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Outline

> X(3872)
> Y (4260)

» A structureobserved in | SR trny(2S)
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Integrated Luminosity [fb™]

BABAR Data

10/28/2006 04:24
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BaBar

~ PEP Il Delivered Luminosity: 406.28/fb
BaBar Recorded Luminosity: 390.85/fb
Off Peak Luminosity: 37.43/fb
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Data taking will
resume 1n Jan 2007




Charmonium Production at BABAR

B-factory is also a char monium factory

0 Continuum production 0 Production in B decay

. 1PC—=1--— =, —(
> 1SR J™==1 b->c transition: B>(ct)K ™
e Visr c
b - Y P c
y* B h- _ .- C
B Wrl”
e
B K
; O
< q

> two-photon, double cC, others

300 fb'! data can produce
» 11M J/vy, 4M y(2S) in ISR
<+ 6M J/vy, 2M y(2S) In B decay
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Charmonium Spectroscopy

Properties are pretty
well understood up to
(including) y(3770)

Good agreement
between

experimental data and
theoretical prediction
until X(3872)

and Y(4260), etc

In principle, states
like w(3770) above
open-charm are not
narrow, and
dominantly decay to
open-charm channel

Mass (GeV)
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X (3872)



Update on X(3872)— n*tn])/w

Discovered by Bellein B* — K* X(n*n=J/y), PRL 91, 262001 (2003)
Soon confirmed by CDF (PRL 93, 072001 (2004)) and DO (PRL 93, 162002 (2004))
and BABAR (PRD 71, 071103 (2005))

BABAR: 232M BB }:%‘ﬁ

PRD 73,011101 (2006) | L& | N=61.2+15.3

B(B*—>K*X(3872), X(3872)—>n 1 T/y)
= (10.1£2.5 £1.0)x 10

Solid hist.:
mgq sidebands

Combined results:

m, = (3871.240.5) MeV/c2  Narrow! Ty < 2.3 MeV @ 90% CL
Very close to m(D°%+m(D*%)=(3871.8 £0.5) MeV/c?!
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Confirmation of X(3872)— yJ/y = C(X)=+1

‘ BABAR: 287M BB ‘ﬁﬂj ‘ N=19.2+5.7 ‘
PRD 74. 071101(2006) (3.4 o)

BB*—K*X(3872), X(3872)—yI/y)
= (3.3+1.0 £0.3)x106

=
o

T T ‘ T T ]
\

< Confirm Belle’s observation

Signal Events/ (10 MeV/c?)
5‘ T T T T o‘ T T
\ \

— 37 38 39 4 a1
m,, (GeV/c?)
Belle/BABAR average: Establish C = +1, and hence it forbids
A 17Ny, nPhy, nIhy, vy Or YN,
B(X->y Jly) . _ o 1=
~0.19+0.07 »C=+1=>C=-1forn'n =2 =1
BX2>nndly) “« C=+1=>o0ddL fornn
Consistent with p-like wn~ in X—ntn J/y
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Search for X Charged-Partners
Search for X=(3872)—»>nn’J/y in

BO>K*X~(3872)

and

o
~
&

N W b O
o O O
I T T T I T

Events/10 MeV/c?

=
o
I T

B-—K X(3872)

BABAR: 287M BB

PRD 71, 031501(2005)

N
o
—
o

Events/10 MeV/c?

=
o
T T

Sl

BBO—K*X~ (3872), X(3872)—>n T y)

o

38 385 39 395
m(Jyr ) (GeV/c)

<5.4x106 @ 90% CL

38 385 39 395
m(Jyr ) (GeV/cY)

BB—KsX~ (3872), X (3872) 1T /y)
<22x10° @ 90% CL

No evidence found: =»1=0 for X, isospin violation in X—>ntn~ J/y
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Events/10 MeV/c

Inclusive Search for B—» K X(3872)

* Fully reconstruct one B

* Measure p(K) in the other B frame

* Calculate m(X) based on p(K)

AERRE AR T BABAR:232M BB [T T3
700K PRL 96, 052002 (2006) Uy
600 =
500F- =
4oof— =
3oof— [ T T =
LR

- v VT .
1001 X2 NeXa  Xo-

v b v by v v b e by v v vy v by a1y
9.1 115 12 125 13 135 14 1 45

Kaon momentum (GeV/c)

No charged X(3872) observed
B(B® — K™ X*(3872)) <5x10™ @ 90% CL

DPFO06, Oct 31 2006

B(B*—K*cc) are consistent with
PDG values for known charmonia

Determined upper/lower limits on absolute BFs
BB*—
B B(X(3872)—>ntn-Ihy)>4.2% @ 90% CL

