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State m (MeV) T (MeV) JPC€ Process (mode) Experiment (#o) Year Status
X(3872) 3871.52+£0.20 1.3+0.6 17T /27F B — K(atx~J/¢) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK
(<2.2) pp— (77w J/) + ... CDF [88-90] (np), D@ [91] (5.2)
. B — K (wJ/v) Belle [92] (4.3), BABAR [03] (4.0)
arXiv:1010.5827 _ B — K(D*°DY) Belle [94, 95] (6.4), BABAR [96] (4.9)
Many XYZ states in these years ! B — K(yJ/v) Belle [02] (4.0), BABAR [07, 98] (3.6)
B — K (y1(25)) BABAR [98] (3.5), Belle [09] (0.4)
X(3915) 3915.6+3.1 28+10 0/2"7 B K(wJ/v) Belle [100] (8.1), BABAR [101] (19) 2004 OK
ete” — ete (wJ/Y) Belle [102] (7.7)
X (3940) 394213 g 77t ete” — J/Y(DD?) Belle [103] (6.0) 2007 NC!
ete™ = J/ (...) Belle [54] (5.0)
G(3900) 3943 £ 21 52411 1 ete” — v(DD) BABAR [27] (np), Belle [21] (up) 2007 OK
Y (4008) 40087120 226497 177 etem = A(nta J/Y) Belle [104] (7.4) 2007 NC!
Z1(4050)+ 4051728 ga+5l ?  B- K(rtxa(1P)) Belle [105] (5.0) 2008 NC!
Y(4140)  41434+30 1571 77t B K(oJ/Y) CDF [106, 107] (5.0) 2009 NC!
X (4160) 4156122  139%i* Mt etem = J/(DDY) Belle [103] (5.5) 2007 NC!
Z5(4250)T 42487188 177132 ? B — K(ntx1(1P)) Belle [105] (5.0) 2008 NC!
Y (4260) 4263+5 108414 17~  ete” s y(ntaJ/y) BABAR [108, 109] (8.0) 2005 OK
CLEO [110] (5.4)
Belle [104] (15)
ete™ — (T J/4p) CLEO [111] (11)
ete™ = (x%70J/4) CLEO [111] (5.1)
Y(4274) 497448l 32t 7t B K(¢J/Y) CDF [107] (3.1) 2010 NC!
X(4350) 43506738 133%30 02t  etem = ete (@J/W) Belle [112] (3.2) 2009 NC!
Y (4360) 4353+ 11  96+42 17—  efe” = y(rtn4(25)) BABAR [113] (np), Belle [114] (8.0) 2007 OK
Z(4430)% 444320 107113 2 B — K(x4(29)) Belle [115, 116] (6.4) 2007 NC!
X (4630) 4634* 3 gl 17~ efe” = y(ATAD) Belle [25] (8.2) 2007 NC!
Y (4660) 4664+12  48+15 17— ete” = y(nta4(25)) Belle [114] (5.8) 2007 NC!
Y,(10888) 10888.4+£3.0 30.77%7 17 ete” — (xTn T(nS)) Belle [37, 117] (3.2) 2010 NC!




Exotic States Production

B decay Double charmonium production

P
:

ccT

in 2-body decays
in factorization limit
‘]PC' — 0—+, 1. 1+T

d,s
q ) q
2~ production e’

e /




Exotic charmonium-like states

Tetraquark:
four tightly bound quarks

Molecular state: |
two loosely bound mesons ‘@&,

Hybrid: states with
excited gluonic degrees of freedom

Hadrocharmonium: charmonium state,
“coated” by excited light-hadron matter

n

JP¢ forbidden for charmonium
Exotics signature: { Extremely narrow width for a state above DD
Non-zero charge, strangeness
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X(3872) Most famous cc (-like) state
Dlscovered by BeIIe in J/ynn decay mode

