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Intfroduction

@ Quarkonia - Both charmonium and bottomonium provide important tests of QCD.
@ Charmonia - Many charmonium(-like) states found at the Charm and B factories.

@ XYZ particles - Quarkonium-like states with many exotic properties! What is their nature? (QWG,
Eur. Phy. J. C71, 1534(2011))
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Eichten et al, Rev. Mod. Phys.80,1161(2008)

The charmonium(-like) states observed via ISR: Y(4008), Y(4260), Y (4360), Y(4660), X(4630), 1»(4040),
Y(4160), 1 (4415), ...
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History: ete~ — KTK~J/« via ISR at Belle
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C. P Shen ef al., PRD77, 011105(R)(2008).
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@ Cross section was measured from 4 GeV to

6GeV.

@ There is one very broad structure.
@ Two events near the Y(4260) mass.
@ Dalitz plot not shown in 2008 paper.
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Update on ete™ — KTK~J/y via ISR
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Fit quality (X2 /ndf = 30/11) is not good, so the assumptions with structures may not match reality.
Structures may be complicated! Need larger data sample — Belle |I.

C. R Shen et al., PRD89, 072015(2014).
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Search for Zos — KJ /1) states

Dalitz analysis performed.

Events/(40 MeVic?)

No evident structure in K*J/v) mass distribution from current stafistics
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C. R Shen et al., PRD89, 072015(2014).
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Update on ete™ — ntn¢(2S) via ISR

@ Y(4360) was confirmed and Y(4660) was discovered in ete™ — ysrm ™7~ 4(25) at
Belle with 673 fb~! data.

@ Y(4660) has been confirmed by BaBar:

@ The charmonium-like state with highest mass but narrowest width.
@ Are Y(4660) and Y (4630) the same?

PRL99,142002(2007) N PRD89,111103(R)(2014) PRL101,172001(2008)
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@ Belle has about 1 ab—! data now, and efficiency should increase after data have
been reprocessed.

@ Many more signal events are expected!
@ Search for possible intermediate state(s) in Y decays.
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ISR characteristics

Improvements: selection criteria; (2S) — p" p~ mode included.
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@ Missing mass: signal of yisg. —2 < M2 (77~ 9(25)) < 2 (GeV/c?)? is required.
@ visible energy: ysr is detected roughly 20% of the time.
@ 2angular distribution: ~ysr highly forward/backward.

X. L. Wang et al., arXiv:1410.7641, submitted to PRD.
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Mﬂ+7r— VS.MW+7T7,¢,(23)

After the selection criteria, we get pure ©+7~(25) events.
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@ Purity: 245 candidate events with a purity of 96% from 7+ 7~ J/+4 mode, and 118
events with a purity of 60% from u*p~ mode.

@ M_, - : tends to the phase space boundary:; clear f;,(980) belts.

X. L. Wang et al., arXiv:1410.7641, submitted fo PRD
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«~ projections in 7t7~J

It's not so clean in u* = mMmode, due to the width of sidebands.
Mass resolutions of (2S) signal: 2.7 + 0.2 MeV/c? in 7~ J/v, and 13.8 £ 2.1 MeV/c? in putp~.
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Dots: data; Blank hist: MC simulations; Shaded hist: bkg from (2S) sidebands.
) < 5.5GeV/c?,

Middle: from Y(4360), 4.0 <M, 1 — 05 < 4.5 GeV/c?, looks like f(500)
Right: from Y(4660),4.5 <M, 1 — o5 <4.9 GeV/c?, should be £,(980), confirmed in BaBar

MC simulation with an incoherent sum of the ;(500) and 1,(980).

X. L. Wang et al., arXiv:1410.7641, submitted to PRD.
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Fit of M.+ - (05) SPectrum with two resonances

Unbinned simultaneous maximum likelihood fit for Y (4360) and Y(4660).
Amp = BW,; + €'® . BW,.

both modes

Entries/20 MeV/c?
Entries/20 MeV/c?

