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8% : Besides the peaks observed in inclusive hadronic 'Y /
cross section in ete- annihiladon, a few Y structures, ZRZ=1H (ﬁfgﬁﬁ ) ]j
Y(4260), Y(4360), Y(4660), are observed in exclusive fkguo@itp.ac.cn
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hadronic cross sections in the charmonium energy region.
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In th{s talk, S().mc new experimental results F.rom BESIII Sis ( ﬁb‘( ) PY E LLl A D Ef}ﬁ
experiment will be presented together with relevant wujiajun@ucas.ac.cn E I__I E ~
results in bottomonium and other energy regions. T
Theoretical efforts are called for to understand the Fetgn (HET)

nature of these vector structures.
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Charmonium spectroscopy
N
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Charmonium(like) spectroscopy

A
< 4.8 - .
D » Charmonium-like (XYZ) particles
S » New type of hadron (multi-quark ...)?
§ 4.4 — » Too many vector states! Exotics? —
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Vector charmonia

—13D,, 335,, 23D,, 43S,, 33D, 53S,, 43D,, 635, ...
Vector charmonium hybrids

Vector tetraquark states

Vector hadro-charmonia

What are these y’s & Y’'s? [mass>2m,

Conventional hadrons

Vector hadronic molecules (0., DD, AA, ...

Kinematic effects (thresholds, coupled channels, interference, ...)
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How did we know?

(y’s from inclusive, Y’s from exclusive)
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ISR = initial state radiation



Inclusive cross sections,
most precise data from BESII & Crystal Ball
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Fit by K. K. Seth

Incoherent sum of continuum+3 BWs SV
% :);) _ M .C%’l f=0.99
. BESdata(M,T,T.) v M{% + e
20 | e
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BES, PLB 660, 315 (2008) Fit by BES

Rthe — RCOI] _I_ Rre_s COherent Sum Of 4 BWs
Reon=Co+ C{(W =2Mps) + Co(W —2Mp+)? Include cc, may also
. (77 Interfere with R
res 2
Ries = 0 [|II¢; | + [ Lres| ]
Oip S Amplitude of r = f
f 2 ;
o \ 2\ _ M,/ el .
| Tres|” = > > 7 (W) T/ (W) = — ! el or
f" ~ W2 — M2 +iM,T,
Mass dependent width ¥ (3770) = DD;
2L+1 ¥ (4040) = DD, D*D*, DD*, D, Dy;
F.f(W) _ Z W (4140) = DD, D*D*, DD*, D,D,, D, D¥;
/ Y (4415) = DD, D*D*, DD*, DDy, Dy D¥,
D!D¥, DD\, DD:. o

= BRof y decays
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Fit by BES
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Final results from BES

The resonance parameters of the high mass charmonia in this work together with the values in PDG2004 [11], PDG2006 [12] and Seth’s evaluations [13] based on
Crystal Ball and BES data. The total width I'iot = I (M) in Eq. (9)

¥(3770) ¥ (4040) ¥(4160) ¥ (4415)
M (MeV/c?) PDG2004 3769.9+2.5 4040+ 10 4159420 441546
PDG2006 3771.14+2.4 4039+ 1 415343 4421 +4
CB (Seth) 403742 415144 442546
BES (Seth) - 4040+ 1 415545 445546
BES (this work) 3772.0+1.9 4039.6+4.3 4191.74+6.5 4415.147.9
Tot MeV) PDG2004 23.6+2.7 52410 78420 43+15
PDG2006 23.042.7 8010 10348 62420
CB (Seth) 85410 107410 119416
BES (Seth) 89+ 6 107416 118435
BES (this work) 30.418.5 84.5+123 71.84+12.3 71.5+19.0
Fee (keV) PDG2004 0.260.04 0.7540.15 0.7740.23 0.47+0.10
PDG2006 0.24+0.03 0.86+0.08 0.83 +0.07 0.58+0.07
CB (Seth) 0.88+0.11 0.830.08 0.7240.11
BES (Seth) 0.9140.13 0.84 +0.13 0.640.23
BES (this work) 0.2240.05 0.8340.20 0.4840.22 0.35+0.12
& (degree) BES (this work) 130 +46 293+ 57 234488
11

BES, PLB660, 315 (2008), main results from PDG on the excited y states



Potential problems

Peaks = resonances
Contribution from the Y states was not considered

Many assumptions

— Only two-body open-charm decays, multi-body + charmonium neglected
— Decay width oc phase space only

