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| ntroduction and Overview

e Search for the Z (4050)*and Z,(4250)* states in B° =y K

and B+—y K °m*
Kerts PRD 85, 052003 (2012)

e Study of the J/4w final state in two-photon collisions

e Search for resonances decaying to m.(1S)mtn”

arxiv:1206.2008

e Study of the reaction e*e-—J/ym*n” via initial state radiation

arXiv:1204.2158

e Study of the reaction e*te—(2S) '~ via initial state
radiation
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Charmonium spectrum

~__—Eur. Phys.J.C71, 1534 (2011)
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Charmonium properties are ™ A
well understood up to y(3770) |
(i.e. about the DD threshold)

Many unexpected states above
the DD threshold.

Several exotic hypotheses on
their nature : e.g. tetraquarks,
hadronic molecules, hybrids ...

To identify exotics:

e Measure J°C that is
forbidden for charmonium:
(0 s e fie

e Observed a narrow width
above DD threshold

e Observed a cc-like state
with charge and/ or
strangeness
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Charmonium-like States

Over

Tesonances only

een seen by different experiments

OK = confirmed by different experiments
N.C. =Seen by only one experiment not by other

N.Y.C= Not yet confirmed

State m(MeV/c*) |[T(MeV) | J'¢ Process (mode) Experiment Year| Status
X(3823) [ 38235+ 28 [ 4+6 | ?7/27" B = K(xc17) Belle 2012 N.Y.C
X(3872) |3871.52 + 0.20|1.3 £ 0.6|1+*/2++| B — K(ntn—J/¢) |Belle, BABAR, LHCb |2003| OK
pp— (xtn=J/¥) +...| CDF, D@, CMS
B — K (J/4w) Belle, BABAR
B — K(D°D" Belle, BABAR
B — K(J/v7) Belle, BABAR
B — K(¥(2S)y) BABAR N.C.
X(3915) | 39156 £ 3.1 [28 £10 | 0/2"F B = K (J/9w) Belle, BABAR  [2004] OK
ete = ete (J/hw) Belle, BABAR
NEW | X(3940) 394219 37437 7T+ ete” = J/W(DD") Belle 2007|N.Y.C.
ResultsLY(4008) 4008+12' 1226 4+97| 1~ | ete- s J/dbatn— Belle 2007| N.C.
P Z1(4050)*| 4051733 82+31 ? B — K (" xc1(1P)) Belle 2008| N.C.
rom  y4140) | 4143+30 | 1501 27+ B — K(¢J/¥) CDF 2009| N.C.
BaBar | X(4160) | 4156722 | 139%113 | 9™ | ete~ — J/9(DD") Belle 2007|N.Y.C.
72(4250)%| 424871 .%° 1774331 ? B — K(m"xa1(1P)) Belle 2008| N.C.
Y (4260) 42635 |108x14| 1 - | ete — AJ/YnmTn |BABAR, CLEO, Belle[2005] OK
ete” — J/Ym'n" CLEO
Y(4274) | 4274.41%7 32132 77+ B = K(¢J/v) CDF 2010| N.C.
X(4350) | 4350.67:% [13.3F155| 0,21t |ete” — ete (0J/¥) Belle 2009|N.Y.C.
| Y(4360) 4353+ 11 | 96 + 42 1= |ete™ 5y (28)nTn— BABAR, Belle 2007 OK |
7.(4430)F 4443733 107+13° ? B — K(nt1(25)) Belle 2007| N.C.
X(4360) | 4634+ 12 92+4l 1—— ete™ = yATAZ Belle 2007|N.Y.C.
Y(4660) | 4664+12 |48+15| 17— |ete” = ~4(28)ntn— Belle, BABAR ~ [2007| OK
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. 3 v % i (Res
Exotic charmonium-like states interpretation i

TN

o
> = e B 5 ///
< Molecular state: NA Tornqvist PLB 590, 209 (2004)
i / loosely bound state of a pair of mesons. ES Swanson PLB 598,197 (2004)
E Braaten & T Kusunoki

The dominant binding mechanism should be pion PRD 69 074005 (2004)

exchange. Being weakly bound, mesons tend to decay asif ¢y wong PRC 69, 055202 (2004)

they were free. MB Voloshin PLB 579, 316 (2004)
F Close & P Page PLB 578,119 (2004) .....

