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* charged charmonia (Z*,Z,*,Z,%)

states with strange content: J/4p ¢.

W( IS, 25) ™ spectrum after inrtial state radiation
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Motivations
The charmonium spectrum
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Introduction

Below the DD threshold all the
states of the charmonium
spectrum are established; their
measured decay properties are
in good agreement with theory.

Many unexpected states above
the DD threshold. Several
exotic hypotheses on their
nature: e.g. tetraquarks,
hadronic molecules, hybrids,
glueballs, hadro-quarkonia.

To identify exotics:

Measure J¢ that is forbidden for
charmonium: 0%, |, 2%

Observe a narrow width for a
state above DD threshold

Observe a cC-like state with
charge and/or strangeness

But also threshold effects,

coupled channels, artifacts...
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Solenoid

Cherenkov Drift

Instrumented Flux Return

Silicon Vertex

Tracker

Detector Electromagnetfdhamber

Calorimeter

* Large samples of Y(nS) and B
mesons

* also very large samples of charm
mesons and chamonium

— o(efe=>cC) ~1.3nb
— in b=>c decays
— in ISR production
— also double charmonium and |
7Y $
* Low multiplicity, can reconstruct .=
complete events. C

> hadrons) (nib)
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Introduction

Charmonium like states at B factories
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running mostly at Y(nS)
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Mass (GeV/c2)

BELLE | BaBar

Y(5S) |121 fb!
Y(4S) | 711 fb'' 433 fb!
Y(3S) |3.0 1|30 fb!
Y(2S) | 24 b1 | 14 b

Y(1S) |5.7 tb-!
Offres | 87 fb! | 54 fb'!

Scan | 68fb’!
Total |1020fb'}531fb!
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Introduction

Charmonium like states outside B-factories

il S LHCb

/ / M4 M5
/ / ws M3
Sm ‘,/ / SPLYPS ‘1](-. N e

Dedicated detectors for B physics
low p regime

Low or moderate luminosity and pile-up
wrt other LHC experiments

/ T e T Exclusive final states in high multiplicity environment

CDF

General purpose detector at Tevatron
high pr regime

Ring Imaging Cherenkov
Detector
Drift
Chamber
. Inner Drift Chamber /
£ Beampipe

e, CLEO<
at the Cornell Electron Storage Ring (CESR)

sC

Rare Earth
Iron

Quadrupole Polenicie . . .
/G ' Experiment dedicated to charm physics
S
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charmonium like states In yy interaction

Yy —> Y @

VY —> 1, T
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Yy —> J/p 0 motivation (I) B decays
The X(3915) s0 [-B) PRL 94,182002(2005) e
: T 253! 3
The X(3915) was seen both by Belle and BaBar = }l X(3913) E
in B — X(3915)K, with X(3915)—= J/ ¥ w > } | |4 + H
e A
Belle observed also the X(3915) in T M@ evy

{0

Yy v — X395 — /Y w

Interpretation of X(3915) as the x (2P) or

X o(2P) state has been suggested.
T. Branz et al., Phys. Rev. D 83, 114015 (2011)

I, (X(3915))B(X(3915) — wJ/¢) . .
reported by Belle is unexpectedly large Yy Interaction E

compared to other excited charmonia. : PRL 104,092001(2010)
30 694fb
: : X(3915)
Molecular interpretation has also been suggested 3t
X. Liu et al., Eur. Phys. Jour. C 61,411 (2009) o [N
T. Branz et al., Phys. Rev. D 80, 054019 (2009) o Ny
W. H. Liang et al., Eur. Phys. Jour. A 44,479 (2010) et Gt 004 |

[

85 39 395 4 405 41 415 42 425 43
G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. 11,2012 W (GeV) 7



vy —> )/ w motivation (Il

The X(3872)

The X(3872) was discovered in B decays by/

Belle experiment in 2003,

-
]

&
The observation of its decay into /¢ ¥ ‘

as | BELLE

Events /(0,005 GeV)
8

PRL 91 (2003) 262001

<+

s 1 1 1 1
3.82 3.84 3.86 3.88 3.9 3.92

M(J/ y 7tT) (GeV)

PRL 102, 132001 (2009) PRL 107,091803 (2011)

10

ensures that this particle has positive C-parity.

