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Outline:
« What we can study at BESIII

e Recent results on X

> Observation of X(3823) (¥(13D;)) (arXiv:1503.08203)
> Observation of the ete™ -» yX(3872) (PRL 112,092001)
> Improved limit for I',, of X(3872) via ISR (arXiv:1505.02559)

> Search for Y(4140) via ete™ - y¢J/y (PRD 91,032002)

e Summary
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What we can study at BESIII

GeV A
4.801 BESIII can reach here for now
4.6 GeV ———3*n@52)
4 40 | m-435|l4.45)
' 2%D,(4.19) 2'D(4.21) 2°D,(4.21) 2°D5(4.22)
| 2°5,(4.10) 1*F,(4.09) I'F509) I°F3(4.10) 3F,(4.09)
33{4.06}——
4 00F I gl (3.96) 2% (3.92) 2PL(3.95) 27P4(3.98)
1®p(3.82) | I'D,(3.84) 1°D,(3.84) 13D,(3.85) More States?
Oz's (362) 2 85553 3p.(3.55) so-called XYZ,
3.60p7777 ’."_’L‘?’ﬁl_,_-.,,o(aﬁq}'%"a's” rrrrrrry (maybe the missing Charmonium)
PSS s
320 s Potential model:
20230 Godfrey & Isgur, PRD32, 189 (1985)
280 I L +- I ++ I ++ I ++ l -+ 1 —-l -- I +— I -+ i ++ ]
O I O | a . 2 2 3 ) 3 4
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XYZ states

/

(&

conventional quarkonium (c¢), meson molecule (cq+ cq),

tetraquark (ccqg), hybrid state (cc+g..)

et. al.

)

radiative or hadronic
transition from Y

Largest data sample around Y (4260) at BESIII,
We can study the relations between X and Y.
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Observation of X(3823) (¥ (1°D,))

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}
440
2%D,(4.19) 2'D,(4.21) 23D(4.21) 2°D5(4.22)
3I {405} 3EE|E4.18) !3F (4 09:‘ \ |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)
33515%68)
2's (3.62) uuum 1 3
3.60p7777 I'P,(3.52) PP, (3.51) m TI'lpth (1 D1;273)
, 3 ) o
Pr3.4d) 5r55rs 1°D,>DD forbidden, narrow
PSS s |
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.
| ] | | l | ] | | ]
2.80 — T o o
. O—+ 1 |+- O-H— l++ 2++ . 2 + > 3 34- 34-4- 4++
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ete” > X, X > VXep Xey = VY
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Events / 5 MeV/c?

Events / 0.02 GeV/c?
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g:
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t— Data
— Fit
....... Background
1 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?
r(Xx(3823)) < 16 MeV at 90% C. L. consist with Belle
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— Fit

------- Background
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3.9
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Events / 0.1

—— Data
— D-wave MC

- S-wave MC

D-wave is expected.
Limited statistics
limited informations
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Born cross section olete™ » T~ X(3823)] - B(X(3823) — yx.1)

olete™ - n*m~X(3823)] - B(X(3823) — yxcl)g 251
olete” > mtn Yl B@ > vxe) T N —+data

0201913 (4.36 GeV) =7 2F — Y(4360)

—U.2U_g.10 (7. € T -
-0.39*021 (4,42 GeV) £ . b (4415)

1 L

™ :

B(X(3823) > yxc2) 2 U

B(X(3823) = yxc1) 3t I

<042 at 90% C.L. X o0s5L

~0.24 (PRD 55,4001) + -

ol oL

42 43 44 45 46
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Observation of the e"e™ - yX(3872)

o R « Observed by Belle, Babar, CDF, LHCb
> °°F L= ] only from B decays and pp collision,
(O]

X 2S i
S Lo |¥125) 152 M BB} . Mass 3871.69+0.17 MeV
S - PRL 91, 262001 (2003)]

5 100f X(3872) ] * very narrow (< 1.2 MeV)

L] - / ] « close to D¥D0 threshold (3871.8)

N, SO I siainkC + JPC = 1% (LHCb)
040 . _+_0'80 . 120 * Hunt it through radiative transition
M) - M(I'T) (GeV)