Tetraquark: L Maiani et al PRD 71,014028 (2005)
y ; . qe T-W Chiu & TH Hsieh PRD 73, 111503 (2006)
Bound state of four quarks, i.e. diquark-antidiquark D Ebert et al PLB 634, 214 (2006)

Strong decays proceed via rearrangement processes.

Distinctive features of multi-quark picture with respect to charmonium:
- prediction of many new states
- possible existence of states with non-zero charge, strangeness or both.

E Kou, O Pene PLB 631, 164 (2005)
m ~4200 MeV ,

C Meng & KT Chao PRD 75, 114002 (2007)
W Dunwoodie & V Ziegler PRL 100 062006 (2008)
O Zhang, C Meng & HQ Zheng arXiv:0901.1553

Conventional charmonium

Charmonium hybl‘idS P Lacock et al (UKQCD) PLB 401, 308 (1997)
States with an excited gluonic degree of freedom SL Zhu PLB 625, 212 (2005)
Lattice and model predictions for the lowest lying hybrid: FE Close, PR Page PLB 628, 215 (2005)
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©~~ Study of the J/yw in two-photon "=,

(

interactions
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—yv=}/hw (Analysis Motivation): look for X(391§Lg%%/;>

The X(3915) was seen by Belle and then confirmed by BaBar in
. B —X(3915)K, with the X(3915) — J/}w

4

/
|

PRD, 82 o11101 R (2010)

PRL 94, 182002 (2005)

30_ b)

3880 I I 4080 I I 4280 3'-85 3‘-9 3'95
M(eJ/y) (MeV) ! m(J/yw)(GeV/c?)

Belle also observed the X(3915) in the process yy—X(3915)—]/{w

PRL, 104 092001 (2010)

Events/10 MeV

Yy Interactions

Interpretation of X(3915) as the %, (2P) or ., (2P) state has been suggested
But the T, (X(3915))B(X(3915—]/yw) reported by Belle is unexpectedly large
compared to other excited charmonia.
Valentina Santoro QCD@ Work , June 18-21, Lecce,Italy 7



yy—J/yo (Analysis Motivation): look for X(3872) (2}

/

w

The X (3872 ) was seen in 2003 by Belle and soon confirmed

30
by several experiment S,
X(3872) Properties g‘ |
Narrow (I" =2.3 MeV according to PDG 2012) with mass g’ ml #‘d
m(X)=3871.61+0.25 MeV/c> Y TTa ot $
Observed in X(3872) J/ym*n~, dipion mass is “p-like” but O My ) (GeV)
possible “p—w” interference Phys. Rev. Lett. 91, 262001 (2003)

Also seen in B decays: X(3872) — D°D™,
X(3872) — J/p w, X(3872) — J/p v,
X(3872) — y(2S)y seen by BaBar but not by Belle
C is positive from the observation of the decay J/y v,
Spin-parity identified as either J°¢ = 1** or 2*; isospin I=0

X(3872) interpretation
Conventional Charmonium: x_(23P,) (1**) or n_,(1'D,) (2)
D°D* Molecular interpretation:
m(D°) + m(D"°) = 3871.73+0.29 MeV/c?
Compatible with JPC = 1** assignment;

The observation of yy —X(3872 ) would imply J'¢=2-* and
favor the charmonium interpretation

Valentina Santoro QCD@ Work , June 18-21, Lecce,Italy 8



~yy—J/¢Yo: new BaBar Results

o
/aB&fﬁfh 520 fb™ collected at the =2,3,4 ( c

confirmed the evidence of the X(3915) (7.6 0) in yy—X(3915) —J/Vw ¢—4

Events/ (0.01 GeV/c?)
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PRL 104, 092001 (2010)

BABAR Belle
Mass (.\I(‘\'/("“)) 39194 +224+16 | 39153 +2
Width (MeV) 13+6+3 1710+ 3
.. x B (J=0) (eV) 524+ 104 3 61417 +8
[ xB(J=2)(eV)| 105+1.9+0.6 18+5+2