Events / (5 MeV/c?)

The possible X(3872) quantum numbers
could be P =|** or JPFC =27+,

The decay X(3872) — J/ ¢ w was seen in B
decays both by Belle and BaBar.

v v — X(3872) would imply J°¢ =27+ and
it's not seen In Belle's spectrum.

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012

m, (GeV/c?)

30
25
20

Events/ 9.5 MeV/c?

15

CDF PRL 98,132002

hypothesis 3D x2 / 11d.o.f.  x? prob.

1++ 13.2 27.8%
2—+ 13.6 25.8%
1—- 35.1 0.02%
2+- 38.9 5.5.10~5
1+- 39.8 3.8.10~5
2—— 39.8 3.8.10~%
3+- 39.8 3.8.10~5
3=~ 41.0 2.4.107°
2++ 43.0 1.1.10-5
1-+ 454 4.1.10-6
o+ 103.6 3.5.10~ 17
0+- 129.2 <1.10—20
o+t 163.1 <1.10—2@




vy —> |/ w: new BaBar results

« BaBar with 520 fb! collected at the Y (nS) sample (n = 2,3,4) confirmed the
evidence of the X(3915)in ¥ ¥ — X(3915) = /Y w

* Good agreement with Belle's results

% BAB Belle *

§‘ Guttmann —MoriondQCDI2 ABAR elie

8 X(3915) Mass (.\lc\"'/(‘z) 39194 +22+1.6 | 39153 £2
S [, xB(J=0) (eV) 52+ 10+ 3 61 178

P — Total fit function I xB(J=2)(eV)| 105+1.94+06 | 18+5+2

t == Background fit function .

3 @ Background from sidebands *Belle: PRL 104,092001 (2010)

If I, = O(1 keV) (typical cc),
m vul o then B(J/9yw) > (1 —6)%

0: oo .-"""""..-ﬁ;ﬁl ':Y‘::‘:][ - ::;'-LL’
""" YT T T Y T T T which is relatively largse compared to
38 385 39 395 4 405 41 415 4.2 . y larg ‘ .P
m(J/yo) (Gev/ic) charmonium model predictions

No evidence of the X(3872), limit for |=2 hypothesis
[~ (X(3872))XB(X(3872) — J/yw)(J = 2)<1.7 eV

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 9



YY —> 1. T motivation %

BaBar looked at the process ¥ ¥ — X — n_(1S) 7t "~ where X stands for
one of the resonances X ,,(I1P), n .(25), X(3872), X(3915) or X ,(2P).
n.(1S) = KK %K — -

* Prediction for B(n . (25) = n_(I1S) ™1 ™) ~2.2% obtained from
[(n. QS = n (ST *w )T (YRS —=)/Ygr*rm™)~29
M.B.Voloshin Mod. Phys. Lett A17:1533-1538,2022

« Ifthe X (3872) is the |'D, state N ., the branching fraction
B(X(3872) = n .7 "1 ~) could be significantly larger than

B(X(3872) — J/ w T —>_ S.L. Olsen (Belle Collaboration),
Int.J. Mod. Phys.A497 20, 240 (2005).

* The quantum numbers |”< = 27" of the 71 , are consistent with CDF results
PRL 98,132002

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 10



YY —> 1, T at BaBar

Events/(0.018 GeV/c?)

Events/(0.018 GeV/c?)

Events/(0.018 GeV/c?) =

Preliminary (a)

zsm(KfK:r) (3é1ewg’§

Preliminary (g

(k) (Gevich

P‘eliminary (e)

t

T I R
m(K’K=) (GeV/c?)
G. Cibinetto, INFN Ferrara
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.g . R

$ Preliminary | (q)

3

2

8-1

21

c

|§ 5

036 385 37
m(K:Kmm) (GeV/cz)
inary @

Pre[i?‘-

Events/(0.008 GeV/c?)

- -

N TR T
m(K’Knnr) (GeV/e?)