T . 8000TEBE NI 2 800-DO X(3872)
2003 | 5000- jfgg x( 872) E
300 ‘l"' G L E 7 a5 ,'! 2000 S 600 £
3 e I e T I I
(g 200 3447 events - gsooo (| "7°%50 =&s =80 393 g 400~ ;2
'15 - —S {1 5 8
P=3 E2000] | tun v w“ﬂwf‘g%pj )S! 3% any: %‘
2 PRL91,262001(2003) - N e = 2‘)"-‘ 3
di 100 PRL 93 072001(2004) 0::' PRL 93, 1520@2(2@04])
X(3872) 3.65\P‘.’7o 3.75 3.30 3.85 3.93 3.95 4.00 OSMU 1017 - i (GeQV/c )
| ” e nd e AR R %
o | prd |.‘.-“"' ol lgrar _IH ! L | | _’UE_ _E E
0.40 0.80 . 1.20 L S
;_)_ 60 :— ‘E -
M”TCTC- M” (GEV/C ) ésaz g
B*—> X(3872) K*, ['<2.5 MeV
X(3872)>)/ym'TT (90%CL) b N T [
% of PRD 71,041108(2005) - | e :
= o1 3600 3800 3900
é, X(3872) 38 382 380 3.6 :::Ge:;::!J 392 394 39 398 4 ) ’ppex(38mWanv[MeWc]
® Confirmed by g.; b
CDF, DO, BaBar, = - L S—
T CMS and LHCb. MJW
‘3(:282. .3 IB‘II * .3 'IBﬁ. * .3.IBBI * ‘ 3'9 ’ * I3.92 1::."‘-’—’—-; jjs S 1

M,y (GeV/c?) Difficult to place as conventional ¢ s« o e s e gt
charmonium state. 6



1-- Y states



Y(4008), Y(4260)

Exotic charmonium-like states

above open-charm threshold
= Need no introduction here!
= Focus primarily on the “Y”

BaBar: Y(4260) observatior

= PRL 95, 142001 (2005)
= 80 enhancement with ISR

candidates: JPC= 1-~ method
Production technique T
» Pseudo-direct production in ISR ST
eve ntS Elsfa :I:m: I‘I'Ii ‘i'.ﬁ:}liﬁmmﬁwié

= Look at strong decay modes
strongly suppressed for
charmonium above threshold [such

5

as Y — i Jp] ' T m@wIn) Gevid)
My conesy = (4259 + 872 MeV /¢
Ty = (88237 )MeV




Events / 20 MeV/c?

Previous Y(4008), Y(4260) results

40 — T 7 3850606-001
B 10% F
i o sE.CLEO IlI
30 wf . % F 13.3fb-"
B H 5t
r 10 "HMHIM' Uotetingd 1 2 F
- , = E
20 5658 4 43 44 :o 43 5] g :
E -~ F
n 3F 3.6 38 4 42 4.4 46 48 5 52
- 4:
10 Lﬁ 2F
f ] 3 — .
L L L L St Ll 1 T R [
g.s Rl 4.2 4.4 4.6 4.8 5 (0] = el el o' o Bl ok ! i et st |
m(rl/y) (GeVic) 38 4 42 44 46 48 5 52

M (" ~Jhy) (GeV/c?)

BaBar: Y(4260) observation
= PRL 95, 142001 (2005)
= 80 enhancement with ISR

CLEO: Y(4260) confirmation
= CLEO IlI: ISR method [pictured]
= PRD 74, 091104(R) (2006)

method = CLEO-c: scan/direct production
= PRL 96, 162003 (2006)
= 7'’ mode implies 0 isospin
My ey = (4259 8" )MeV [ c? My, = (4284 4" YMeV / ¢?

RL iy = (88 + 23" ) MeV = (73 55 MeV

80 Im ' -

o~ b

5('-)- 60 Solution | |
% - Solution Il

& 40

5 I

Q2 -

@D 20

4 5 5
M(r*J/y) (GeV/c?)