If T, =O(1 keV) (typical ct)
then B(J/Vw)>(1-6)%
which is relatively large compared to
charmonium model predictions

No evidence of the X(3872) — limit for J=2 hypothesis
L, (X(3872))xB(X(3872) —J/hw) (J=2)<17 &V

QCD@ Work , June 18-21, Lecce,Italy



J

, Search for resonances decaying to nvtmw '/

in two-photon interactions ‘

§ T
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- Fa =
A A PAAASAN NN, e > L
— ] - ".r 7

BaBar using 474 fb studied the process yy—X—n.(1S)n*n” where X - o
stands for one of the resonances ¥_,(1P), n.(2S), X(3872), X(3915) or |
Y, (2P); the n.(1S) is reconstructed using the decay 1.(1S) =K °Ka;
Ke—mtn

Predictions for B(n_(2S) —n_,(1S) w*x” ) ~ 2.2% obtained from

(M0, (25) = 0S)w ) [T(p(28) =Jp 7 )~ 2.9

M.B.Voloshin Mod. Phys. Lett A 17:1533-1538, 2002 x

=N I vati ==
vy —n ot (Motivation) arXiv:1206.2008 =S =

-

If the X(3872) is the 1'D, state 1, the branching fraction
B(X(3872) ) =@nt*n” ) could be significantly larger than

e 700 sen (Belle Collaboration
BXoep) ) Juna 15:an :cr).l Mocf,B Plll'uysc, I/:u4b97 go, )240 (2005)

The quantum numbers J*=2"* of the 1, are consistent with the CDF

result for the X(3872) PRL 98, 132002 (2007)
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vy —nJtin BaBar Result _arXiv:1206.2008 | /
BAEle B BMBJ extractlonm w

S preliminary $ ; preliminary  «  m (K °K*rt") distribution parameters of the r"
8% 3 |
2 + 5! l %.,(1P) combinatoric background from a one- /
$" | S, P i dimensional fit to m(KK*r")
51 £ s il : ; , =
Z L] & + + Two-dimensional fit in m(K°K*r*) and m(K°K
) Mm(K‘?K-:) (3G1eV/g’§ s m(K%ﬁ?um) (Ge\?igz) iJ-l"Jr:"l"JrTE_)
< BABAR «g BABAR No resonant signal observed
3 preliminary g - preliminary observed contribution from non-resonant
z 2 O Tyt
% 31 1 1.(28) YW X— KoK 't
£ 21 [, B(eV)
i & ® Resonance Central value | UL
04" : - y 0 L . L
‘ 2"qm(K,;"’Kz) (Gevich 3fn(K3|?:§fn) (GoV/c?) Xc2(1P) 7.21;%:; + 2.9 |15.7
- BABAR - BABAR ne(2S) 657 +7 a£18 1133
S 50 preliminary 3 preliminary X (3872) —4.575 - +£29|11.1
S uf - | X(3915) | —13t1248 | 16
S ol 2 §§3872)) xe2(2P) | —1671%2+6 | 19
2o 2 3915
310;— ; g . Yo (2P)  Using B(xc2(1P) — KOK*7F) and
T T R T T T T S B(1c(2S) — KJK*7¥) we obtain:  First Measurement
m(K’Kx) (GeV/c) m(K’Krn) (GeV/c?)

B(xc2(1P) — nc(1S)nw) <2.2% ©90%CL
B(17:(2S) — nc(1S)nw) <7.4% ©@90%CL
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A

/ﬁrch for Z (4050)* and Z (4250) states £ //
in Bo—y_ Kn* and B*—y  Kom* ’

.‘ s, ¢
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, The charged Z family ==
/Bell@ebserved a broadmﬂﬁmm&%?/
Dalitz plot analyses e i
« Z(4430)* in B—y(2S)n*K (
- Z,(4050)* and Z,(4250)* in Bo—y 1K

A ; A Maiani: arXiv: 0708.3997
Quark content at least cCud: no simple Q3 mesON  Karliner & Lipkin arXiv: 0802.0649

PRL 100, 142001 (2008) PRD 78, 072004 (2008)

40 ‘
35 :
2 30f |
o5 -
3 O 251 ’
S (oY) -
fo [l
5 % 153— :‘ ". H
g
w 10:— 3 # y+ +
- | _
5 . , +
E ++'+l!‘l | EERTTTT et 2T T PR

= I [
%6 38 4 42 44 46 48
M (%, %), GeV/c?

