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New charmonium states observed at B-factories
~ New charmonium-like states above DD threshold observed at

B-factories from PDG2011: B decays
= X(3872) B - KX, X = Jy r'n~ 2003 b o~
» X(3915) B—>KX, yy— X, X=>J/lyo 2005 q <Sq
= v.,(2P) yy—>DD 2006 ) -
= X(3940) e*te"—J/yX 2007 2? |

.« yy collisions

= X*(4050) B—>KX, X* > nfy., 2008 C
= X(4160) e*te"—J/yX 2008 Ei

» X*(4250) B>KX, X* —> ., 2008 - -

= X(4260) ete —y,gr JIy i 2005 o

= X(4350) yy—>X, X>Jlye 2009 SR W
= X(4360) ete >y, W(2S) - 2007 _

= X*(4430) B>KX, Xt — 1+ y(2S) 2008

= X(4660) e*e —y,er W(2S) w2007 >W“< Double
< charmonium
. . production
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ISR production
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Existing data on Y(4260)

Y(4260) was observed by BaBar in  confirmed by CLEO and Belle. Belle
2005 in J/yrtn final state ising used the same method and same final
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New Babar analysis

dUse full BaBar data (454 fb-1) arxiv:1204.2158
UInvestigate the J/y ntn~ mass spectrum in a wider region,

from threshold to 5.5 GeV/c2

dStudy the mass and angular distributions of the mrn~ system

Event selection

* v,sr detection is not required e* Vs c
e Small mass recoiling against the v*

final J/psi m™m~ state

* Low missing transverse momentum
* A candidate J/y is reconstructed via RN I | -
its decay to u"u~ or to e*e” ol Background | |
* J/\y sideband is used to estimate )JJ[H — _

background Tdﬂﬁj W

[
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w(2S) signal

Elﬁm?@._.. % evesws | Todescribe w(2S) line shape we tune
1400 o y2SHMC
S aof o v 1 MC simulation introducing a mass
C ® ] . . .
S A 1 shift and a resolution smearing.
800F =
cooF . g 3 From the number of y(2S) events we
- o ., 1 determine I'(y(2S) —» et*e) =
O?P@f'z?;;’. SENTUI PPN ““;iﬁg;ﬂ 2.31+0.05 keV PDG: 2.35+0.04 keV
m(J/yn ) (GeV/c?)
;ﬁ m . J/w;r*ni\:liata _ v(2S) tail + possible
. S ° vEIMC : non-resonant
Evidence of 2 100k . o
non-resonant 5 F - contribution
] L :
Jhy \ :
production i: ;
1E :

35 355 36 365 37 375 38 385 39 395 4
m(J/yn' T NGeV/c?)
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Y(4260) parameters

*The signal cross section is described by
the incoherent sum o(m)=cyg(M)+ocg(M)
*o\r(M) Is an exponential function,

*ogy (M) is the S-wave Breit-Wigner

function.

*The background is described by a third-

order polynomial.

We do not confirm a broad

structure at 4.01 GeV reported

by Belle

Our result

Old BABAR

Belle (548/fb)

Mass (MeV/c?)

4243 £ 5

4259 +872

4263 £6

Width (MeV)

118718

88 +2376

126 £18

FY—»e"’e— X BY—W(""JT_J/T.L'J (€V)

9.3 £0.8

2.5 £ 1.0

9.7+ 1.1

)
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ntn- system: angular distribution

50— NG oreliminary | W€ €xamine the dipion
- 1 angular distribution using

Events /0.2 |

40: ° + + * + 1 the cosine of the angle
301 L l | 1 between the r* in the ntn-
S T + | } rest frame and the dipion

: * 1 direction in the Jhym

10— .

1 rest frame.

B L | 1 ] Il L 1 | 1 | 1 | | L | I L | L | 1 L 1 l 1 | 1 | 1 L | I L 1 L I 1 L 1 ]
0—1 -0.8 -06 -04 -02 O 02 04 06 08 |
cos0,

The straight line corresponding to S-wave dipion state
describes data well (y?/NDF=12.3/9, probability ~ 20%).
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- mass distribution

”§ of T T ey 34 15(980) nominal mass
S L prelimi ]
I e { +"" 1 The shape of mass spectrum near
2 i: + l+ + + 3 980 MeV/c? looks as interference.
Sy + Y 5++ : [v/pol + €' Fy950)|”
+| 11] | | + BAlY: _ . :
il +TTT£T |+ m MH } t I¢%  polis a 4" order polynomial, Fy, is
N L N ++ """ = the model independent f, shape
L i 7 taken from D, — 3r analysis

L1 I B B L1 17
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

(Phys. Rev. D79, 032003 (2009)).
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Existing data on Y(4360) and Y(4660)

Phys. Rev. Lett. 98 (2007 212001 | 298 fb!
rd I L I L] T L L I
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E L ' BKG (non-w{25))
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New Babar analysis

The full BaBar dataset, 520 fb,
IS used for analysis

Event selection .