Belle: Y(4260) + Y(4008)
= |[SR method
= PRD 99, 182004 (2007)
= Second enhancement Y(4008)

My ias0 = (4247 12" Y MeV | ¢
a0 = (108219 £10) MeV
My 005 = (4008 £ 403 ) MeV / ¢
- Tyaoop = (226 + 44 =87)MeV




80 T
?n_—“""
« F } BaBar 2012
s “F
S oF 454fb-1
S F
S 40F
o -
E’ 30 F
5 f
m ln-' L]
n_.n‘alun

iR 4 472 44 44 4R 5 87 54

Belle 2007

Lpdated Y(4260) results from Babar

ntw-JAp invariant mass plot
= Clear Y(4260) peak
» Background [yellow] is interpolated from JAp
sidebands in m(/"/") distribution
= Where is the Y(4008)?
= What is the enhancement at the low end?
= Y(4260) results consistent with Belle

iy = (4247 =127 MeV / ¢
Ty oing0) = (108 £19 £10)MeV

m

vy = (424425 x d)MeV /¢
Ty ey = (114718 = 1) MeV/

My 400y = (4008 40", Y MeV / ¢*
Doy = (22644 =87)MeV

= Continuum contribution to cross section seems to be

missing
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Updated Y (4260) results from Belle

Event selections are almost the same

as in previous Belle published paper
PRL99, 182004 (2007)

V¥ Clean y(2S) signal events are
obtained, purity>99%.

V¥V Fit data with double Gaussian
yields M(y(2S))=(3686.1+0.2)MeV,

oc=4.8MeV

V¥ We calculated ISR W (2S) production

Cross section:

Lum: 967 OZfb -1

2

—
0| O
o\ O

TN
o

Entries/20

120 F

M\\V/C

()]
o

N
o

o4 42 44 46 48'5"'5254
M(r T JAy) (GeV/c )

'
-
- I
-2 |
- -~
"

e

e

ot

QED

o(Y(45))|(14.12 + 0.18 + 0.85) pb

o(Y(55))|(13.79 = 0.44 + 0.83) pb

o(Y(25))|(16.75 £ 0.85 £ 1.01)

pb

(15.09 £ 0.11 = 0.
(13.33 £ 0.25 £ 0.70
(16.63 £+ 0.54 = 0.

79) pb|(14.25 + 0.26) pb
) pb|(13.42 £ 0.25) pb
87) pb|(16.03 + 0.29) pb

Belle: arXiv:1304.0121
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Two resonances fit

60 f

[ I L
o O

Entries/20 MeV/c?

T 44 46 48'5"'52 5.4
M(rn ' Jhy) (GeV/c?)

We still observed two
resonances, Y(4008) and
Y(4260) , which agrees
with Belle’s previous

; R,=Y(4008)
results. R,=Y(4260)
Parameters Solution I Solution II
M(Ry) 3800.8 +40.5+11.5
Fiot (R1) 254.5+39.5+13.6
PeeB(Ry —» 7= J/) 38+£0.6+0.4) (8.4+1.241.1)
M (R3) 42586 £ 8.3+ 12.1
Ciot(R2) 1341+ 164 +5.5
FeeB(Ry — 7~ J/1) (6.4 +0.8+0.6) (20.5+ 1.4+ 2.0)
O 50+ 17+ 11 —116 =6+ 11

1. Fit with two coherent resonance |BW,+BW.,*exp(i¢)|>+bkg.
2. Mass of Y(4008) is smaller than 4008 MeV

3. Fit quality: y2/ndf=101/84, confidence level of 9.3%

12



Cross section of e*e— n*rJ/y

Belle: 1304.0121

80

BaBar: 70 {
PRD86, 051102 (2012) 2 60 \H
-A«I'-’()mulllnllnllg 28| \ *HI‘
e L@ B
E 10(); % H{ ‘H #** HH
“»—? 80; 0 M H‘M. H}mﬂﬂ} ﬂﬁm
W 0 , 38 4 42 44 46 48 5 52 54
% 4() ++ E?m (GeV)

SNty ok by 4 - |BESIII could be

by T oc i #. f able to judge!