XCZ(IP)

—

1 «(25)

X(3872)
X(3915)

\ X c2(2P)

-
a0
»

Signal extraction in two steps ‘

|. m(KOK* 7t ) distribution parameters
of the combinatoric background from
a one-dimensional fit to m(K_K* 7t )

2. two-dimensional fit in m(K.K* 7t 7)
and m(KOK*r* 7+ 7 )

contribution from non-resonant
vy — X — KOKEnFatm

'y, B(eV)
Resonance Central value | UL
Xe2(1P) 7.27554+29 [15.7
ne(2S5) 65737 +18 | 133
X(3872) | —4.5777T+29][11.1
X (3915) —13713£8 | 16
Xe2(2P) —1671>+6 | 19

Using B(xc2(1P) — K2K*7¥) and
B(1c(2S) — K2K*7n¥) we obtain:

B(xe2(1P) — nc(1S)nm) <2.2% ©@90%CL
B(7c(29) — 1n(1S)n7w) <7.4% ©@90%CL

HQL 2012 - Prague Jun. | 1,2012

first measurements
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charged charmonia

Z(4430)*, Z ,(4050)* and Z,(4250)*
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Z(4430)*, Z,(4050)*, Z,(4250)*
Charged charmonia

* Belle observes broad, charged charmonium-like states in (cO)K 7 Dalitz analyses
— Z(4430)* in B — Y (25) K
—  Z,(4050)" and Z,(4250)* in B = x_ 1K

* Quark content at least c€ud: no simple q@ meson!

Phys. Rev. Lett. 100, 142001 (2008 40 Ephys. Rev. D 78,072004 (2008)
I | ‘_ 35
'(?? g 25 E_ ’ BELLE
g S 20F g
z L 150 . . H
& 10f +
’ ] 5;'— +++ ;.:.i'“"-,.;::. + + +
E -.:.E:-:i::-,u | ER o bl g ey o
a8 405 23 a5 48 %6 38 4 42 42 46 48
v e M (x. "), GeV/c?
Z-.(4430)" —» /7t Z.(4050)t — xcq7t
Not confirmed by BaBar experiment and Z.(4250)" — ycimt

that studied also the )/ ¢ (2S)*K channel
Phys.Rev. D79 (2009) 11200

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 13



BC — |/ ¢ (2S) T *K- amplitude analysis at Belle K23

presented by K.Chilikin @ CHARMI2

e The variables considered are Dalitz variables
M2(K, 70), M2/, 1) and angles 6y, @y ix

* Signal model

— AlIK 7t resonances: K,*(800), K¥*(892), K*(1410), K,*(1430), K,*(1430), K*(1680), K;*(1780),
Ko*(1950), Ky*(1980), K,* (2045).
— Masses and widths of all K¥ resonances are free parameters (within their PDG

uncertainties). Here AE = ¥, Ei = Eyeam:

P— _ _ _
- 1 Z M arefree).J’= 07, I 17,2% 2. o Signal: |AE| < 20MeV (31220 events, background fraction ~ 6%)
— Constant non-resonant amplitude. o Sidebands: 40MeV < |AE| < 80MeV

signal N3 5 sidebands

* Background model

20F o

|. Peaking components: 18r

)Y +(K*892)—K)
« JY + (K2 — 1 7 (identified as K7r))
2. Smooth component (dominant; any other source).

16:_;.': o

M3(Jhp,n), GeV2/c*
M2(JAp,), GeV3/c?

:-Il:u. :h\uln..l.“n.l..nl.n.ln..lu..l.. :.'i"“I“"l“"]“'ll'“'l”
05 1 15 2 25 3 35 4 45 051152253 354 45
M2(K ), GeV2/c* M3(K,x), GeV/c*

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. 11,2012 ] [ *(1430) 14
K*(8925<



Mi(Kx) < 1.0 GeVa/c*

3
=3

preliminary

(1)

[N
o
o

(=~

Events /0.254 GeV/c*
3

8 8§ 8 83

o

12 14 16 18 20 22

M?(Jhy ), GeV3ic*

1.8 GeVoic' < M’(Kn) < 2.5 GeViic’

preliminan

(3)

Events / 0.254 GeV°/c*
~
S

M?(Jhyp ), GeViic*
B(B" - Z.(4430)"K~)B(Z.(4430)" — J/wr™) < 8 x 107° (95 % CL)
BaBar result: < 4 x 10-¢ Phys.Rev.D79 (2009) 112001

G. Cibinetto, INFN Ferrara

Events /0.254 GeV’/c*

Events / 0.254 GeV7/ic*

BO — |/ (25) 7T *K- at Belle

presented by K.Chilikin @ CHARMI2

1.0 GeV’ic' < M(Kz) < 1.8 GeVirc’

1)2)3) (4)

22}

L]

y

M*(JAp, ), GeV

No significant signal of Z_" is found.

