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Overview

/Charmonium spectroscopy got renewed interest after many results
from B-factories, especially concerning unpredicted states.

The focus of this talk is to show experimental results that may give
new inputs to help the theoretical understanding of such states.

/Too much material to be covered in one talk, | will skip discussion of
the following states (material is in backup):

* X(3940)
* 1~ states, such as Y(4260)

[The most debated argument over last two years is the existence of
charged charmonium-like states Z(4330)-, Z,(4050)" and Z,(4250)".

Unfortunately, there are no new experimental results on this subject,
so | will present just a short summary concerning these states.

Pietro Biassoni FPCP2010 - Torino - May 28, 2010 2




Introduction

X(3872)
ﬂi The 3940 Family
Yz
yxz New J/w ¢ states
X Charged States




(28+1)L
5000
L

= 4750
2

»n 4500
7))

@
= 4250

3750
3500
3250
| 3000
2750
2500

Charmonium Spectrum

< 180 3S1 3PZ 3P1 3’:’I‘J 1F,1 3D3 3D2 3D1 1D2 ???

4000

T | T ‘ T | T | T | T | T I T

| T

— y(4415) =
1B
N 17‘_\| ; r | N
I %
- W(4160)
wi4040) 3 - _
! ‘ | § I
= w o
Sm Open charm threshold w(3770)
029 VRS
e @ X e ]
xcu
— = Established 7]
n(1S)
Pot. Model QWG
— Theory —

hep-ph/0412158
L1

ot 17 2" 1™ 0™ 1" 37 270 1 27 77 JPe

Pietro Biassoni

N e

- P ]
i o A P
e '_:/

Charmonium is a cc bound state:

constraints on JF<.

Decay properties:

* below DD threshold NARROW STATES:
due to electromagnetic or multigluon
(OZI suppressed) transitions.

* above DD threshold BROAD STATES.

* Good agreement with theory
predictions, but:
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[ A review of experimental results \
and theoretical interpretation may be

found, for example, in:

E.Eichten et al. Rev. Mod. Phys. 80,
1161 (2008)
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Charmonium is a cc bound state:
constraints on J<.

Decay properties:

* below DD threshold NARROW STATES:
due to electromagnetic or multigluon
(OZI suppressed) transitions.

+ above DD threshold BROAD STATES.

+ Good agreement with theory
predictions, but:

state X(3872)-J/yn'n

» Evidence for more than 10 new states
up to now.

» Experimental and theoretical debate
about some of these states.
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Charmonium Zoo Directions

New states may be exotics somehow expected by QCD,
but never observed so far:

* Hybrids: )
* Excited gluonic degree of freedom. — | Y(4260)
» Lowest mass states ~4.2 GeV/c?. | X (3872)

* Hadrocharmonium:
+ cc state “coated” by light hadrons.
+ Compatible with small width above
threshold and non-zero charge.
» Tetraquarks of D®D™ molecules.
» Compatible with small width above
threshold and non-zero charge. 5
* Few molecular, lot of tetraquark states expected.
* Threshold effects (npQCD at work):
* Virtual states/cusps at threshold openings.
* Charmonium with mass shifted by nearby D™®D™ thresholds.
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Charmonium Production at B-factories

(

B— cc K™ decays

b —— et}

ol

0

W+

JC=0"1"or 1"

cwli

[

e (p1) C=+ J /¢ (p3)

(so far only J=0

observed) ne(pr)or Xe, (P1)
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X(3872) in J/ynr
X(3872) discovered in B*—=J/y n*n"K* by Belle,
soon confirmed by CDF, DO and BaBar.
Current PDG average:

Mass: 3872.3 + 0.8 MeV/c? Width:3.0°7) MeV/c?

-
'DD 0

7~ mass distribution consistent with sub-threshold p.

's analysis of angular distributions

events/10 MeV

0.40 060 om0 oso distribution.
M( 1) (GeV)

Events / (0.005 GeV)

B 8 &

o L ..l...
352 3«.3—4 3.86

M/ ) (GeV)

P = + implies J/yw and p in S-wave.
P = - implies J/y and p in P-wave.
[J] inconsistent with 7'z~ mass

CDF angular analysis indicates J/“=1* or 2+ 'PRL 98,132002 (2007)
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X(3872) in J/yrrr’ Final State

Preliminary Belle result reports 4.30 _ :
evidence of X(3872) decay to J/z//yz'ym'o (B[X nl/L) = 1.0 £ 0.4(stat) £ 0.3(syst)
7 77’ mass distribution consistent
with sub-threshold o.