Z(4430) —=Y(2S)m* Z.(4050) =y 7t

Not confirmed by BaBar experiment Z,(4250)* =t
that studied also the J/1n"K* and the

J/wmK¢° channel PRD 79, 112001 (2009)
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Search for Z1and Z2 @ BaBar (1) RgiXTREasicol) )

W 429 b studied :

XIW;‘FO/
~ search for Z and Z, found by Belle (y.—]J/yy) |

Binned 2 fits to the background-subtracted and efficiency-corrected Kn |
mass spectra in terms of S, P and D wave amplitudes

1000}~ (a) 4005— (b)
{ : E Channel S wave P wave D wave X*/NDF
E’ 7801 3001 B — y K7t 404+ 2.2 37.0 + 1.3 114 +20 58/54
o I 103+ 1.5
{5001 200 |- B* — yaKdm* 424+35 37.1 +3.2 10.1 +3.1 55/54
2 E * { ’ 10.4 + 2.5
0 25 100 |-
© - m H+ ﬂ - } | il <>
2 LI U--r——r'“ o4 b L
05 1.L2 1.9 :lm w M{H*H{W ' h
m(K%n*) GeV/c? I | | {f
o o5 1 <Y e> 0-—+ﬂd}+ﬂ H}iwﬁi%w{.—
To represent the angular structure we compute the 3 | " ™
5 . o ok iy i
efficiency-corrected Legendre polynomial moments ¢ " Ny L 5+Wii“hw|w n
: : . 5 o i +
<Y,°> in each K mass interval by correcting for i L “ ol N LR
efficiency and then weighting each event by the U o T on
Y 1 C g e ¥ +
Y, °(cosB) functions LAy e OTAJHJWM J P
- :

‘4 1 1 1 1 1
0.5 1.2 1.9 0.5 1.2 1.9
TN QCD@ Work , June 18-21, Lecce,Italy m(Kn) Gev/c?



Search for Z1 and Z2 @ BaBar (2) RUEIRTR iR -

f S —— < /
Hsh@he/information from the K system a description of the y s mass [ _
distribution is studied. A MC simulation for B—7 K= has been performe /

The best %2/NDF obtained is for Ly, ,x=5 (where L is the order of the Legendre '
polynomial moments)

Black dots: data
Red curve: MC simulation with Ly,x=5 (angular weights)
Dotted blue curve: Results of the simulation with no angular weights

! The result of the simulation with Ly xy=5 is
- superimposed on the data (red curve).

The excellent description of the data indicated
that the angular information from the Kx

‘ . | channel with L,,,y=5 is able to account for the
200|- '*Iq ‘ + structures observed in the K projection.

»
o
o
b
>
e —

events/20 MeV/c?
|

e This indicates the absence of
5 + ‘ significant structure in the exotic y_m*

|||||||||||ﬂ_ Channel
4 4.5

M(Xer 77) GeV/c*
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Search for 71 and 72 @ BaBar (Results) PRD 85,

F1t the - ass spectrum using two scala

- &%
HE—4-

052003 (2012) .},J )

fixed toﬁelf/ lle

easurement (m(Z,*)=4051 GeV/c? I'(Z*)= 82 MeV m(Z )= 4248 GeV/c2 E(Z =177 MQV /‘

events/20 MeV/c?

events/24 MeV/c?

> resonances fit all m?g,  1resonance fit Belle: maximal resonant activity l,rn

_ window 1.0 <m?;_<1.75 (GeV/c?)?
400 400
| 2 \
i 2225
200 200 e ok f
! ! 175 |
o L ‘—I. L1 ~|'~' 1 0 1 _|._‘ L1 L1 -
: : 15 -
200 1.0<m?_<1.75 (GeV/c?)> 25 £ a)b) | ¢)ld) ,
i - 1 2 3
| # N

For two resonances fit
BB = Zi k) x B(Z{ = xam™) < 18x107°

100
50 BB - K ) x B(Z = xar™) < 40x107°
0 Pt = l j ) For a single resonance fit
4 4.5 4 4.5

m(xe ) GeV/c? m(xe ) GeV/c?

