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Outline

X(3915): ayy>wd/yp peak @ ~3915 MeV
Charged resonance-like states Z7(4430),
Z,(4050) and Z,(4250);

— Z*> y'ntin BOOK gyt

— Z+1,2 9Xclﬂ7+ in BO>K- Xcln+

X(3872) _

— Mass in i*nJ/yp and DD mass system

1--Y states via ISR

Possible analogs of Y states in s§ (bb) systems

— Huge rate of nt+m-Y(1,2S) production at Y(5S)
— Y(2175)



The states near 3940 MeV
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Y(3940)

confirmed by BaBar
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New Belle peak in yy2>oJ/y
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New Belle peak in yy2>wJ/y
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Is X(3915) = ., (or %) ?

_ +7 o
T, B(wJhy) = 69 = 16 ; eV (JP=0°)

2 ;
T, B(whp) =214 eV (JP=2")
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For comparison:
Z(3930): I',,B(DD) = 180 + 50+30 eV
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if X(3915) = Belle’'s Y(3940) = BaBar's ¥(3914)

2> JP¢ (probably) = O**



Charged resonancelike states

(minimal quark contents ccud )@ c
‘u

Z+(4430) > n*y’

Z,(4050)* Z,(4250)* Sn*y.,
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BaBar doesn't see a significant Z(4430)*
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“For the fit ... equivalent to the Belle analysis...we obtain mass
& width values that are consistent with theirs,... but only ~1.90
from zero; fixing mass and width increases this to only ~3.10.”

BF(B'—Z'K)xBF(Z*—y(2S)1*) < 3.1 x10-
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alitz plot for BO—y_,K*x-
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2-body isobar model for
B%Kﬂ: Xec1

Default Model

K Xer (W)
K*(890) x.q(y')
K*(1410) x, (v')
Ko*(1430) x.s(v')
K2*(1430) x.s(y')

K*(1680) x4 (y")
K3*(1780) Xec1

K Z(7* x4 (W)




Detail Fitting fcn Formalism over Dalitz Plot

B—Kmy., decay is described by 6 variables: M(Kn) (S, ), M(x7)(S,), helicity angle 6(xc1),
0(Jp), and 2 production angles ¢(xc1), o(JAp) in its decay plane.

Interference terms (~cos(2)y ) between different xc1 helicity states are negligible,
after intfegrating over @(xcl) and (J/v), since acceptance as a function of ¢ is uniform

Fit function
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Dalitz plot fit with all K*’s + two (11 ;) resonances
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Events / 0.024 GeV/c?

40
35
30
25
20
15
10

M(TT* 7(.1) for 1.0GeV2< M2(K'n*) < 1.75GeV?2

i A

_r".‘Z1

il
el

.

asxlaolf l Illi—lll]'t:lLLJI

;:,-) IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|I

L
T8 4 42 44 46 48

M(y ") GeVic?

* The Dalitz plot slice with
most discrimination

* No-resonance hypotheses
give very poor fits

Two resonances structure is
distinctive
My = (4051 + 1413%) MeV /2,
= (82117%55) MeV,
Mo = (42487557150 ) MeV /2,
(177

+§é+316) I\Ie\
BF(B*—>ZK-)BF(Z »n*y,,):
BF(Z,) = (3.135737,)x 10

BF(ZZ) — (4_0+2.3~‘-19.7)x 10-3
-0.9 -0.5



Reanalysis of B2>Kmyp' using the
same Dalitz Plot technique

Intermediate Resonances included
in the default fit model:

Ky’, K*(892)y’, K*(1410) v’,
K*,(1430) v’, K*,(1430) v’,
K*(1680) v’

and K Z* (m*vy’)

R.Mizuk arXiv:0905.2869(2009)
Submitted to PRD
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Events / 0.18 GeV?/c*

Fit Results with no Z(4430)>x*y’
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Events / 0.18 GeV’/c* Events/ 0.18 GeV’/c*
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Significances of the Z(4430)+ for
different fit models