B(X = ntrJJv)

C:e T 426 fbl/————
> C.i g ) BREAKIN
=100 200 RS : ]
gm =——=-—31 4.00 evidence of X(3872)
5,0 decay into J/yww by BaBar.

Signal size (signal yield

P S S ] divided by its errot is 3.50).
P:Ef _: t I: — . :D_at:a j . —t—t i
20l | BY —ummetn (¥ (3872))=3873.00 1.3 MeV /¢’
E ------------ Y(3940) i '
— = ' Nonresonant . - |
% | B(X — J/w)
£2 1 BR(BT) = =0.7+0.3
227 REBY) = BX = Tjgma)

B(X — J/pw)

=
T T g1 T 1

BR(B") = — , —1.74+13
. . . . i (B") B(X — J/Ynta~)
4 4.2 4.4 4.6 4.8
k My (GeV/cY) )
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X(3872) in J/yrrr’ Final State

E 3842.5<m,,, < 3892.5 MeV/cz__ Pions mass distribution can give some\
SN M S-vave : insight on X(3872) parity:
> o 5 ] S-wave MC-data agreement at 7.1%
Em """ TR _ P-wave MC-data agreement at 61.9%.
= SE o r
: . +_ o, i
| 0.76 0.78

m,, (GeV/h)  X(3872) mass consistent with 7 _,(71D).

E. Eichten et al.,

S.Godfrey and N. Isgur, PRD 32, 189 (1985)
Rev. Mod.Phys 80, 1161 (2008)

Are you sure that this distribution is
from w signal?

Each event is given a weight related
to w angular information, non-w
component is projected away.

Sum of weights is consistent with
number of fitted events.
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Events’2 MeVic!

Fvents2 MeVic?
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( X(3872) Radiative Decays into J/yy EIHR

= M=

EL )

Ol _&F
e e

adiative Dec
BF expected large for J/yy and small for y(2S)y in molecular picture.

Large w(2S)y BF may be accommodated through large DD* - cc mixing.
Large l//(ZS)V rate disfavors JP¢ = 27+, (E.S. Swanson, Phys. Lett. B598, 197 (2004)

A_/__.m
'PRL 102, 132001 (2009)]

z M %‘MJH\ 424 fb!
= 1(B(B'> XK' )XB(X—>Jlyy)
BaBar observed the radiative g &'Hﬁ#”l * + 1--..“( Y]

M 2.8+0.8+0.1

decay X(3872)—J/yy in B'=XK".

ET EXe 565 |11X{GEW+:3}
y energy >470 MeV, 7° veto. D 2 3“@ 30.0°%2
B - x_ K used as control sample. L& 5 Z: X(3872)K*
S 15— 53 4.9c
+ + _ +0.48 = 101l,1|iH’+ lr+| %l |
B(B XK )XB(X—=J/lyy)=1.78",,%£0.12 5? lT‘H‘ ] | ‘\’H T
50 fb1 rs e aes g
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| X(3872) Radiative Decays into w(2S)y &

@M BaBar also reports evidence of o
) . 424 fb o 1 X(3872)=y(2S)y in B'=X(3872)K" at 3.50.
=) S | Use sPlot to project signal events on m,.
;5 O%i + background included in MC

3.95 my (GeV/ch

Loose cut on y energ;z/. H?Wg PR

» Look for z”*'s and combine with y(2S)K

» Reject events consistent with y(25)K*
| Fit to extract signal events.

: : study. B(X(3872)— 4 (25)y) _
RSN TA I (B(mgm_d 297) — 3 4 + 1.4)

[ 2]
o

Events/ 9.5 MeV/c?
[ 3] N
S o

-
2]
T

-
(=]

: o

. L I 3.35"'./"\."" 39 3985 &
parametrized m,, (Gevic)
with MC and .
: B(X(3872)—(2S)y)
iR No Signal BRGSI=T0y) < 2.1
‘Belle preliminary @ QWG Observed! @90%CL
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Y(3940) in J/yw Final State

+* Observed by both BaBar and Belle in B decays.

