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Outline:
« What we can study at BESIII

e Recent results on XY
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Observation of X(3823) (¥(13D,)) (arXiv:1503.08203)
Search for Y(4140) via ete™ - y¢J /i (PRD 91,032002)
Study of wy,¢ (PRL 114,092003)

Cross section of ete™ - nJ /Y (arXiv: 1503.06644)
Cross section of ete™ — n'J /i (preliminary)

Search for ee™ — yx,; (CPC, 39(4) (2015) 041001)

e Summary
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What we can study at B.

GeV A
4.80r BESIII can reach here for now
4.6 GeV ——2*p@52)
4 40k T 4°5(4.45)
' 2%D,(4.19) 2'Dp(4.21) 23p,(4.21) 2°D5(4.22)
| EASSS #(S F, (4.09) I'F5(409) I°F3(4.10) 3£ (4.09)
3&{4.05}—-—
4 00F I gl (3.96) 2%, (392) 271 (3.95) 2%Pg(3.98)
*0,3.82) iny3.89) o384 Poaes) V[Oore states?
Oz's (3.62) £'8i(3ed) 300355 so-called XYZ
3.60p7777 w,s%‘a“}m% (maybe the missing Charmonium)
LSS
3.20F 1%,(3.10) Potential model:
2ol Godfrey & Isgur, PRD32, 189 (1985)
2.80 I . +— I ++ | ++ I ++ I -+ : --l -- I +- I ++ i ++ l
IO IR B O | 2., 2 2 3 3 3 4
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Property of Y(4260) and other Y states

Try to search and study the Y decays exclusively at BESIII

> Cross section of ete™ - nirJ /Y (h,) 1201
» Observation of ete™ - yX(3872)  _ 100E T cermEy @ Belle
. . ) — —=— ete->ntn J/p @Babar
indicates Y (4260) — yX(3872) E et h @BESITL
= 80— —e— ete->mtrth,
» Study of w = -
y Xco § 60_— i } } I
> Cross section of ete™ - nJ/y g 403_ F - } % % { l
» Cross section of ete™ - n'J /Y § 20: % i % } % % % %
= g ¢ i i i It i ITESEET
» Search for eTe™ - yyx,; 0_& | % b : é ? 3

Others are on-going ' ' T Eoy(GeV)
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Observation of X(3823) (¥ (13D,))

GeV A
4 80l Both E705 and Belle observed evidence.
‘ [Phys. Rev. D 50, 4258 (1994); Phys. Rev. Lett. 111, 032001 (2013).]
3%p,(4.52)
m-435|l4.45}
4401
2%D,(4.19) 2'D,(4.21) 23D(4.21) 2°D5(4.22)
3I {405} 3EE|E4.18) !3F (4 09:‘ X |lF3{4.09} |3F3{4.|0} |5F‘(4.09)
4‘ O O -__ﬁ—///////// (3.96) 53 , (392 2PL(398). 2%, (3. 95) 2%p,(3.98)
1*p(3.82) I'D,(3.84) 13D,(3.84) 1D,(3.85)
23513%68)
2's (3.62) uuum 1 3
3.60p7777 I'P,(3.52) PP, (3.51) m Trlplet ( ! D172,3)
, 3 ) o
Pr3.4d) 5r55rs 1°D,>DD forbidden, narrow
LSS |
2 20l Potential model: 13D, - yx.1, xc» With large width.
' ; I’8,(3.10) Use p*p" transition to produce 13D, with JPC= 2--
'530,‘2;922 D-wave (L=2) transition is expected.
| ] | | | | ] | | ]
2.80 — . .
. O—+ 1 |+- O-H— l++ 2++ . 2 + > 3 34- 34-4- 4++
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ete” > X, X > VXcp Xey = VY
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Events / 5 MeV/c?