K*X(3872))<3.2x10 @ 90% CL
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Y (4260)



Discovery of the Y(4260)—» n*n J/ v

Observed in ISR events (y, g, detection not required) =» P
ISR y(2S) as good benchmark

i
BABAR: 233 b’ :
i&? PRL 95, 142001 (2005) Peak cross section: o(e'e"—>Y, Y—> n'n J/y) =(51 £ 12) pb
Or————7T 77
[ |9/ sidebands ,"\W(ZS) Assuming single resonance

N=125+£23

2L E
’* iy ¥ *ﬁ

B 3.8 4 42 44 46 48 5

Il xB(Y(4260) > 77~ I/y)
= (5.5£1.070%) eV

Events / 20 MeV/c?
5 8

10

m, = (4259 +87)MeV/c *

AR T, = (88 +23°%) MeV
m(rtd/ ) (GeVic?)

—
-37—
o—
-l—l'lllllllllllllll

o
£o
_[E__; 1

.
©
ul

Confirmations from CLEO-c, CLEO-III and Belle

ISR m'n~J/y BaBar CLEO-III Belle (Preliminary)
Yield 125+23 (>80) | 14.155(4.90) | 165 +24 (>70)
Mass(MeV/c2)| 4259+87; 42837 +4 4295+10"'
Width(MeV) 88 +23° 70750 £5 133£26"7 -
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M(rttni-) Spectrum in Y(4260)—>n*n-J/vy

CLEO-C: BY—>ron0Ihy) B(Y »mtn-Jhy) = 0.5 = 1=0

Solid hist:
7' phase space
for S-wave ' J/y

BABAR: 233 fb’!
PRL 95, 142001 (2005)

Hence, possible quantum ~ 3 v E :
! I~ ° ata b
number for the ™ system +Z G 60l |—isrYMC — 5
p N - A
= [C=0 = o | .
S 40l
n JPC: Ott or 2+t o {é} 07 —
£ 0 |
0 L
s Yol !
\m i
> I
+ 0
111111111111111111111111 lllll L1l L1l L1l

03 04 05 06 07 08 09 1 11 12

m(r*) (GeV/c)

m '~ 1nvariant mass spectrum inconclusive
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Search for Other Y(4260) Decays (I)

= e'e—>,ip(DD) (7;sr detection Not required)

Motivation: In principle, charmonium states like y(3770) above
open-charm should dominantly decay to open-charm channels

. D sidebands
Y - 289 fb1:hep-ex/0607083
S s0 ’ y(3770) preliminary No evidence found
&) -
= 40 11/ y(4040) _
N 50 1 y(4160) B(4260)>DD) ¢ (959 CL)
» - BY(4260) = J /yr'n)
c 20 —’
() = v
o B ][ | lno Y(4260) signal
10 - }{H{H}H’JH A L Thisratio is~500 for y(3770)
0 rLuan% L 5*‘#'*#['*# *#Hﬁuh ft where DD is dominant
m(DD) / GeV/c2
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Search for Other Y(4260) Decays (II)

" g'e Y r(0TT) (y,5r detection required)

f L ] o 1 }ﬁ? 232 b1 hep-ex/0610018
S0 Iy e ] B
E 60 | / . , 7: Fge x B(Y (4260) — ¢7Z'+7Z'_) <04eV (90% CL)
| BB H NB:
| preliminary 098 ! 1.02 1.04 o
shaded: ¢ sidebands _ 11 1Y x B(Y (4260) — J / oY — 5.5i100+0.8€v
no Y(4260) signal = X B ) yr 7 ) ~0.7

=» Ruleout glueball inter pretation

spmerine B pledl L e b A i O rekn
3 35 4 .45 L5
m(K Kt n) (GeVic)

s ete—>ysp(pp)  (isr detection required) B(Y(4260) — pp)
BY(4260) = I /yr'7)

<0.13 (90% CL)

BABAR: 232 fb?!
PRD 73, 012005 (2006)
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Search for Other Y (4260) Decays (III)

: ~ =" 230 fbl: hep-ex/0608004
= e Y@ YY) (Vi detection required) %ﬁ ep-ex
Search for Y (4260)— J/iym, Jyn® and Y (4260)—> ¥.Y, XY