* V< detection is not required
e Small mass recoiling against the final y(2S) n*n~ state
* Low missing transverse momentum
* A candidate y(2S) is reconstructed via its decay to
J/w -, J/w — utuorto ete
* y(2S) > ufuorto ete
* (2S) sideband events is used to estimate background

2]
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v(2S) - J/y ntn- decay mode

22:I"'I"'I"'I"'I"'I"'I"'I"'III
20E-(a) w(ZS)eJ/qnt*ﬂ:é

——— Fit with two coherent resonances
------ destructive solution

Events /50 MeV/c?
o)

12E constructive solution
10 —]
SE- preliminary 3
oF 3
4E E
2k =
0 11. A e B Vrat
4 . 5.4 3.6
my2S) T )(GeV/c?) BELLE
Parameters First Solution |Second Solution RESULT
[constructive [destructive : .
interference] interference] Parameters Solution I Solution 11
Mass Y (4360)(MeV/c?) 4340 £ 16 £ 9 M(Y(4360)) 4361 +9 + 9
Width Y (4360)( MeV) 94 £ 32 + 13 [ (Y(4360)) 74+ 15+ 10
B xT.(Y(4360))(eV) [6.0 £ 1.0 £ 0.5]7.2 £ 1.0 £ 0.6 | Bl.+.-(¥Y(4360)) 10.4+ 1.7+ 1.5 11.8 £ 1.8 = 1.4
Mass Y (4660)( MeV/c?) 4669 + 21 + 3 M(Y (4660)) 4664 = 11+ 5
Width Y (4660)( MeV) 104 + 48 £ 10 Lot (Y (4660)) 4815+ 3
B x Fee(Y(4660))(6V) 27 +13+05/75=+1.7 +£0.7 ‘BI',+ - (Y(4660)) 3.0+09 %03 7.6 £ 1.8+ 0.8
(%) F12 £ 27T +4 | -78 £ 12 + 3 & 39 = 30 £ 22 —79 = 17 = 20
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Y(25) — l*1" decay mode

e [y For the fit to the combined data
2 T Pleliminary Ve~ 1 distribution for both y(2S) decay
2 *F 1 modes, the constructive and

destructive interference solutions
coalesce, only the constructive-
Interference solution remains.

15
101

Ozil|||||||||||||||||||||||||||||||L||||E
4 42 44 46 48 5 52 54 56 58
m(y(2S)n ) (GeV/c?)
) e Parameters Solution
§ 40; I I I I I I I I+ - | _: 5 +15
3 5 + y@S)-> Iyr'm+ ] Mass Y (4360)(MeV /c*)| 431875+ 3
S y(2S) SIT E Width Y (4360)(MeV) | 123 4+ 20 + 13
% ; Dbackground _i B x Fee(Y(4360))(eV) 74+ 09 £ 0.7
2k eliminary 1 | Mass Y (4660)(MeV /c*)| 46675 £ 2
: \ P ( Y [Width Y(4660)(MeV) 36732
g NG L E B X Lee (Y (4660))(eV) [1.4 £ 0.5 £ 0.2
E e T T Ty ° 25 + 21 + 2
; RiEa &) ¥
e e T
m(y(2S)r'T)(GeV/c?)
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v(2S) - J/y ntn decay mode

The distributions agree very
well, and each shows evidence
of two resonant signals in the
mass distribution. There can
be no doubt about the
existence of two structures.
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- mass distribution

4.9 GeV/c?

]

preliminary

Phase space
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Two-photon production

€ > o > e
- ¢
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vy—>J/wm, motivation

Confirm the X(3915) and search for the X(3872).

PRL 94 182002 PRD 82 011101(R)

N 3
i /’T! B decay { i

PRL 104 092001

B decay
X(3872) +

Events/10 MeV
B R R

39 i

d The X(3872) —» Jlyw, was

1 Both Belle and BABAR also seen in B decays.
observed X(3915) in B>XK O jPC for X(3872) is 1** or 2+

decay with X— J/yo.

(CDF: PRL 98 132002).

