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 Recent BESIII results of ete™ cross sections and Y states
* Some properties of Y(4260)

* Problems in interpretation of the experimental results

* Summary
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» New results due to updated parameters (mass shift)

» States mixing is usual due to coupled channel effect
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Y states: 1 states from ISR

Machines Y(4260). PRL 95 142001
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Study e™ e~ annihilation line-shape above
open charm threshold at BESII|

XYZ data sets at BESIII
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Study eT e~ annihilation line-shape above
open charm threshold at BESII|

XYZ data sets at BESIII
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Systematic studies of the e* e~ annihilation line-
shape above open charm threshold at BESIII

e Hidden charm
* Open charm

* Light hadrons
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Y(4220) [in MeV]
Mass: 42220+ 3.1+ 1.4
Width: 44.1 + 4.3 + 2.0

Y(4320) [in MeV]

Mass: 4320.0 £ 104 £+ 7.0

width: 101.4%233 + 102
7.50

Observed first time in this

channel, consistent with

Y(4360) observed in

BaBar and Belle



Observation of Y(4390) ineTe™ - m*m~h,

PRL 118, 092002 (2017)

Dressed Cross section (pb)
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-+ BESIII: R-scan data sample
= BESIII: XYZ data sample
— Fit curve: Total

- Fit curve: Y(4220)
- Fit curve: Y(4390)
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Y(4220) in [MeV]

Mass: 4218.4132

+ 0.9

Width: 66.013%° + 0.4

I,.B = 4.6t1_4

+ 0.8 eV

PRL 118, 092002 (2017)
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Observation of Y(4390) inete™ - mtm~h,




arXiv:1903.02359,
update of PRL 114, 092003(2015)

Q B This work
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* Enhancement of wy, around 4.42 GeV,
B(1y(4415) - wy,;) in the order of 1073
* wWX-1 Seemsrising at 4.6 Gev
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Cross sectionof ee™ » wtm ™y’
Phys. Rev. D 96, 032004 (2017)
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Y(4220) [in MeV]

Mass: 4209.5+ 7.4+ 1.6

Width: 80.1 + 24.6 + 2.9

[,.B=1614+127¢eV
or1.80 + 1.41 eV

Y(4390) [in MeV]
Mass: 4383.8 + +
Width: 84.2 + 12.5+ 2.1
[,.B =725+ 28¢eV

or 10.96 +3.8 eV

Note: two solutions
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| —@— Bom cross section (a) 3180;— -8- Bomn cross section (b)
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Observation at 4.42 GeV, evidence at 4.26 and 4.36 GeV
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Y(4220) [in MeV]
Mass: 4228.6 + 4.1+ 5.9
Width: 77.1 + 6.8 + 6.9

1000

% First open charm
evidence of Y(4220) decay =~ 800

Belle has observed 1(4415) —%6
DD;(2460) PRL 100, 062001 240
But a single ¥/ (4415) cannot
describe the enhancement 200
around 4.4 GeV
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Mass shift from Y(4260) to Y(4220)
Y(4320)/Y(4360)/Y(4390)?
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No observations of light hadron final states

ete” > K.KTK* n”

product I'+oe-B (Y(4260) > KoK*2F2") at 90% C.L.

are estimated to be less

than 0.05

eV and that of

[o+o-B(Y(4260) — KSK*7TFn) is estimated to be smaller
than 0.19 eV. Relerence [9] reported lour solutions of the
product I'.i .- B(Y(4260) — z'n~J /), in which the maxi-
mum is 13.3 + 1.4 eV and the minimum 1s 1.5 + 0.3 eV.

PHYSICAL REVIEW D 99, 012003 (2019)

1 (4160)

Y

(4220)

Solution 1

Solution II

Solution 1

Solution II

[Mee X Bxgx b— (€V)]2.71£0.13 [0.01184+0.0098 | 2.0340.05 {0.003840.0029
¢ (rad) -1.60+0.03| 1.71+0.38 |-1.61+0.02] 2.11+0.43
Significance 2.80 2.60

ete” > K.KTK* r”

— Best fit

— Continuum

X2/NDF= 3.6/10
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arXiv: 1808.08733, Accepted by PRD

12

— Best fit

— Continuum

X%/NDF= 4.8/10
(<)

IR

| I
42 4.4 46
(s (GeV)

18



ete” - ATA near threshold

Phys. Rev. Lett. 120, 132001 (2018)

