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@ BABAR and Belle experiments

@ Charmonium spectrum

Study of the J/4¢ w final state in two-photon collisions
PRD 86, 072002 (2012) BABAR Collaboration

Y(4260) BABAR and Belle; new results from BES IlI

Y(4350) - Y(4660) BABAR and Belle

@ Search for C-odd partner of X(3872) Preliminary - Belle Collaboration

ete” — J/?/J?? via ISR arXiv: 1210.7550 Belle Collaboration

@ Conclusion
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The BABAR and Belle experiments

Instrumented Flux Return

Gl solencid (1.5T) / E Belle Detector

A T -
== M i E B SC solenoid |
5 e | . 15T ol

I

Aeragel Cherenkov ent.
n=1.015~1.030

Gsl(TI) 16X,

TOF counter ——~—
BGeV ¢

Silicon

= ~ Vertex Tracker
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- Very large samples of T(nS) and B mesons. T(55) 121 fb_l o
- Very large samples of charm mesons and T(45) 711 fb 1 433 fb 1
charmonium T(35) 3.0 fb™ 30 fb™
T(25)
T

-o(ete” — cg)~13nb 24 fb~! 14 fb~!
- charmonium in B meson decays, ISR (15) 5.7 fb! -
production, double charmonium and ~~ Off-Res 87 fb~? 54 fb~?

production. Scan 68 b~ | 3.9 fb~![1]
- Low multiplicity, can reconstruct complete Total 1020 fb— ! 535 fb— !
events.

J[1] PRL 102, 012001(2009)
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Charmonium spectrum
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- These result mainly from Belle and BABAR , with significant contributions also from CDF, DO,

CLEO, LHCb, ATLAS, CMS and BES

- Below the DD threshold, all
expected states have been
observed, with properties in good
agreement with theory; there are
no additional states.

- Many unexpected states have
been reported above the DD
threshold, seemingly too many
with JPC =1-—.

Several exotic hypotheses about
their nature: tetraquarks,
hadronic molecules, hybrids,
glueballs, hadro-quarkonia.

)
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Experimental methods for charmonium production at the B-factories

B meson decays Two-photon production
b > - ¢
é
W e
i
q q o
States of any quantum numbers Only states with JPC =
can be produced o, 2%, %", 3", 5%t .. can be produced
Initial State Radiation (ISR) Double charmonium production
. Y - Ty, w25}
< N
Tw,w0s)
4
et oc
ot Only charmonium states with C=+1 are allowed

to be produced in association with the J/y

e (PC_ 4
Only stateswith)" “=1 can be produced or the Ww(2S)
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Study of the J/v w final state in two-photon collisions

Study of the J/v¢ w final state
in two-photon collisions (519 fb™1)
PRD 86, 072002 (2012)




vy — J/1 w - Motivation

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

X(3872)

@ The X(3915) was seen by both Belle [1]
and BABAR [2] in B — X(3915)K, with
X(3915)— J /¢ w

@ Belle also observed the X(3915) in
vy — X(3915) — J/¢ w [3]

@ Previous Belle and BABAR analyses of
two-photon production in DD

@ The X(3872) — J/¢ w was seen in B
decays by BABAR [2], and Belle [4]

@ The possible X(3872) quantum numbers
could be JP€=1++ or JPC=2—+ [5].

@ Recent LHCb results seems to favor
strongly JPC=11+ [6].

established the existence of a @ ~y — X(3872) would imply JPC = 2=+
PC _ .
. L 2+_+ S I the 3.92-3.93 GeV @ v — X(3872) is not seen in Belle's
region which is interpreted as the spectrum.
Xc2(2P) state. J

[1] Belle PRL 94,182002 (2005)

[2] BABAR PRD 82,011101(R) (2010)
[3] Belle PRL 104,092001 (2010)
[4] Belle arXiv:0505037

[5] CDF PRL 98,132002 (2007)