Events / 0.02 GeV/c?
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g:

—

t+— Data
— Fit
Background
I Sideband

—

3.8
Mrecoil(ﬂ][_) (GEV/CZ)
Simultaneous fit of yy.; (left) and yy., (right) events
M(X(3823)) = (3821.7 £ 1.3(stat) + 0.7(syst)) MeV/c?
F(X(3823)) < 16 MeV at 90% C. L. consist with Belle
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Events / 0.1

—— Data
— D-wave MC

- S-wave MC

-1
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D-wave is expected.
Limited statistics
limited informations



Born cross section olete™ » T~ X(3823)] - B(X(3823) = yx.1)

olete™ - n*m~X(3823)] - B(X(3823) — yxcl)g 2.5

glete > ntan=y'] - B’ = yxs1) _+_ data
2 —Y(4360)
=0.201313 (4.36 GeV)
0397028 (442 Gev) & F K A o b (4415)

-
@)

B(X(3823) = yxc2)

B(X(3823) = yxc1)
< 0.42 at 90% C.L.

~0.24 (PRD 55,4001)

O
o

0B(1*17X(3823)—>1*17) XC1) (

o
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Search for Y(4140) via ete™ - y¢J /Y

Exist or not?
CDF (3.80) Bt -» ¢J/YK™ Belle yy - ¢J/y
CDFII (>5 O') B+ N (P]/l/JK+ 825 fb_l €+€_ collider
6.0 tb! at y/s = 1.96 TeV . . .-
v S/ Belle BT = ¢J/YK™ 772%x 10° BB
CMS B* > ¢] /K™ . LHCbB* - ¢J /K™
527" at s =7 TeV 0.37 fb~1 at 5 = 7 TeV

(2.40) disagreement with CDF
DO (3.16) B > ¢J /YK *
10.4 fb~1 at \/s = 1.96 TeV BABARB'Y — ¢J/YK™* 469x 10° BB

A good candidate for D;D; molecular.

Positive C-parity,
radiative transition of 17~ charmonium (-like) states at BESIII?
ete” >y /P, ]/ > eTe” /utuT

with ¢ > K*K~ (one Kaon can be missing), ¢ » K;K; (K; is missing) and ¢ > n¥n™n
Ke LI (SDU&IHEP) 3rd XYZ workshop
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Events / 3 MeV/c? Events / 3 MeV/c?

Events / 3 MeV/c?
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b > KK~
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Combine six modes (three ¢ modes X two J/¢ modeo_4s)>

4.5 ; - 0_35.§ 4.5 ; —0. 35%
No 4; — E &= NO 4;
2 i . +[s=4.23Gev® 2 . T A[s=4.26 Ge»\eﬁ
[0 g s\ To.25 Q - ‘/ : T0.25
= ’ = 30 \
® 250 / \ oz @ 25 . P
2 2t/ 4 of-B<035pH,. » 2 / L of - B<0.28 ph,
& 150, | ] & 155/ | 5
o 1 =/ \ o1 S - 0.1
1] 157 K B LI - L 1? < <\ :
055 A% \ E 055 A —jo.0s
0:4.,--"7 e N g 0:4.‘.--""\"1- ..... Ao \\ g
41 415 42 425 43 435 44 41 415 42 425 43 435 44
5: :0.4 5 5:
45 — X\ o352 45F
v 4 Vs=4.36GeV *¢ « 4f Sumofall data sets
> 350 PR - 10 > a5t
s 35 - \_ s S 3E
g 2 Lo 22y
g 1.5§/ : 7:01 g 1.5 i
LL 1; < ' b o ! \ E ) L 1; R -:-, M ' X ® | ]
05¢ W 05/ I
%1 415 42 425 43 435 44 /‘{1 ‘415 42 425 43 435 44
M(¢ Jhy) (GeV/c?) M(¢ Jhy) (GeV/c?)

Three events seems like Y(4140).

Ke LI (SDUSIHEP) No backgtdt{d ft8m MC studies
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No significant Y(4140) signal.

Upper limit at the 90% C.L. for 68 - B = gB(e*e™ - yY(4140)) - B(Y(4140) - ¢J /)

4.23 1094 0.840 <339 <0.35
4.26 827 0.847 <207 <0.28
4.36 545 0.944 <179 <0.33

Systematic uncertainty is considered.

Compared with X(3872) production. PRL 112, 092001

oB(ete™ - yX(3872)) - B(X(3872) » ntr~] /)
= 0.27+0.09(stat) +0.02(syst) pb at v/s= 4.23 GeV,
= 0.33+0.12(stat) +0.02(syst) pb at /s = 4.26 GeV.