In all cases we obtained very low (<20) statistical significances
Within (large) uncertainties, limit compatible with the Belle result

BB —ZK ) xB(Z" = xan™) < 47x107°

17



, Study of the reaction ete"—]/ym*n” e ,,

via initial-state radiation |

eV 8
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e+e'—>yISR] /Y analysis motivation e

‘/i = }/
~ The Y(4260) PC

Dlscovered at BaBar in ISR-production of J/ym*n events in 2005 (233 fb?) A

Phys. Rev. Lett. 95 (2005) 142001
m, = (4259 = 8*}) MeV/c’
I, =(88=23") MeV

i
(=

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Events / 20 MeV/c?
2

\o]
S

Confirmations by CLEO-c, CLEO-
ITT and Belle with some spread in
the resonance parameters.

IIIl|I[[[|IIII

10

Phys. Rev. Lett. 99, 182004 (2007)

Entries/20 MeV/c

ﬂ M JAy) (GeV/c?)

0s 4 iz Taa a6 as s

m(rttI/y) (GeV/c?)
The Belle result suggested the existence of another
broad structure the Y(4008)

— +1
D MY4260 = 4247 £ 12 7—32
B
== I'y 260 =108 £19 £ 10
MY4008 = 4008 = 40 +n4—28

Iy

4008 = 226 + 44 + 87

Y(4008) All the 17 slots in the charmonium spectrum were already filled

Valentina Santoro QCD@ Work , June 18-21, Lecce,Italy



ete —YpJ /W' : New BaBar Analysis

The (2S) region (3.5-4 GeV/c?)

We investigated the region below 4 GeV/c> (y(2S) and y(3770) region) of the T
J/Aprtn final state for the first time, since in this region we observe an excess

.

of

events

80T

70

60—

(i)/ | BABAR
- preliminary é

40—

50—

Events / (0.020 GeV/c?)

S 1T 1 1 *|||\|r||

In order to understand the possible contribution o[- —
coming from the {(2S) tail a detailed study of the ]
(2S) lineshape has been performed 600¢ o .

I 4.2 44 46 48 5 52 5.4
m(J/yrn ) (GeV/c?)

o(e'e” — yyp(28))=14.5+0.7 pb 0L ee®® .. E

The excess of events can be attributed to different
sources such as 1 (2S) tail, J/ya*n- continuum or
(3770) decay to J/yn*n, since BES (PLB 605, 63(2005)
and CLEO (PRL 96, 082004 (2006) reported such decay
mode for the {(3770)

260 BABAR % o veSdua

= 1400} Preliminary ¢ o WRS)MC
2 - ¢ ¢ ]

@
0@@?99\“‘\H‘\“‘\“ el | QG@O@peq

T(yp(2S) — e*e”)=2.29+0.05keV 3678 3.082  3.686 3690  3.604

m(J/ Yy )(GeV/c?)

The conclusion is that it is not possible to discount the possibility of a
contribution from e*e—J/yx*n continuum cross section in this region

Valentina Santoro
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ete —YqpJ /Wt : New BaBar Analysis

J/Wmtn distribution and simultaneously to the background distribution

T R L‘l 57

e The Y(4260) region (up to 5.5 GeV/c?) b

We performed an extended-maximum-likelihood fit to the signal region

The fit is corrected for efficiency and luminosity

80I_| T T | T T | T T T | LI I T T

0@ BABAR

- * preliminary
60 =
50;

40F

Events / (0.020 GeV/c?)

30F

I[III|II[IIIIIIlIIII|IIII|III

20

101

'!!:.[°||||

O [ "I ' |'. ]
m(J/yn ) (GeV/c?)

m(Y(4260)=4244+5+4 MeV/c>
['(Y(4260)=114""¢  _+7 MeV
.. .xB(J/pntn)=9.2+0.8+0.7 eV

arXiv:1204.2158
SUBMITTED TO PRD(RC)

No evidence of the additional state
claimed by Belle ~4 GeV/c?