T e el
; JP| M,MeV | T, MeV | Local sign. | Sign.
. Mz(}.(;r) > 2.5 GeVilc ZF = Jjgnt
oot Preliminary o | 4076 £17 [ 240+ 21 4.70 2.90
; 4228 +8 | 51+15 4.50 2.80
6 1= [ 4108+9 | 55+£12 4.50 2.80
5 17| 4241+£6 | 40£10 4.60 3.00
4 2= [ 3042+10 | 57+24 2.90 0.70
3 27 | 4669 +5 | 26+5 3.80 2.50
2 Z.(4430)" — J/ymt
1 ol s | 0~ | 4437 +£18 | 122+ 44 1.60 0.80
12 14 16 w}?a 1~ | 4446 £21 | 171+ 54 1.30 1.20
‘ 17 [ 4450 +£15 [ 129+22 | 410 3.10
2~ [ 4427 £10 | 47+22 2.10 0.70
2T [ 4443+£11 [153+46 | <010 |<O0.1o

HQL 2012 - Prague Jun. | 1,2012




Search for Z,(4050)", Z,(4250)" at BaBa

analysis procedure N @ |F (b)
2 750 — 300 —
e Study of B — x K7 decays to search for Z, %500 - 200 |-
(4050)" and Z,(4250)" found by Belle. g0 S i oy | |*
- B'— 1 I<_Xcl 00._5 -------- T : 1.9 Oo.‘s ------ 2 1.9
— B*— m*KOyx | m(K™n*) GeV/c? m(K°%n*) GeV/c?
- X cl - J/w w

events/20 MeV/c?

4 L 1 1 L 4'5 1 1
m(x., 77) GeV/c?

X ? fits to the background subtracted and efficiency-

corrected k7T mass spectra in terms of S, P and D wave
amplitudes.

Compute the efficiency-corrected Legendre polynomial
moments <Y 9 > in each k7T mass interval by correcting for

efficiency and then weighting each event by the Y, %(cos 6)
functions.

Using the information from the K7t system a description of
the X ., 7T mass distribution is studied.

The excellent description of the data indicates that the angular information from the K7t
channel is able to account for the structures observed in the X ., 7T projection.

G. Cibinetto, INFN Ferrara
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BaBar results for Z,(4050)", Z,(4250)" R

p— Phys. Rev. D 85,052003 (2012) Belle: maximal resonant activity in ‘
allm .
aul window 1.0 < m? . < .75 GeV2
| 2 resonances fit " | resonance fit
§ 400 400 € ;
° £225
2 | e op A
& 200 200 -
§ I 17.5 |
© -
0 0 15 —
- -8
125 £ 9)/b) | £)|d) , |
1 2 3
1.0 < m?, < 1.75 GeV2 mA(Km)
200 "9 resonances fit 200 ¢ imi °
~ f - Set upper limits at 90%C.L.
> 150 |- 150 | - _ n 5
2 | : B(B° - ZH k™) x B(Z} — xar™) < 1.8x 10
i g -
N Rl B(B° - K ) x B(Zg — xar™) < 40x 107
T s0 [ 50 o
o - For a single Z(4150)*, upper limit
0 e 0 p—H4 - N B
L e BB —ZK ) xB(Z" = yan™) <47x107°
mM(xer ) GeV/c? M(xer 77) GeV/c?

Within (large) uncertainties, limits compatible with Belle’s results Belle, Phys. Rev. D 78, 072004 (2008)

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 |17



new states with strange content

Y (4140), X(4274)
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New states to )/ ¢ @

JIyp @ final state

PRL 102,242002 (2009)

« CDF studied B* — J/ % ¢ K* decays and found an excess of events in the

Jw @ invariant mass at threshold

* Updated in arXiv:| 101.6058

5

L% b
> | 4 >
250 2. b)
i s
8% 3
820 B
B S0 .
810—,4 : V-
052 5.3 5.4 O 981 102 108 104
m(WyeK®) [GeV/c] m,.. [Gev/cl]
10 ~ 10
b) c)

N
T
N
T

L
L)
-
L)

N

Candidates per 10 MeV/c?
N

Candidates per 10 MeV/c

=
o

1.1 1

. . 4 1. . 4
MK K)-miu*y) [GeVica mip*u K K)Hmiu*y) [GeVica

G. Cibinetto, INFN Ferrara

Allowed JPC = 0**, |+, 2*+
Y(4140): 19+ 6+ 3evts (50)
M = 4143137 + 0.6 MeV/c?

