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Introduction

Rev. Mod. Phys., 2018, 90, 015003 > Since the discovery of ] /1, a series of excited
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Some history of Y-states

Phys. Rev. D 86, 051102(R) (2012)
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> BaBar and Belle study ete™ — m™m~J /i by ISR, Y(4260) was observed
> BaBar and Belle study ete™ —» nTm~(2S) by ISR, Y(4360) and Y(4660)

were observed



Y(4220) and Y(4390)

Phys. Rev. Lett. 118, 092001 (2017) Phys. Rev. Lett. 118, 092002 (2017)
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» The Y(4260) observed by Belle and BaBar consists of Y(4220) and Y(4320)
» The Y(4360) observed by Belle and BaBar consists of Y(4220) and Y(4390)



BESIII data sets for XYZ study
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» BESIII can directly generate Y
states (J°¢ =177 )byete™
annihilation

» Search for more possible Y
states and more decay modes

above 3.8 GeV, L;,;~22 fb!
29 energy points with L > 400 pb~1!



Process ete™ » T DOD*~

LI I LI I 1 LI I LI I | L 1 I LI I Jdreqq(m) =|C P(nl) _'_ ef(ﬁlBl(nI) \/P(m)/}P(Ml}
1000 — .
, BESIT } i + €%:B, (m)\/P(m)/P(M,)| ",
B m Parameter Solution 1 Solution II Solution III Solution IV
—_ B | ~5 ¢ (MeV-372) (6.2 +0.5) x 10~
fa a M, (MeV/c?) 4228.6 4+ 4.1
\EJ;. B | = 'y (MeV) .: 77.0+68
2 500~ S LoV 19192150
g e . x o - ﬁ' eV) 77.4 +£10.1 B6H+1.6 995+ 146 11.1+£23
o} B | ..-"" i Iy V) 100.4 +13.3 64.2+ 8.0 664.2 + 80.0 423.0 £47.0
Rt ¢, (rad) —2.0+0.1 3.0+£02 —09+0.1 —22+0.1
= | ! ; L -'-' . -""--.., - a5 (rad) 21+02 25+02 =-23+0.1 -1.9+0.1
__ b} | 4 ,-‘I"""'f':'.:- - _.. N
S A T T T T * Replace Y(4390) by other resonances
41 42 43 44 45 46 * Add one additional resonance
Ecy(GeV) Y(4260), Y(4320), Y(4360), Y (4415)
Phys. Rev. Lett. 122, 102002 (2019)
> DY is reconstructed by channel D® - K~n™, D*~ is reconstructed by recoiling m*D°
» Two resonant structures are in good agreement with Y(4220) and Y(4390)
» The first observation of Y(4220) associated with an open-charm final states
» The parameters of second enhancement are strongly dependent on the model assumptions,

and need further analysis to understand
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(@) ete” » ntn~y(3770) > ntn~D*D~

(b) ete™ - D;(2420)°D° - n*7~D°D°

(c)ete™ — D;(2420)°D° » D**D°x~ - w7~ DODO°
(d)ete™ - D,(2420)*D~ »> ntn~D*D~

* Double D tag method to reconstruct D mesons:
D s K nt, K ntn®, K ntntn K ntntn n°
D* - K ntnt, K ntntn®, Kdnt, Kdntn®, Kdntn—nt
« DY and D™ mesons are reconstructed in charge
conjugate final states

Y(4390) or
P(4415)°

ete”™ > mtn~P(3770) is observed with 5.20 at 4.42 GeV
ete™ > D;(2420)°D° - n*n~ DYDY is observed with 7.40 at 4.42 GeV
Cross section line shape are shown
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Phys. Lett. B 804, 135395 (2020)

> D7 isreconstructed by channel D™ - K~ rnt, D™ is
reconstructed by recoiling mass

> Clear signals of the D;(2420) and 1(3770) g%}g sigancs : VZE‘J gf:

> The contributions of D, (2420)"D~ and (3770) ™ Fam o S }
are determined using fits to the D* recoil mass spectra o A %EE ) ot A ]

» Some indications of enhanced cross sections for WEe 1 %(U,(Ascz, TR e 25 (4;2, T (;;f’é)
between 4.36 and 4.42 GeV Fig.2. (3. (b) and (¢) correspond to the simultancous fis o the RM(D") distributons at Ec, — 4355.3, 4415.6 and 4599.5MeV. respectivel. The points with error brs

are data, the (gray) shaded histograms are backgrounds, the (red) dash-dotted lines are D1(2420)" D~ + c.c. — DY D s "m~ signal process and the (blue) dotted lines are
Yr(3770) T~ — DT D w7 . The (black) solid lines are the result of fit.