Model Significan
1 default 6.40
2 no K;(1430) 6.60
3 no K*(1680) 6.60
4 release constraints on £ mass & width 6.30
5 new K* (J=1) 6.00
6 new K* (J =2) 550
7 add non-resonant ¢/ K~ term 6.30
8 add non-resonant ¢/ K~ term, release constraints on s mass & width 580
9 add non-resonant ¢ K~ term, new K* (J =1) 550
10 add non-resonant ¢/ K~ term, new K* (J = 2) 540
11 add non-resonant ¢/’ K~ term, no K*(1410) 6.30
12 add non-resonant ¢/’ K~ term, no K*(1680) 6.60
13 LASS parameterization of S-wave component 6.50

Assume J;4430=0. No fit improvement for J;4430)=1
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Dalitz analysis
confirms the existence of Z(4430)*

E_K* vetoed
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M = 4443 151} MeV/e?
['=109 5] MeV
Significance = 6.4 o

B(B® — K~ Z(4430)") x B(Z(4430)t — 7t ¢)
+-1:8-+5.3 _
= (32755 16) x 107«
No cont\:adlctlon
BaBar: BF(B'—Z*K)xBF(Z*—y(2S)1*) < 3.1 x10-5

M = 4433 14 +2 MeV
[t = 45 +18 +38 MeV

Nsig =121 + 30evts
x?/dof = 80.2/94.0
6.50

Mass & Significance are similar.
Width & its errors are larger.



D°-D™ “molecule’

X(3872) and

1-- Y states via ISR

Go

cc-gluon hybrid



diquark-diantiquark expectations: X(3 872) MOSS

M(X,)-M(X,)=2(m,-m,)/cosd ~ 8+3 MeV
(Maiani et al PRD71 014028(2005))

BO->KX([dc][dc] ) & Br->K=X,([uc][uc]) 6*(il'\ wnd/ Y channel only)
arXiv:0809.1224(2008) o &
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X(3872) Mass Measurements in J/yrr Mode
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Does X(3872)->DD* peak at a higher mass?

ArXiv:0810.0358
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Is there a cc assignment for X(3872) ?
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1-- Y states via ISR
Belle's 1--

BaBar PRL9S5, 142001 (2005)
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Are these 1-- cc states?

No unfilled charmonium
assignments are available

/ N\
/ 4660 \
4600 : ‘
4400
.- S 1 lSF S
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o 4000 2°P;
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= 3600} P,
3400
3200
n 1
soo0f 1So

1 1 1 1 1
0—+ 1 1+— 0++ 1++ 2++ 2—+ 2= =~ 3+— 3++ 4++
J PC

Above DD* threshold
(except, maybe, Y(4008))



XY counterpart
in the bb (ss) system ?

* Y(5S)—=Y(1,2S)mrm

* Y(2175) in e*'e2>1,(980)¢ vyr<p



Y(nS) twr resonance shape

f.._ 7 ;‘ Fit with- common 1 al:‘id T, len:d;f.*=’39.4116 ””””””””””
c 6[ :
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4 -1 D e R Rt
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g e dooooe
= 0 S t L
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10.75 10.8 10.9‘5 10.9 10.95 11 11.05

CM Energy (GeV)

- Observe a new structure in e+e-->Y(nS) nn productions cross sections

+ Breit-Wigner fit gives : M= JEEEECESICESICIVEA

54.7+55+2.5 MeV

I'=

- This peak is not consistent with known bb state Y(10860)
* T(nxY(nS)) is huge (500 times bigger than seen for known
bottomonium)

Belle PRL 100, 112001 (2008)
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i eve- > Y £,(980) ) J/p> ¢ £,(980)
0.6 @ Ecm ~10.6 GeV’ T
[ M = 2170% 10£15 MeV | <
- I = 58 £ 16£20 MeV . = -
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z

1- Y, states around 2 GeV?