Take B(X(3872) » wtn~]/Y) = 5%. arXiv: 0910.3138
And B(Y (4140) — ¢J /1Y) = 30%, molecular calculation, PRD 80, 054019.

oBete >yy(4140) _ -
s(ete-—yx(3872)) - 0.1 at v/s=4.23 and 4.26 GeV.
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Events /3 MeVic?
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Study of wy, from 4.21 to 4.42 GeV
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Unbin likelihood fit is performed on n*n~ /KK~ simultaneously

—e— Data
Total fit

- = = Background fit
[ Sideband

4.23|GeVO 20

Events/(0.005 GeV/c?)
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Fit to o(eTe™ » wyx,po)

Phase-space modified Breit-Wigner

100
FeeB(wXCO)Fr % (I)(\/E)
(s = M?)* + (MT,)> ®(M) 80

with significance > 9¢

BW(+/5) =

o 60
=

[,eB(wye) = (2.7+05)ev 8 40

—— Data
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--=- Phase Space

v
- .
'-1--'l'-"-.-I|
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38
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from nr/ /Y A0t
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No sigpificant signals for eTe™ = W Xeu 20100

4.35 4.4 4.45 4.5
s (GeV) 1
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Cross section of ete™ - nJ/y
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>

ete” /P O
o

. o

Clear signal, 3
Sideband works well §
w

ete” > m’] /Y

No obvious sig

ve nts@m GeVi/c?)
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180 —— Total fit
L= S | I — Background fit
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Born cross section of ete™ - 77]/1/)

Compare with previous measurements Compare with efe™ > ¥ n~J /Y
100 —+ Belle :8 __ —}— Belle: 1* = J/4
) - (a) —+-BESIN(2012) | — (b BESIII(2012): 1 J/
2 = i HH —4— This work o @ __( ) This work: 1 J/ i
= - 1 «H"t S 50F
T 40 o | % 40t
o 200l o SOF J[ .I. + ﬁ
+ 2] =
o oLl i JE ++ +++ Y
= o O 10F Tef 'lﬂi} I 1
i - -
20F, | OF iy Jr‘l'*:r“f L
3839 4

41 W5 43 44 45 46 47 3.8 3.9 4 41 42 43 44 45 46 47
\'s (GeV) \'s (GeV)

A structure? Narrower than Y(4260),
. but similar with wy,q
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Cross section of efe™ - n'J /Y

"y
N

12F B
%10 ng.,of_ (b) 30'_(6) ﬂ
28 2 g NU L
= o I < i —H
2z’ 29 > |
g° g4l [ 1] g -
2 2 1+1 T +T TT1 20—
Ot e T - da o
M(y ) GeV/c? M(y ) GeV/c? Ay
12 12r .E,’
[ C -
“i.ew (C) c\é'lo:-(d) [} 10
> 8 = 8f > L
= = I lw
S 6 S ef
) - | R D NN WORR A o,
Ij.:: 4 j:: 4:—
2 2F
i oI\ 4 09 0%
Myt ) Govic® Mpyein) Govict M(Y vyt ) GeVilc

Simultaneous fit to combine n' » yn n~ /nun n”,J/Y > utu= Jete”
at 4.23 GeV

significance 9o Preliminary results

Ke LI (SDU&IHEP) 3rd XYZ workshop
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Results (BESII Preliminary)