— Same relative phase for different final states

— No interference between continuum & resonant charm final states

— BW parametrization for resonances

Multiple solutions ignored

12



Multiple solutions

MyTy |°
o(V8) = ou(V) - [1 - 2
Dg(v/s)
10 I T T T | T T T | T T T I L | | —
' ] s Parameter Solution 1 Solution II
30
% I oo [nb] 7.88 +0.04 7.88 +0.08
i _ Z R(Z) 0.106 & 0.004  0.106 £ 0.006
o 1~ 2 B 3(Z2) —0.103 £ 0.003 —1.90 £ 0.006
L Ke!
€ < o' [nb/MeV]  0.064 +0.002  0.064 + 0.006
© ° Bl —wr®)  461x107°  T.62x 1073
I 1 10
U U R |- 0 N j . T
1000 1010 1020 1030 1000 1010 1020 1030
\s (MeV) \s (MeV)
Figure 2: Fit to the ete™ — wn? cross sections as a function of center-of-mass energy.
CZY, X.H. Mo, P. Wang, arXiv:0911.4791. Same problem exists in fitting R data.
13

More on multiple solutions: K. Zhu et al., IIMPA26, 4511 (2011)



Multiple solutions In R-fit

Simplified parameterization of the resonance amplitudes

Uth.e. _ Ores. _|_ Ucon.

o = A+ B(\/s —2Mpx+)
3 2
0" (s) = Z T5(s) | \/ 127 i ee e
j=1 Bils) =52 M? + ML

X.H. Mo, C2Y, P. Wang, PRD82, 077501 (2010) 14



Multiple solutions in BES data

— fot

bkg.
20 -
15 |
3 L
£ 0ol v(4040)
o)

Parameter  1/(4040) 1 (4160) P (4415)

M (MeV) 4034 £ 6 4193 £ 7 4412 £ 15
[y (MeV) 87+ 11 9+ 14 118 4 32

'Y (keV) 0.66+0.22 0.42+0.16 0.45+0.13

| o) (radian) 0 (fixed) 2.7+ 0.8 2.04+0.9

2 (keV) 0.72+£0.24 0.73+0.18 0.60 £ 0.25
»? (radian) 0 (fixed) 3.1 +0.7 1.4+ 1.2

i y(4160) |

RS (radian) 0 (fixed) 3.7+ 0.4 3.8+ 0.8

'Y (keV) 1.28£0.45 0.62=+0.30 0.59 4 0.20

375 4 425 45 475
Ec_m- (GeV)

r'Y (keV) 1.41-+0.12 1.10+£0.15 0.78 +0.17

~ 6@ (radian) 0 (fixed)  4.140.1  3.2+0.3

4 solutions with the same fit quality!
BES official fit is only one of the four possible solutions!

X.H. Mo, CZY, P. Wang, PRD82, 077501 (2010)

Same for all
solutions

Sol. |
(same as BES)

Sol. 11

Sol. 1l

Sol. IV
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Belle Ry Scan via ISR

Continuous energy scan. Full mass
range in one experiment, errors large

1| due to low efficiency of ISR & D tag.
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BESII ete” - tD'D* +c.c. PRL122, 102002 (2019)

Nobs

Odress = T 0
1000_I 1 1 I 1 1 1 1 I 1 1 1 1 I | 1 1 1 I | 1 1 | I 1 1 1 | I_
b FESHTR, H ‘ | E
R Sinclusive&lE G, -
O - el
Q4600_ | - | Sl
\—{n n —
Sk | P2
200 | _.I.y-"‘“" e _
O_ = lﬂ L --:'I 1 ’Ii“ 1 e ooy L1 1
4.1 4.2 4.5 4.6

Fit with a phase space term (pink dashed triple-dot line) and two constant width
relativistic BW functions (green dashed double-dot Tine and ).
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AR, g

. . . _ Evidence for Evidence for
5W\C|USIV€E&EZ§ 5], Y(4390)-> DD, (2420)? Y(4390)2> gy’ ?
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FIG. 4. The measured Born cross sections of the signal processes (a) ete™ — D1(2420)Y D~ + c.c. —+ D™D wtn~and (b)

ete”™ = v(3770)rt 7~ — DT D™ n1~. The short horizontal line is the upper limit of cross section.
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o(m'my(2S)) (pb)  o(n'mIhy) (pb)

o(K'K'Jy) (pb)

