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states: Z,’s
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cC assignments for the XYZ mesons?

S Olsen, Front. Phys. 10, 101401 (2015)

no unassigned levels for 44
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The list of XYZ states kee

S Olsen, Front. Phys. 10, 101401 (PIS)

s growing

State M (MeV) T (MeV) JPC  Process (decay mode) Experiment
X (3872)  3871.68+0.17 < 1.2 1+ B K+ (J/rtn) Belle [82, 89] , BaBar [85], LHCb [90]
pp— (J/bntm™)+ ... CDF [83, 91, 92, 125], DO [84]
B— K+ (J/atn %) Belle [94] , BaBar [59]
B — K + (D°D°x°) Belle [95] , BaBar [96]
B — K + (J/17) BaBar [126], Belle [127] , LHCb [128]
B— K+ ('y) BaBar [126], Belle [127] , LHCb [128]
pp— (J/orta™) + ... LHCb [86], CMS [87]
X(3915) 39174427 28710 0t B K+ (J/hw) Belle [58] , BaBar [59]
ete™ 5 ete” + (J/Yw) Belle [60] , BaBar [61]
xe2(2P)  3927.2+£2.6 2446 2tt  ete” » ete” + (DD) Belle [64] , BaBar [65]
X (3940) 394219 3720 (7))~ e:e_ — J/1+ (D*D) Belle [27]
ete” = J/v+(...) Belle [26]
G(3900) 3943 4+21 52411 17~  e'e” = ~vy+(DD) BaBar [129], Belle [130]
Y (4008) 40081120 226497 177 efe —wy+ (J/wTA) Belle [32]
Y (4140) 4144 +3 1749 "™ B K+(J/Ye) CDF [74, 75], CMS [77]
X (4160) 4156122 1391113 0(?)=(M+ etem — J/4 + (D*D) Belle [27]
Y (4260) 426315 95414 1=~ +e— = v+ (J/bataT) BaBar [30, 131], CLEO [132] , Belle [32]
ete” = (J/Yntn™) CLEO [133]
ete” = (J/¢n°n°) CLEO [133]
Y (4274) 420246  34+16 2% B K+ (J/Ye) CDF [75], CMS [77]
X (4350) 4350.672%  13.3%55 0/2tT  etem = eTe (J/49) Belle [81]
Y (4360) 4361 +£13 74418 177 efem s+ @ nta) BaBar [31], Belle [33]
X (4630) 463479 92132 177 ete” =y (ATAD) Belle [134]
4664412 48415 177 ete” =wy+ @ ataT) Belle [33]
Z7(3900) 3800+3 33+£10 17 Y (4260) = 7w + (J/ibw) BESIII [39], Belle [40]
Y (4260) — 7~ + (DD*)* BESIII [56]
Z+(4020) '\ 4024 +2 10+£3 1)~ Y(4260) = 7~ + (hen?) BESIII [41]
Y (4260) — m~ + (D*D*)* BESIII [42]
Z;(4050) 4051723 82731 27" B K4 (xanh) Belle [43], BaBar [53]
Z*t(4200) [ 41967355 370195, 1;“— B— K+ (J/¢rnt) Belle [51]
Z5(4250) f 42487152 17773 27t B— K+ (xanh) Belle [43], BaBar [53]
+(4430 4477+£20 181431 17~ B K+ (W7t Belle [44, 46, 47], LHCb [48]
B— K+ (Jynt) Belle [51]
10888.4+3.0 30.7°37 17~ efe” = (Y(nS)ntn ) Belle [117]
Z;F(10610)\ 10607.2+2.0 18.4+24 17— “Y(65)" = 7 + (T(nS)nF), n=1,2,3 Belle [119, 122]
“r(5S)" =7 + (hs(nP) 7t),n=1,2 Belle [119]
“Y(55)" =7~ + (BB )*,n=1,2 Belle [123]
Z9(10610) / 10609+ 6 1= “r(5S9)” = 7%+ (T (nS)n°), n=1,2,3 Belle [121]
F(1065Q) 10652.2+1.5 11.5+2.2 1%~ “Y(55)" - 7~ + (T(nS)7+), n =1,2,3 Belle [119]
“Y(55)" = 7~ + (hs(nP)7"), n=1,2 Belle [119] 5
“Y(58)" =7~ +(B*B*)", n=1,2 Belle [123]