Y(2175)>f,(980))

from BaBar Confirmed by BESIT in

c 1 ' 1 2 1 1 1 1 1
1.50 2.C0 210 220 230 2.40 250

M(f,(980)p GeV
BES: PRL 100, 102003

1.8 2 2.2 2.4 2.6 2.8 3
: M = 2186+ 106 MeV
EC.M. (GeV) I' =65+ 23+17 MeV
PHYSICAL REVIEW D 74, 091103(R) (2006)



C.P.Shen, Y.Changzheng

Bel Ie,S resu It arXiv:0808.0006

Submitted to PRD

ete 9<|m+n: & ete 2¢ f, (980) via ISR

l T T T T T T T ] T T T T T T ] T T T T T T T T LI T

0f(980) -

6(or' ) (nb)

Eey (GeV) ,(Gev

Two(+1 for t’f.urd peak) coherent BW)  One BW fcn mterferlng with pon-resonant)
4
M = 2163 =32 MeV
M( ¢ (1680))= 1689 27210 MeV Concistont: 250
(¢ (1680)) +j.9 MeV

*Agree with Babar’s and BES’s measurement
*Width is larger than prev measurements
*Both widths are similar at ~200 MeV - suggest that a

M(Y(2175))= 207 =13 .23 MeV

T (Y(2175))= 192 £23*25  MeV

¥ possibility Y(2175) = excited ¢

M = 2406 = 32 MeV * Y, or excited ss states ?
I'= 57 + 58 MeV @CL=8.0% &1.50



Summary

« X(3915) in yy2>wJ/y
« consistent with "Y(3940)" seen in B>KwJ /vy
* likely JP¢ = 0** (maybe 2**)

‘Charged resonancelike Z* states

o Z,(4050) & Z,(4250) were observed by Dalitz plot analysis
o The Z*(4430) is confirmed by the same Dalitz plot analysis.
Its mass, width and BF are refined.
o no confirmation from BaBar
o Not a reflection from the Kn system interference
o It has non-zero charge = not cc or hybrid
o Product Branching Fractions comparable to other charmonium-
like states

* Updates on X and 1- - Y states
» Possible analog of Y states in bb & ss system



Backup



Belle: T'(Y(5S)>anY(nS)) is Huge!l!
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Partial Widths

Assume “Y(5S)” = Y(59) PDG value taken for Y(nS) properties

Process Ny X Ef(%) a(pb) B(%) ['(MeV)

T(1S)r™r~ 32577 200 374  L61£010£0.12 053+£0034£0.05 0.59 £0.04 £0.09
T2S)rtr~  186+15 140 189  235+£0.194£032 0.78+£006+0.11 0.85£0.07£0.16
TES)rtr™ 105755 320 15 LM47)2£019 0487, 2007 0527030 £0.10

N.B. Y(5S) resonance cross section H H 1
0.302 + 0.015 nb at 10.87 GeV > 100 tlmes b|gger‘"
PRL98, 052001 (2007) [Belle] I(total) I(Y(1S)mmt) cc I(total) TI(Jymm)

32KeV 6.0 KeV w(2S) | 337 KeV 107 KeV
20 KeV 0.9 KeV @(3770)| 23 MeV 44 KeV

20.5 MeV 1.8 KeV @(4040) 80 MeV <320 KeV @90%
110 MeV ~0.5 MeV!!  (4160)| 103 MeV <309 KeV @90%
f Y(4260) 83 MeV  O(>MeV)

- Is there a bb version of the Y(4260) lurking around the Y(5S) ?
(W.-S.Hou PRD 74, 017504(2007))
- Belle did a scan of n+n-Y(nS) production measurements above &
below the Y(5S) in order to search for such a state. )



Fit fractions and Significances

Contribution Fit fraction (%) Significance

Z(4430)* 5713 % 6.40

K 4.1+ .50
K*(892) 64.813 ’é huge
K*(1410) 5.5%7% 050
K§(1430) 53+2.6 130
K3(1430) 55419 310
K*(1680) 2.8+%3 1.20