The Z(3895) signal

Significance Belle: arXiv:1304.0121
>5.20 _
% g0l + o » Couples to cc
S 2 " .
S s0F —scgons | o Hag electric charge
S 40¢ o At least 4-quarks
o - . .
P « What is its nature?
5 21 S
T 103/ L @.
05=37 38 39 4 41 42 OQ
M,,ax (/) (GeV/c?)
» S-wave Breit-Wigner convolved with ~ *Similar to Zb state observed
a Gaussian (7.4 MeV); background: in tY(nS) and ©h, ?

a cubic polynomial
» Mass = (3894.5+6.6+4.5) MeV
>  Width = (63+24+26) MeV
» Fraction = (29.018.9)% (stat. error only)

*For detalls, please see

Zhiqging’s talk.
14



Y(4360), Y(4660)

ISR production in charmonium region
= Analogous to st JAp with X — st y(2S5)
= Plausible access to other exotic states
®* Main decay mode:
* e oYX

e X—oamtan P(25) )
% ISF
o YP(2S) — wra JAp Y
o« JAp— 1"~
= Additional mode: ::'Xn'
° e+e_ — YISR X [\l](zs)]"?'

e X—oamtan P(25)

* YS) = 1 Dhy]A

15



Previous Y(4360), Y(4660) results

ThiiEe

10

Events/ SOMeVA/‘c2 \

.

298fb" ]

A
o
n

1
5.5

mQ2(T)I/y) (GeV/c?)

BaBar: Y(4350) observation
= Search for Y(4260)

= Poor match to Y(4260) lineshape [dashed]

= |Instead, Y(4325) observed
= PRL 98, 212001 (2007)

My za5) = (4324 £ 24)MeV / ¢*
Ly sy = 172 £33)MeV

Entries/25 MeV/c?

EN
(0) ]

&)

—
o

4 45 5

M(r T w(2S)) (GeV/c?)

Belle: Y(4350) + Y(4660)

= PRD 99, 182004 (2007)

My s = (436129 £9)MeV / *
Ly sy = (74 =15 210)MeV

My aes0) = (4664 £11 £ 5)MeV / ¢*
Ly s = (48 £15 £3)MeV

16



Updated Y (4360) and Y(4660) results from Babar

/
P(2S) — wr JAp [top]

= [added Y(2,3S) runs]

= Very small background from (2S) sidebands

= Y(4660) confirmed

= Overlapping peaks have identical PC;
interference terms do not cancel in mass
projection

= Branching fraction measurement depends on
interference assumption: constructive and
destructive

Y(2S) — I~ [bottom]
= More data
= Much more background
= [supports Y(4660) but does not improve mass or
width measurements]

Events /50 MeV/¢*

Events /50 MeV/c?

22
20
18
16
14
12
10

=1 I -]

e

(11'1_')| ;

:

¢ w(2S) — Jyrta
[]background

¥

520fb-"

|

|

5 52 54

56 5.8
m(y(2S)n* 1) (GeV/c?)

LJITT
e

b ows) si1r
[ ]background

|

l

=

PP [EPRPETI I
44 46 48

5 52 54 56

X

m(W(2S)x* 1) (GeV/c?)
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Y(4360) and Y(4660) results from Babar and Belle

~ zo_l"“""""|"'|"'I"'='..
BaBar/Belle > u(a) weS) o Iyx'T -
» Y(4360) seen with similar mass/width to Belle confirmation Z 16f * BaBar -
* Y(4660) confirmed with consistent mass/width = ue Dl;:;::i:ﬁlb‘l E
= |nvariant mass spectra are very similar [top] E i;_ | 110 events (673 ) _
= Combined spectrum [bottom]: 1.2ab!! Huge datasets o T _
required to get substantially better results from ISR method 61 ' H L—
Ik 1 3
Belle 2007 BaBar 2012 zillfg i HWLT m,,rg
2| s B s 52 isA
My 45 = (436129 £ Mel [ | My s = (4340 £16 £9) MeV / ¢ VST (GeVIE)
[ 305 = (74 =15 £10) MeV Ly ans) = (94 £32 £13)MeV y e e A
2| > W(2S) = Jyx'n
My sy = (4664 211 5)MeV /¢ | My 450, = (4669 =21 £ 3)MeV / ¢ 2 Mgl
| T ae60) = (48 215 3) MeV I s660) = (104 = 48 £ 10) MeV *_a’:
u':
Y Decays
* Nothing conclusive from Y(4360)
= Y(4660) may have an f,(980) contribution

m(y(2S)x' 1) (GeV/c?)