[6] LHCb arXiv:1302.6269 (2013)
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v — J/1 w - Results
XL3872)
PN /x(3915) L=519 fb™1
> L
g r
g 20 PRD 86, 072002 (2012) :,i b
= g ? |
5150 i ki
HA: 760 Bl
10 — Total fit function b s
F - Background fit function 2o ubkt L
r [ Background from sidebands [ gledtet it il ~
5 - () (GeVie’) mixx'a) (Gevich)
L T After the event selection,
1 1 1 1 | 1 1 .
38 385 39 395 4 405 41 415 42 clear Jhp and o signal,
m(ypo) (Gevic?) with negligible background
BABAR Belle
Results are consistent with Belle's:  Mass (MeV/c?) 3919.4+2.241.6 | 3915+ 3 +2
(PRL 104, 092001 (2010)) Width (MeV) 13+6+3 17+10+3
I, x B (J=0) (eV) 524+10+3 61+17+8
Iy xB(J=2)(eV) | 105+1.9+0.6 18+5+2

New limit: T (X(3872))xB(X(3872) — J/¢ w)(J = 2)<1.7 eV
X(3915) quantum number determination: J¥ = 0" favored by BABAR
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Y (4260)




Y(4260)

I

0

i

[PRL95] 742007 (2003, - gy

o sttt et
' # #
g bl "I q’ Wﬁ'" ’W

Events / 20 MeV/c?
w

Lo b by as

9,8 4 4.2 4.4 4.‘6 4.8 5
m(mrINy) (GeV/c?)

It was confirmed by Belle PRL 99,182004
(2007). They observed an additional
structure the Y(4008)

M(Y (4260)) = 4263 = 6 MeV
[(Y(4260)) = 126 + 18 MeV
Metem X B(mtr™J/1h) = 9.7 £ 1.1 MeV

<

M(Y (4008)) = 4008 + 40*1L* MeV
(Y(4008)) = 226 + 44 + 87 MeV

Y (4260) was discovered in the ISR process
ee” — Y(4260) — J/vrTn~ by
BABAR PRL 95,142001 (2005).

M(Y (4260)) = 4259 + 812 MeV
(Y (4260)) = 88 + 231 MeV
ete- X B(ntm™J/9) =55+£1.07% MeV

s T ; T T
1 Y(4260)

----- Solution | -1

@
o
T

=+ =1 = Solution Il

Entries/20 MeV/c®
N
o

: L=548 fb™"'
Y(4008)
ey PRL 99, 182004 (2007) ]
1 ! i |

o E= o ALY P 5 T AR A
4 4.5 5 5.5

M T J/y) (GeV/c?)

N
o
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Y(4260)

@ New analysis from BABAR : more precise measurements of Y(4260) parameters in
J/¢mt ™ ISR production PRD 86, 051102(R) (2012)

An extendend-maximum-likelihood fit

§ 70;7% o PRID 86, 05‘1 102‘(|:{) (‘201‘2)7; is performefl jco .the 5|gna.| region
g Hs 1 J/ibmT ™ distribution and simultane-
g 6oF — ously to the background distribution in
g soF L=454 fb~! 3 the region 3.74-5.5 GeV/c2.
2 405 =
g b 1 Mass (Y(4260)) = 424445+4 MeV/c?
m £ ]
2] 7 T(Y(4260))=114"13+7 MeV
ot WMo b T xB(J/ntn™)=9.240.840.7 eV
058 4 42 a4 46 a8 ’; 52 54

No evidence for the state at ~4 GeV/c?

m(Jyr'n)(GeV/e
ommX ) reported by Belle.
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7t~ Invariant mass distribution in the Y(4260) decay (1)

b 30;‘! """ LIRS R \“"I"“]"‘\“"‘_E
E 257% f,(980) } * @ For 4.15 < m(J/yrtn™) < 4.45 GeV/c?
8 ut * 4 @ The distribution seems to peak around the
£ | + 3 £(980) mass; however the peak is
g b + *| |+ ++ 3 displaced from the indicated f(980)
5++{ +++++ ++ ++H+ + + +++i position.
R Jﬁ +{++ ---------------- + ------ 2 @ The fact that the peak is displaced
sE + + 3 suggests possible interference between the
S R T T B TR TR R S £(980) and an m(7*7~) contribution.
m(rw)(GeV/c®)
@ The 7T+7T_ system has C:+1 and g T I L I~ S T T T
hence even angular momentum. 2 %0 %
@ Define 6, as the angle between the 7" i W

direction and that of the recoil J/v

both in the dipion rest frame. N

@ The distribution, which must be 2
symmetric, is consistent with S-wave
behaviour (blue line)

2 - 1 1 1 I
x"/NDF =12.3/9; 0806 04 03 002 04 06 08
probability=19.7%. cosh,
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7t~ Invariant mass distribution in the Y(4260) decay (2)

A simple model has been used to describe the 777~ mass distribution, namely the square
of an amplitude consisting of the coherent sum of a nonresonant component motivated
by a QCD multipole expansion and an f,(980) amplitude; the relative strength and phase
of these components are free to vary in the fit to the data.