Only show slices a&b
(but fit to the entire Dalitz plot)

Fit model: all known K* resonances + No (y.,) resonances

b0 g oU g

45E- '(a) 45 - (b)

40 E- ‘ 40 £

35 E- | { 35 E

30 E 30 E- } {

25 £ 25 - {H H

20 20 E- H

15 15 E

10 10;I

5L = i A /]

0 ¥ 0|||||1||T||‘l"||||f‘r
14 16 18 20 22 14 16 18 20 22

MZ(Xc'lﬂ:) Mz(Xmﬂ)

From a toy MC & a binned version of the Dalitz Plot: fit CL= 4x10-12




Add a non-resonant Kt term

Fit model: all known K* resonances + non-resonant y ., & K + K,*
[exp{ — M(x1K) } + exp{— M(x.m) })

50 50

45 E—’ ‘(a) 45 E- (b)
40 E- { 40 £-
35 E- ’ t | 35
0 E 30 £ H
25 E 25 E- )
20 20 E-
15 15 E H
105 " { 10 E |
8 v b | 1h1h1dT‘1-1qHﬂJ g TT‘I‘I*F#TT"[
14 16 18 20 22 14 16 18 20 22
M2(%cqt) M2(y.47T)

Toy MC fit CL= 2x10-4




Add a single n*y ., resonance (Z*)

J=0

Fit model: all known K* resonances + one (x.,t) resonance
50 50 g
45 E- (@) 45E- (b)
40 E- 40 E-
35 z_ 35 z_ e data
30 = 30 E_ — fit result

= = = = = background

gg - gg E_ --------- fit fu?rction wl/o Z
15 B '|lk . 15 E
10 [ 10 E

= e 5 E - -4 g

0 o Bl Tl Cifindhin

14 16 18 20 22 14 16 18 20 22
MP (o) M2(3o7)

M,= 4150+31_,  MeV
I,= 352+99_,, MeV
Toy MC fit CL= 0.1% Significance: 10.70




Add two nt*y ., resonances (Z,* & Z,")

J,=0, J,=0

Fit model: all known K* resonances + two (y.,) resonances

50 £ 50 g
45 E- (@)| 45 k- (b)
40 E- 40 - data
35 = N 35 3 — fit result
30 ; | ‘ : 30 E_ — — = background
25 |r , } | , : 25 Akl | e fit function w/o Z’s
20 B It \ A ] | 20
15 } . + 15 £ r
10 H = + ' | 10 ;j
Olllllllllllll-l'lllt'l 0
14 16 18 20 22 14 16 18 20 22
M2(y.) MZ2(y.,7) M, = (4051 + 14120) MeV /c?
I = (82721 +H47) MeV,
Toy MC fit CL= 40% Ma = (4248+507152) MeV /?,
Ty = (177153130 MeV,

Significance of two vsone: 5.7 ¢



Events / ( 0.0025)

J’B°—>X(3872)K* - (B—X(3872) K*?))

arXiv:0809.1224(2008)

A first observatio%

X(3872)
sideband

Events / ( 0.0475
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X

0.7 08 09 1 41271314
Mass(Kmn)

0

; Lo sl vvn s by vv o bv e bav s by bv s by byavalaas () L)
3.82 3.83 3.84 385 386 3.87 3.88 389 39 391 .6

M(J/y ©tnr) (GeVic?)

Ng,= 91219 (N,=8.2 =10.0))

sig

Br(B’ —X(K*T )0 re)) X Br(X—J/ymtm) = (8.1£2.0 114 )x10-¢
Br(B? - XK™) x Br(X—J/ya*n) < 3.4x10° @90% CL

B%—X(3872)K*n~ is dominant; X(3872) K* is small»



M(rttrn®) vs M(FFI)

* 4 trks (=1 lepton, no kaons)
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Belle/BaBar comparison

Y(3915)
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Belle (with BaBar’s binning)