Updated results with full Belle data sample will be available soon !
18



C=+ XY states
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Y(4140)
Structures in J/w¢p Spectrum (CDF 09)

%
3 2.7 fb!
53 PRL 102:242002, 2009
REA
E Purity ~80% in B* region
2
23 20 2 24 11 12 13 14 15 Nice ¢ shape
m’(JIw:b) (GeVc?) AM (GeV/c?)

Dalitz plot AM=m(u'wK*K)-m(u*w)

Near threshold peak, called Y(4140)
Significance: ~4o0, Yield =14+5
M=4143.0 = 2.9 (stat)= 1.2 (syst) MeV
r=11.7+%3., (stat) +3.7(syst)  MeV

Not likely to be charmonium: high mass w/ narrow width

20



Structures in J/w¢p Spectrum (CDF 10)

N GOCDF Run Il Preliminary L=6.0 fb" % 10 CDF Run Il Preliminary L=6.0 fb™
Q - -
= > 9 o A ;
> AM=m(u*'wK*K )-m(u*
3 S0 115412 2 g (v K*K)-m(u' i)
7o) e 7r
. 40 T 6L
2 g .
3 20 8 3-
© T 2
c = _I'
052 e 5.3 o 1 |
: ) m(JyoK") GeV/c? m(u wK'K)- m(u i) GeV/c?
arXiv:1101.6058 [hep-ex]
Yield, =19+6; >50 Yield, =22+8; 3.10

M,=4143.4*%7 4 ,(stat)+ 0.6 (syst) MeV M,=4277.4*%4 , (stat)+ 1.9 (syst) MeV
r,=1531%104 . (stat) +2.5(syst) MeV I,=32.3.7 %19 ., (stat) + 7.6(syst) MeV
x?/dof between old and new Am is 7.2/3, p-value=6.5% w/ four regions

B(B* =Y (4140)K* Y (4140)~J/¥d) _ () 149 + 0.039(sta,t.) + (.034(syst)

BB+ —=.J/dbdK+)

21



>

a4  Y(4140) not significant at Belle
* Belle: B-J/ypoK with 772M BB
M(J/po) fit with Y(4140) parameters fixed

[but low effciency at J/wy¢ threshold]

- " CDF result :
Br(B —>Y(4140)K Y —>J /W¢) Br(B+_>Y(4140)K+,Y—>J/w¢)

<6x107° @90%C.L =(9.0+3.4£2.9)x10"

-
=]
(=]

Events /(0.01 GeV)
3

o
)
\

325 + 21

nts / (0.01 GeV/c?)

B'">J/y ¢ ;::+ 11:_75ji ?.90) Teliminary

1Y
(=]

N
o

[+~ ]
I|I\I|\II‘III|III|III|I\I|

¢ R

[RENT R N N R RO RN T BTN ST III\|\\I~‘T~LL\IJJ1LLI|JJLL
-%.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\E-tp i/ B~ R




Candidates / 4 MeV

Candidates / 4 MeV

LHCb: does not confirm

3.1.2_ vvvvvvvvvvvvvvvvv M
g . :
= I
o.af
% - LHCDb simulation
go's B — J/ywoK™"
o.af- 3
©.2 Phys. Rev. D 85 (2012) 091103
O ——j00 " 3200 1300 1200

M(J/ &) -M(J/y) [IMeV]
LHC, confirms neither structure(s)

2.40 disagreement with CDF measurement
@90% CL:

B(B* — X(4140)K*) x B(X (4140) = J/i )

B(B* — JjoK+)
1000 1100 1200 1300 100 B(B" — X(4274)K™) x B(X(4274) = JW o) _
M(J/y6)-M(hy) [MeV] B(B* — Jj oK)

< 0.07.