73
50
o5

100
75
90
25

15
10

— | PRL99, 182004 (2007) -
I

i
A ﬂ* _______________ B __+_+_f+ g

‘ PRL99, 142002 (2007)

I:}I:l 4: : h* l':+ :+ +:{"’:+ +}" op to b

9.9

Belle ISR on R,
(charmonium+hadrons)

Full reconstruction of the hadronic
system, no ISR photon tag

fFfehidden charm Rz, HPRIZEHS
inclusive® & M &Zopen charm& & & 1R
AAE,

FHESVHEEASNEARRFER Y(4008).
Y(4260). Y(4360). Y(4660)%.
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BESII

[PRL 118,002001 (2017), 9 ]
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Y states with high precision data
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Combined fit to 4 modes

e WY, TIm h.,nt ™ ]/psi,D’D*nt + c.c.

BI(3) — V12aT.., BT \/Psn(\/g)

s— M?+iMTU \ PS,(M)
Ouwx o(\/g) — BWI(\/E)P: |
Orin-n (V) = [BWi(Vs) + BWa(V/s) - e[,
Orinsis(VE) = |[BWo(V/5) + BWi(V/5) - €92 + BWy(\/5) - €],
Opops—r+tee(VS) = \/Psz ) + BW,(\/s) - €% + BW3(\/s) - €'77]?,

BW,, BW,, BW;, BW, represent Y (4008), Y (4220), Y (4320) ,Y(4390)

Least square fit 0y = 0;
g X _ZZ j 52 j

21
Gao XY, Shen CP, CZY, arXiv: 1703.10351, PRD95, 092007 (2017)
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arXiv: 1703.10351, PRD95, 092007 (2017)



Fit results

Y (4008) Y (4220) Y (4320) Y (4390)
M 38463 £45.5 4219.6 + 3.3 4333.2 +£19.9 4391.5 + 6.3
'  345.6 £58.2 56.0 & 3.6 104.3 & 44.9 153.2 + 11.4

Solution I  Solution II  Solution III  Solution IV

(Buyeo X Tete )y (a220) 3.4+£04
(BWJrﬂ-—hC X Fe+e—)Y(422[}) 404+1.1 404+1.1
(Bﬂ-+ﬂ-—hrc X Fe+e—)Y(4390) 11.7+24 11.7 £ 2.5
o1 3.1+04 32404
(Brtn— /i X Dote- )y (4008) 55+03  6.6+0.7 6.9+0.7 8.340.7
Brtr—a/p X Dot o)y (4220 254+02 35+07 105+1.1 151413
D2 0.1+0.1 0.8+0.3 —1.8+0.2 —1.0+0.1
(Brtn—/p X Dot )y (4320) 0.7+0.2 133438  1.0+05 19.4 + 3.2
3 22402 -20+0.2 1.4+0.6 —2.7+0.1
(Bpops—n+tee. X Dote )y (4220) 534+06 433432  6.9+08 56.7 + 4.2
D4 22+01 -22+£01 -27x+0.1 —0.8+£0.1
(Bpope—nttee. X Dote-)y(asony ~ 39.7+43 61.6+6.6 265.5+16.6 412.0+26.0
@5 1.94+0.1 1.5+£0.2 4.74+0.1 424+0.1

arXiv: 1703.10351, PRD95, 092007 (2017) #



What are the Y states?

« At least one well determined Y state [Y(4220)]
* Is it the same as y(4160)?

* Are the Y(4360) and Y (4660) real resonances different from the
v(4415) and other y states?

Are the structures observed in inclusive and exclusive cross sections

produced by the same states?

24



After we have measured all the e*e— annihilation cross sections, what do we do to

get the resonant parameters of the vector charmonium(-like) states? B
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Inclusive fit: coupled channels
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FIG. 15. Results of R (including e*e” —71*77) from
four experiments: (a) SLAC-LBL (Ref. 44), (b) DASP
(Ref. 46), () DELCO (Ref. 45), (d) PLUTO (Ref. 47).
The curves represent a hand-drawn line through the
PLUTO data. The band in Fig. 15(d) indicates
the systematic errors of the PLUTO measurement.

The plots shown were complled by G, Feldman, 12

FIG. 8. The propagation of a ¢ pair in the presence
of open and closed decay channels as described in the
Green’s function §.