0 45 5 o 45 5
Mt TEY(2S)] (Gevic?) Mt EY(2S)] (Gevic?)
Parameters Solution | Solution Il Comporing o previous measurement:
My (a360) MeV/ =) 4347+ 6£3 @ Masses smaller but consistent.
Ty (a360) MeV) 103+9+5 Previous measurement
B- r%&;]) (eV) 9.2+0.6+0.6 10.94 0.6 £ 0.7 My (4360) = 4361 £ 9 + 9 MeV/c?,
My (4660) (MeV/c?) 2652 + 10 + 11 My (a660) = 4664 £ 11 £ 5 MeV,/c2.
r (MeV) B+11+5
Y(aeeo) 7 @ No obvious signal above Y(4660).
B- r%&o) €V) 2.0+£0.3+0.2 8.1+ 1.1£1.0
& ©) 32418 + 20 847 @ Some events accumulate at Y (4260),

especially the 77~ J/4 mode.

x2/ndf = 18.7/21. @ If V(4260) is included in the fit, ...
X. L. Wang et al., arXiv:1410.7641, submitted to PRD
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Fit

Entries/20 MeV/c?

of Mﬂﬁf

Unbinned simultaneous maximum likelihood fit for Y (4260), Y (4360) and Y (4660).

(25) Spectrum with three resonances

Amp = BW,; + &1 . BW, + e'%2 . BW;.

Ty (a360) MeV)

T
ete
B - rV(ASéO) eVv)

My 4660y MeV/c2)

4.1+£1.0+0.6

74+ 14+ 4

49 +1.3+£0.6 21.1+£3.5+1.4

30 T T T T
201 %20* %20* %20*
= = =
g 8 8
100 §10* §1of §1uf
2 2 2
. ’ Rivil s i Riad -!.%"'l‘!?."f"‘.'w.m,ms
ih 45 5 45 5 N 5 0 s 5
M TEY(2S)] (GeVic?) M TEY(2S)] (GeVic?) M TEY(2S)] (GeVic?) M TTY(2S)] (GeVic?)
Parameters Solution | Solution II Solution III Solution IV
My (4260) MeV /c2) 4259 (fixed)
Ty (4260) MeV) 134 (fixed)
B- "3?43;3) eV) 1.5+ 0.6 +£0.4 1.7+0.74+0.5 10.44+1.3+0.8 89+1.2+0.8
My (4360) MeV/c2) 4365 +7 + 4

17.7 £2.6 £1.5

4660 £ 9 4 12
Ty (a660) MeV) 74412+ 4
B- r%ﬁoa) eV) 22+04+02 84+09409 9.3+ 1.2+ 1.0 2.4+0540.3
b1 () 304 + 24 + 21 294 + 25 4 23 130 +4+2 141 £544
b0 () 26+ 19 4 10 238 + 14 + 21 329+ 8+5 117 £23 £25




o(ete — ntr y(2S)) measurement

ete™ — mTr~(2S) cross section is calculated with sl m .
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- . nJ/: X. L. Wang et al.,
X. L. Wang et al., arXiv:1410.7641, submitted to PRD. PRDS7.051101(R)(2013).

The o(ete™ — nn~J/4) at Y(4260), o(eTe™ — ntn~+)(25)) at Y(4360) and o(eTe™ — nJ/y) at
1) (4040) are oImosT the same.
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Search for intermediate states

We search for intermediate states in 7+(25) final states in Y (4360) decays.
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X. L. Wang et al., arXiv:1410.7641, submitted to PRD
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Z-(4050)?

An excess evident at around 4.05 GeV/c? in the 7+ (2S) invariant-mass distributions in
both modes.
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@ An unbinned maximum-likelihood fit is performed on the distribution of My (7 +(25)). the
maximum of M(7*4(25)) and M(w~4(2S)). simultaneously with both modes.

@ M = (4054 + 3(stat.) + 1(syst.)) MeV/c?
@ I = (45 + 11(stat.) =+ &(syst.)) MeV
@ The significance is 3.50.

X. L. Wang et al., arXiv:1410.7641, submitted to PRD.
X.L. Wang (VPI)
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Search for intermediate states in Y (4660) decays

We search for intermediate states in 7+(25) final states in Y (4660) decays.
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No obvious excess found in Y (4660) decays.

X. L. Wang et al., arXiv:1410.7641, submitted to PRD.
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@ The ete~ — KTK—J/4 cross sections are updated. There are clear K+K—J/+ signal
events.

@ No clear Zg structure is observed in K+J/v final states.

@ The update on ete™ — yrT 7~ 4(25) via ISR at Belle has been finished.

@ The Y(4260) is fried in the fit and we get four solutions. Its significance is < 3o, but it
has significant affect on Y(4360) and Y(4660) parameters.