2 ¢
S 18 F S 1.8 [
o 5 . BABAR ® ,¢ | BABAR
= 1.4 E preliminary = E preliminary
o 4 o 4
N 12 F N 912 b
& 1L & 1 F
Q £ [« £
9 08 - o 08 -
£ 08 ¢ L o6 ¢
c 04 [ T 04
® 02 © 02 F

o b 0: ““““““““““““““““““““““““

375 4 425 45 475 5 525 55 575 6 625 1 375 4 425 45 475 5 525 55 575 6 6.25
mass(yn) (GeV] 230 fb mass(Xery) [GeV]
2 ¢ 2 ¢
1.8 F E
> F 1.8 ¢
v 16 BABAR > 16 L BAB
= 1.4 E preliminary = ADAR
o 4 F o 4 - preliminary
N g2 b N 12 b
(- E - L
[ 1 F 5 1 =
Q. E m
o 08 & S .8 b
®» E [0 - n
g 0.6 L o6 [
c 04 b c o4 -
02 Y 02 &
o bt b b o b el
375 4 425 n:gs ;(7127“’; 5'25[ GZ%’] 575 6 625 375 4 425 45 475 5 525 55 575 6 6.25
mass(Xezy) [GeV]

No evidence found, set upper limits (90% CL)

Channel (X) Jyn | Iym® | xay | XY | Iy
BY->X)B(Y— nn-Jy) (<14 |[<06 |<36 |<26 |<12
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Y(4260) Properties (1)

» CLEO-c: BY—>nnlIw)/B(Y—>ntn-Jhy) ~0.5=> 1=0

> A local mininum in ete—hadrons cross section at 4.26 GeV

> Largepartial width Y (4260)—>n*n-J/y : Assuming AR<1/2
w(2S)  w(3770) Y (4260) > Iyosee(min)
['(>r'ndhy) 89kevV  45keV (CLEO) >1MeV (by Bob Cahn)

Difficult to interpret asa conventional charmonium state

Dip at 4.26GeV
7 B T T T T ‘ T T T T ‘ T T T T ‘ T T
- Jly
i W)
6 + Mark |
B Mark | + LGW
D: - = Mark Ii
5 - e PLUTO
- o DASP
o Crystal Ball
~ BES
4 -
|
3 — ‘\ ‘ ‘ ‘ ‘ ‘ |
BRI
2 [ <T — Ie®
‘ | | | ‘ |
3 35 4

_ 4f/§ (GeV) -
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Events / 20 MeV/c?

Y(4260) Properties (II)

kS
40 [ L A L B B 2
y |y SelEmEe BABAR: 232 fb’! S 2°
30l ‘ ‘ PRL 95, 142001 (2005) | T 2 [
- . g -
- ‘ {5 : § ? 20—
20[ ‘ P

10l 4]

10

Belle: 553 fb!
Preliminary

L | f“4

| | | |
4.6 4.8 5
M(J/yr* ) (GeVic?)

Seems a jump around 4.2 GeV/c? in Y(4260) structure?

And what can welearn from it?

DPFO06, Oct 31 2006
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Search for | SR Y$42602_)“+’rl\£$282

M otivation:
+ Search for Y (4260)—>ntnwy(2S) in ISR

Observe a structure, but ...



Clean mtny(2S) Signal

| SR i y(29), w(2S)—>ntn~Jd/hy, Jhw— I~ (y,4 detection not required)

4 combinations: it (wnJ/y), mta () ), () v), i (ntr)/ )

y(2S)

All m*nJ/y combinations: window

. b C T T I T T T T I T T T T I T T T T ]
= Clean y(2S) signal 240;_ ” 208 fp-1 E
= Half of entries in sidebands E 30;— ljﬁﬁiﬁ —i
are due to self-combination ,% oF E
within y(2S) signal events - .

10 y =

= 3.8 +1.1 non-y(2S) bkg X: FURIEC AN .+ H bt
within y(2S) window 36 365 37 ) (GVIE)
(78 events in total)
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Genuine ISR !

