3ESII

New results of the vector
charmonium-like states at BESIII

Jielei Zhang(zhangjielei@ihep.ac.cn)
(On behalf of BESIII Collaboration)
Xinyang Normal University
August 20, 2019 in Guilin



mailto:zhangjielei@ihep.ac.cn

Charmonium(-like) spectrum
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Vector charmonium-like states

BaBar: PRL 95, 142001 (2005)
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Doublering e*e” collider: Multi-purpose detector:
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« _B€am energy: 1.0 —2.3 GeV Multilayer Drift Chamber
cq\'\e‘ﬁ gn luminosity: 1033 cm=2 s? o(p)/p < 0.5 % for 1 GeV tracks,
N Energy spread: 5.16Xx10% o(dE/dx)/dE/dx < 6%, o(xy) = 130 um

 Number of bunches: 93 ’ ::\rnn: (I)f El'ght o(t) Nfo P2
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5.0% @ Endcaps with 1 GeV
Bunch length: 1.5 cm * Muon Countero(xy)<2cm 4



/\L( o o BESIII has collected the largest
: data samples of the J/y and

| .
oo P~ 1(3686) in the world, and
oy i > 10 fb~1 above 4.0 GeV in total.
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Recent studies of vector charmonium-like states

Hadronic transition Open charm
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Cross section measurement of ete™ » vt J /Y
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Parameters Fit result
M(R,) 3812.6754% (++)
Fo(R)) 476.95 05 ()
M(R,) 4222.0 + 3.1 (4220.9 +2.9)
I (R>) 44.1 +4.3 (44.1 + 3.8)
M(R5) 4320.0 + 10.4 (4326.8 + 10.0)
Tioi(R3) 101.4755- (98.2770%

> Ry not significant, cannot confirm Y (4008)
» R,. Y (4260), much narrower than previous results, Y(4260) — Y (4220)
> R5: significance larger than 7.6, parameters consist with Y (4360) 7



Cross section measurement of ete™ » mtn h,

P(m) l. P(m)
o(m) = |B;(m) /P(Ml) + e'?B,(m) /er)

B;(m): constant width Breit-Wigner function
P(m): 3-body phase space factor
¢: relative phase between two resonances

significance of two structures
assumption over one structure
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Cross section measurement of e*e™ - T~ (3686)

A= fre" + fr + fre'

f1:Y(4220)
f>:Y(4390)
f3:Y(4660)
Parameters Solution I Solution II
}’4220) (MeV/c?) 42095+ 7.4
(Y(4220)) (MeV) 80.1 +24.6
Brf*f (Y(4220)) (eV) 161+1.27 1.80 + 141
}’4390) (MeV /-: 4383.8+4.2
43'){])) (MeV) 842+ 125
gre+ (Y(4390)) (eV) 725428 10.96 + 3.8
¢ (rad) 33£1.0 28+04
¢, (rad) 08+0.9 47+0.1

Cross Section (pb)

PRD 96 032004(2017)
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« Y(4220) is necessary, significance=5.80
* Y(4390) is consistent with the structure observed in t*tn~h,

« Parameters of Y(4660) are fixed to Belle’ s results



Cross section measurement of ete™ - tD°D*~
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»Fit with a coherent sum of three-body phase space term ( ) and two
Breit-Wigner functions ( and )

>M(Y(4220)) = (4228.6+4.1+6.3) MeV/c?, I'(Y(4220)) = (77.0+6.846.3) MeV
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Cross section measurement of ete™ -» wy o

PRD 99,091103(2019)
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A structure with M = (4218.5 + 1.6 + 4.0) MeV/c?,

[ =(28.2+3.9+1.6) MeV

Angular distribution of the Y(4220) - wy,, process is extracted,
a =—0.30+0.18 £ 0.05

11



s (D)

Oy

ole'e—=n*mJ/y) (pb)

1000

500

100

80

60

40

20

Y(4260) > Y(4220)

.....
-

S |

Een(GeV)

I'(Y(4220)) (MeV)

