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Introduction

Charmonium spectrum
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Running at ~Y(4S) energy is a very
good observatory for charmonium

Experimental methods for charmonium production at the B-factories

B meson decays Two-photon production
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States of any quantum numbers Only states with JPC =
can be produced o°*, 2°*,4%*,...., 3", 5, ......can be produced
Initial State Radiation (ISR) Double charmonium production
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et éc
et Only charmonium states with C=+1 are allowed

to be produced in association with the J/yp
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Only states with)" =1~ can be produced or the y(2S)



Short overview of the BABAR experiment

The BABAR experiment

|‘, S PEP-1l asymmetric eTe™ collider operating

~~ | at center of mass energies near the 7°(4S)
(for most of the time)

Vs = 10.58 GeV/c?

= General-purpose detector

I 15T solenoid
DIRC (PID) e EMC

6580 CsI(TI) crystals

Asymmetric:

—0.9 < cosf™ < 0.85

wrt electron beam

excellent performance:
@ vertexing
@ tracking e (8-9 GeV)
e PID un

@ calorimeter
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BABAR Luminosity

Data samples
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4 physics topics covered in this talk

* Recent results on J/y ® channel through yy
production

— PRD86,072002 (2012)

* vy production of n
— PRD86,092005 (2012)

Y(4260) and related resonances (in ISR channel)
— PRD86,051102(R) (2012)
— arXiv:1211.6271

* Are there new charmonium-like charged states ?
— PRD85,052003(2012)
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Electron and positron beams emit (quasi-real) photons which interact
and may form resonances

e Final state e emitted along

beam direction undetected

o allowed JFC = o*+ 2%+
(and 4+F 3T+ 5+ )

@ low p; with respect to beam
axis
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Charmonium in vy — Jhpw

e X(3915)
o X(3915) observed by Belle in vv — Jbw; yo(2P)? x2(2P)7?
e 7(3930) observed by Belle, and BaBar, in vy — DD. y.2(2P)
Are X(3915) and Z(3930) the same state ? measure J¥'“ of X(3915) !

o X(3872)
e discovered in B decays, X(3872) — J//wm, Belle
e seen in B decays, Jyww, Jbw, DYDY, Jho~y (C = +)
o JPC =17+ or J¥ =271, angular analysis of J/iymm CDF
o If:
o J¥ =27, X(3872) 2-photon production allowed.
o J¥ =17, X(3872) 2-photon production NOT allowed.

Analysis performed before LHCb’s result on X3872 spin
measurement
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vy — J/1¢ w - Results

X(3872)
L BE (3915) L=519 fb1
> [
u —
S 20/ PRD 86, 072002 (2012) 'g o ‘33? o | '
o B 10
- [ g e # & 14 - #
= ' < 14 ' e 12 ]
§ 151 £ S ™ I
& 7.6c "9 II_,I_,| S il
- i L M= T
10— ~— Total fit function o ' ]A} ¥ 4 ,{'..l"'ﬂ;
N -~ Background fit function o LH';_:? 3 2t .:'u|% " :;+ _.
- [] Background from sidebands ?ug*:-;i TR e e
5 } D) (Gevie") mix'x®) (Gowie™)
: bt
0 | l | ! ' Il ' ,T r rEl'H' After the event selection,

Results are consistent with Belle's:

(PRL 104, 092001 (2010))

I I L I i I 1 L
415 4.2
m(J/po) (GeV/c?)

clear J/y and w signal,
with negligible background

New limit: [~ (X(3872))xB(X(3872) — J/¢ w)(J =2)<1.7 eV
X(3915) quantum number determination: J© = 07 favored by BABAR

L

BABAR Belle
Mass (MeV /c?) 39194 4+£224+1.6 | 39153 +£2
Width (MeV) 13+6+3 17+10+3
.. x B (J=0) (eV) 524+ 10 + 3 61 +17 +8
[, xB(J=2) (eV)| 105+1.9+0.6 | 18+5+2
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X(3915) Angular analysis-Step 1
SpinOor2?
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Scalar or pseudoscalar ?