U Belle also observed itin  Q Opservation of yy—>X(3872)

vv—>J/yo channel.

would imply JPC=2-+
a yy—>X(3872) is not seen in
Belle’s spectrum
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vy—>J/wo result

)
N

Main selection: e s
>3/ |- 0 £ S Clear J/y and o
Y=, = e < @ S signals with small
»pr<0.2GeV/c £ } Hd background
»Mi.>2 (GeVic?) i H | o
RN : { ;
. r;1(l*l') (G;V/cz) m(n 1) (GeV/c )
S oo BABAR Bello
s Mass (MeV/c?) 3919.44+2.2+1.6 | 3915 +3 +2
o 20 o Width (MeV) 1346 =+ 3 17+10+3
s preliminary [, xB(J=0) (eV)| 52+10+3 61 4 17 + 8
- b I, xB(J=2)(eV)| 105+1.9+0.6 18+5+2
P . . :
. v Results are consistent with Belle’s:
= 1 X ot (PRL 104, 092001 (2010))
A B Firvowives 2 v'Upper limit on X(3872) production:
3.8 385 3.9 395 4 4.05 415

m(J/\um) (GeV/c) ryyB(X(3872)—)J/\|J(D) <l.7 eV (J 2)
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Motivation for yy—n.m -

» Several new charmonium-like states were found in
Jhyrtt, such as the Y(4260), X(3872), ... .
»Interesting to look for new states in n. .ttt mode,
due to different J°¢ (0~ for n,, 1— for J/y).
»Provide branching fractions for known states:
1eo(1P), n(2S), X(3872), X(3915) and y.,(2P).
=Prediction for B(n.(2S) —»n.tn )= 2.2%.
M.B. Voloshin Mod.Phys.Lett. A 17,1533(2002)
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vy—n.m o, event selection

Main event selection: 474 fh-l
"N—KKH ™
"p;: < 1.5 GeVic N,. =50 * 37
"M?_ss>10 GeV? N
.Eex< 0.8 GeV % 50} + (e)
=Neural network (P,E,,,PID). 9 0]
"1, Dalitz plot S a0

K*(892)' = C

/ KO*/(143O) ,,2 20;_
TY—> 116—)KOSK'/+TE+/' sample :; 6 v IF :>j 10; ’{’
S o o4 028 29 3 31 32
S, JL E 3 m(K’Kn) (GeV/c?)
T a00, P 2
gzoo— |:> 1t }
GZ.IB I2.I9 ‘ .0 ‘ 311 I 3.I2 Q:““i‘ D T B S 9

m(K_Kn) (GeVic?)
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VYN T, results

< 30 Xcz(lp)
S S 18
4] 25_ () 16;
@ 20/ N
s Bl
S 15 S 10
B k = 8\
€ 10 g 2 6
g I S 4;
il 3¢ TS @ 2

028 28 3 3 8.
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50 ; 1/]C(ZS)
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S
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- S N, LT
i ) 15; : =11
20 S %
9 10 | 77 |
[ c r
Sl
i Jom T
0A218“”219‘“3|3 """"""" 0"""36 365 37
m(K Kr) (GeV/cz) m(K’Knrn) (GeV/c?)
N i
5, [X(3872) X(3915), y,(2P) |
N 8 350, :
3 407 o 30F |4 |
- r o
g
@ 0 T
"qc'; 20:* 'S' 15‘
C a 10
@ 10; linmnga
058 29 3.2 0385 39 3.05

m(K°K7c) (GeV/cz)

The two-dimensional fit to the
M(KsKn~) and m(KgKrn i)
spectra is carried out in the
mass region of each state.
non-resonant decay to KsK-ntmtn-

I\ B(eV)

Resonance Central value | UL
Xe2(1P) 72725429 [15.7
ne(2S) 65777 £ 18 | 133
X (3872) | —4.575T+29(11.1
X (3915) —137124+8 | 16
Xe2(2P) —16712+6 | 19

B(y.,(IP) = 1.(1S)77) < 2.2% @90CL
B(17.(2S) = n,(18)77) < 7.4% @90CL
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Summary

ISR processes:

v Improved measurement of Y(4260) parameters has been performed
In the reaction ete —y,gg Jy i~

v'"We do not confirm a structure at 4.01 GeV reported by Belle

v'The ,(980) signal has been observed in the n*n~ mass spectrum:
B(Y— J/yf,(980), fp— nin)/ B(Y— J/y nrn)=0.17£0.13

v"We confirm Belle observation of Y(4660) resonance in the reaction
efe Y5 V(2S) i

v'Parameters of Y(4360) and Y(4660) have been measured

Two-photon collisions:

*The Belle's observation of the X(3915) in yy—J/yww» has been
confirmed.

[yyB(X(3872)—J/yw) <1.7 eV @ 90%CL for J=2

=*New limits on y.,(1P), n.(2S), X(3872), X(3915) and y.,(2P)
production in the reaction yy—n.t"n~ have been set.
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