Models for XYZ Mesons

Tetra-quarks

Hybrids

6, 65

meson - molecules diquarkonium hadro - quarkonium
(diguark-diantiquarks) /
Ispin triplet neutral doublet
& singlet ?

charged doublet

X(3872)YZ should have partner states:
Three missing states in any pictures



The X(3872)
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Events/0.010 GeV

What do we know about the X(3872)?
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CDF PRL 98, 132002: JP¢=1*"0or 2+
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Radiative decays of X(3872)

B(X(3872) — P(2S)y)

Ryy = BX(3572) 5 Jby) - @ probe of the nature of X(3872)

o
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90% CL UL i e
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T T T T T T The LHCD results are consistent with, but more precise
0 b 2 . 4 5 & R ’ than, the BaBar and Belle results
wy

From T. Skwarnicki (Moriond QCD 2015) 10



Events/2 MeV/c?

Strong decay X(3872)>DD*
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Isospin of the X(3872)

No X(3872) charged partner states in B> Kr*nJAp

Belle PRD 84, 052004(R)

(If M(X*) > mp.+mpeo # 3877 MeV, T'(X*) may be wide) & BaBar PRD 71, 031501
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Isospin mixing in the X(3872)

X(3872) = p JAp
2w JAP
X(3872)=>D%D*® ~10 x BF(X=> J/ynm )

} Isospin violating decay modes (each other) with similar BFs

Eric Braaten: “S-wave DD* molecular components must exist”

“Soo‘ = ‘MX(3872) - (mDO + mD*O)

< 0.2 MeV o, =M —-(m_, +m_..)=-8 MeV

+= X (3872)

<r00>rms ~ ! 275 fm

2m, ‘(500‘

X(3872) is mostly | D°D*%> =» mixture of |1=0 >& |1=1>
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CDF: ~85% of pp—=2>X(3872) is prompt
DO: prompt pp=2X(3872)X = pp=2y’'X
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“hybrid” model for the X(3872)

e.g., Takizawa & Takeuchi PTEP 9, 093D01

\O

X(3872)) =0.944|D°D ™) + 0.228

D'D"")-0.237|cT)

— —————

X(3872)) =083/(DD")_, )+051(DD"), ) - 0.24)cc)
X=>wl/p decays X=2>pJ/y decays production
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Charged Charmonium-like states :

Z(4430), Z(4050), Z(4250), Z(4200) (new)



The Z(4430)* =
Found by Belle in 2007

Belle : 660M BB

Belle

o
[=]

- S-K Choi et al Belle: PRL 100 142001

[
(=]

|IIII|IIII|III

ol R. Mizuk et al BeIIe:PRD 78 072004 Néz 102— ++++++++ ++++++HHMH*MMH*é{*HW+*H++++++ -
(a) 23 % oF * | 4 , ! I | ;

E 30%— BAB4r (¥1.18) { b) _;

» PRD 79, 112001H HM* + E

E | i E

mé_* lli *+ LHHLMHMW(M { MMH”HH ++_§

. Diff/10 MeV/c®
(=]

05 1 15 2 25 3
M?*(kn*) (GeV)?

Not seen by BaBar

— But both Data seems consistent
Charged state cannot be (*(’

Belle published two more results
Latest one uses
4D amplitude analysis =»
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Quantum numbers of the Z(4430)*
Z(4430)* > w*y’ in B>Kmhy’

K Chilikin et al Belle: PRD 88 07402 (2013)

¢Y'K": angle between Y’ and K* decay 45. K*(892) and K*2(1430) veto
e Belle't772 M BB
6y’ helicity angle_.__._,_,__....-n-’-- 405 With Z(4430)
35¢
s 30-

o 25
e 200

S M =4485T710 MeV 10
r-20097% Mev > f
Bf(B" = Z(4430) K*) x Bf (Z(4430)” = a7y') = (6.0% 7y x 107 M2(rt*

2.0-1.4

(M2(Km), M*2(y'm), ¢y

Results from 4D fit
(4-dimensional amplitude analysis of BY — (2S)KT7 ™)

IH\
Jv 0~ 1- |/ 1t \ 2~ 2+
Mass, MeV /c® | 4479416 | 4477 -4 [ 4485+ 2? 4478 +£22 | 4384+ 19 18

Width, MeV 110 £ 50 22 + 14 200 + 40 83+ 25 52 4 28
Significance 4.50 3.60 \ 6.40 2.20 1.80

18

1*is favored over 0" by 3.4 ¢



Is Z(4430)* a resonance or
rescattering effect ?