£ (b) 2-(c)

—

eights
0
4-'+7
%
| 4
weights
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0 [}" ——
ﬁ ﬁ_ : # E_ ..__.i'- .:\___ _.: -:‘.‘.
4 4: + _‘ 42 : b
2 { * } + 2 2
-1 D 5 U U 5 1 -1 05 0 05 1 -100 0 100

cosf, cosb, ¢|
P2 for 6, - w

o JU =0T Py2 = 6.1 %
o JP =0- Py2 = 4.8 X 10—11

J¥ = 07 preferred ; Xco(2P) 77 Phys. Rev. D 86, 072002 (2012) 510 fb—!
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Search for n tw in yy production

Predictions :

o I'(9:(25) — nentw™)/T(¢¥(2S) — Jpata—) =29
That is B(1:(25) — nentn—) = (22558 %
M.B. Voloshin, Mod. Phys. Lett. A 17 (2002) 1533

e Then
o If X(3872) = e (11 Dy, JPC =2-1),
. B(X(3872) = nertn™) > B(X(3872) — Jntan~) > 2.6%[PDG]

(isoapin ccnsewing) (iSDSpin uiolating)
S. Olsen et al., (Int J. Mod. Phys A 20 240 (2005))

If JP¢ = 2+, X(3872) 2-photon production would be allowed, and
B(X (3872) — newta~) could be sizable.

Analysis performed before LHCb'’s result on X3872 spin measurement

m ‘ Guy Wormser, PHOTON 2013
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Search for vy — .

/

Control sample

_ <~ 1200 )
Select candidates o I i
@ control sample = 1000
o (Pt o i
vy = e =+ KeK=7T 0] -
used to optimize the 7. | 800
selection < -
(4 tracks) 8 600 ¢
@ main sample of =3 Rt T
vy =X =t — @ 400f
(KQK*rTF) ntm™ = i 1c(15)
('6 tracks) g 200 B signal
L - box
"standard” cuts on PID, Pt, 0 W PPPEY PN P P PV I P I I
missing mass,... 28 2 3. 3.1 3.2

m(KKr) (GeV/c?)

PRD 86, 092005 (2012) _}
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Search for resonances in vy — new T
» Untagged Ne — K{K T 473.9 fb~! Phys. Rev. D 86, 092005 (2012)

xe2(1P) 1(25) X (3872), X (3915), Xe2(2P)

o
31

20"
18
180
147
12
10

=T I R
B

33 39 4

i

36 28
. . M0 _ .
KKnr mass spectrum with no 1, requirement KoRtm—mtm

B(xe2(1P)—nert 1)
B(Xpa(1P)—~KgK+m—)

B(ne(25) snenn) _ 4 g+35 4 13408 B(ne(25 +1—) < 7.49
E{ﬂe{ES]—aK%K'Fw—}_ 733 £1.3£0. (Me(28) — nem m ™) < 7.4%

= 1457357 £ 73425 B(xe(lP) — nertn™) < 2.2%

(compatible with prediction 2.2%)

(X)) x B(X — nem™w™) X (3872) X (3915) Xeo(2P)
< 11.1 eV < 16 eV < 10 eV

e No evidence for v+ production of X (3872), X(3915) nor x2(2P)
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Resonances in the ISR channel

Y (4260)

@ New analysis from BABAR : more precise measurements of Y(4260) parameters in
J/4xT 7~ ISR production PRD 86, 051102(R) (2012)

80

Events / (0.020 GeV/c?)

70F
60+
50F
40F
30F
20:

104

IIII|'III

[rerprrrprrr T re T
PRD 86, 051102(R) (201

L=454 b

N_
II|II|IIllllllllllllllllllr‘_"l

m(Jyn'T)(GeV/c’)

An extendend-maximum-likelihood fit
is performed to the signal region
J/imTn~ distribution and simultane-
ously to the background distribution in
the region 3.74-5.5 GeV /c?.