M=11.7"%3 £3.7MeV
B(B" — YK') x B(Y — J¢)

= 0.149 =+ 0.039 + 0.024
B(B+ — J/ypK+)

X(4274): 22+8evts (3.10)

M = 4274.47%% + 1.9 MeV/c?
=323"%3% £ 7.6 MeV

HQL 2012 - Prague Jun. | 1,2012 19



iy Pfinalsiate
JIyp @ study at LHCb and Belle

« LHCb searched for )/ ¥ @ resonances in BY — |/ ¢ K" PRD-RC 85,091103 (2012)

10 " g T Y(4140) : Expect: 35 += 9 + 6 evts
- LHCb b
2 s} B J/yo K* LHCD |
= | (a) ) i < 1l6evts (a)
z °F B < 13evts (b)
8 a
s } i + -
5, B(B"™ — YK ) x<x B(Y — Jydg) -~ 0.07
I ‘ B(B+ — J/ppK+)
> sl ®) X(4274) : Expect: 53 &= 19 evts
2]
T er < 24evts (a)
5T < 20evts (b)
2 2
]
© L . . B(B" —- YK") <x B(X — J
1000 1100 1200 1300 1400 ( ) ( Y P) << 0.08

M(J/wo)-M(J/y) [MeV] B(BY — J/¢YvadpKT)

* Belle searched for ¥ v — Y(4140) — ¢ )/ ¢

[0 0]
L

ﬂ PRL 104, 112004 (2010)

E L
* No evidence of the Y(4140) 2 of
* But find 3.10 evidence for a new structure 8 oL i
M = 4350.6"%8+0.7 MeV/c? § 2f" |
| 33="0 LN =
— 13+$8 + 4 MeV 042 4.4 4.6 a8 5

M(oJ/y) (GeV/c?)

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 20
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U

N\

P st spectrum after inrtial state radiation

Y (4260) > | T

Y (4330),Y(4660) = W(2S) m

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. | 1,2012 21



efe” = v RJ/U T

Events / 40 MeV/c?

WO = N W & O O N

BABAR searched for states decaying to
J/ 77w in ISR process (JF¢ =1-).

BaBar did not find the X(3872) nor one of its
predicted partners but found an unexpected

broad state around 4260 MeV.

the Y(4260) has been searched and not

found in

—  many exclusive D*)D ,,*) modes
many exclusive light hadron modes
pp final state

-
=

Y(4260) > JIyp mtm

PRL 95(2005) 142001
———t

T 11

Events / 20 MeV/c?

o
S
|

10

W
=
I

Y (4260)

II\ \.‘

................................

............

"_,qu 1

All 1~

1 4. 6 a5 s
m(r'J/y) (GeV/c?)

slots in charmonium spectrum are

filled: the nature of Y(4260) is still not clear

BELLE confirmed the Y(4260) and
suggested the e><|stence of Y(4008)

so |- . ]

M (n* m-Jly) (GeV/c?)

PRL 96(2006) 162003
G. Cibinetto, INFN Ferrara

\s (GeV)
PRD 74(2006)09 | 104(R)
HQL 2012 - Prague Jun. | 1,2012

L Cleo-lll «f [ . © Cleo-c )
g ¥ ~ M Jy ofe'e - Jly)

- ; Q a0 0.0

3 ] 2% o Jy

3 b

- 20-

- ¢

3 oL "'":+‘"" ==

8 4 42 44 46 48 5 52 E% T R T R S & R R &

Entries/20 MeV/c®

[}
o

N
o

N

o

+ = Solution Il

5". (D 1
! <D}
.: ' ‘= === Solution | BELE K&

M(rc T INy) (GeV/c

2):7

PRL 99(2007) 182004
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Y(4260) > JIyp mtm

v N

Y (4260): BaBar preliminary resulta arXiv:1204.2158 @.