> with the same production process.
+ Belle reports a peak in yy—=J/yw (J¢ = 0%, 2*) [also dubbed X(3915)]:
+ I (Y(3940)) x B(Y(3940)-J/yw) = (61 £ 17 £ 8) eV for JP= 0.

+ I (Y(3940)) x B(Y(3940)~J/yw) = (18 £+ 5 £ 2) eV for JPF=2".
+Assummg I' ~ 1 keV: B(Y(3940)—>J/¢//a)) ~(1-6)% large for conventional cc.

30

20

Events/10 MeWV

10

8
6
‘
i
0, -

0

2680 — 2080 e 2260 : 385 39 395 56 19 3% 4 405 4 415-42 425 43
M(wJ/y) (MeV) my,, (GeV/c?) W (Gev)
M=3943 + 11 £ 13 MeV/c? M =3919.1"7:+2.0 MeV /c® M=3914 + 3 + 2 MeV/c?
=87 +22 + 26 MeV/c? r=31"+5Mev/c (=17 + 10 + 3 MeV/c?
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. e
‘J"‘I“'Ioﬂlﬂl’"ﬁ"ﬂ /‘_ ap-ex/ TUUZ. U020 .

Events/10 MeV/c2

4.1 4.2
M(DD) (GeV/c2)

Two-photon production and

‘v 3927 + 2 + 1 MeV/c?
Width:

29 + 10 + 2 MeV/c?
W21+7+4 MeVic?

m(DD) [GeV/c]

spin zero final state constrain J* = [even]*.

Distribution of angle between DD system and beam direction sensitive to J.

_ (c)
M({(DD): 3.91 - 3.95 GeV/c2

Eventsj(ﬂ

L 1 1 1 I 1 1 L
o 0.1 Q.2 0.3 o.4 0.5 0.8 0.7 a. 8 O
lcos ©~ I

| Belle reports

BaBar confirms Belle's 2** assignment: mass
and J* are consistent with y'(2P) cc state.

B<Z(3930)—>D0 QO> —0.74+0.43+0.16
B(Z(3930)—D°D’)

~ Consistent with isospin expectation.
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Y(4140) in B decays Rl

Search of chrmonium-like resonance in J/y ¢ final state to look for
Tin 4270 - 4350 MeV/c? mass range.

+ CDF reports a peak in J/yw ¢ mass spectrum in B* decays.
* Preliminary Belle analysis finds no peak, but results are consistent.

M =4143.0+2.9+12 MeV |’
I=11.7"3+437MeV I

Candidates/10 MeV/c?
Qa4 NWM,RONONOO

B(B*—Y(4140)K*) x B(Y(4140)—J/y ¢ )

T IS B B - :
MM = mu'wK'K) - m@uw) (GeV/c) <6x10°@ 90% CL
& Yuan ® PICO9 @ (9.0 £3.4+2.9)x10¢*
§ ~7.575 (10p) Preliminary, gy
: u Mﬂ { In Belle analysis Y(4140) parameters
P ] il are fixed to CDF values.
5_— rn Il ll$¥ ________ Hl J‘l !_‘ E N.V: Dresnska et al. PRD 79, 077502 (2009)j
ol T T e 2l (KLY, hep-ex/0910.3163v3
Pietro Biassoni MO e BGP2010 - Torino - May 28, 2010 18
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Search for Y(4140) in Two-Photon Collisions o' %
Several interpretations for Y(4140) proposed™, including Rl

values is expected 176 4,

. [ (Y(4140)) x B(Y(4140)~J/y ¢ ) using CDF mass and width

+137

8 n
> 6
= | ]
& L0 l
¢ | © (825 fb"
'E - Y(4140) 8
w20 J
e Moo |l
o L [E T 5 I
42 4.4 4.6 4.8 5

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

 —

M =4350.6"0+0.7 MeV I ¢’
r=13"+4 Mev/c’

Pietro Biassoni

-
TN. V. Dresnska et al. PRD 79, 077502 (2009)

CJ.R. Zhang and M.Q. Huang, hep-ph/0905.4672j

(1897150) eV for JPC= 0 (27)1.