Mass (Y(4260)) = 4244+5+4 MeV /c?
(Y(4260))=114712+7 MeV
[t e—XxB(J/9pmT7™)=9.24+0.8+0.7 eV

’

No evidence for the state at ~4 GeV /c?
reported by Belle.
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w7~ Invariant mass distribution in the Y(4260) decay (1)

(2]
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- @ The distribution seems to peak around the
fo(980) mass; however the peak is

+ 3 displaced from the indicated f;(980)

+ position.

20

ﬁ;# f(980) M 3 @ For 4.15 < m(J/bntn™) < 4.45 GeV/c?

104

oot L - @ The fact that the peak is displaced
+ 3 suggests possible interference between the
b bedels 0 £(080) and an m(mT ) contribution.

m(n'T)(GeVic?)

@ The 777~ system has C=+1 and R B L B B e MRS
hence even angular momentum. s w E

@ Define 05 as the angle between the « k- .
direction and that of the recoil J /4 i * * l 4 ]
both in the dipion rest frame. E l —

@ The distribution, which must be 20F T + \5
symmetric, is consistent with S-wave

behaviour (blue line) g
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w7~ 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 f3(980) amplitude; the relative strength and phase
of these components are free to vary in the fit to the data.

PRD 79, 032003 (2009)

a ‘. : R-I‘ +§+ _
The mass-dependence of the f(980) ampli- & | g * __,-'
tude and phase is from the BABAR analysis of £ G 2
the decay D — nfn—n™ L e b
A i LA .
! i::‘n:n‘ 4 rl[f.i-.-w-.!'-‘i i ! :::n' s |I[r_i-.-x-'.r-.!"j
L SLELELE LR AL B AL L B LN B BN - . - -
2 ot x confinum Using this simple model, a good descrip-
A 3 . _ .. . ]
s e :}‘;ﬁm 1 tion of the #"m~ mass distribution is ob-
& 2”:_ —— All components E tained.
£ m: 1 This indicates that there is an f3(980)
o)

a8 e i contribution to the decay of the Y(4260)
+ =i el to J/YmT T but that contribution is not
* P dominant.

=

,_
=

L=
o

B(Y, —J Jalf; I —
05 06 07 08 08 1 LI - B{éﬁﬁsf}i'p[:ﬁ?’:]}_} j:(l?:l:l3)%]
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R
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(2s) Tt channel in ISR channel
Y(4350) - Y(4660)

@ BABAR update arXiv:1211.6271 using the full dataset, including T(25) and T(35)

o | LN AL RN B R AL I R
Z 4 y2S) o ynT
= -[__]background E
= E
< Preliminary 3
g L=520 fb"
= E
-&g’ I'lll“ 1§
\Q(Q shdipilp pdud L LT AATE
R ; 52° 54 56 58
(') mOy (28 ) (GeV/ie?)
Parameters First Solution |Second Solution
[constructive (destructive
interference] interference
Mass Y(4360)(MeV /c?) 4340 £ 16 = 9
Width Y (4360)(MeV) 94 + 32 + 13
B x T..(Y(4360))(eV) [6.0 = 1.0 £ 0.5] 7.2 & 1.0 + 0.6
Mass Y (4660)(MeV /c?) 1669 + 21 + 3
Width Y(4660)(MecV) 104 £ 48 £ 10
B X L..(Y(4660))(eV) |27 £ 13 £05]75 £ 1.7 £0.7