4.1
W (Gev)

4.2

4.5

FIG. 13. The charm contribution to R in the region 3.7<W < 4.5 GeV as computed in the coupled-channel model, Con-
tributions from FF, channels are included but not indicated separately since they are too small; they are shown in Fig.

23.05.2018 CHARM 2018 T. Uglov

Exclusive open-charm near-threshold cross sections in a coupled-channel approach 5/19




Recent K-matrix fit by T. V. Uglov

S =1+2i4, i runs over DYD® channels,
A=K —iK), Q runs over y's
g is real, so there AAt — l( A— A,
- - (P7Y(5))apg = (M2 —5)00p —i Y GmaGms
will b_e no multiple Ensures unitarity ) Z,,:
solutions! S
: : 2
2+ Electron width
;?a(_s) — (z'za T H(s — S;)
. /= ria = F(U'a lD )D(*)] ) (/za [l)z( \[a)]le—I
~ 2
Coupling constant Mg

Partial decay width

:11 — (7'2 s)P,g(s)G;z(s 4o L 2
J Z a(s) aﬁ(”) J.B(,S) oi(s) = -~ [])'i,(ﬁ)}w -1 IZ.(/eaPa/S(”)!li,S’
af S

a,f
Cross-section .

T.V. UgIOV et al., JETP letters 105, 1 (201 7) cross sections in a coupled-channel approach 8/19
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Exclusive channels o,

HHHHHHHHHHHHHH

Isospin-conjugated modes should be treated independently
It doubles number of channels

DD, 2 channels, —
' %n?ingt—;d by
— - IS

DD*, 4 channels. -

_ _ corrected to
Dy D, 4 channels. B(D, - D)
) — 41 P - (B(Dy — D::T)_+ B(Dy; — D*m))
D*D*|¢_,, 2 channels, il %
D*D*|L_,,. 2 channels.
D*D*|E_,,. 2 channels.

V(2S), ¥ (3770), 1(4040), ¥ (4160), 1»(4415)
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Hay

Poccniickoii apaacynm

158 /(191point — 33par)

=

+ = = GeV
eTe” = DD

.
= D°D™a*] + [e*e” = D°D*a7))

l

Ill;—I-, 1 | T |
4 s 1 GeV




Du3ryecKHi

Results (ll) [

Poceniickoii axaaevnm aay

U1 () U3 U4 (3

PDG name (25) U (3770) 1 (4040) (4160) (4415)

M., MeV 3686~ (fixed) 3782 41 4115 + 14 4170 £ 7 4515 + 18
Coupling constants ¢jo o =1...5.i= DD. DD*, ¢te
DD 3.0 +0.3 18403  —=0.1+0.1 0.3+0.1 —0.140.1
DD* —4.740.5 —3.1+0.3 2.4+0.2 —0.0+0.7 —0.74£0.2
D*D*E_, 4.8+0.5 6.9 4 0.9 —0.1£0.2 0.6 £0.5 —0.3£0.1
D*D*]E_, ~21.7+-23 | -31+£-04 05409 | —03+£-02]| 1.54+-03
D*D*E_ ), MeV™2 | 622+ 15.1 ~16+£54 | —1.0+£28 S0+1.4 0.2+0.6
DD, MeV 1 —8.24+920.3 M2+ 7.7 —235+33 | —-1.0+74 —15+14
Partial decay widths T';,, MeV

ete 2.354% (fixed) 0.2 4 0.0 1.6 £0.3 0.7+£04 1.4 4+0.3
DtD- - 5.6+ 1.7 0.4+0.8 43+26 0.5+ 1.0
DYDY - THE£2.2 04408 45427 0.5+1.0
Dt D* - - 110.7 £23.5 0.0 +0.5 32.8 +17.4
D*D*E_, - - 0.1+0.2 3.6 6.5 5.9+2.6

D*D*E - - 1.2+ 6.8 0.74+0.3 | 118.0£729.4

‘D*D*E_, - - 0.2+ 1.0 58.6 £22.9 2.3+£14.2
DD~ - - - - 11.7 £21.1

23.05.2018 CHARM 2018 T. Uglov Exclusive open-charm near-threshold cross sections in a coupled-channel approach 13/19




Still lots of problems In current model

Model has room to improve (step function, wide resonances, ...)
Only two-body charmed meson final states considered

Charmed strange meson production not included

Charmonium final states not included

Model constraints used; parameters constrained to PDG values
Y states not included (nor tested if they are needed)