submitted to PRD
80 RN BLALELE BLEL AL ILALELE BLELELE B

N§ 70%_(3) BaBar Preliminary_é
Mass (Y(4260)) = 4244+5+4 MeV/c? g 601 \ 454fb"' -
r(Y(4260))=1144+7 MeV S st Y (4260)
[ete— XB(J/9m 7~ )=9.240.840.7 eV z 40 ‘
in agreement with Belle’s results = F
20
* The 7" angle with respect to the J/ ¢ toff§ 3 _
direction in the 7T " 7T ~ rest frame is T S
consistent with S-wave m(J/yn ) (GeV/c?)
e « fitthe 7T " 7T ~ invariant mass distribution as a coherent
S 9 ®) g sum of NR + ,(980).
. 405_} + + + | + 1 mass dependence of 1,(980) amplitude and phase from
30 | =

D, — ;7" DP analysis. PRD 79,032003 (2009)

O + P * : A ——

o E x*z- continuum () BaBar Prellmlnar)r

: """ Interference term
BaBar Prellmlnary - — — ,(980) component
-1 08 J06 04 02 0 02 04 06 08 1

:_ -~ All components
cos0;,

w
(=]
|

Events/ 20 MeV/c?

BaBar Preliminary
B(Yare0—J/ 1 (980),%(980) w7 —) .
B(Yaze0—J /Yt m™) =(17+£13)%

G. Cibinetto, INFN Ferrara HQL 2012 - Prague Jun. 11,2012 205355 06 07 o8 05 1 il
m(n'7)(GeV/c?)




Y (4350) andY (4660) — ¥ (2S) T+ 7T
| S0 i | PRL98212001 2007) 42
Y (4350) observed by BaBar in ISR §m~_ Y(4350) 298 fb-! ‘:
YOS T L i '
Confirmed by Belle, which reported 5:— \ } l
a significant excess also at 4660 MeV !_M\r

—
(6)]

E ntries/25_LMeV/c2

o

&)

No evidence for Y (4260)

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

G. Cibinetto, INFN Ferrara

_ PRL 99, 142002 (2007) D
- Y(4350) 673 fb!
Y (4660)
” P -..‘".‘-‘.-:‘- T-1 ['E’:iﬂ .
4 4.5 5 55
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5.5
m(2(*n )y (GeVic?)

* Why are there states decaying into 23S,
and not to 135,

hadro-charmonium?

M.B. Voloshin
arXiv:0711.4556

Dubynsky & Voloshin
PLB 671 (2009) 82
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Y (ZS) JT " 7T new BaBar result &

* BABAR update using the full dataset, including Y (2S) and Y (35)
* Useboth Y (2S) = /Yy m* 7t~ and Y (2S) — I*I~

I'(Y(4660)) = 104+48+10 MeV

0 g L L L L R AL L R B B LR B . At
20 EY(4350) \ —+ w(2S)— Jyr' > 255_ Y(4 S0) —+—w(2S) 1T E
]85_ 1 [ ] background E E Y(4660) [ background -
aE | Y(4660) s oF BABAR
12E- " BABAR o H } ELIPINARYA
10E- PRELIMINARY- 10f

8E fb™ z

= °F

42_ |Izr 0144' ' '412' ' '414‘ ' ‘4Ir‘ ‘ IJIXI ' ls - 'slﬂl ' '514‘ ' ‘sI(‘ les' '
;— ’ ~ '1I 'i ‘l R4 30 10 1 Oy | | | | . 11»1‘(\|l(2VS.)7t+1;")((ieE\./.a‘cz)

4 46 48 5 ’ 54 56 58
m(\p(2S):'t TN GeV/c?) f(980)7
Mass(Y(4350)) = 4340+16+9 MeV/c? % y('43'60) " " 3 ° Y(4660) 3
I(Y(4350)) = 94+32+13 MeV
% ABAR mELIMINARY

Mass(Y(4660)) = 4669+21+3 MeV/c® | | -

statistics too low to draw conclusions B A P e 1 1

o ' ' . ' 3 035 04 045 05 055 06 065 07 075 .3 X .9 0 08 09 1 11

on JT T 7T~ invariant mass distribution W ol =X GeVIe) D EXGEVIE)
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Outhre Summary

charmonium like states in yy interaction

new results have been presented for the
—yvw—> Y w X(3915) and X(3872): overall agreement among
different experiments, nevertheless the nature of
e the resonances is still matter of discussion
- YW—="N T
the interpretation would be clear, but
complete disagreement between BaBar and
charged charmonia (Z+, Z|+, Zz+) Belle. LHCb studies in progress: should have
more statistics than BaBar+Belle

states with strange content: J/1P 0} disagreement between CDF, LHCb and Belle
experiments. Waiting for BaBar result.