T T T CDF Il 360 pb™”
c PRL 110, 222001 (2013). LHCb N
5 40 .><3 250~ X(3872) — Jiyrn'm
£ * Simulated J™=2" Simulated J*%&1" © — Jiy p (L=0)
é 10‘ mu muiaie E 200_—'J/\|fp(|_=1)
® N 150l Multipole Expansions for ct:
2 10 8 °s,
5 “- t Y < 100_7/£3P1X5
= 2 data LY 2 NN
2 10° y 3 > 50—
= Y 4 ﬁ 2 "0';!3?5
2 £ \ ~ e

10° 4 A ® 0 ——

& " X
4 - L . . . | . . . L
L L — S0 0.4 0.6 0.8
-200 -100 0 100 200 x Mass [GeV/c?]
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YisrWP(3686), as validation

©10° ©10°

> / —+ data > —+ data

o1 0° M background | 9 107 I background

é 0 'i't Vs = 4.009 GeV é 0 bt /5 = 4.230 GeV

2 T

g e

W 36 37 38 39 4 W 36 37 38 39 4
M(nrJ/w) (GeV/c?) M J/w) (GeV/c?)

0 10° ©10%

o —+ data > | . —data

3102 » [ background (3102? . I background

3 i /5 =4.260 GeV S | Vs = 4.360 GeV

o t c 10F f

o 2 | ” F i

c €

() ()

> >

Ll L

3.6

3.7 3.8 3.9 3.6 3.7 3.8 3.9 4
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Observation of the e"e™ - yX(3872)

: : — :
15—
- —4— Data

» M=3871.9+0.7 + 0.2 MeV 3 of -~ Background |
e Summed over all data X(3872) ‘;‘Cﬁ’ °
significance = 6.3 s -_.....I.m..mm"'

M e Jd/w) (GeV/c?)

e Production in Y (4260) decay

. 0-65 —— data
SuggeSt lve, 05 — Y(4260)
- - -- Phase Space
0.4 - -- Linear

B(X(3872) - ¥~ ] /Y)=5% (arxiv:0910.3138)

0.3F
0.2

0.1F

oB(yX(3872)=yr mJly) (pb)

_ B(Y(4260) > yX(3872))
"~ B(Y(4260) - wrwJ/YP)

|
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gi_ = é —+— data
—— = =2 [ Y (4360 )
Where are they come from? S s b (a1 5>
Y (4260) or narrow structure %? osf 1
in mTn~h, = elgzieitiiy ='s s
= __F s
Y = oA ~] Chase Sqece
X(3872) T oeep H ﬁ
= ofF b-—1" -
Y(4360)/lp(4415), o2 T TaaT IA_L_.Izz' IIAI "" ' TTas
or broad structure t120; I
in T[+7T_hc Sé_ 100:— —=— |ete -=>rctr I/ p @ Babarx
T[+T[_ g 80:— e |lete -ttt h, @ BESIIT
< 2 ool : % SN {
X(3823) £ aof Fratigl |
E 20 7:1;—} i % I % |
Py

X and Y are related! o

4.1 Az
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Improved |imit

YISR

for I.e of X(3872) via ISR

Many explanations (molecule, tetraquark,y.1 (2P) et.al)

I, may help to understand the nature of X(3872)

JP¢ = 1**, can not be produced via single photon

but allowed by box diagram

rX872) _ 0.03 ev from VMD model
< 280 eV (current measurement) (PLB 579,74)

Never been observed directly in e*e™ anaihilation

Workshop on QCD exotics
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o —e— data
% 10° - - YX(3872)
o nJhy
102 — Fi
% 10 Fit
2 10
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Ngm-* E(b) —e— data
%1935 J5 = 4.230 Gévl?j,r(ja?z) Untagged ISR measurement
%,132? - No obvious signal
2 10 ‘ ¥ ' " |
T il o W rXC872B(x(3872) —» ntn) /)
10" i SUPSIE B S L ..i.L':n......;J P

<0.13 eV at 90% C.L.
36 3.7 3.8 3.9 4 41
M(rn+rJ/y) [GeV/c?]