Excess of events above 3.74 GeV/c?
might result from the y(2S) tail
and a possible J/ypatm continuum
contribution

Very clear signal for the Y(4260)

The small excess of events ~ 4.5
GeV/c? attributed to statistical
fluctuation

Valentina Santoro QCD@ Work , June 18-21, Lecce,Italy 21



Events / 20 MeV/c?

m'_invariant mass distribution in the Y(4260) decay (1)_ /V ==

~———The distribution seems to peak aretﬂmd
the f (980) mass; however the peak is s/

g a5<m(J /Pt )<4.45 GeV/c?

3O_BABAR||(3)||1||_ displaced from the usual f (980)
25 preliminary = E osition, since it is around 940 MeV/c?
o [,
- l 5 - The fact that the peak is displaced and
Lhth e b
- | - the particular shape of the m(mtn)
10| | | | | | | = e P
i.l ! ol I Te ©® R mass distribution seems to suggest a
5 |o| looo ® | l lollll | ! | | g 88
:}'I T T ||T|| +lT '~ possible interference between the
ETT '"iT' 1"“{ """"""""" T E f (980) and m(st*n”) continuum
SE | E
~04 05 06 o7 08 09 T In
m(xT)(GeV/c?) S - B4B4R ® 3
We define 0_ as the angle between the m* E s0f- pretiminary E
direction and that of the recoil J/y both in F * * + l * E
the dipion rest frame - | + R E
20— _]
The distribution is consistent with the S- - * + *
wave behaviour (y2/NDF=12.3/9; Probability N3 E
=19.7%) e A R S T R

cos0,

QCD@ Work, June 18-21, Lecce,Italy 2
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Events / 20 MeV/c?

' invariant mass distribution in the Y(4260) decay (2 ) /s/ =

B LI | L I L I LI I IIIII
C n* n- continuum (C) e ]
30 weeees Interference term preliminary
- — — f,(980) component
20 :_ —— All components
104 *
Lol
0 E.___ . waose + + 1 fostnsee: ._.:
10 . -
_20 : 11 1 I | I I 11 1 | I | I I 11 1 | I 11 1 | I 111 ..I...I 11 1 | I :

The result indicates that there is a real

f (980) contribution to the decay of the
Y(4260) to J/ymtn- but its contribution is
not dominant

B(Yizs0—J/%f0(980), £0(980)—7"n") = (17+£13)%

0.9 1 1.1

m(T*T)(GeV/e)  June 18-21, Lecce,Italy

B(Yuso—’]/vr T )

To test-the possibility of an interference-effect between the £(980) and /
“the m(nt*n”) continuum the f (980) line shape is taken from the BaBar r*_ /
analysis Dj*—>m*n"n* | pRD 79, 032003 (2000)
: we interpolate on these distributions and
Amplitud Ph : . .
. I R — T 1ase AAa use this amplitude to describe the f (980)
@ I S g in the following model
3 1 12 s ¢ 2
g 12 | pol + e’ Ffo(ggo)’
| : En }@H] SR {;r’li 1 where pol is a polynomial function used to
s '1‘.5I T S0 s s describe the m(J'E+TE_) continuum and Ffo( 80) 1S
m(m* 1) (GeV/c?) m(r* 1) (GeV/c?) 9

the interpolated function; ¢ allows for a phase
" T"BABAR™ difference between these amplitudes

23



dy of the reaction ete = (2S)m*n~ '«

via initial-state radiation |

eV 8

//S‘cu
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Y(4350) and Y(4660)

e

erred in ISR /.

Events / 50MeV/c?

|PRL 98 212001 (2007)

In Y(2S)rt* BaBar observed the Y(4350)
Single resonance fit =>
m=(4324+24) MeV/c?,

I'=(172%33) MeV

Incompatible with (4415);
Poorly described by Y(4260)

P T .
- i .:.: 298 fb_l * Data )
. iy = Y(4260) + BKG y
10— L w— New resonance + BKG | —
L ° 8 [ ] BKG (non-y{25)) “
i . T -
] ~
. ~
i . - i
~
o . = +
. . ~
- M ~ p
' 3
= . { H
- e "r"r ..... f '.o ee e .
1 e
4 45 5 55
m(2( )Y (GeVie)
State M. MNeV/c? i . MeV
g" Y (4325)| 4324 + 24 172 + 33
Y(4325)| 4361 + 9 + 9 |74 + 15 + 10
-
Y(4660)/4664 + 11 =5 48 + 15+ 3