Fit quality is bad

Seems the right direction for understanding the physics



Similar situation in bottomonium energy region

32



Bottomonium spectroscopy

A
GeV
Still many missing states to be discovered.
Vector states above open bottom threshold are complicated.
11.20F  &su0 Observed states were assigned nS states.
57s,(10.88)
10.80 3°p|(10.70)
T 4°5(10.63)
2%3?23 2'Dp(10.45) 23D,(1045) 23Dy (10.45)
1040 '3'5410.34) 335((10.35) 1F,(10.35) 1F3(10.35) 13F4(10.35) I°F4(10.36) n(25+1) I— J
P 2 (10.25) 2°R1023) 2°A(10.25) ./, 222 2 Pyll0.26) .
BDI0.14) — iy 10,(10.15) 130410.15) 1D4(10.16) N radial quantum number
0.00\2598 2%5(10.00) 3 oo S total spin of b & b-bar
' IR(9.88) (®Ry0.65) °P9.88) | P550) L orbital angular momentum
L=0,1,2..correspondto S, P, D, ...
3 3 _
960F  uin S, or°D, J=S+L
1154(9.40) “priprrpre P = (-1)-" parity
C = (-1)Y*S charge-parity
9.20 . ' ' ' l I | | | 1 ! 1

'O++ |++ 2++ 2-+ 2-—-— 3-—-
S. Godfrey, N. Isgur, PRD 32, 189 (1985)

3"

3++ 4++ 33
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1.8
1.6

1.4
1.2
0.8
0.6
0.4
0.2

BaBar & Belle measured inclusive cross sections

_I EI I |; I I :I_ I | I :I I :I_l Ii I I I I I I I I I I | o _l:

BB BB* BB* E

- B¥F . BB, BB .

SRR I E

it D-wave states have very

— small coupling to e*e-.

S Y

= Y(45), Y(5S), Y(65)

3 E

E_ "' b ' _E

— e +++¢+§*+” iy L Rt b uttaorhe w2

:_ * ?** “H"*;#*H PAGLY ;uﬁ*p*?'d-* : “#ﬂﬂ-“ﬂ.‘*-ﬁ + . ¢ +_:

ol S o -

L1 I | | | | ] | | ] I | I | I | | ] | | ] | | | | | | | | | ] | | I—

10.6 10.7 10.8 10.9 11 1.1 11.2

\'s [GeV]

D>
o0 o
' Y(5S), Y(6S)
0.4
i [III
0.3 : : : i
I i
i 1
0.2~ I
0.1_— :
ek s
1 | | | |1 | | | | | | |1 ] | | I | I':.‘I.'I.T;f:;;:;l;lv | | |
10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05
/s (GeV)

Y states are peaks in inclusive cross sections
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D 5 4F 5 4F
Y(10750) In ; | Jr..iﬁ,

efe=2n 't Y (nS)

Significance of the Y(10750): i éﬁi §L1L

. 5.1 in Y(2S)

e 520 1n all modes P _ . .
With all kinds of systematic & | | yuozso) | [ o I £ | J’
_ J Y(10750) S Ll g
effects considered! ch H” } = JF jﬁ J
I | ¥,
D 11”” |
arXiv:1905.05521, JHEP 05 108 '-|d.?'i' —T0e  0g T 1086 10.87 0.8

E.., (GeV) E,. (GeV)



Fit to Inclusive cross sections with Y(10750)

Y(10750)isadipin| ' "7  Coherent sum of a continuum

inclusive Xsecti .
Inclusive Xsection ' | amplitude (< 1/4/s ) and 3 BW

= |
functions (constant width).

I
(@]
o

Free parameters:

L i

200 |

|+ g

-+ ¢ Mass M

 width I

69"****%(e*e" 0 b bbar) (pb)

* leptonic partial width ',

10.6 107 108 109 11 111 112 . relative phase ¢
E.,, (GeV)

X. K. Dong et al., arXiv: 2002.09838, CPC (in press) %



Fit results (mass & width)

Y(5S) 1(6S) Y(10750) From fit to BaBar &
Mass (MeV) 10882+1 11001+1 10761+2 Belle R, data;
Width (MeV) 50+2 35+2 48+3 Statistical error only
T (10860) Y (11020) Y(10750) From fit to Belle
M (MeV/c?) 108853+ 15722 11000.0132 710 10752.7 + 5.9 )7 ete >t Y (nS)
[ (MeV)  36.6730 % 23818007 35,5170 T2
PDG2020 The results can be very wrong!
Y(5S) Y(6S) « Model (continuum + BWSs)
Mass (MeV)  10885.21%%8 1100013 » Inclusive data only
Width (MeV) 3713 2418 « No open bottom cross sections