Taken from T. Skwarnicki (Moriond QCD 2015)

y(25) v(2S)
T
K 5
L Phase in the
,,,,,,, T,”T”,,LHCb o2 rescattering
202 LHCD 4277MeV 5&5 8 By Shase of model
I B 5 [ Betwgner [ 1 Rescattering model
; & amplitude (AR N by P. Pakhlov, T. Uglov
b - A % arXiv:1408.5295
02 13 SOk L
1477 eV T j N I T E—
04 / 4605MeV. M (y(2S)n") (GeV’)
_0'6: AN The phase from rescattering runs in the opposite way to the Breit-Wigner
I;‘;-:m/p i Gt ReaZ amplitude i.e. in disagreement with the Argand diagram obtained by LHCb.

Z(4430) parameters
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The Z(4200)*
New from Belle: 4-dim analysis of B>K*mJ/y
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New state Z(4200)* =2 mJ/y

D>

MZ(K,TI;) >3.2 GeV2/c4 BELLE

Y OO RELIMINARY
? sob Additional Z 6.2 0
9 "F z(4430) only
N L
N 40-
o M = 419615515 MeV/c*
‘é 30F

: Al +70+70

100 I | :

=12 16 18 20 22

M%() hy ), GeV/c*
B(B° — Z.(4200)" K™) x B(Zc(4200)" — J/ymt) = (2213114 ) x 107°

Amplitude analysis of B — J/¢YKm

JP 0~ 1- 71N\ 2— 2+

Width, MeV 720 + 254 | 220 + 80 (370 + 64 + 18 121 + 53

Mass, MeV/c? [4318 + 48(4315 =+ 40l 41967335)(4209 4= 144203 4= 24
7
Significance 3.90 2.30 S.20 3.90 1.90

1*is favored over 0" by 6.10 and 2" by4.4 o 21



Z(4430)* 2w/

1.2 GeVZ/c* < MA(Kr) < 1.432° GeVZ/c?
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M<(J/y,r), GeV</c

B(B® — J/yK ™ n") = (1.15 £ 0.01 + 0.05) x 103
B(B® — J/¢K*(892)) = (1.19 & 0.01 + 0.08) x 103

This may support the Z(4430) as
an hadro-charmonium other than conventional
tetraquark state

S. Dubynskiy and M.B. Voloshin, Phys. Lett. B 666, 344 (2008)

B(B® — Z.(4430)*K™) x B(Z.(4430)" — J/opmT) = (5.4F7321 7)) x 107°

M(Z.(4430))-M(Z.(3900)) = 589 + 30 MeV
My’ ) - M(J/y) = 589 MeV

Is Z(4430) a radial excitation of the ground
state of Z(3900) ? =




Z(4050)* and Z(4250)* = mw*y,.,

Events / 0.024 GeV/c?
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Charged Bottomonium-like Z, states
and
neutral partner state:

Z,(10610)*, Z,(10650)* and Z,(10610)°



The Y(4260)
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Is there a b-quark version of Y(4260)?
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“bottomonium” bb mesons New Measurement of
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Belle PRL 108, 122001 (2012)

“Y(5S)” 2>m*m Y (1,2,3S) ? ™ R
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“Y(5S)” > vz,

Bottomonium spectrum
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Summary of parameter measurements

/0\.
. e ’ ot Belle PRL 108, 122001
e
+ %
£ Z,(10610) E, Z,(10650)
Y(1S)n'w + —— — | ——
Y(2S)n' L —e— —e— -‘- ——
h,(1P)r" 1 - —— e ——
hy@PRT e | . —-
Average -¢- + * +
B R B T B T e Ty B R TV e T R N T
AM, MeV AT, MeV AM, MeV AT, MeV
Z,,(10610) Z,,(10650)
M=10607.2+2.0 MeV M=10652.2+1.5 MeV
I'=18.4+2.4 MeV I'=11.5+2.2 MeV
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Z,(10610)—> BB* & Z, (10650)> B*B*