Valentina Santoro

Entries/25 MeV/c®

‘Confirms the"
‘BaBar result
~

PRL 99, 142002 (2007)

673tb*

3

Report a new
enhancement

M(r T w(2S)) (GéjV/C2)
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s =
ISR strrtp(2S):New BaBar Result ,/r./)
> update using the full dataset, 3S) datd 7
[ ] rr_/ |
P(2S) =]/ 520 fb? !
o 22;‘:';"_—.'I"'I"'I"'I'"I"'I"'I"'I"'I": o, 20pTT A s o3 l‘f‘
: @ . Fvesower 3 og 15£-(2) vES) S yrw S
E 18 = [ ]background E E 16— %z o5 * 111§ABA§20 & —
7 16 34 9 uE % /% events =
2 ME BABAR 7 £ of Tk 1| | E2Belle R
S 12 imi 4 9 C 110 events (673 fb')
k= = preliminary 1 2 10E E
10E- E = E
8E- 3 °F E
6F- E °F F
4 e =
o TV N, l [] :E 2f- -
oill i ) PR L Rt 8 1 e 0 a;...._z_.‘":.t.'.f:l;k oiil' X,
4 4 2 4. 4 4. 6 4 8 5 52 54 6 5.8 4 5.4
m(y(2S) ) (e V/c?) m(y(2S)n ) (GeV/c?)
Q2 " Parameters First Solution |Second Solution
‘ [constructive [destructive Confirm the BELLE enhancement
| interference] interference| ~ 4 6 GeV /CZ
Mass Y (4360)(MeV /c?) 4340 =16 £ 9 .
Width Y(4360)(MeV) 01 + 32 + 13 The obtained parameters for the
B x I'ee(Y (4360))(eV) [6.0 = 1.0 = 0.5{7.2 £ 1.0 £ 0.6 Y(4360) and Y(4660) are consistent

Mass Y (4660)(MeV /c?)

4669 = 21 £ 3

Width Y (4660)(MeV)

104 + 48 + 10

B x T..(Y (4660))(eV)

with the Belle results

27+ 1.3x£0.5

7.5 £ 1.7 0.7

¢(°)

12 £ 27+ 4

-8 £ 12 £ 3

Valentina Santoro

QCD@ Work , June 18-21, Lecce,Italy



Conclusions =

= - o h 2]
rg L

/

L
v Charmonium spectroscopy has been revitalized by the -

discovery of many new states above the open charm
threshold. A review of some of these new states has been
presented.

v Many experimental results have been shown, with just
enough data to whet the appetite, but at a statistical level
which does not permit a clear understanding of the
observed signals;

v More data are required, possibly from LHCDb, but also
from the SuperB or BELLE-II projects, should they
materialize in the future;

e
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BACK-UP SLIDES
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/Bﬁ’%\rﬁsa powerful b factory: 467 million BB pairs in the (- -/
total data sample el

FReBaPaEterecrorangsammscarple /%;/)

|
BaBar is also a c factory: 1.3 million Charm events per fb*

Instrumented Flux Return Offpeak (10.54GeV) + Scan
Solenoid (1.5T) above Y(4S): 53.9 fb!

| -16"'\7) Y(4S): 432 tb?
Y(3S): 30.2 fb™
Y(2S): 14.5 b~

Silicon Vertex Tracker

Drift Chamb
Cherenkov Detector i et

Electromagnetic Calorimeter
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__Charmonium production at the B-factories

/B/decays quﬁon

JVY(2S)

b > - >
v W— \\\ |f

= =
q - q

0|0

States of any quantum C=i1
numbers can be formed et

2y production Initial State Radiation (ISR)

e~ —>p > e~ o- i |
N g S IV, v(2S)
> C C
- + e
e < s}
]PC=Oi+, Zi+... ]PC=1--
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X(3872)
(2003)