PRD 79, 0320073 (2009)

g Ty i
The mass-dependence of the 7(980) ampli- s x g o
tude and phase is from the BABAR analysis of :E; ,{1 é: :
the decay D — n"n 7+ * L B
e e B T
m(r’ 1) (GeV/e) m(r' ) (GeV/ch)

T T T T T

-+ ot continuum
------ Interference term
— — £,(980) component
—— All components

Using this simple model, a good descrip-
tion of the 77w~ mass distribution is ob-
tained.

This indicates that there is an 1£(980)
contribution to the decay of the Y(4260)
to J/¢mtm™ but that contribution is not

T T T

Events / 20 MeV/c?

= I I W

OE: :

ok 1 dominant.
% L i ] B(Yaze0—J/1(980),(980) >t 7 =) _
B B T S B (S TR R (Vazeo 3(44263(_4/)@/,[;&”)—) = )—(17i13)%J
m(nw)(GeV/ic)
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New analysis coming from BES IlI: arXiv:1303.5949 (1)
They reported a study of the process eTe™ — w7~ J /1) at 1/5=4.260 GeV

9

_PRD 86,051102(R)

2012

e RN T
g s ST
S w wﬁb " F ++‘++‘ b ! n
2 2 !'W?h* o it +J++ Z:* 77777 ++++++f 77777777777777 " ]

82

04

0.6
M(m*r) (GeV/c?)

08 1

12

14

L
04 05 06 07 08 09 1

m(r'w)(GeVic’)

Their 777~ invariant
mass distribution
is very similar to
that obtained in the
BABAR analysis  PRD
86,051102(R)  (2012)
[but BES Il ~ 6x
BABAR in statistics].

BES shows phase space MC projections on their plots although it is clear that the dipion

mass distribution differs significantly from PS.

The BES J/¢m mass distributions imply structure in cosf

The BABAR

distribution may re- "

flect this, but within gz

the large uncertainties 2 w0

it is also consistent &
9

arXiv:1303.5949
FBES I 1=sa5pp" 72,

with being flat.

233343536373839 4 4142
MxJhy) (GeVic?)

Events / 0.02 GeV/c?

arXiv:1303.5949
100 BES [l L=525pb" **=

8.2 33343536373839 4 4142
M Jhy) (GeVic?)

PRD 86,051102(R) (2012)

L=454fb" %

IR

1 08 06 04 02 0 02 04 05 08
cosd,

Events /0.2
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New analysis coming from BES IlI: arXiv:1303.5949 (2)

arXiv:1303.5949

b N 1 — Total fit
S 80 L L= 525 pb -=-- Background fit
8 r b - PHSP MC
[ I )
™ B -Sldeband
o 60 \
o [ !
— - " ]
g ¢ .} ‘ 1
P
o 20 setl
0 .

3.7 38 39 4.0
Mmax(TtJAy) (GeV/c?)

They observe a new structure around 3.9 GeV/c2 in the TI'iJ/’l/J mass spectrum, which

they refer to as the Z.(3900).

M(Z.(3900))=3899.043.6+4.9 MeV/c>
[(Z.(3900))=46+10+20 MeV

For additional details see Yaqgian Wang's talk. (10th-April)
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New analysis coming from Belle: arXiv:

They reported a study of the process ete™ — 777~ J/4 with 967 fb™* collected at

T(nS) (n=1,2,....,5)

4.5 5
M Jiy) (GeVic®)

(4.26@ arXiv:1304.01 21
™ r L=967 fb Parameters Solution I1
% 100f ] M(R,) 38908 £ 05 = 115
> -+ Solution | Tt (#1) 254.5 £ 30.5 = 13.6 .
§ R Solution Il T B(R, — == Jjy) 38206+04) BA+12+1.1) They confirm the
= M(R) 1258.6 £ 8.3 121 Y(4260) and the
28 1 Tt (R2) 134.1 £ 16.4 =55
E FLB(Ra o w e J9) 64208406 05 =14x20 Y (4008).

fo d1, ® ~16£6£11
A
5.5

They show the m(7*7~) and m(n*J/4)) distributions which are consistent with the BES

results (arXiv:1303.5949).