“Y(55)” > v (BB*)*

50_'|'|"|'|'|

a0 |-
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Bf(Z,(10610)>x*(bb)

30 - i +
ofF /0

Z,(10

=6.2%0.7
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arXiv : 1209.6450
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Z,(10650):
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0.32 +0.09
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Z,% search in Y(5S) =2x'x" Y (1,2S)

with Z,s  without

6.50 stat. significance
- H i h Mass 10609+4+4 MeV

8 ® 8§

(Events/10 MeV/c®)
s
-—’.—-

b 15t
¥

i B J—— Belle PRD 88 052016 (2013)
04 1045 105 1055 106 1065 107 1075
M(Y(2S)m) ., (GeV/c®)

s
o
T™TITr T rrry
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More Z_ states



Discovery chain from Y(4260) to Z,’s

by BaBar in e*e - ygrm'w /A Y(4260) discovered \

10 LJI | ¢) | T | | T T |
J .
S L A Is there a b-quark equivalent?
10 ¥ (2S)
, 08
-4
10 |
? 5 ..p;u'»\.‘ i‘z‘ 4;.5#&}\
=10 | i _
b ???N\_N Yes, & it decays to Z, states

S Y(5S) = w+Z,,~
7 \ / 2>ntn” Y (1S)

Are there c-quark versions of Z,’s?

10 _IIIIII| ] ] IIIIII|
1 1

" Yes, many Z's !
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PRL 110, 252002 (2013)

ZC(3895) by Belle arXiv:1304.0121
e'e” 2(7)Y(4260)2>m Z(3895) = wrml/y

<[>
4.4 - [e@So Y(4s) | 12(4430) gg: | " BELLE
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Y 4260) he(3'P4) «1(33P4) % ;gw { H{ dla ciearily
a2l (42¢ 2,(4250) o establish JP=1*
X(4160) P(230y) 12_H| ......... ,‘N ______ }ﬁt& %mu WM From DD*
: ; J_.E+ 38 4 42 4%0:66:\/8 5 52 54
20 |- @Sy &= 2(300) 70F 1
X(3340) V(301" 1(23P1):|X°2(23P2) © eob 9671 f;?a
3.8 | Z,.(390 \ (b(zapo.' X(3872) % - - — Background
- |q’”(13D‘) [ = O ?9 E—=="" ==x: PHSP MC
2Mp =" C
ves)| [ == =TS 40F
N Y o -
36— — La==m"T ; 30
Xc2(13P2)| - -
Xct(13P1) $ 20F
> oS s G N
3.4 W 10g/¥ ;
- 0 = v
JU 37 38 41 42
max(TtJ/\l!) (GeV/c?)
32 |- established cc states
predicted, indiscovered | - Mass = (3894.5 + 6.6 + 4.5) MeV
3.0 | Neutral XYZ states| >  Width = (63 + 24 + 26) MeV
Charged Zstates |3 Fraction = (29.0 + 8.9)% (stat. error only)
o= A= 1= O A 2% % Significance =5.2 o 36




Y(4260)>a* Z,(3900)% >xt 7t/

BESIII: PRL 110, 252001

arXiv:1303.5949
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Significance > 8 ¢ 37
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Summary of Z_states

BESII

discovered in the BESIII experiment

Z.(3900)*

Z..(3900)°

7.(3885)*

Z.(4020)*
Z..(4020)°
7.(4025)*

3899.0+3.6 +4.9

3894.8+2.3+2.7

3883.9+1.5+4.2
[single D tag]

3884.3+1.2+1.5
[double D tag]

4022.9+0.8 2.7
4023.9+2.2 +3.8

4026.31+2.613.7

46+10 =20

29.6+8.21+8.2

24.8+3.31+11.0
[single D tag]
23.8+2.11+2.6
[double D tag]

79+27 +2.6
fixed

24.81+5.617.7

ity  ee—nnly
nJhy  ee—-n'n’Jy
D'D*-  e'e—n'D'D*-
DD*  e‘e—n'DD*
nth, e'e—nTh,
n’h, e‘e—n'n’h,
D*D*- e*e'—m*(D* i)*)-

From Xu Xinping, C. Yuan (QWG2014)
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Z(3900)° & Z(4020)° search at Belle

From Anna Vinokurova at CHARM?2015
Mass scan: arXiv : 1501:06351 JHEP..