Vs (GeV) Nobs Lie (pb™Y) 146 S eB;i  [1+TI2 o® (pb)
4190 28+ 1.7 (< 6.4) 431 0.879  0.0123 1.056  5.7+3.5+0.5 (< 13.0)
4210  0.0+1.3 (< 4.2) 54.6 0.905  0.0118 1.057  0.0+2.1+0.1 (< 6.8)
4220  0.1+6.3 (< 4.5) 54.1 0.917  0.0113 1.057  0.2+10.6+0.1 (< 7.6)
4.230 33.7+ 6.7 1047.3 0.925  0.0107 1.056 3.1+0.6+0.3
4245 0.3+ 1.1 (<4.1) 55.6 0.933  0.0098 1.056  0.6+£2.3+0.1 (< 7.6)
4.260 28.2 £ 6.1 825.7 0.939  0.0089 1.054 3.9+0.8+0.4
4310  2.0+1.4 (<5.3) 44.9 0.950  0.0071 1.052  6.3+4.4+0.6 (< 16.6)
4360 2.1+1.8(<6.3) 539.8 0.954  0.0063 1.051  0.6+0.5+0.1 (< 1.8)
4390  1.0+1.0 (< 4.0) 55.2 0.957  0.0057 1.051  3.2+3.2+0.4 (< 12.8)
4420 9.8+4.0 (<14.7)  1023.3 0.959  0.0054 1.053  1.8+0.7+0.2 (< 2.7)
4470  1.8+1.6 (< 5.5) 110.7 0.963  0.0050 1.055  3.2+28+0.5 (< 9.8)
Y(4260) or 4530  1.0+1.0 (< 4.0) 110.5 0.967  0.0042 1.055  2.1+2.1+0.3 (< 8.4)
4575  0.0+0.5 (< 5.3) 417 0.970  0.0041 1.055  0.0+2.5+0.1 (< 26.5)
1M1 1 4.600 2.9+27 (<58 567.7 1.000  0.0051 1.055 1.0£09+0.1 (< 1.9
similar with wy,.g (<58) (<19)
1ok BES]]I .| Significant n'J/{ signals were observed at 4.230
o) - . .
- ~ and 4.260 GeV, and the upper limits of cross
c 3 ® .
£ >F } s ' { section at 90% C.L. were set for the other 12 c.m.
o oF l s W/t _ IR energy points. Comparing with the cross section
%)) 5
8 1 of ete™ - 1 J/, the cross section is much lower
(&) 3 . — .
c °F in the case of ete™ - 1’ J /Y and that is lower
o i . . .
@ ok RESHL Prdliminary than the theoretical calculationin the framework
N N of NRQCD, too.

Ke LI (SDU&IHEP)

Ecm (GeV)

415 42 425 43 435 44 445 45 455 46

3rd XYZ workshop 21



Search for e*e™ — yy.; from 4.009 to 4.360 GeV

K

-

r.u

. =

Invariant mass of yJ/Y e

oy

2

-

@

>

Ll

V'3/GeV Neobs significance (o)

Xc0 7.046.6 1.6
4.009 Xel 44426 2.2
Xe2 1.8+1.7 1.5

X<0 0.242.3 0.0 };__

4.230 Xcl 6.74+4.3 1.9 >

Xe2 13.345.2 2.9 E

Xc0 0.14+1.9 0.0 =

4.260 Xel 3.043.0 1.1 E

Xc2 7.5+3.9 2.3 =

Xc0 0.140.7 0.0 o

4.360 Xel 5.244.9 2.4 ﬁ]
Xc2 44445 2.0
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Combine all the data sets.

Evidence for

ete” > yy. (3.00)
ete” > yx (3.40)

Vs (GeV) a"F (pb) aB (pb)
X 0 188 65.1+61.31+7.2
Xel 52 2.341.440.2
4.009
X 2 18 4.8+4.51+0.5
X0 27 0.7+8.010.1
Xel 17 0.7+0.5+0.1
4.230
X2 5.0 2:7:+:1.14+0.3
X 0 26 0.54£8.940.1
1.2 0.41+0.41+0.1
42060 X
X c2 4.2 2.0+1.140.2
X c0 24 0.7+5.010.1
X el 3.0 1.43+1.340.1
4.360
Ke LI (SDUXHZEP) 5.0 2.242.340.2
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How to explain?
SIII PRL 114,092003
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Consist with each other
_ | BESII preliminary

Hope it is not a joke!
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Summary

« The X(3823) (y(13D,)) is observed with significance 6.20 via ete™ > ttn Yy
« The Y(4140) is searched via ete™ — y¢J /i, no obvious signal (three events)

« Study of e*e™ - wy,; indicates a state with
M(Y) = (4230 +8) MeV/c?T, = (38 + 12) MeV

« Cross section of ete™ - nJ/y is measured from 3.81 to 4.60 GeV.
Interesting structures. Maybe same with wyg.

« Cross section of ete™ - '/ /i is measured,
possible same structure with thatinn//y

* Processofete™ - YXcj is searched, evidence for yx.1/xc

 The narrow state Y(4216) in n*n~h, consist with wy.q, nJ /.
Try other channels.

Thanks for your attention.
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