X. K. Dong et al., arXiv: 2002.09838, CPC (in press)
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Can we understand the p-w-¢ data in K-matrix formalism

» only 3 resonances

» limited (6) decay modes, all known well

> Only KK threshold important

p decays » decays

» n'r ~100% > 0 ~89%
» o ~104 > yn0 ~8.4%
> yn®  ~10* > ' ~1.5%
> ~104 > vn ~10

Caution: These BFs may not be reliable!

¢ decays

> KK ~49%
> KK, ~34%
> ttnn® ~15%

> ~1.3%
> ynV ~10-3
> mt ~10-°
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Multiple solutions in e*fe2>w*

50 I I | 8: | 1 T ] s BWS’S (3) [1 7 5miapw(8)i| == BBWSS(S)
6F —  Sol-l ] F S) =
4:_ """ Sol.-ll _:
2:_ E Parameter Solution 1 Solution II Davier [§]
N ~_ O f ; m, [MeV] 775.9 £ 0.5 -
u_r: LLl:: 0 - . p
= = : T, [MeV] 146.0 + 0.8 =
3 ; |6 [x1073] 1.62+£0.06 21.97+0.04 -
4 E és [°] 101+14  86.56+0.17 -
- _ 6F - [l 0.086 =+ 0.004 —
bt v ] 7S] I IR I B AB™xng 171 _003+0.01 +0.04+0.01  —0.01+0.01
0.4 0.6 0.8 1 0.4 0.6 0.8 1 bixing (1110
s (GeVD) s (GoVD) Aal [10-10]  425+02  +1.64+0.2 | +2.80+0.19

Figure 3: Fit to the ete™ — 77~ form factors below s — 1 GeV? measured at CMD?2

This was simply overlooked for a few decades.
Can K-matrix explain the non-zero phase & pick up one solution for us?

CZY, X.H. Mo, P. Wang, arXiv:0911.4791

39



Summary

We do not understand the y’s
We do not understand the Y’s
So 1t 1s difficult to understand the Y'’s

May we start from understanding p-m-¢, to find a way to

understand the other vectors?

Thanks a lot!
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More on Ry & Y states
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G (nb)

o (nb)

o (nb)

0970707-009

8 |— . _
i [ B v DD |
61— i D*D —
B 6 Q Q ... ® D*D* .
41— - —]
. ¢ L B
2 |- _
_vvweY YV Y  J
T T
__ v D¢Ds ada) I __
*8” ~p.o, T 1 ]
0.6 |l— ® D*Ds 1 )
: T i
04 |- ! ¢
o[ %, -
i v ? -
— - —_—
o8- D*Dr ] ] _
B ‘ *y* —
os| ®DDT | -
04| gy _
T L1 ¢
0.2 |- T _
. | T 1
0 | . | L | . | . | . | . |
390 395 400 405 410 415 420 4.25

Ecu (GeV)

Rp Scan (3.97-4.26 GeV)

CLEOc, PRD80, 072001 (2009)

E..,, (MeV) [ Ldt (pb™H

3970 3.85
3990 3.36
4010 5.63
4015 1.47
4030 3.01
4060 3.29
4120 2.76
4140 4.87
4160 10.16
4170 1'78.89
4180 5.67
4200 2.81
4260 13.11
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BESIT Cross Section for ete">D+X

15000 -
T —+— Observe

—— Dressed
—— Born
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e = =
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+H

-
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IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|III
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Energy point (GeV)
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PRL95, 142001 (2005)

-3
=

JAhy sidebands

W
Q

N

Events / 20 MeV/c?
Q

T~—y(25)

—oF |
+ g R A I A A

[l 1 | | I 1 1 |
4 42

m WJ/ )(GeV/c
= fit with Rel-BW x PhaseSpace ®‘E

= fit-probability (%2) is about 2.6%, N, o5 = 125423

BaBar discovers the Y(4260) in ISR ntrn~J/w

| BaBar: 232 fb’! I

>8o significance structure

called Y(4260)

M(J/ynr) of w(2S) with J/vy
constraint is well described by
Cauchy shape funct.

eso + 2" polynomial (BKGD)

m = 4259 +8*2 MeV
I' =88+23* MeV
(v >ee ) BY > 773 /y)=55+1.0"22 eV
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Entries/20 MeV/c?