Events / 20 MaVic?

- arXiv:1304.0121 L=967 fb™’
(a

1 BT
2w _| 2 :
8 i 8z
‘g 20 {:H g 15
w 10 :‘ i) 1: {

B5 04 08 08 1 iz 14 82 a4 38 as 4

Mix'm) (GeVic™) M Jay) (Gevic?)

45
40
35
20
2
)
15|
10)
5|
42

a4

36 38 4 42
M i) (Gevic™)
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New analysis coming from Belle: arXiv:1304.0121 (2)

arXiv:1304.0121

Backgeound

“< PHEP MC

L=967 b

Events / 0.02 GeV/c?

o3 B85 Q

37 38 39 4 41 42
Miex(mdiy) (GeVic?)

y

They observe a new structure around 3.9 GeV/c? in the 7~ J/1) mass spectrum, which
they refer to as the Z.(3895) with 5.20 significance.

M(Z.(3895))=3894.54+6.6+4.5 MeV/c?
[(Z.(3895))=63+24426 MeV

The results are consistent with the BES analysis (arXiv:1303.5949).
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Summary of the Y(4260) properties

JP€ =17 because it is directly produced in the ete™ annihilation
Y (4260) — J/m°7° decay mode indicates I=0 PRL 96, 162003 (2006)
Not observed in Y (4260) — (2S)n 7~ decays

No observed decay to D*D* nor to DZ D so that its properties do not lend
themselves to a simple charmonium interpretation

BES Il and Belle have reported the existence of a narrow resonant structure in the
J /47 sub-system at ~3.9 GeV/c? which would correspond to an isovector
four-quark state BES: arXiv:1303.5949; Belle: arXiv:1304.0121;

Other interpretations:

- four- quark state (PRD 72, 114016 (2005)). If the Y(4260) is a four-quark state it
is expected to decay to DF Dy but this has not been observed (PRD 82, 052004
(2010)).

- baryonium state (J. Phyd. G 35, 075008 (2008))

- hybrid state (PL B 625, 212 (2005)).

Elisa Fioravanti 18



Y(4350) - Y(4660)

Y(4350) - Y(4660)




Y (435

)

BABAR searched for the Y(4260) by the
chain: ete™ — Y(4260) — ¥(2S)nTn~ —
J /bt~ via ISR without finding evidence
of signal PRL 98, 212001 (2007), but in the

Events / 50MeV/c?
5

it Iv(4350

T
PRL 98, 212001 (2007)

af

298 fb! ‘

same final state discovered a new state, th
Y(4350)

@

Mass (Y(4325)) = 4324 + 24 MeV/c?
r(Y(4325)) = 172 £ 33 MeV/c?

F el

== S ECEE & o T

45 5 55
mQ('n)/y) (GeVic®)

&

PRL 99, 142002 (2007)

15 D
P Y(4350) 673 fb!

Y (4660)

E ntries/25_AMeV/c2
o
T

4 4.5 5.5

M(r Ty (2S)) (Ge5V/02)

| Belle confirmed the Y(4350) state and

discovered the Y(4660) PRL 99, 142002 (2007) J

Parameters Solution [ Solution II
M(Y(4360)) 4361 + 9+ 9
T (¥(4360)) 74+ 15 + 10
BI',-,-(Y(4360)) 104+ 17+15 1.8+ L8+ 1.4
M(¥(4660)) 4664+ 11+ 5
T, (Y(4660)) 48+15+3
BI',- - (Y(4660)) 30£09=03 76+ 18 +08
& 39+ 30+ 22 =79+ 17+20

20
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Y(4350) - Y(4660)

@ BABAR update arXiv:1211.6271 using the full dataset, including T(2S) and T(35)