Process ete™ —» n’w%J /y

N T T | T | | |
s f A o Phys. Rev. D 102, 012009 (2020)
S 4f —Al 1 8 — Fit 1
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M = (4220.4 + 2.4 + 2.3)MeV/c? M = (4231.9 + 5.3 + 4.9)MeV/c? The relationship of Y(4220)
['=(46.2+47 + 2.1)MeV I'=(41.24+16.0 +16.4)MeV . .
(#62+ 4.7 £2.1)Me (412 £16.0 £164H)Me and Z2(3900) is established

> Fit with two resonant structures, mass and width of Y(4320) are for the first time

fixed to results of ete™ » wFm =] /Y
> PWA is performed to extract the cross section of Z2(3900)
> Y(4220) is confirmed in both 7°7°] /1 and ©°Z2(3900) line shape



ProcesseTe™ — ncn+ﬂ_ﬂ0,ncﬂ+ﬂ_ and 77c7TOV

70 70 70 Phys. Rev. D 103, 032006 (2021)
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> The process ete™ - n.ntn w0 is observed for the first e et "
time (5.10 @ 4.23 GeV) Firts o011 w  ~40% of the total .
o —_ — — KtK-a" 1.21 +£0.83 07 . .
> Thecrosssectionsof e*e™ - new*n~ ande*e™ - ey e s »  branching fraction
are found to be consistent with zero 1708 "0
> The Born cross section is consistent with the productionvia — tis.,  ‘orecon B
o . p 0.150 £ 0.016 14
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®(2170)/Y(2175)

EN: 091103(R) | T
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?.95 2.06 2.16 . 2,36
M(¢ f,(980)) (GeV/c?)
_ Eur. Phys. J. C72, 2008
e
= Y (2175) — ¢(1020)m T~ strange,
S ete” = 1 Y(4260) — J/yntn~ charm,
> Y (10860) — Y'(18.28)7 7~ bottom,
=
y > ¢(2170) as strange analogue of Y (4220)

» The nature of ¢p(2170) is still not fully understood
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Process ete™ - KTK™
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> 17~ resonance observed in K*K~ lineshape:

« Differs from the world average parameters
of (2170) by more than 36 in mass and
more than 26 in width

* Interpreted as isoscalar : w*, p(2170)
Or isovector : p(2150)
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Process ete™ — ¢1n' and ¢

PRD 102, 012008 (2019) arxiv:2104.05549
250 T 200 — 200 ——— —
BESIII Data i TSI PRER #(2170) contribution i 1 DECTIT | #(2170) contribution
200 ] BESIT ; | Preliminany| - e L] BESI | &=
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: (s (GeV) ’ ° * /all —0.11tg;2386 8/920.24 +0.58
a1 1.91+5:5% 2.5472:86
: - BLTOTICIO 02470 eV 1011755 eV
Parameter Solution [ Solution I/ Mp(2170) 2163.5 + 6.2 MeV/c?
L2170 31.117201 MeV
My (MeV/c?) 2177.5 + 4.8(stat) + 19.5(syst) @z(mm) Lagtoss OOl oos
IR (MeV) 149.0 + 15.6(stat) + 8.9(syst) P =031 =0.06
BrIk, _ (eV) 7.1 4+ 0.7(stat) £ 0.7(syst)
¢ (rad) 3.134+2.01 -0.01 +2.36

» 17~ resonance observed in ¢pnp and ¢n’
* |soscalar w* is suppressed due to OZI rule
* Conflict with ssg hybrid prediction on By, / By,
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Process ete™ » KTK 1

X

o(e'e->K *(892)

M = (2126.5+ 16.8 + 12.4)MeV/c?T = (106.9 + 32.1 + 28.1)MeV
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* Mass is consistent with the ¢(2170),p", ®*

*  Width is only consistent with ¢(2170) and different from others

Phys. Rev. Lett. 124, 112001(2020)

B,I% ¢ ¢  signific-
Channel (eV) (rad) ance (o)
K*(1460)K~ 3038 56+15 44
K (1400)K~ Solution 1 47+33 37+4+04 438
Solution 2 98.8 +7.8 45+0.3
K{(1270)K~ Solution 1 7.6+3.7 40+02 14
Solution 2 152.6 + 14.2 4.5 + 0.1
K**(892)K*~(892) 0.04+02 58+£19 12

> PWA forete™ - K*K~n°n® at multiple energy

points

» Simultaneous fit is applied for 4 processes
» Cross section lineshapes for intermediate states
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summary
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» With the data collected by BESIII, lots of progress in study of Y states are made

» The nature of charmonium-like Y states and ¢(2170) are still unknown

» More results of BESIIl are coming soon
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Process ete™ - nin™] /Y

Phys. Rev. Lett. 118, 092001 (2017)