£ T

PNl @2 & 2z e Solution One K.
I i Solution Two

40+ 3

20F & * !.' :'. { { L

* T nag : } _ {} -

: 2 c ..l'lr‘:-..uJH.

o Bt T R i, M S CAAR A4

45 5
M(z*m JAy) (GeV/cT)

4 < Yor

2-BW fit with interference better describes the data:

Y(4260) parameters are different (especially peak
cross section ~— large uncertainty)

Belle: CZY & C.P. Shen et al., PRL99, 182004 (2007)

ete— it J/y via ISR

Non resonant J/ynm ?
Re-scattering ee —» D)D) —» Jhyrr ?
Another broad state ?

— Check the latter hypothesis and
influence of interference of Y (4260) with
non-Y contribution:

— Fit with 2 coherent BWs
— Two-fold ambiguity in amplitude

(constructive-destructive interference) +
model uncertainty due to y’ tail

Parameters Solution I Solution II
M(R1) 4008 + 40314
Lot (R1) 296 + 44 + 87
B-T, .- (R1) 5.0+14%05 1244247148
M(R2) 4247 + 12717
Lot (R2) 108 + 19 -+ 10

BT+, (R2)C6.0 £1.2737 206237

- ¢ ‘ 7 =428
& 12 42910 —111 4+ 7757
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g Belle dlscovers Y(4360) & Y(4660) in e+e T \|!(28)

) Two solutjons i - | ]
150 $ 1 s100 | Sysfemaflcsi9‘5% 9
S~ - N \% I I j
> L it : ~ &l 4
© + ¥ - B O ' :
=. A ¥ . o - ! s
LO1 O ' = 50K [ .
q | e ok | :
Bh 2 o5f ' + >
Q ot - l' + ]
- 5 :’ 0 i 9 '+* ,,,,,,,,,,, N ‘* 1&,,&.,.,,* b9404 %
b F 45 5.5
3 ’, E,.. (GeV)
0 ) | B Ukt i Y ss Vs e pe gy sy p 2 % a '\L‘ T (}213:"\':
4 o3 >6r - i gy
2 : 8 g
M(z* 7 w(2S)) (GeV/c?) S al 1%k ’ :
Parameters Solution one Solution two é 5 : }_ é I ’ ]
MY (4360)) 1361 £9+0 5l + H+ ] &2 :
¢ R | Lo | | I | I
[eor (Y (4360)) 74+ 15 + 10 0764 06 08 ° 040608 i
B-T'.+.-(Y(4360)) 104+1.7+15 11.8+£1.8+14 M(x'T) (GeV/c?) M(x*r) (GeV/c?)
M (Y (4660)) 4664 £ 11 £5 , ,
Ftot(Y(466O)) A8 £ 15+ 3 Y(4360> - CODS[Stent Wlth BaBal’
B-T.4.—(Y(4660)) 3.0+09+03 7.6+1.8+0.8 Y(4660) - NEW (5.80)

(Y
b 30430422 =794+ 17+ 20
Belle: X.L. Wang et al., PRL99, 142002 (2007)
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Entries/20 MeV/c?

Belle: PRL99,142002, 670/fb

Th e Y State S BaBar: PRD89, 111103, 520/fb

Events / (0.020 GeV/c?)

Gl Lo R USSR USSR USSR USSR USROS OO U
"""""""" %‘ 1s-(a) y(2S) - Jynt'w 3
p= mf— — A ¢ BABAR _f
g 143— %] 112 events (520 fb') _E
::J 123— ! T Be"e —f
LE lOf— i 110 events (673 fb™h) _f
l/:‘ o
40 , 967/fb = %Q/ ‘% H H \
2 7 FL Yy P
20 Dﬂl % / 272 Y
P ST T T e e i I L TR T TR T . 4 42 44 46 48 5 52 54
% 8 4 4 2 4 4 4 6 4 8 5 52 54 mw2SHic T (GeV/icH
M(t t J/y) (GeV/C )
80 ':| LENLINLA DL L LA DL AL LA EEL N IR IR T ]
70 o . PRL101,172001, 695/fb
oF | PRD86,051102, 454/fb
40L E
30f E
": E I S o i e
10_- - III|IIII|IIII|IIII|I-III
N T T B o Bt 5 51 52 53 54
3.8 4 4.2 4.4 4.6 4.8 5 5.2 54
m(Jym ) (GeV/ic?) AC+AC-) 41