@(7) 12 £ 27 + 4 T8 £ 12 £ 3
t 't l‘ Guy Wormser, PHOTON 2013 18



BABAR search for Z;(4050)™ and Z>(4250)7 in

B - yanT™K~ and BT —

Select samples with relatively large

Xc1ﬂ+KS

and study DP for signal region and

5” signal
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i 1 1 1 1 | 1 L 1 1 1 | ﬁ%iﬂm :
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Channel TapiMeV) e MV 7 Events Purity % I
B — y K wt (wtu) 6.96 = 0.34 2602 0.10 980 793 = 1.3 .
B'— yak 7t (e¥e) 7.81 +0.43 277+ 012 RE3 771+ 1.4 -
BT — y Ko™ (T u”) 6,65 £0.55 2.65%0.27 200 8L7x22 -
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:I A EEEREN
12505 1

PRD 85, 052003 (2012) _)

signal
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K7 description in B® — v 7 ™K~ and BT — yan K2

and weight each event by Legendre
Y? polynomials

1

Fit the K invariant mass
distribution to a sum of S-P-D wave
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No evidence from BABAR for Z;(4050)™ and Z,(4250)"

Use MC to predict reflections of K7 mass and angular structures in yeim ™

Reflections in MC using only K7 mass structures look different

No Z's

B
o
o

200

events/20 MeV/c?

. — Mass and moments
... Mass only

4 4.5
mM(Xes ) GeV/c’

B(B° = Z} K™ ) x B(Z{ — yar ") < 1.8x10°

with Z's
PRD 85, 052003 (2012) )

[ ]
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> 400

Q

=

o

~N

o 200

e

Q

>

1)

0'1 L1 |‘-|-| I“I-lLIIL

4 4.5
(3 107)
Not incompatible
with Belle
(4.0 10)

= B(B° = ZK™) x B(Z) — xar’) < 4.0x107°

Va4V 4
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Conclusions

Confirmation of X(3915) meson seen in J/y ®
— Spin assignment 0** strongly preferred: y ,(2P) ?

vy production of nn

— No X(3872) signal seen. In line with 1** spin
assignment

Y(4260) and related 1~ resonances
—Y(4260), Y(4350) and Y(4660) confirmed

Are there new charmonium-like charged states ?
— Z(4050)* and Z(4250)* NOT confirmed
(but not incompatible with BELLE)

m ‘ Guy Wormser, PHOTON 2013
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Summary of the Y(4260) properties

JP€ =177 because it is directly produced in the e"e™ annihilation
Y (4260) — J/1n°7° decay mode indicates I=0 PRL 96, 162003 (2006)
Not observed in Y (4260) — 1(2S)7 7~ decays

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

BES IIl has reported the existence of a narrow resonant structure in the J/¢w
sub-system at ~3.9 Ge\//c2 which would correspond to an isovector four-quark
state arXiv:1303.5949

Other interpretations:

- four- quark state (PRD 72, 114016 (2005)). If the Y(4260) is a four-quark state it
is expected to decay to D D" 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)).

Guy Wormser, PHOTON 2013
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Summary of the Y(4350) - Y(4660) properties

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

@ They have been observed only in ISR /(2S)7" 7~ production.
@ Why are there states decaying into 23S; and not to 13S5;?

@ One possible interpretation is hadro-charmonium states
- M. B. Voloshin arXiv:0711.4556
- Dubynsky & Voloshin PLB 671 (2009) 82

Guy Wormser, PHOTON 2013
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Jfpw angular analysis
t; is the angle between the direction of the
positively charged lepton from J/i» decay . .
(¢7) and the beam axis in the J/ibw rest |'
frame.

t: is the angle between the normal to the /’“
decay plane of the w (7i) and the two-photon
axis, Aq.r

-— 14
By, is the angle between the lepton £+ from /&‘
J/i decay and the w decay normal ) N
0y is the angle formed by the J/i» momentum in the J/i>w rest frame with

respect to the J/i)w direction in the laboratory frame.

In the J/i)w rest frame : 6,, is the angle between the normal to the w decay
plane 7i and the w direction in the J/¢w rest frame.

6 ; first boost the £7 to the J/i rest frame. 6; is the angle between the ¢
and the direction of the J/i in the J/yw frame.

¢; as the angle between the J/» and w decay plane normals.
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