N
[
T

T T T T T

o E 3
% 201 —+ y(2S)= Jyn't
E 18; [Jbackground ’;
2 16E Preliminary 3
g L=520 fb"
S 12F =
2 0
géf_ 3
4
N lH
& ol
R) 4 432 44 46 48 5 52 5
S MmOy RS TYGeV/c?)
Parameters First Solution |Second Solution
[constructive [destructive
interference] interference]
Mass Y (4360)(MeV /c?) 4340 + 16 + 9
Width Y (4360)(MeV) 91+ 32 £ 13
B X Do (Y (4360))(eV) [6.0 £ 1.0 £ 05][7.2 £ 1.0 £ 0.6
Mass Y (4660)(MeV /) 1660 £ 21 £ 3
Width Y(4660)(MeV) 104 £ 48 £ 10
B X Teo(Y (4660))(cV) [2.7 £ 1.3 £ 05] 75 £ 1.7 £ 0.7
o(°) 12i27i4[—78i12i3
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Y(4350) - Y(4660)

PRL 99, 142002 (2007

arXiv:1211.6271
['€Y Parameters First Solution [Second Solution - -
[constructive [destructive Parameters Solution I Solution II
‘ interference] interference] M(Y(4360)) 4361 +9+9
Mass Y (4360)(MeV/c?) 4340 £ 16 + 9 I, (Y(4360)) 74+ 1510
Width Y (4360)(MeV) 94£32+13 BT, (Y(4360)) 104+17+15 118+ 18+ 14
B X Tee(Y(4360))(eV) [6.0 £ 1.0 £ 0.5[7.2 £ 1.0 £ 0.6 M(Y(4660)) 4664+ 11+ 5
Mass Y (4660)(MeV/c?) 4669 £ 21 + 3 T, (Y(4660)) 4 [1 5 [3
Width Y (4660)(MeV) 104 + 48 £ 10 Br“’f (Y(4660)) 10+09+ 03 - _76 +18+08
27 £ 13 £05[75 £ L7 £07 e $ 29530+ 220+ 17 %20

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

o)

12+27 £ 4 | 78 £ 124+ 3
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Summary of the Y(4350) - Y(4660) properties

JPC€ = 17 because they are directly produced in the eTe™ annihilation

@ They have been observed only in ISR ¥(2S)r" 7~ production.
@ Why are there states decaying into 22S; and not to 135;?

@ One possible interpretation is hadro-charmonium states
- M. B. Voloshin arXiv:0711.4556
- Dubynsky & Voloshin PLB 671 (2009) 82
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Search for C-odd partner of X(3872)

D

<O

BELLE

Search for C-odd partner of X(3872)
Preliminary results




Search for C-odd partner of X(3872)

Preliminary

- Earlier search for tetraquark
charged partner of the X(3872),
but no signal was seen (PRD 84,
052004 (2011)) *
- If the X(3872) is a tetraquark, *
its C-odd partner can decay into

Xcl1,c27 -

Events /( 0.005 )

@ B — K+ vxc1: no X(3872) signal observed
- B(Bt — X(3872)K+) x B(X — yxe1) <2.0x107° @ 90% C.L.
- B(X = vxa/B — J/yntr) <0.26@ 90% C.L.

@ but, what is the peak at M., , ~3.82 GeV? A new charmonium state
observed? This new state seems to be the missing 1> from the charmonium

spectrum
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Evidence for ¢, — xc17

@ 1n — X1y was predicted

@ Godfrey & lsgur, PRD 32, 189 (1985): Prediction of a state 13D,(3840) with
JPC = ==

@ Eichten et al., PRL 89 162002 (2002) & PRD 69, 094019 (2004), prediction of a mass
of 3831 MeV/c? and I'(¥2 — Xe17) = 260 keV

@ No analysis defining I, J or P

®
=]

BpwK, v'=yy

Preliminary

Events / (0.005 )
~
=]

]

yield Mass[MeV] BR(B*—)ql(—rxuy)Kq
w' 193+18 3685.3+0.6 (7.740.8+0.9)x10™
Bow,K, yy ey W, 3329 (823542 (0772 £1.1)x10°

S

-
3

=]

1
5]