BESIT ete->rtn-J/w cross sectior

PRL118, 092001 (2017)
100 150

—~ XYZ 1
g .fF '+'F.t|data BESTT s | +§:&I’Hata i BESIT
- e = [ —Fj
2 L --Fitll 8.2 fo1 R N 0.8 fb!
R [ 19 points B [ : | 103 points
Tosof T sof \
@ = o) -
© ok \l, ; I ‘ R
© i © B

- 0_

038 4 42 44 46

Vs (GeV)

» Most precise cross section measurment to date from BESII|
> Fit|=|BW +BW,*e¥2+BW,*e!?*|2 or Fit Il =|exp+BW,*e¥2+BW,*e!®*|2 (other fits ruled out)

»M=4222.013.11+1.4 MeV (lower)
»1'=44.1+4.3+2.0 MeV (narrower)

» A 2nd resonance Y, with M=4320.01+10.4+7.0 MeV/c?
['=101.4*>>3 ,.1+10.2 MeV
» Observed for the first time, significance > 7.6c



o(e’'e—n’rlJ/y) (pb)

o(n°n0J/y)

BESIT ete- énonoJ/\y Cross section

20 [T - ' T T T T Tt 1T ' ]
- +data ] BESIII: 2004.13788

40 - — Fit —]
- ---Y(4220) .
30 - =Y (4320) ]
20 -
10T g g F -

K] "“‘-I: lllllllllllllllllllllllllllllllllllllllll : ~~~ [T T T T[T T T T[T T T T [T T T T[T T [rrrr[rrrr o

O 1 [PPSR L ---.-‘.'.*4--...... _— [ ;8_/ —+—data :

1 |} I — T T T T S — Fit ]

L R boo * ------- LH‘-"{ e G h‘"" > v Y(220) ]

o B | L | L s RNy eXpo. -

38 4 4 2 4 4 4 6 't]-‘: interference B

/s (GeV) <¢ | i

® o e ——— 5

']‘ """"""""""""""""""""""""""" ]

+GJ y2/ndf = 8.45/ 5 4

3 r= (41 2+16 0) I\/leV 1

b 5 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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/s (GeV)



BESIL ete-—>mtmh, cross section

PRL118, 092002 (2017)

250~ o BESIII: R-scan data sample BGS]]I
_ - = BESIIL: XYZ data sample ~6 -1
:S.. 200:_ —Fit curve: Total
= C  -- Fit curve: Y(4220)
S 150 :
E — - Fit curve: Y(4390)
@ —
2 100— ' | ] .
2 - .
= S0 l 1) |
o Te?| i 7
2 - \ L L .
o oF - e o e T
8 Y@

-501— o

i | I 1 L1 1 I 1 || 1 I L1 11 I L1 11 I | I | I L1 11 L1 1 1 I L1

3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6
Vs (GeV)

» M,=4218.4*55 , . 0.9 MeV/c?, I',= 66.0*123,,+0.4 MeV - Y(4220)
» M,=4391.5*63 __+1.0 MeV/c?, [,=139.5*162_ _40.6 MeV - Y(4390)



BESII

120 T

(pb)
=
oS
b

Cross Section
LN (o))
o (@»)]
1 I | L I

T BES -

—— Belle ]

-= BaBar

TheYsinete— n'ny’

arXiv:1703.08787,
PRD 96, 032004 (2017)

The Y(4220) is necessary

: (significance = 5.8c)
20 | :
) Fix parameters of the
- #mﬂ',,,,,j’,,,,,,,,,,,,,,,,,,,- Y(4660) to Belle results
40 41 42 43 44 45 46
's(GeV)
Parameters Solution I Solution II
M (Y 4220) (MeV/c?) 4209.5 £ 7.4
(Y (4220)) (MeV) 80.1 4+ 24.6
Bre e (Y (4220))  (eV) 0.8+0.7 0.4+0.3
M(Y4390) (MeV/c?) 4383.8 + 4.2
(Y (4390)) (MeV) 84.24+12.5
Bre' e (V(4390)) (eV) 3.6+1.5 2.7+ 1.0
¢y (rad) 3.3£1.0 2.8+0.4 51
$o  (rad) 0.8+ 0.9 4.74+0.1