Z(3900)° Z(4020)°

§100 EERRDUEEERE j100
z | 2 |

of

05/ 4 405 41
M(n, *m) (GeV)

M(n, *m) (GeV)

Masses closest to the
corresponding charged
partners
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X(3872) and other 1* XYZ states

Molecules Level Diagram ? (By S. Olsen Front. Phys. 10, 101401 (2015)

Mass

22z

4.6

451+
Em Mp + Mp+2s) Xc(2227)

A

4.4+ :

43 :
Mpsi" + MJ/psi

42+ Em"" Z(4200)

414

[z({Zdz(4023)| 29929299
Mz O0)| ang 222277 mmmml M

4.0 +

3.9 T [Ze{Z.(34 Z:(3900) | Xe(?272
e e I Mot

1=0
38 T I=1 1=0 I=1 e
50D - D'D) [{OD"+D'D) D - pD) JJ5DD" +D'D) 2Mp
1+ JPC 1++

The JP=1* bottomonium states? (See above ref.)



Summary

& Belle discovered many XYZ states .

® List of XYZ mesons keeps growing, however, their nature is still in a mystery.
Remains opportunities for LHCb and Bellell.

€10 years after the X(3872)’s discovery, this is the most highly cited B-factory

paper and
¢ BE = (mzzo+ mpo) - My3575) 8ets smaller, and now the BE= 0.1 +- 0.2MeV
& Models for the X(3872)YZ suggest the existence of additional states

& Z(4430)+ from Belle is confirmed and J? is conclusively 1*.
@ Argand plot (LHCb) shows resonance behavior
& Charge and quantum numbers rule out conventional charmonium interpretation
& But still non-resonant interpretation (rescattering) possible.

& NEW charged state Z(4200)* is observed in B->J/1y t* K™ decay. The
quantum number is 1*. Evidence of the Z(4430)* = w*J/p is found.

¢ Z,(10610)*, Z,(10650)* and Z,(10610)° are the first candidate of ispin triplet
in Belle.

¢ Many Z_states are recently discovered from BESIII (Belle) : including two sets
of Isospin triplet states Z (3900) and Z_(4020).
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week ending
VOLUME 91, NUMBER 26 PHYSICAL REVIEW LETTERS 31 DECEMBER 2003

Observation of a Narrow Charmoniumlike State in Exclusive B* — K* w7+~ J /4 Decays

S.-K. Choi,” S. L. Olsen,’ K. Abe, (B elle Collaboration) n,'"* H. Aihara,” K. Akai,” M. Akatsu,*
(Received 8 September 2003; published 23 December 2003)

We report the observation of a narrow charmoniumlike state produced in the exclusive decay process
B* — K7 7~ J /. This state, which decays into 7" 7~ J/¢, has a mass of 3872.0 = 0.6(stat) =
0.5(syst) MeV, a value that is very near the M + Mp« mass threshold. The results are based on an
analysis of 152M B-B events collected at the Y(4S) resonance in the Belle detector at the KEKB
collider. The signal has a statistical significance that is in excess of 10¢.

M=3872.0£0.6+0.5 MeV  X(3872)>pliy>n*nJAp X(3872) P vy,
ST T T T T T T T

~35¢ b) - 0) X(3872 1 12F

§3° 2 ! ' 10F- d)

825 | 85—

gzo . 6E

515 [ 4:

bl

u>1 5 ; 0.40 0.50 0.60 0.70 0.80 0 38 :B‘g'—*-*-*—‘g'—'—'—'g‘g-g—
+ -

382 384 386 388 39 392 M(T[ TC) (GeV) M(Yxm) (GeV)
M(J/y ) (GeV)

C=+ X(3872) # 13D, (v,)

My 3872)= MpotMp+o »



The Belle experiment

Belle Detector

SC solenoid \’Aerogel Cherenkov cnt.

