl > 0.02(0.03) GeV/c? & | } o oot
|M(n+n_)recoil - mz/)(3686)| > 0.01 GeV/CZ % 4; IH I I 1 é “

@ of Hl @ 20
] i . . - 93..4._. 501001 10 e 0 t 9
Simultaneous fit; no evident signal 75 ksll.?w,(;ﬁj/w 3.(9G eV:;gZS) : 38 (Y\u?(flsu)) (:és; V/C%.)gs 4

_B(x(3872)-yy(3686)
B(x(3872)-yJ /)

® R <0.59 at 90% C.L. , agree with LHCb measurements.
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Study of X(3872) — D°D*%and yD*D~

—~ 12| — 18F
o | © 16F »
3 " | 3 |
2 0 i k! e
() . 3
> R ! !
g :: LI—I-.” .n‘+,,, : ' l lﬂﬂ{ g 3i \J' II #I JI‘ | '+l |
L 0' ' ’-rllth;:- | Igs L 5:— ' I*I ” _ls 9+5H++ | o e j6
M(.YLDD) (GeV/c%) M(7t°DD) (GeV/c?) | M('Y D ') GeV/c
NDD* - (255 i 44‘) NDD - (325 i 55) N)/D+D_ = OOig(S)
> Simultaneous fit on D*® —» yD% and °D° No evident signal for yD* D~
» Significance > 7.40
mode D*'D° + c.c. ~vJ [ W& ADYD™ wdJ [ T Xel
ratio 14.81 £3.80 0.79£0.28 < 0.42 <099  1.7703+£02[27] 0.8877352 +0.10 [37]

¥
arXiv:1903.04695 arXiv:1901.03992

Using the same way in Ref.[PRL 112, 092001(2014)] to
reconstruct X(3872) - n*m~J /1y as the reference channel.
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Absolute branching fraction of X(3872)

Index (¢) Parameters Values Experiments

X(3872) » wtwJ/p (x10°6)

1 B' 5 X(3812)K" 8.61 = 0.82 + 0.52 Belle [10]

2 84+15+0.7 BaBar [11]

3 B X(3872)K° 43+12+04  Belle [10]

4 35+19+04  BaBar [11]
X (3872) — vJ /9 (x10-5)

5 Bt X(3872)K" 178708 £ 012  Belle [18]

6 28+08+01 BaBar [19]

7 BY— X(3872)K° 1.24707% £ 011  Belle [18]

8 26+18+02 BaBar [19]
X (3872) — v1)(3686)  (x10~6)

9 B' - X(3872)K" 0837 1% £ 0.44 Belle [18]

10 95+27+06  BaBar [19]

11 B%— X(3872)K"° 1127337 £ 0.57  Belle [18]

12 114+55+1.0 BaBar [19]
X (3872) - D*0D0 4 c.c. (x10-1)

13  B" - X(3872)K* 0.77 4 0.16 = 0.10 Belle [12]

14 1.67 + 0.36 + 0.47 BaBar [13)]

15 B° — X(3872)K?" 0.97 4 0.46 + 0.13 Belle [12]

16 2.22 + 1.05 + 0.42 BaBar [13]
X (3872) — wJ /¢ (x1075)

17 B - X(3872)K " 6£2+1 BaBar [14]

18 B®— X(3872)K° 6+3+1 BaBar [14]
Ratios

19 g 0.79 4 0.28 BESIII [15]

20 XGOS 1481380 BESIII [15]

21 B(i(’s‘sﬁg)ﬁ;’f; Vs 1.6704 +0.2 BESIII [16]

22 %ﬁ%ﬁ% 0887033 £0.10 BESIII [17]

23 /(36 2.46 + 0.64 = 0.29 LHCb [20]
Bt — X(3872)K (x10~%)

24 21+06+03 BaBar 23]

25 12411401  Belle [22]

2019/7/29

arXiv: 1907.09149

Parameter index Decay mode Branching fraction

1 X(3872) » wtn—J/yp  (4171%

2 X (3872) — D*D° + c.c. (52.47253)%

3 X (3872) — vJ /v (1.1739%

4 X (3872) — y(3686)  (2.47 g)%

5 X (3872) — %1 (3.6732)%

6 X (3872) — wJ /¢ (4 4+2 g)%

7 Bt — X (3872)B* (1.9 +0.6) x 10~

8 B - X (3872)K° (1.170%) x 1074
X (3872) — unknown (31.9733 D%

TABLE III: Correlation coefficients of the fit parameters listed in Table

Parameter index 1 2 3 4 5 6 7 8
1 1 0.87 0.84 0.75 0.64 0.79 -0.95 -0.87
1 0.79 0.71 0.56 0.74 -0.90 -0.77
1 0.78 0.54 0.73 -0.88 -0.78
1 0.49 0.65 -0.79 -0.69
1 0.51 -0.61 -0.56
1 -0.82-0.72
1 0.84

N O Ot W

Neglect systematic correlation.

® Open charm decay is dominate.
® [arge room for searching new decay modes.
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Summary

Lots of progress in the study charmonium like states at
BESIII.

Many cross section lineshapes are measured.
Y (4260)->Y(4220), seen in many final states.

BESIII provide essential test for the existing X
measurements.

More analysis results on Zc states are in progress.
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Thanks
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