No events in Y(4140) region )
[ (Y(4140)) x B(Y=J/y b )<41(6)eV
for J/¢ = 0(2)++ y

Evidence (3.20) of a new narrow )
state dubbed X(4350) y

Mass consistent with prediction for
# Or 0]
N

*N. Mahajan, hep-ph/0903.3107
"T.Branz at al., PRD 80, 054019 (2009)
*Fl. Stancu, hep-ph/0906.2485
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£(4430)- BaBar Analysis

GNP Belle observed Z(4330)"in B~y (2S)7 K decay .

BaBar performs a detailed study of Kz mass and angular distribution
to draw projections of the Kz system on y(2S)z~ mass.

Kr reflection reproduces data well pry /9, 11001 (ZU09) )

[ IFlatlc'M;) IIIIIIII - Patcos, | 1000 — (a) B—JD_> J"{]\UTE_ KD.+ " + ]
L o0 ' [El}— w0l —— w2SIK momens (b)] B All Kt Events " ]
= l —Ja'unKmeani H 1 | == JiymK moments o B + i
= ] i ; ]
% 5[]{:.; ------- ry ’ -‘: ﬁ"‘. ] :'— e 1 500 . —
B - e 1 il n '\ - (\ g_{_\&'( : —|
5 : * P N
& o
0 :

%‘J 35 4 45
E 4 4 mﬂwr (GeVIC“)
3 AR LG T I 0 - UMD B - (d) B— w2s)m K™ -
"a A ! . | | =l = + 2hte | u) | 400 L _ —
2. i . - All K7 Events %, .
& i 1 =2 I i 1 = & -
335 4 25 38 4 42 44 46 48 ., ;‘{"%L TTEIYT

2 3 o \
men (GEV!‘C_,‘ mwt_ls}ﬂ- (GBVI’C_) : 'I. T ..” L f .“ as ' b +:
* No signal for J/yx". 413 fot °F : N
— : ° —I £ ='} £ :, ' / : A
? l//(ZS)ﬂ' analySIS. 3.8 4 4.2 44 4.6 48

My, (GeV/ce)

+1.90 @ M = 4476 + 3 MeV/C>.

. Z(4330)" not confirmed
+ 3.10 using Belle parameters. ( )
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23
oo [
21|
20|
10—

18 b

M*(x"y), GeV’ic'

17k

16 |

15 |

[ S T R T O N

resonances (S, P, D waves)
M =4433+4+2 MeV | c°
r=45"3 " MeVic’
~ >

Include relativistic Breit-Wigner for Kz

M =4433"3 " MeV /¢’

I'51077; " [MeV /c’

0 0.5 1 1.5 2
ME(K ), GeVirc?

Dalitz Plot
approach

B(B™->Z(4430)K') x B(Z(4430) = (25 )| =
<3.110°@ 90% CL v 2
=625 xio” )i
J/wr~ analysis by Belle may be a useful
cross-check. ol

Pietro Biassoni
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More Charged States in y_n~ Decays
Search of other tetraquark states motivated by Z(4430) claim.

23

22

21

20

TTTT T T T T[T T T T TTTIT
[ I [ I

19

18

M3y "), GeVc*
lll]]l[[[[l][

o
o a?%a

17

16

I]]]l

14

%
- 2%s8 "
15 ‘3(,,%
&
&
|

[]]l[l[[l]

13

MK, GeVZ/c*

» B—y 7K DP dominated by K* contribution.

* DP analysis includes Kz resonances.

* Fit performed with both one or two
resonance-like structures in m(y ).

5= |* Two resonances scenario favored at 5.70

level.
a

M (Z,)=4051+14"3 MeV | c*
I(z)=82" "7 MeVic’

Events / 0024 GeV/c®

I'(Z,)=

Pietro Biassoni
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M (Z,)=4248"3 12 MeV [ c?
17755 2 MeV [ &

\_
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Conclusions

had renewed experimental and
theoretical interest after the X(3872) discovery.

* X(3872) widely studied, but no definitive answers (DD* molecule?
conventional cc?).

» BaBar favors 2 consistent with expectations for #_,(1D);

+ Belle and some theoretical arguments favor 1.
* 3940 MeV/c? region quite crowded: Y(3940) good non-cc candidate?
* Charged states are not well established:

+ confirmation of Z(4430)- may come with more data or from analysis
at hadronic machines;

» Z (4050) and Z,(4250)  are tricky at hadronic machines.
: B-factories

potentiality not exhausted yet, hadronic machines (CDF,
DO, LHC experiments) may look for some states.