1.5T y
CsI(TI) 8007
16X,
TOF counter — W o 600
S GeV :”7’ st <. NG Vb L . 400 t
o GeV € ailie™ o ‘ S CeNDrift Chamber
Rl S . "small cell +He/C,H
| Ui /}%{I} o 200
Si vtx. det. p /'K, detection 0
3 lyr. DSSD 14/15 lyr. RPC+Fe 1998

Peak luminosity recorded at KEKB:
L=2.1 x 103*/cm?2/sec with crab cavities

Integrated Luminosity[fb-1]

n=1.015~1.030 1000

2000 2002 2004 2006 2008 2010 2012

>1ab™

On resonance:

Y(5S): 121 !

Y(4S): 711 !

Y(3S): 37!

Y(2S): 25 b

Y(1S): 6 b !

Off reson./scan:
~100 b ! 45
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T

L 07

ERrE

QCD hybrid?
N

o

lightest 1+
hybrid ~4.4 GeV
] EI’EL;/-/- _
= 0 . N~-- ol :
= ] I
— excited-state hybrids
= B — i Dsl_)s n
_ - ground-state hybrids
DD
_ —— : charmonium
2=+ 17t ot 1t 1t 2+t 3+ ot 2t ]

L Liu et al., JHEP 1207, 126 (2012)
(Hadron Spectrum Collaboration)
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BO->X(3872)K* 7t~

PRD91, 051101 (R) (2015)

Projection of Projection of
3.863 <My, <3.878in GeV/c? | AE1<0.02 GeV
~ 1001 116+ 19 < 100L BOXETIRT  p B0 Y (K B(X—J vt
g L § | Background friom ( 9 ( T )K*+NR) ( — \‘VTE T )
qa B—(Jhynn)(Kx) - -6

: 3 B iy = (7.9+1.30.4) x 10
3 =
< so S 50
g - + 0q— trr—
2 S e T W e (BB >X(KT)gs1np) BX—J/yn'n)
g s — = (10.6%3.0+0.9) x 1079)

RN |

Events /(0.1 GeV/c?)

L —T

0

.;)5 0.1
AE (GeV)

4 386 3.88 . 3.92

My, . (GeVic?)

[both K*and (K+7n—)]

B -X(3872) K*(892)°  B(B® = X(3872)K*(892)°) X B(K*(892)°> K*n ™)

o BO — X(3872) (Km)g B(B® — X(3872)K*m™)
R / =0.34+0.09(stat.)+0.02(syst.)
20
| l ....... | B(B° - ¢¥'K*(892)°) x B(K*(892)°— K*r ")
T * B~ PR )
S — =0.68£0.01(stat.)
0.8 1 1.2 1.4
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Results by Adding Z* (LHCb)

PRL 112, 222002 (2014)

T ~ T T L | ! ! ' | v
N 1000 — L
E ] 5 N LHCIE vetoed -o-data ]
a 1S 200H.0<m. <1.8GeV? — total fit
< 1T —~2(4430)
- 5} -
P =
% 500 13
= - 5 100
5 l
5 -
~ - I
0 MEERT: s 20 2
my, - [GeV?] My [GeV7]
+15
M(Z)=4475+7",; MeV o /) 0.4 0.0+ o
- Significance >1390 674165 0
NZ) =172 %137 MeV ft T4 16535 %

Bf (B" —Z(4430)"K*) x Bf (Z(4430)" = ') = (0.059 + 0.009")12) x Bf (B* =K 7 y)
= Bf(B° —Z(4430) K*) x Bf (Z(4430)” =ay) = (3.4.,3) x107
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Argand plot for Z_.(4200)"

Argand plot for H Argand plot for H0
T 0.1+ T -
E ¢ £ 0.1
0.051 -
: 0.05 3.919 4.473
O -
- O
-0.05 -
- -0.051
o1 - 4104 3,642
- -0.1-
0.15/ - 4288
s -0.151 —_—
-0.2f i 4.750
- -0.21
-0251 cov o by ey by b gy :| | | | |
03 -02 -01 O 0.1 0.2 -0.1 0 0.1 0.2
Re H, Re H,

Clearly shows Resonance-like change Much larger errors and impossible to
of the amplitude Draw any conclusion yet.