T00 150
[ 4 XYZ BESI [
O —Fit

cof- - - Fitll

100 -

40

o(e’e—n*rJ/y) (pb)
o(e’e—=n*rJ/y) (pb)

20

ok

» Simultaneous fit to XYZ data(left) and R-scan data (right)
» Two resonant structures are observed in the fit to the cross section
« M =(4222.0+3.1+1.4)MeV/c? T = (44.1 +4.3 + 2.0)MeV
« M =(4320.0+10.4 £+ 7.0)MeV/c?, T = (10147333 + 10.2)MeV
» The significance of the second resonance is 7.60
» The Y(4220) agrees with the Y(4260)

» The Y(4320) agrees with the Y(4360) ¥(4260) -> ¥(4220) + Y(4360) ?
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Process eTe™ - mtm™h,

Phys. Rev. Lett. 118, 092002 (2017)

Phys. Rev. Lett. 111, 242001 (2013)

250~ . BESIII: R-scan data sample BGSHI TABLE L. ¢"e™ — @' o h, cross sections (or upper limits at
E = BESIII: XYZ data sample I.hz: 90?’6 confidence level). The third enmors ae foom the uncer-
2 200 ] tainty in B(h,— yq_) [11].
=2 - —Fit curve: Total FGeY) Looh) e s e - h) o)
E 150F Fit curve: Y(4220)
o1 — . 3.900 528 <23 =83
3 [ - Fit curve: Y(4390) 4,009 4820 <13 <5.0
- 100E 4.090 51.0 <6.0 <13
E ~ 4.190 43.0 88+49 17798+ 1.6 =28
@] n 4.210 547 21.7%59 348%+95%32=*55
E 50— o | ) 4.220 546 26668 4191073866
Z [ 1 o 4.230 1090.0 646 = 33 502274679
£ 0F I2gil . i 4.245 560 22671 327103 +£30x£5.1
= [ ) 4.260 826.8 416 + 28 41.0 28 +37 64
[ 4310 449 34672 6191295697
50— 4.360 544.5 357 £ 25 523£37+x48x82
1 1 I 1 1 1 L I 1 Il 1 1 I 1 1 1 1 I 1 L L 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4.390 551 30078 4181083866
3.9 4.0 4.1 4.2 4.3 44 4.5 4.6 4.420 447 29173 4941244576

Vs (GeV)

» h,isreconstructed by h, = yn., n. is reconstructed by 16 exclusive hadronic final states
> The cross sections are found to be of the same order of magnitude as those of ete™ —
]/
» Two resonant structures are observed in the fit to the cross section
« M= (42184132 +0.9)MeV/c?, T = (66.013%% + 0.4)MeV

« M = (43915753 + 1.0)MeV/c?, T = (139.5+162 + 0.6)MeV
> The Y(4220) here is consistent with state in wtm =] /i
» The Y(4390) is different from Y(4360) and 1 (4415)

19



Process ete™ » m w1 (3686)

Cross Section (pb)

Phys. Rev. D 96, 032004 (2017)

120 ! e

LB I
- J
BGS]]I BESIII ]
100 l l -+ Belle ]
80 Parameters Solution 1 Solution 1I
M(Y4220) (MeV/c?) 42095 +74
60 I'(Y(4220)) (MeV) 80.1 =24.6
B¢ ¢ (Y(4220)) (eV) 0.8 0.7 04+0.3
40 M(Y4390) (MeV/c?) 4383.8 +4.2
I'(Y(4390)) (MeV) 84.2 +12.5
Bre ¢ (Y(4390)) (eV) 3.6+ 1.5 27+1.0
20 b, (rad) 334 1.0 2.8+04
¢, (rad) 0.8+0.9 47 +0.1

SEN R L1 1 1 Ll 1 Illlllll-llllll
4.0 4.1 4.2 4.3 4.4 4.5 4.6

Vs(GeV)

» The fit to the cross section shows contributions from two structures,
Y(4220)+Y(4390)

» The Y(4360) observed by Belle and BaBar consists of two structure.
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Parameter Solution I Solution II Vs (GeV)
4190 B0, (4160) — 1f T /) (V) 017 £0.04 107 £0.09 > Theete™ - n Y (2S) process
r‘i’é“:’)ls(w(clzﬁo) = 'J/y) (V) ggi + gz: ;;i + g(‘]; is observed for the first
(rad) —0.03 + 0. 54+ 0. ] .
A - _ _ time(50 for 14 data points)
> Ca.m t describe by a single ¥(4160) or 1)(4260) (Fixed mass and > Impossible to extract the Y
width) state due to limitation of

» A coherent sum of ¥ (4160) and ¥ (4260) provides a reasonable
description of data

» The significance of Y (4160) and Y(4260) are 6.30 and 4.00,
respectively

statistics
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