=

b

NN

(A I
55 36 365 37 375 36 3.85 39

- First 1, evidence
- 1, significance is 4.20 including systematics
- [(1)2) =4+ 6 MeV from the fit
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ete” — J/ym via ISR

D>

</[o

OELLE

ete” — J/iym via ISR
arXiv: 1210.7550




ete” — J/¢ym via ISR

Previous measurements:
- CLEO Phys. Rev. Lett. 96, 162003 (2006) (£=281 pb~1)
- BESIII Phys. Rev. D 86, 071101 (2012) (£L=478 pb~1))

30 T T T
arXiv: 1210.7550
NO
= 980 fb
E, 20
e'l‘
. [=]
'Y %
% ® 2.
[=
w
0 = . 1 o 1]
4 4.25 45 475
M(nJd/y) (GeV/c?)
Parameters  Solution I Solution 11
My (aa0) 4039 (fixed) ; )
A 80 (fixed) - First time t(4040) and (4160)
L {ADA0) N 1 n .
B-T77" 48+09+14  112+£13+19 have been observed in final states
My taion 4153 (fixed) . . .
T oo 103 (fixed) not involving charm meson pair
sta1s .
B.TYU00) 40408414 13.8£1.3220 - No signal from Y(4260), Y(4360),
e 336412414 2514447 Y (4660)
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Conclusion

@ Quarkonium spectroscopy is a very interesting field, many new exotic states have
been discovered in recent years;

@ New exciting results are still coming from BABAR , Belle and also from BES IlI;

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

THANKS FOR YOUR ATTENTION
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Search for resonances decaying into n.m "7~ using two-photon

interactions

Search for resonances decaying into n.m 7~
using two-photon interactions (474 fb!)
PRD 86, 092005 (2012)




vy — nem T - Motivation

@ Look for the process vy — X — 1c(1S)n" 7~ where X stands for one of the
resonances xc2(1P), 1nc(2S), X(3872), X(3915) or xc2(2P), where
ne(1S) — KOK*7T and K? — 77~

@ Measure branching fractions for the decay of the states x2(1P), n.(2S), X(3872),
X(3915) and xc2(2P) to nc(1S)r 7~

@ Prediction for B(nc(2S) — n:(1S)rT7~) ~2.2%
obtained from [(nc(2S) — nc(1S)7 7 ™) /T (¥(2S) — J/nTn~) ~2.9
(M.B.Voloshin Mod.Phys.Lett A 17, 1533 (2002))

@ First measurement
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Events/(0.0037 GeV/c?)

Events/(0.008 GeV/c)
cudaBBERS

35 .a.s‘_s 36 385 30 395 4
m(KKrzn) (GeVic) m(K Krzn) (GeV/c?)

%eol1P) 14(29) X(3872)
X(3915)
%o 2P)

T, B(eV)

Resonance Central value | UL

Xe2(1P) 7.2757 2.9 [15.7| No resonant signal observed

ne(25) 6575, £ 18 | 133

X(3872) [-457T+£29(11.1

X(3915) 13ti2 18 | 16 PRD 86, 092005 (2012)

Xe2(2P) —16717+£6 | 19

Using B(xc2(1P) — KOK*7xF) and
B(1:(25) — KOK*71F) we obtain:

B(xc2(1P) — nc(1S)m7) <2.2% @90%CL
B(1c(28) — nc(1S)am) <7.4% @90%CL
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»

[\*]

Entries/20 MeV/c?
S
ON OO N

o

04 06 08 04 06 08 1
M(r') (GeV/c?) M(x*r) (GeV/c?)

FIG. 4 7F7~ invariant mass distributions of events in different 7+7~9(25) mass regions. (a):
4.0 GeV/e? < Mptr-ys) < 45 GeV/c?, and (b): 4.5 GeV/c? < Mt r—ys) < 49 GeV/ch
Points with error bars are data while the histograms are MC simulation with the phase-space
distribution generated at /s = 4.4 GeV (a) and 4.7 GeV (b).
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FIG. 4. The ="~ invariant mass spectrum for the (25) —

J/m*a™ channel in the %(28)x ™~ mass region (a) 4.0-4.5
GeV/c?, and (b) 4.5-4.9 GeV/e?.
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