Unlike LHCb, Belle have two plots for two helicity amplitudes including

higher waves. For S-wave, H; = H, 4



Belle PRD 82, 091106R (2010)

Energy scan to search for anomalous structure

=
o
pury
N

0.010
0.008

o[Y(nS)xx] / o”[uu]

0.002
0.000

0.6

05
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0.3

R,, = o[bb] / c%[uu]

0.2

0.1

10 75

Peak location differs by 20 MeV ‘/_(
AM = M (Ynmt) - M (bb) =

0.006 |~
0.004 |

@ Y(I1S)x
— 8 Y(@S)
A Y@Skr

;’0.89 GeV
T

tftt

~1-2fb1/point

o(Y(nS)m

;;;;

" "

10.8

1085 109 1095

= 91+4 MeV

T11.05 o

GeV)

Total 29.8 fbl Pl =<

RY(nS):rm =

) /o0 ()

= o (bb) /o ()

BaBax PRL 102, 012001 (2009)

11.1 11.2
Vs [GeV]

10.865 *+ 0.008 GeV

Recall Y(4260) with anomalous I'(J/y ') = Is there a Y, equivalent close to Y(55)



B-B* & B*-B* molecules??

Z,(10610)* B/,f’\.-

o . =
L .,/E*
D% « »” —
B-B* “molecule B*-B* “molecule”

M —(M,+M,.) =+ 2.7+ 2.1 MeV
zy10610) ~(Mp+tMp:) My, 050 —2Mgs = + 2.0 £ 1.8 MeV

Slightly unbound threshold resonances??

Belle: M=10607.2+2.0 MeV M=10652.2+1.5 MeV
I'=18.4+2.4 MeV I'=11.5+£2.2 MeV

PDG: Mg + Mg. =10604.5£0.6 MeV M. + Mg, =10650.2 = 1.0 MeV
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BESIII collected 5 /fb above 4GeV

Luminosity (pb'1)
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—_
o

for XYZ study
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Events / 3 MeV/c?
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o
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C ® ]
e ¢ ¢ o.. ® o ®
Ll L1 I l | l | - l Ll l | | - l - Ll l Ll
3.8 3.9 4 4.1 42 43 44 45 46
Ecm (GeV)
~068B P(3686) events ~ 24xCLEO-c
~1.38B J /Y events ~ 21xBESII
~2.9fb™" ¢ (3770) ~ 11xCLEO-c

~ others including scan and continuum data, etc.

o

wo

5+ T T -
- BESIN - =5

o

== Background 1|

L

.8 3.85 3.9

3.95
M(rrd/y) (GeV/c?)

Y(4260) > yX(3872)
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CLEOc data

at 4.17 GeV.(PLB 727, 366)

Counts/10 MeV

-t ¢ Data M(Z:(SQOO))=3884.6:I_4.6 MeV
— --- Phase Space
- — Fit 586pb*@ 4.17GeV

i
LA %%Ti‘t*m

%600 3700 3800 3900 4000

M (T201) (MeV)

* M=3885+5+1 MeV
e ['=34+12+4 MeV

e 81 20 events

* b6.10




Is there a Z_(3900)° ?
( @ neutral isospin partner state)

e'e” =1’ 2,(39000° = 7°7°J |y

First hint from
CLEOc data at 4.17 GeV (PLB 727, 366)

12

o Space 386pb @ 4.17GeV
8- : .'l:;:l Sidebands

10

Counts / 15 MeV

6
4
2l
3

600 3700 3800 3900
Mo (%I ) (MeV)
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Search for Z(3900)°
e'e > 1’ 239000 - 1'7°J |y

New BES Ill analysis (preliminary !!)

~ 70 - =
2 = = |8
2 6 Besm 4.230 GeV S Besm 4260 GeV g
E 30 ‘E 30 15 14f
E 40 E 25 E :(2)
< > 20 o
=30 = Z
15 :
20 of
10 \
10 s :
e 42 0 38 4.0 42 e T ’2
M(TCOJ/\V) (GQV/cz) M(TCOJ/W) (GCV/cz) M(TCGJ/W) (Gev/cz)

M= 3894.81+2.3 MeV, I'=29.61+-8.2 MeV
Significance =104 ¢

This establishes the Isospin triplet of Z(3900)