0.08

Need an independent result, CMS?
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J/'W¢ analysis strategy (CMS 2012)

* [) Reconstruct B* as:

B — J/pp K

JYy—=uuw
¢p—K'K

® ) Search for structure in J/ ¢ mass spectrum inside B* mass window

primary secondary

vertex I vertex Search?
.llllllﬁ%lllll >K+
‘ v X
: Kt ; e g
Vertex separation No Particle Identification
Large B sample

24



N(B")/e,,, per 20 MeV

CMS Results on ]/ ¢ Structures

The efficiency-corrected Am = m{(u*uK*K) - m(u*w)

-1 . . g .
300 ?‘MS Frelminary; \FI-'{' Tev,L=52f Significance: >50 for 1st peak
- —«— Data evidence for 2nd peak
250 - three--body PS
E —— 2 BWs + three--body PS Mass (MeV) Signal Yield
200 = First Peak 1051.5+20 355 + 46
E E Second Peak 12200 £ 3.0 445 + 83
150 — + + .
100 + =
N TP i = 4148.2+2.0(stat.)+4.6 (syst.) MeV
W5 + + T m,=4316.7+3.0(stat.)£7.3 (syst.) MeV
¢ : | | _E

BEK 1_2"13"14"'115'
m(u W KK)-m(u*p) [GeV]

CMS observed a |/vy¢ structure at 4148MeV with a significance greater than 5
consistent with CDF results on Y(4140)

CMS finds evidence for a second structure at ~4317MeV

May we search for it at BESIHI ?



Summary of Y(4140) Status

e (CDF positive report
e Belle cannot confirm or deny it
e LHCD did not confirm w/ 0.37 fb! data
(no official update, only unofficial plot w/ 1fb!)
e CMS confirms it w/ large statistics (7X LHCD)
e Apparent activity going on near the threshold

e ATLAS/CMS/LHCD can investigate its nature with
more data

e A possible second structure, full amplitude analysis?

26



X(3915)

Electron and positron beams emit (quasi-real) photons which interact
and may form resonances

o Final state e™ emitted along
beam direction undetected

o allowed JF¢ = 0++ 2%+
(and 4T+ 3+ 5+ )

@ low p; with respect to beam
axis

27



vy = I/
X(3915) decaying to J/1w observed by Belle in 7y PRL104, 092001 (2010)

/
M = 3915 + 3 + 2 MeV/c’ “f
=17 4+10+3 MeV 3
[y B(Jyw) =61£17+£8 eV (J = 0) “
[y - B(JYw) =18+5+2eV (J=2) mz

4.05 4.1

W (GeV)

but there are other resonances in the same final state or mass range

@ Y(3940) decaying to J/1w has been observed in B decays

PRL 94, 182002 (2005) ) PRL 101, 082001 (2008) ) PRD 82, 011101 (2010) J

o Z(3930) decaying to DD observed in vy

PRL 96, 082003 (2006) J PRD 81, 092003 (2010) )

angular distribution supports J = 2, identified with y2(2P)

Are they all the same or not?

Also, until recently, the assignment 2~ for the X(3872) was not ruled

out arxiv:1302.6269 )

28



Study of X(3915) — J/vw in 7~ reactions at BABAR

X(3915) confirmed by BABAR ~ PRo 86, 072002 (2012) |
Resonance parameters in agreement with Belle: 'ié 25;‘ Qi
o 20f
M =3919.4 + 2.2 + 1.6 MeV/c’ =
=13+ 6+ 3 MeV g
[y B(JYpw)=52+10+3eV  (J=0) 0 |
My - B(JYpw) =10.5+£1.9+ 0.6V (4 =2) ottty
38 38y 3 3.95 4 405 41 415 4.2

mJ/vo) (GeVic?)