250 :_ -+ BESIII: R-scan data sample
_ E = BESII: XYZ data sample
g. 200; —Fit curve: Total
= C Fit curve: Y(4220)
=] [
'§ 150: __ Fit curve: Y(4390) ‘I
3 £
2 100 |YI
e \
&} H
= -
@
2 s
[=]
S50
=T P TR P I B L PR L PR
39 4.0 4.1 4.2 43 44 4.5 4.6
Vs (GeV)
| 1 T I v v v 1
100 |~ —— %,
L —— T'h,
80 [ —+— —— iy
[ _+— ~f— Ty(3686)
60 —— DD
40 - l
20 B 1 M M 1 " M 1 " L 1 M
4200 4220 4240 4260

M(Y(4220)) (MeV/c?)

120

Cross Section (pb)

100 F

8o f

T
- BESII ]
l -+ Belle ‘:

- BaBar—:

ole'e—wy ) (pb)

100

50

'

—+— This work

—- BESII 2015+2016

4.2

4.3

4.4 45 46
/s (GeV)

> Y(4220) appears in wyqo, ttn"h,, ntn~J /Y, ntn~yP(3686) and

ntDOD*~

» The masses are consistent with each other, mass~4220 MeV
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Cross section forete™ -
K*K~]/y is different from that
for n*n~J/y around the

Y (4260) region

There is evidence for a

structure around 4.5 GeV in the
ete™ - KTK~] /i cross section
that is not present in t*tn =] /¢

The ratio of cross sections for
efe” > KTK7J/Y and ete™ —
KSOKSJ/z/).is consistent with
expectations from isospin
conservation

13



Observation of ete™ » n*m~ 9 (3770) and D,(2420)°D° + c.c.

PRD 100,032005(2019)
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> Processete” -» ntn~yY(3770) is observed at /s = 4.42 GeV. Whether n* =y (3770)
is from the Y (4390) or the y)(4415) resonance cannot be distinguished.

> Process ete™ - D;(2420)°D° D;(2420)°-> D°z*n~ is observed at /s = 4.42 GeV.

> No fast rise of the cross section above the D,(2420)D threshold is visible. 14
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Measurement of e*e™ —» A A, near threshold
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The enhanced cross section near the A} A; production threshold is
cleared, which indicates the complexity of production behavior of

the A,

More data from BESIII above 4.6 GeV in the future
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Cross section measurement of ete™ - K/K*n*n/y

80 F PRD 99,012003(2019)
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» Searching for Y(4260) decays into light

20 i Y
39 4 4i 42 43 44 4B 48 hadrons
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» No clear structure is observed in the
processes ete” —» KOK*n*tn%/n

30
C - 0 —

e'e” > KsKmn | 5 1. B(Y(4260) - KOK*n ) < 0.05 eV

| and T,+,-B(Y(4260) » K2K*rn™n) < 0.19 eV

at 90% C.L.
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Cross section measurement of ete™ - KK*n*

—— Continuum
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BESIII" s results agree with BABAR' s results, but
with significantly improved precision.

Line shape of the Born cross section is consistent
with only the continuum process, however a
better fit is obtained by adding an additional
resonance y(4160) or Y (4220).

The corresponding significances are only 2.5¢ and
2.20 for ¥ (4160) and Y (4220).
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Summary BGS]]I

> BESIIl has been an excellent laboratory to study charmonium(-like)

spectroscopy:
» High statistics
» Low background

> Y (4260) - Y(4220), observed in many hidden charm decay modes wy,
n¥n~h,, ntn~ /Y, ntn™Y(3686), and also in one open charm decay mode
nt*D°D*~, while no significant signals in light hadron final states.

» Many interesting results have been obtained, only some of them are
covered in this talk, and many analyses are ongoing.

> Future:
> BESIII will take data above 4.6 GeV, it is good opportunity to study the nature of

Y (4660) using ete™ —» At A; and ntn~y(3686). More new results can be expected.

More results will come out !!!

Thanks for your attention! ”