PRL 9

2

&y
"5
-

D D S U S WD W SN U T N D S U -
:}:.')2 3.84 3.86 3.88 39 3.9:
M(J/ s =r) (GeV) s

X(3940
PRL 98, 082001 (2007)
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M) (MeV)

Y (4260)
PRL 95, 142001 (2005)
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Y(4350)
PRL 98, 212001 (2007)

]

>
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2t aeee V(4 BKG

2

0 = New resonance + BKG |
£z t |8k (25))

s

-

@

Z(4430)"*
PRL 100, 142001 (2008)

Z1* and Zz
| PRD 78, 072004 (2008)

Everts10 Mevie*

“ s e e e

Y(4008)
PRL 99, 182004 (2007)

Entries/20 MeV/c?

M(xn*m Jy) (GeV/c?)

= PRL 100,202001 (2008)
- l K* veto ) L e ; } \ 7 N% i
3 R 1EE: Wﬁﬂ b 1H
i IZ : ng i%{ %h
E { Zz Jf E 2;
408 43 ass 03 6 * 4 l L‘L 48 F B Lo P
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Entries/25 MeV/c?

Y @660) @
PRL 99, 142002 (2007)
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X(4160)

Y(4140)
L 102,242002 (2009) &

CDF Il Pr Imln ary, 2.7 fb™!

P

=
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-
-
N

X(3915)
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40[
30F
20F

10F
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Charmonium-like States (2)

State m(MeV/c*) | I(MeV) J°e Process (mode) Experiment Year | Status
X(3823) [ 38235 + 28 [ 4+6 | ?2/2~— B = K(x.n) Belle 2012 N.Y.C
X(3872) |3871.52 £0.20/1.3 £0.6/17"/2""| B — K(r"m J/¢) |Belle, BABAR, LHCb |2003| OK

pp— (mm JJY)+ .. CDF, D@, CMS
B — K(J/vw) Belle, BABAR
B — K(D™"D" Belle, BABAR
B — K(J/v7) Belle, BABAR
B — K(1(28)y) Belle, BABAR
X(3915) | 39156 £3.1 | 28 £10 | 0/2" B — K(J/vw) Belle, BABAR (2004 OK
e e —e e (J/Yw) Belle, BABAR
X(3940) 3942715 37+% 77+ ee” — J/w(DD") Belle 2007 |N.Y.C.
Y(4008) | 4008733' 122697 177 | efe” = yJ/umTn Belle 2007| N.C.
Z1(4050)"| 4051733 82721 ? B — K(m" xc1(1P)) Belle 2008| N.C.
Y(4140) | 4143+3.0 15121 77+ B — K(oJ /) CDF 2009| N.C.
X(4160) 4156737 139757 | 77 ee” — J/v(DD") Belle 2007|N.Y.C.
Zo(4250)" | 4248733 | 177231 ? B — K(x"x.(1P)) Belle 2008| N.C.
Y (4260) 4263+5 |108%x14| 17~ | e"e” = yJ/Ym w |BABAR, CLEO, Belle|2005| OK
ee = J/Ym” CLEO
Y(4274) | 4274.4734 | 32+ 77+ B — K(oJ /) CDF 2010| N.C.
X(4350) | 4350.67:% 113.3M10a] 0.27F |ete” = ete (dJ/¥) Belle 2009 |N.Y.C.
Y(4360) | 4353£11 | 96+£42 | 17~ |eTe —yu(2S)r m BABAR, Belle  |2007| OK
Z{4430)" 44374 1075 7 B — K(m v(23)) Belle 2007 N.C.
X (4360) 4634 + 12 92*3% - ete” — ~ATAC Belle 2007 IN.Y.C
Y(4660) | 4664+12 | 48+15| 17~ |ete  — yuo(2S)r m Belle, BABAR ~ |2007| OK

Over 16 new resonances only 5 have been seen by different experiments
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Events / (0.020 GeV/c?)

ISR mwrmwy(25)
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= 1 = z
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= = n
1= —
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"y -
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=D b b bvece e b d
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03 033 04 045 05 055 06 06‘* 0.7 0.75

m(m 7 )(GeV/c?)

Statistics too low to draw conclusions
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