G104 F
S F(d) —e—data Assuming
210° == YX(E3872) | B(x(3872) - wtn] /i) >3%
= s = 4.360 GeV.._ npy 0
o C
Eﬂr}z E - - Flt X 3872
A ; rX3872)cp 3 ev
> 10F ¢ |II
“OER N " i
15¢! ” |” u m " ul Now can reach eV level.
107 3555758 42 With more data, we can do better.

M{:rr T Jhp) [GeV/c?]
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Search for Y(4140) via ete™ - ypJ /¢

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 /s = 1.96 TeV . . .-
v S/ Belle BT = ¢J/YK™ 772%x 10° BB
CMS B* > ¢] /K™ . LHCbB* - ¢J /K™
52fb™" at Vs =7 TeV 0.37 fb~1 at 5 = 7 TeV

(2.40) disagreement with CDF
DO (3.10) BY - ¢J /WK™
10.4 fb~1 at \/s = 1.96 TeV BABARB"Y - ¢J/YWK* 469x 10° BB

A good candidate for D;D; molecular.

Positive C-parity,
radiative transition of 17~ charmonium (-like) states at BESIII?

ete” > y@J/P, J/Yp > eTe T /utu”

with ¢ » K*K~ (one Kaon can be missing), ¢ - KqK; (K, is missing) and ¢ - ntn~n°

Ke LI (SDU&IHEP) Workshop on QCD exotics
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35¢ 250 251
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Combine six modes (three ¢ modes X two J/i modes)
45F Joss8 45F -
S s - s=4.23GeVE 2 5 7 \[s=4.26 Gev®
o Yk s\ To.25 @ Tk d . Ho.2s
= 3 : : el = 3 / \ El
O 25¢ / \ Ho.2 ® 255 . Ho.2
2 20 / \ of - B<0.35pH,,, @& 2t / oP - B<0.28 b,
| e Eoo 3 c = 3
o 15 =/ E o 15F / E
> - \ Jo.1 > - Jo.1
L 157 I_I- 3 'Y ] : L 1?‘ q b :
05> % \ oo 05 4 \ oo
0:4-,-"' N 2 AN ! do 0:4..--""‘ AT (O B AW g
41 415 42 425 43 435 44 41 415 42 425 43 435 44
5: :0.4 5 5:
4.5 ; K\ - 0_355 4.5 ;
v 4 Vs=4.36GeV 8 « 4f Sumofall data sets
> 350 T 0 > a5t
s 3= 7 \ J5 S 3
™ o5F [/ oB . B<0.33 pb 0.2 ® 5F
2 2y TR
g 1.5;/ : 7:01 g 1.5; [
w1 I BRI \_ 1 w15 A4 t 1
05/ T 05} \\ ]/
%1415 42 425 43 435 44 21 415 42 425 43 435 44
M(¢ J/y) (GeV/c?) M(¢ J/y) (GeV/c?)

Three events seems like Y(4140).
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No significant Y(4140) signal.

Upper limit at the 90% C.L. for 6® - B = oB(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) » tn~]/Y) = 5%. arXiv: 0910.3138
And B(Y (4140) — ¢J/y) = 30%, molecular calculation, PRD 80, 054019.

oBete -yY(4140) _ -
Blete—yx(3872)) 0.1 at \/s=4.23 and 4.26 GeV.
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Summary

- The X(3823) (y(13D,)) is observed with significance 6.20 via ete™ >t n yyx . .
« The X(3872) is observed with significance 6.30 via e*e™ - yX(3872).

« The I‘e)ff%n) is estimated as <4.3 eV at 90% C.L..

« The Y(4140) is searched via e*e™ — y¢J /Y, no obvious signal (three events).

The sources of X(3823) and X(3872) are not clear,

candidates are Y(4360)/1(4415) for X(3823) and Y (4260) for X(3872),
or the two structures in wim h, .

With more data above 4.0 GeV at BESIII, more informations of XYZ particles
will be uncovered. Hopefully we may understand the natures of them.

Thanks for your attention.
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Back up
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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

%)

! 3
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