@ Does Y(4660) agree with X(4630)?

@ X(4630) from AYAZ: M = 4634155, MeV/c?, T = 92+49119 MeV/c?.
@ Y(4660) from 2R fit: M = 4652 + 104+ 11 MeV/c?, T = 68 + 11 + 5MeV/c?.
@ Y(4660) from 3R fit: M = 4660 + 9 + 12 MeV/c?, T = 74 + 12 + 4 MeV /2.
@ Evidence of a structure in Mmax(7£4(25)) in Y(4360) decays with significance of
3.50. Z(4050)?

M = (4054 £ 3(stat.) £ 1(syst.)) MeV/c2 T = (45 £ 11(stat.) = 6(syst.)) MeV

Thank you!
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Back-up
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DD, DD, D'D*, DD T

PRD79,092001(2009)
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DD n is dominated by

DD, (2460).

ete™ — DD scanned by both BaBar and Belle. The results are consistent. Clear +(4040), +(4160) and
1(4415). But no evidence for Y states in these channels.
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nJ/4 via ISR

Belle: Search for hadronic transition via emitting . (n — v /#* 7~ 7%)

30 T T T
o Parameters Solution I Solution II
% My 4000 4039 (fixed)
= T yot0) 80 (fixed)
& - e 48+09% 15 112+13%21
E M 4160) 4153 (fixed)
£ Ty 103 (fixed)
. B0 40+ 0.8+ 1.4 138+ 1.3+2.1
3 336+ 12+ 14 251+4=7
I o+ o— (¥(4040)) = (0.86 & 0.07) keV from PDG
=
B(¥(4040) — nJ/+) = (0.56 +0.10 4 0.18)% or
. L ) B(v(4040) — nJ/+) = (1.30 £ 0.15 & 0.26)%.
@ This is the first time to found + states in ot o— (¥(4160)) = (0.83 £ 0.07) keV from PDG
charmonium transition. (> 6.0c for v (4040); g
> 6.50 for (4160).) B((4160) — 1J/+p) = (0.48 £ 0.10 & 0.17)% or
@ Large B(y — nd/y)! B(¥(4160) — nJd/) = (1.66 £ 0.16 4 0.29)%.

B(¥(2S) — nd/v¢) = (3.28 £ 0.07)%
@ Unlike 7+ 7~ transition, no significant Y signal!!l

Belle: X. L. Wang et al., PRD87,051101(R)(2013).
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Ofther fit results on M, -

Published Belle results:

Current BaBar results:

—J/ only:

Parameters Solution T Solution I
M(Y(4360) 4361 £9+9
T (Y(4360) 74+ 15 % 10
T, (Y(4360) 104+ 17+ 15 118+ 1.8+ 14
M(Y(4660)) 4664+ 11 %5
T (Y(4660)) 48+15+3
BT, (¥(4660)) 3.0%09+03 7.6+ 1808
¢ 39 +30+22 ~79 + 17 +20

Parameters
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9

+13
724+ L0£06
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Solution I Solution 1T

BIY (4360)

B[Y (4660) —

My (4360)
Ty (4360)

— atrTP(29)] - 1", 4300]

My (4660)
Ty (1660)

— ataTY(29)] .Tete

Y (4660)

4358 £6+2

96 £10£6
94+08+£0.7108£0.7£0.7

4644+ 745

5T£9+5
31£05£04 76+£1.3£09

10£17+£12  288+10+5




Fit with three resonance using 7"« J/¢¥ mode
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45 5
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Parameters Solution I1 Solution IV Solution V Solution VI
My (4260) 4259 (fixed)
Ty (4260 134 (fixed)
BIY (4260) — 777 1(25)] - T§ fa60)| L6 £0.6£04 18£08£06 9.1£1.2=07 7.8=11£08
My (4360) 1378 £ 9+ 6
Ty (4360) T44+14+3
B[Y (4360) — 771 (25)] vFﬁ’&am 45+1.0+£04 55£144+06 191 £28+1.115.7£23+1.6
My (1660) 4654 £7+£6
Ty (660 65+10+3
BIY (4660) — 77 0:(28)] - T§ G550 | 33 £0.6 £0.3 83£1.0£09 93£1.2£12 37207405
en 282 £25+£24 270 £27+£28 130 +£5+3 142 +6+7
b2 350+19+3 243 +£17+20 337£10+£7 93+£25+£17
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