Pietro Biassoni FPCP2010 - Torino - May 28, 2010 24
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Cerenkov Detector

Instrumented Flux Return

Integrated luminosity:
BaBar ~530 fb' Belle ~1000 fb"' cev 3

BaBar also collected world-largest D
samples at Y(2S) and Y(3S) , |
Belle also collected samples at
Y(1S) and Y(59)

1.5 T solenoid

Pietro Biassoni

Eloctolagneiic BaBar operated at PEP-Il at SLAC
National Accelerator Laboratory
until April 2008.

Belle operated at KEKB at Tsukuba

wincranier (8- Asymmetric e*e” colliders with
/s~10.6 GeV

Silicon Vertex Tracker (

. N Aerogel Cherenkov cnt.
_—— T\o\?’ n=1.015~1.030

SC solenoidg i o =
1.5T

Csl(TD16Xo

TOF counter —= —_

d 8 ‘\ king + dE/dx
= e cell + He/CzHs

w/ke detection
14/15 lyr. RPC+Fe

Si vix.det.
3 lyr.DSSD
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X(3872) 0+ Angular Distributions by Belle " .~

. 7:'
i)
A
2

19

p frame

xy plane defined by
J/y and ©*

z forms a right-
handed coordinate
system with x and y

J.L Rosner PRD70
094023 (2004)

Events/bin

o I
0.00

0 |cost| (J/y frame)

T T T T T T 15 T ‘-"D -
16~ 0 y2/nDOF = 34.2/9

—
=

Events/bin
| [ =)
Events/bin
[y |
| I | | | I I | | | I I |

oo

0.00 0.50 1.0 0.00 0.50 . 1.00
icosy| (p frame) |cost, |
0: angle beween (*and z in J/y frame 0. : angle beween [*and z* in X frame
v: angle between z* and x in p frame hep-ex/0505038
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[ X(3872) 1** Angular Distributions by Belle

y

5T 1+ 42/nDOF = 11.4/9 " hep-ex/0505038
S 10
o 5
D i i i i i i
0.00 0.50
[ 1+ 42/nDOF = 5.0/9
b - X frame
5 10F — xy plane defined by K* and #*
£ = i z forms a right-handed coordinate
@ = 4 .
> sk - system with x and y
| B - J.L Rosner PRD70 094023 (2004)
() — : I : s ;
0.00 0.50 1.00
cosy|
0,: angle beween [*and z
v. angle between z* and x
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Y

B 1 A N AT Y
"PRL 98,132002 (2007)]
.’ 4

Icos(0,,)| < 0.6 Icos(0,,)| > 0.6
Jre decay LS y? (11 d.of) ¥° prob. 450 oSOl < €oS (O, >
o 400F]C0S(0; )l | lcos(B; )l | lcos(B, )l | Icos(B, )l

| JT7 01 132 0.28 = <05 | >05 <0.5 > 0.5

275 T/ 11,12 13.6 0.26 S 350

== J/(am)s 0 35.1 24X10* g 300 |

2= Jfam)s 389 55X10° 2 55 ﬁ -----

. . B .

l J/b(7m)g [ 398 3.8 X10 T s00f. b

277 If(mm)y 21 39.8 38X10° =T E

3 I(am)y 3l 39.8 38%10° SR e |

3 Jf(mm)y 21 41.0 24107 S 1004

A T 0 3. LIX105 sof +

= Jp” 101112 454 41 X107 oF . o o o

0= J/up" 1 104 35X107°7 0 063 1.15 aﬁ% 63 115 ?ﬂg.ﬁa 1.15 5[%53 15

1 ; =20 . . . .

0_+ wa(m{r])s 1 12? <1X 10_1{] A D =l - /21

0 J/p 00 163 <1X1072 . _ . _

Signal yields obtained by fit to J/wzzr mass
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X(3872) in J/yrrr’ by BaBar

n% 2{mL' BI_”J”‘I‘:’T+RTI”K' ] % w0
= | i - z
100 | ok
| f
0
035

N 'EI""-
B ;B”—;- qum*uzrl_{g i

T PRI T - B
0.0 0.7 [

m 3'-

N T T T ]
= 30, BY -
§ L * Data .
= 20 Fit function &
= - X(3872) .
S — Y(3940) !
%;’ 1[}_— =+ Nonresonant % d:‘
Sa —+—7

OEELET.::—- """ L

N I |

Pietro Biassoni

[ BT
3.88 3.89
my, ., (GeV/ch)

Events/10 MeV/¢®

=
T LI

m . (GeVieT)

0.9

m__ > 0.740 GeV/c?