If I, = O(1 keV) (typical c¢€), then B(J/ypw) > (1 —6)%

(Limit for J = 2 hypothesis of X(3872): I - B(JYyw) < 1.7 €V)

29



Angular distribution for vy — J/vyw

Overall J=0 strongly

Angular analysis follows 1. L Rosner, PRD 70, 094023 (2004) J preferred over J=2
- 12F -
' " 12| @T IR
g 8. £ LT+ |+
> 6 T —T,—’I T
z 4 = 4 ‘
y 2 F 2¢
: 0?_ P I R
0. 1 05 0, 05 1
cosf,
i 16
121 14; E
J 10! 12
£ 8 £ 10¢ +
[=2] L o 8-
® 6°C T C
N 2 25_ + | + | L\
2 2 |+ T
0- q L 1 [ nn.ln

The angles are defined in three different cosby, cos6,,

center of mass frames: J/vw, J/v, and w. o omonom | yoo(2P) candidate?

May we search for it at BESIII ? 30



M(oJ/w) (GeV/c?)
C.P.Shen, Belle Collab.,
PRL104,112004 (2010)

o °F S.$.=3.90, const. bkg [+ M= 4350.671¢+0.7

g 6 [ S.$.=3.20, linear bkg MeV/c2

N 825fb e [=133777+4.1

o f MeV/c?

e 21 . N (X(4350))=8.8"+2
0 [ I

[N

*Excited P-wave charmonium?

*Tetraquark? Fl. Stancu, arXiv: 0906.2485

‘D’ .D’,, molecule at 4.34+0.09 GeV?
J.R.Zhang et al., arXiv:0905.4672

IP=0*: [, Br(X(4350)) ~¢J/y) = 6.4 +1.1eV
JP=2%: T Br(X(4350)) ~¢J/y) =1.57:+0.3¢eV




Some Z states
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Belle observed Z(4430)*->y(2S)m*

M2(1b (25) 7 %)

PRL100, 142001
(2008)

Found in w(2S)1r* from B-w(2S)*K. Z parameters from fit to M(p(2S)11*)
Confirmed through Dalitz-plot analysis of B-y(2S5)1T"K
B-w(2S)1*K amplitude: coherent sum of Breit-Wigner contributions

= Models: all known K*-KTtr* resonances only
all known K*-»Ktmr* and Z*-y(2S)m* = favored by data

o Mmy) (GeV)

-

. R

Events / 0.18 GeV¥/c!

K*(890) .':*’(Kﬂ) (GeV)

.. Kox(1430). ]

M2(K = *)

M2( ¥ (2S) © *) after K* veto

60

Significance: 6.4 o

- fit for model with K*'s only
- fit for model with K*'s and Z

M =44337:* MeV

M), Gevirct

=107 33" MeV

PRD80, 031104 (2009)

= [cu][cd] tetraquark? neutral partner in p’° expected
= D*D4(2420) molecule? should decay to D*D*mr 33



? BaBar doesn’t see a significant Z(4430)"

PRD79, 112001 (2009)

200~ (f) ) (%) .
i K veto > 1
100f- %% H‘%‘ Il f%) %%}_
. ‘{+ _. ++ 1§, L kol T riaedy LR
ool ToT T 2 VI A
3'%3"'4"'472" 4'4: 16 4;8

vosie (GeV/cY)

“For the fit ... equivalent to the Belle analysis...we obtain mass
& width values that are consistent with theirs,... but only ~1.9CG
from zero; fixing mass and width increases this to only ~3.1G.”

BF(B'—Z'K)xBF(Z*—y(2S)1*) <3.1 x10°
Belle PRL: (4.1x1.0x1.4)x10° 34



Measurement of Z[4430)* quantum numbers NEW

% Amplitude analysis in 4D phase: g jo 711 b m/?»;/(a/y
(MZKTr! IVIZLIJ’ m ¢ W’ K, 0 a4 ) g 23_ ﬁ
¢ ¢ k- angle between W' and K* decay planes ¢ 2o

6 y: W helicity angle :
TABLE I: Fit results: Z7 — /7. 100

JF 0N 1~ 1N 2~ ot 3

Mass, MeV |[4470 4 2

15

15 16 17 18 19 20 21
1482 + 4 /1500 + 1é\ 4545 + 2 4367 + 2 ME(y ), Gev2ic?