400 T T ™ Vs=4574.5, 4580.0, 4590.0
L 8% — AJA i
" - BESIII data ) and 4599.5 MeV
300 | =%= Belle data n
. - EIEI;]I;Hn::dﬂl - _ 4 ] |Ge/Gpyl:
B 200 -+ Threshold : ¢ i ] 1.144+0.14 + 0.07
o ] 1.23 £ 0.05 + 0.03
100 |- . —08
! + ‘E’o.?
0 41— N P T T 1 0.6
4.56 4.57 4.58 4.59 4.6 o.5F
Vs (GeV) T
0.4:
Will update BEPCII this summer to 4.9 GeV e G
Cross sections measurement of A, pair ‘;i i
Check consistence with BELLE and search for Y(4660)
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ete” -» 'y, new Z,(3900) decay mode

TABLE II: Born cross sections of ete™ — 71 Z.(3900/4020)* — «T p*1,. (numbers for Z.(4020)* are

in brackets). The parameters are defined in the same way as those in Table L.

Vs (MeV) L (pb™") Nobs (1+0) e 2eBi (%) o”(b) oy (b)) S (0)
4226.3  1091.7 240456 (21+13) 0.74 1.056 0.60(0.49) 47+ 11+ 11 < 75 (16) 4.3 (1.0)

42580 8257 92+47(0+15) 076 1.054 044 (0.51) 32+16+9 <71(9) 2.0(.)
43583  539.8 12+38(0+5) 1.03 1.051 046(0.54) 5+14+2 <34(11) 0.3(.)
44156 1073.6 101 +46 (6+16) 1.15 1.053 0.69(0.58) 11+5+3 <23(7) 2.2(.)
45995 5669 0+5(0+£10) 132 1.055 026(024) 0+3+2 <12(18)
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Relations between different channels @ Y(4220)

B (V) | Note

ntnT] /Y 1.6~13.3 Four solutions
ntn~h, 46712 +0.8
WX co 251+0.21+03
ntm~Y(3686) 1.61 +1.27(1.80 + 1.41) Two solutions
KYK~] /Y R = 0.1 Cross section
ntn~n'n, R=21+4+08 ratioto ™ /i
nttDOD*~ > Y'(hidden charm)

Light hadrons < 0.1 Not observed
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Connect between
Y(4220) and X(3872)

ee syt Jly e’e’—w,'":t“xwwimxu—rrzdmr
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A O Phase Space
04 --- Linear
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3

Events / 5 MeV/c?
Events / 5 MeV/c?
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- M(n*ﬁ‘fw) [éevacz]l - ‘ | M(ndxm) [G;%'Wc?]
B[Y(4260) - yX(3872)] o1 B[X(3872) = m°y,4]

o B[Y (4260) > 7 n—]/lp] B[X(3872) = m¥n~] /Y]
assummg B[X(3872) » tn~] /Y] = 5%

= 0.88%0:33 + 0.10
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o(YX(3872)—yml/y) (pb)

B[X(3872) - w]/¥]
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o(ete™ » n¥Z.(3900)* - ntr=] /)
oglete” »ntn~]/Y)

= (21.3 £33 +£7.5)%
m) B|Y(4260) - %Z,(3900)F|

2.4
Discovery of the Z.(3900) int*m~J/p  B[Y(4260) > n*n~] /]
PRL 110, 252001 (2013) assuming B[Zc(3900) — =] /] = 9%
e —4- Data
] ! PP Combined wit previous results
9 " --== Background fit
3 O -~ PHSP M BIY(4260) - yX(3872)] _
5 6o  S— BIY(4260) > mom /]
% 402 assuming B[X(3872) - ntn~J /Y] = 5%
& g}
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Possible help from theorist side

* Predictions of the cross sections of production/decay
* Suggestions of the search/measurement direction

 Selection of the physics solution
* Interference cause multiple solutions

* Parameterization of resonance/process
* BW is suitable when the width is large? Near threshold?

* Good formula for amplitude analysis. Description of light hadrons/effects
such as final state interaction (FSl), form factor, cusp effect, threshold
enhancement, etc.



Summary

» After Belle and BaBar via ISR, interesting vector structures have been
observed in the electron-position annihilation at BESII!

* BESIIl has made a systematic study of these states, many analyses are
on-going, with more data in this region more exciting experimental
results are expected

* Cooperation between experimentalists and theorists to understand
the nature of these exotic states






Other search XYZ in light hadrons
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