Previous analysis used
m > 0.769 GeV/c?

Open red sqares are
data satisfing
m__>0.769 GeV/c

PR S IS N S S N NN TR T S SR NN S S
3.85 3.86 3.87
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X(3872) decay to w(2S)y

" Bhardwaj @ QWG2010 _

Veto to reduce background coming from y’ K*
~ Look for additional ©*/? in the event

» Associate this /% with ¢’ and K (from X(3872) K candidates) to
form y’ K*

T&i]-“: MC
"_: |
S1.4)
Fpm _ ol & | H
v AEVX (=E, + E +E —E™ ), e E'Sﬂtard'?d
v' M, , invariant mass of K 7. si2| P

v thqr'ﬂ* = \’{Ecmheamz - {pw" Pyt pﬂlz ) 1!

if 08| ] %
|AE¥®* |< 20 MeV | o
M, € (892 75) MeV/c? .
Mh:w'“t >5.27 GeV/c? |:> Rejected these AEYE (Gev)

events

b, "d;i'.i 30.20.1 0 0.10.20.30.40.50.6

<y’ K* background is reduced by ~40%
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i

5
_

B Background material for PRL 102, 132001 (2009)
See B. Fulsom UBC Thesis (SLAC-R-949

/|mx Distribution, Data vs. MC | *7: -] ! e
N;Q‘ 22;_' L L R B B R | _; %_} ok ]
% 205— _E = i 'Y L ]
2 18f = - |
‘% 16F- s Z T
& 1af o 200 |
12 : S| |
F = =z L
1:2— _ = 10:{* * |
6F i = i
| af Data = I |
- ] PR T [T T T T T [N TR T T TR [ T T
20 | | Bkg |\/|(I3 E 07733 3185 3.9
0~—38 388 39 395 m_ (GeV/c?)
mx (Gevie) sPlot for background events in
Raw w(2S)y mass distribution

B—-y(2S)yK*
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X(3872) in D°DFinal State

i LB | 5 Cr s o
e o ST e
T

=

First enhancement in D°D°r° observed by Belle near DD* threshold. =
No possibility to discriminate DD* against non-resonant D°D°re°.
BaBar and improved Belle analysis observe DD* final state.

rF

i

B o o . e o 4 4 4 e sy s o Y
= PRD 81, 031103(R) (2010) )= 166.'J:u.lnuiIunmlnmm-
_ e T 1 POy | F (e) 5 X(3872) :
o 10 i 605 fb . D ~DYy 145 AlID 'D° modes qj .
s . ; : 12F E
s °F INT w 10k || 347 b
2 °F [N T — g
2:_ =eni 4:_ ! -
GEL b T = [ R H L I 15
s 25 ..|.H.H""444. T S l. P B .E
2 %ﬁg o © T 388 390 392 394 396 398 4
s or D 'D° Invariant Mass (GeV/c?)
E 3__ — = ° ° °
SN EANE 27 | DD*lineshape difficult to model.
S a0 | O DNUIT LT D and D* mass are constrained in
2;—1 e S : — 1= both analyses: constrain X(3872)
C ~=+1|“:J-‘AT_;|:;- L_I-—_J_-‘T_H__I?:J:- _1F__4;I__|J_J_|_r
3369.8 3873.8 3877.8 3881.8 3885.8 3889.8 3893.8 maSS above threShOld'
M(D*D) (MeV/c?) ino - May 28, 2010 33




X(3940) in Double Charmonium

Many results in 3940 MeV/c%region: at least

-—h
a
o

o X(3940)
' First observed in inclusive e*e'—J/ wX.

b + Peak may receive contributions from
different processes.