Width, MeV | 1394+ 36]11094+0.3] 126 £20 |11.2+0.6]9.1 £ 0.6 ====eeee Fit result without Z*
Significance 4.40 1.20 6.10 2.30 2.60 Fit result with Z* (J P:]_"‘)
) ) £ 50FDefault model: 4.2 exclusion of 0°
* The 1*hypothesis is preferred I Y
8 4oF
* Exclusion levels are calculated fromtoy MC ¢ |
* 0 is not excluded; significance of 1* over 0 = b
is 2.90. 1-,2- and 2* are excluded at levels of ok
5.50, 4.30,and 5.40 065
-60 -40 -20 O 20 40 60 80
Al-2 In
% We also calculated some Brs: e

B(B" — Z(4430)YK ™) x B(Z(4430)" — ¢/71) =
(34751103 x 1077 for JP =17 or

(1.4705H05)y x 107°  for JP =07,

B(B? - ¢/K~ %) = (5.50 £ 0.15 + 0.42) x 107,
B(B® — ¢'K*(892)) = (4.931073375733) x 107,



D

o=  Belle observed Two Z*—X1T%

= Dalitz-plot analysis of BO-x.mm*K- %1 =»J/py with 657M BB
= Dalitz plot models: known K*-Kitr only

K*'s + one Z »>Xc1T#
PRD 78, 072004 (2008)  K*'s + two Z* states = favored by data

Significance: 5.7c
—— fit for model with K*’s

23 " 40 |- )
. ) - | ———= fit for double Z model
22 — 35 -
o1 E S 30 J —=——= 71 contribution
C 0] - . .
. 20F N 25§ | J ———= Z> contribution
‘“}i 19 - S H
: 2 15[ 20
2 s s _ M, =4051+14") MeV
% F W10 e b - 1
£k sl | $ T +21 +47
E 16 :_‘;‘:30 0 g L.l J Laﬁ.“ii‘i"'r:\}=:;l.'+'II--;.:I.:J:.]..'J"'L"AululnJ. L, I1Z — 82 _17 _22 MeV
s Fge 36 38 4 42 44 46 48 1
e M (x, 1), GeV/c? Mo =4248 +44 +180 MeV
b : Z, — ~29 -35
%l BEE Rot%e o 2
M)
13 | | I | | I | | I | | I | | I | | | Cl +54 +316
0 1 "o § 2 ° for 1<M?(K- nt ¥)<1.75GeV4 1_‘Z =177 ~39 —61 MeV
MP(Kn"), GeVZc* 2




5N
o
o

events/20 MeV/c
N
3

events/24 MeV/c?
)
o

T

— for 1<|v|2(|< m +)<1 75Ge\V?2

- (c)

H

i \

BaBar doesn’t see significant Z*—-x11*

PRD85, 052003 (2012)

B(BO — Z,(4050)* K~) X B(Z,(4050)*
— )(C177'+) < 1.8 X 10_5,

Be”e (3.O+1 .5-0.8+3.7-1.6)X10-5

B(B" — Z,(4250)"K~) X B(Z,(4250)*
— X)) <4.0 X 1077,

Be”e (4.O+2'3_0.9+19'7_0.5)X 10_5

m(XcI 7‘-) GeV/c2

“We find that it is possible to obtain a
good description of our data without
the need for additional resonances in
the y.,m system.”
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Lots of pieces

Y(4360) Y(4260) .




Summary

Here | just review some latest updated XYZ
experimental results.

Some XYZ states have been confirmed, some are
still need further studies to confirm or deny them.

Some quantum numbers of some states are still
need to be determined by PWA or angular
distributions with more data

What can we do with more BESIII data at >4GeV?

What can we do with current full of Belle data ?
And further Bellell data ?
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