W( IS, 25) wr™ spectrum after inrtial state radiation

The overpopulation of J°“=|- states after ISR
and their many null searches make this family
of new states hard to be interpreted.
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and conclusion

* Quarkonium spectroscopy Is a very interesting and vital field; many
new exotic states have been discovered in less than one decade.

* New exciting results are still coming
from BaBar and Belle, more to come

from LHC.

* Still many missing pieces need to be
found to have the full picture.

* Even more exciting new results can
be expected in the not-too-distant
future by the next-generation B-
factories
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G. Cibinetto, INFN Ferrara

in memory of
Popat Patel
colleague and friend
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weighted events/(25 MeV/c?)(x 10°)
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Study of B — x K7t decays to search for Z,
(4050)" and Z,(4250)" found by Belle.

Search for Z,(4050)7,

analysis procedure

- EO —> " K_Xcl
- BT X
- Xa~Ww
— | Lyl T <Y,)>
=il b |
;"“u”l"ﬂkf'ﬂl,w “ lh
5z e o5 12 s
0.4 e
I o,“”Ww“unﬂ,w w |
0.1 MII “‘ H'ﬂhﬂl—
’{ <vy’>
.5' STy ‘1'50.20.5- R
: o> | <YL>
Ly M“'n“""l"'*' e ,.,1 | dm i " B
I | | :
5 1{2l — ‘1'9-0.40'5l - 11{2. L ‘1‘9

m(Km) GeV/c?
G. Cibinetto, INFN Ferrara

2(4250)+ at BaBar o

01000 |- o [
% (a) i (b)
= 750 300 :—
g r

500 I
N 200 .
> N
b = -
qC) 250 :— } 100 |- |
s | i z *

0 Lo .. ... boop-n, T o L2t . Pt
0.5 1.2 1.9 0.5 1.2 1.9

m(K™n*) GeV/c? m(K°%n*) GeV/c?
Binned X ? fits to the background subtracted and
efficiency-corrected k7T mass spectra in terms of S, P and

D wave amplitudes.

Compute the efficiency-corrected Legendre polynomial
moments <Y > in each k7T mass interval by correcting
for efficiency and then weighting each event by the Y| °
(cos 8) functions.

S-P interference in the <Y % > moment.

Hint at 1.7 GeV in <Y % > indicate the presence of a P-wave
Presence of the spin-1 K*(890) in the <Y, > moment
Presence of the spin-2 K,*(1430) in the <Y,% > moment
<Y > is consistent with zero — The presence of scalar Z
resonances should show up especially in high <Y,9 >

moments
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Z,(4050)*, Z,(4250)*

Search for Z,(4050)", Z,(4250)" at BaBar &

data driven MC simulation ‘
* Using the information from the K7t system a description of the X ., T mass

distribution is studied. A MC simulation for B = x K7t has been performed. The best
X ?/NDF obtained is for L, = 5.

| Dotted line: without angular weights
| Solid line: using angular weight

events /20 MeV/c?

0 : 1 1 1 l 1 1 1 1 l

1 M

4 4.5 |
mM(x., 7) GeV/c?

A 25% contribution of Z,"(4250) in the B® — 7 *K

~ X . Is added on a MC simulation. The Legendre
polynomial moments is then computed.

The resulting MC simulation does not describe the MC

data well.

G. Cibinetto, INFN Ferrara

The result of the simulation with L _, = 5 is superimposed on
the data.

The excellent description of the data indicates that the
angular information from the K7t channelwith L =5s

max
able to account for the structures observed inthe X .| 7T

projection.
This indicates the absence of significant structure in the
exotic X ., 7T " channel.

600 [~

— mixed + Data
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Q | Lmax =15 | +
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= 400
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