N/20 MeV/c?
o
o

50|

¥y

o

iy LA S X o4

LM B e 330 5 D ‘A

g e S X K AN KX XL K I XXX 25055050
2 2.5 3 3.5 4é5

M. (Jy) GeV/c?

* X(3940) decays to DD* observed with

significance of 5.70
M =3942"]+6 MeV | ¢*

r=377+8 MeV/c?
+ Peak found in D*D* spectrum with a
significance of 5.1c
M=4156"5+15MeV Ic (4S)2%
r=1397,'+21 Mev/c

+ Contribution from y(4160) negligible.
Pietro Biassoni FPCP2010 - Torino - May 28, 2010
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N/25 MeV/c?

20

10 —

N/50 MeV/c?
\




J/yrtm in ISR
Y(4260) discovered in J/wx*7 using ISR production by BaBar.

~N

4 4.5

M(m i Jly) (GeV/c }
Fit accounts for interference

I (M =4008=40""* MeV /)
 [=226+44+87 MeV/02)

(M =4247+12"7 MeV [ c*
\r:108119i10MeV/c2)

.

g !]!l | 09 182004 ()( !Y!"!
80 |- - : -
. New = 548 fb Z
o B0 -— peak : ‘. ----- Solution | -
-;3 E 7'40 ! . e Solution Il -
S “r l H Confirm }
Ol ; "/ BaBar obs.
20 DEY B |

_J

Pietro Biassoni

h

Confirmed by CLEO and Belle
- -

Y (4260)

454 fb

Events / (20 MeV/c?)

:\ 1 1 ‘ 1 1 L | 1 1 L | 1 1 L | 1 L 1 | L 1 1 1 | L
9.8 4 4.2 4.4 4.6 4.8 5 5 2 5.4

m(rtr JAp)(GeVic?)

M =4252+6" MeV /¢’
Ir=105+18"; MeV /¢’

In previous analysis fit with
gave no
\Jmprovements [PRL 98, 212001 (2007)] ,

FPCP2010 - Torino - May 28, 2010 35
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Search of l//(ZS)n 7 in ISR motivated by Y(4260)

e ee—

w(2S)r* 7 in ISR

Events / 50MeV/c&
=
T T T T

J

ﬁ \ [=74+15+10 MeV /¢’

Y(4350)

Ly

M =4664+11+5MeV /c?

-
&)
——

Entriesf25_L MeV/c?
n o

0k

I=48+15+3 MeV/c’
* Search for ISR D™D™ yields no Y signal
(BaBar, Belle, CLEO, BES).

1 * Absence of open charm and large ynr
width disfavors conventional cc.

1 %1~ observed states are more than

4

 —

= ===mmass  predicted by potential model, favor
M(T*w(2S)) (GeV/c?) ~exotics (hybrid, molecule, tetraquark).

Pietro Biassoni FPCP2010 - Torino - May 28, 2010 36




nn. Transition Form Factor

. , . , Nz
Study of yy*—y, with n »K°Kr to extract F(Q?). (T x. Q) calculable 7"—q CP

@(Qz):f@x, sz, O*)dx with O">M ¢ (x,Q?) non perturbative

No tag mode (no electron detected): k y
*» 1. mass and width measurement. M=2982.2 + 0.4 + 1.6 MeV/c2
* Determination of F(0). =317 £ 1.2 + 0.8 MeV/c?

(one electron detected): = *ﬂ#
* Fit to Form Factor distribution. %n.s 469 fb! -
F<Q2>: F<(2)) 06 |- \ o Data ]
1+0°1 A - N — fit ]
0.4 ....... pQCD' -
0z [ — g
[Dukek, Edwards PRL97, 172001 (2006)] - w H“*
VMD: A=m? =9.6 GeV/c o 20 w0 a0 ko
w Q% (GeV?D)
Lattice QCD: A =8.4+0.4 GeV/c? (*Feldmann, Kroll PLB413, 410 (1997) )
Pietro Biassoni FPCP2010 - Torino - May 28, 2010 37
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Z£(4430) Observation

Belle reports observation of a peak in y(25)7 mass.
If confirmed this will be first genuine

B—-w(25)7K (w(2S)—(or J/yrr)
. DP dominated by K* contribution
= First Belle analysis: apply a K* veto
I M =4433+4+2 MeV | -
F:45ti§ ingeV/cz o AE? E:%—*ﬁ#fzf L'
S, P, D Kz waves cannot reproduce  Fit with a S-wave BW and phase
such a narrow peak. space background.
Pietro Biassoni FPCP2010 - Torino - May 28, 2010 38
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