Ap* =p*2n2n ) — (E. 2 — mQ2n2nJ/y)?)/ (2E,.)
momentum difference from expectation for ISR 2 27t J/\y events

© 15
3 |
Q)
; } 8 10l
Points: data in =a!
y(2S) window | @ |
. T 5
Hist: o |
ISR signal MC

| 005 | IOI B 6.05
Ap* (GeV/c)

- T
o i
" 601 b) 298 fb-1 :
§ s BABAR |
W 40 preliminary |
20-— <
L, ¥

-1 -0.5 0.5 1
COsO*

| SR EVts:
0*2n2nJ/y)
peaksalong
beam
directions

Data are consistent with ISR signal Monte Carlo

<1

Estimated number of non-1SR wrny(2S) bkg events
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Cross Section of e'e— nrany(25)

o(ete— nwrny(2S)) from threshold up to 8 GeV is calculated by

do (s, X)
dx

x=2E ‘115, s=5(1-X);
W(s,x). ISR photon emission probability;

=W (s,X)o (s(1 — x))

0.14

80

w/ bkg subtraction 0.12

T Y(25)) (pb)

0.1

D
o

The maximum
Cross section is
about 60 pb
around 4.35 GeV

0.08

298 fb-1
JJ*[JJ.. BABAR

preliminary

0.06

T

—

GQ‘Y
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Is it compatible with the Y(4260)?

Fit to m(2(w*n)J/y) to avoid combinatorics.

298 fb1: hep-ex/0610057

Nevt = 68 (<5.7 GeV/c?)

Nbkg = 3.1 +1.0

tb I I T T T T I T T T T I
; | -
D - BABAR e Data 7]
g | preliminary cme= Y(4260) + BKG i
o
— 10— = New resonance + BKG ]
*‘% - [ BKG (non-y(25)) .
S | -
w | -
5_
- q ‘ [ ]
_| | :T:
4 5 55

MR )dy) (GeVid)

M ass r esolution
~7MeV

| ncompatible with y(4415), nor well described by Y (4260)

A single resonance can describe the structure (<5.7 GeV/c?) well

= mass=(4324+24) MeV/c?, T'=(172+33) MeV (statistical errors only)

v2-prob | <5.7 GeV/c?

Y (4260) | 6.5 %1073

y(4415) | 1.2 %1013

Y (4320) | 29%

A(log(L 5x)) = 5.4 between simultaneous fits of
one common resonance and two independent resonances

=» Indicates that
the two structures

to thisstructure and mwrn-J/y structure (PRL 95, 142001 (2005)) are different

DPFO06, Oct 31 2006 Shuwei YE
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M(rt*rt") Spectrum in ISR trnw(2S)

Primary dipion (not from y(2S)) invariant mass spectrum
for the m(nrn~y(2S)) range: [threshold, 5.7 GeV/c?]

hS) I e
S L -
S 10 208fhl -
@ i BABAR |
Q B ! preliminary i
L 51— ® [ [ —

'of5""'1""1f5""2'
m(rm) (GeV/c?)

m(ntnto) is correlated with m(n+ay(29)).
And the m(wn+n-) structureisunclear.
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What is the Structure at 4.32 GeV/c?

> Could it still bethe Y (4260)? But current data does not
support, then

> Could 1t be athreshold effect due to a low-mass r esonance?

But there are just a few known vector charmonium states below the
threshold:

Jhy, w(2S), w(3770), w(4040) and y(4160)
» Coupled-channel effect?

> A new resonance?

j e o o
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Summary: What are X(3872), Y(4260), 43207?

Are X(3872) and
Y(4260) charmonia?

How about the new
structure at 4320?

How reliable are
the model
predictions for
mass region above
y(3770)?

Mass (GeV)

4600

B 33])1
I 478,
44““ - BEBE856S
S
1 5 3
4200 |- 2Dy 2Dy2"D: 27D 3
B oLl = 1 1 F 3
- 8'8,— 38, 131“2 I'F; I'Fs PF,
§8888488 2 P
000 N 21P 23]? EEPI o
Tt T Tt T —_ _TD, D Dy - - __
33““ - ]_ED x3872 .......
N _2_1_5_0_—_ - _2_3_5_1 ____________________________
o e—— 5
36001 ip, pp P
I PP,
3400 —
3200
- S,
soool IS.
3 1 L 1 1 1 1 1 1 1 1 . I I

“—+ 1 1+— “++ 1++ 2++ 2—+ 2= g 3+— 3++ 4++
J FPC
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Backug slides
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The BABAR Experiment at SLAC

. PEFH
ow nerﬂ

th? &e

\I'] p—

N-;vrth Damping
(1. 1% Gay) _ . .
Positran Fefurm Line Paositron Source
! '
-gun ’

A P 2 I 3

. &

200 MeV Linac
injactor
Seclar-10 PEP I
Fing o & fniector High Ener
1.15 GaV FEF | ) ) E
[ ] EF Il Low Energy Bypass (LER) H“'l {HE
Sactor-d FEF I [g GeV]
et injeclor
- 3km -

E.=3.1GeV,E._=9GeV  Py=0.56, Byct~250 um

S=M, g =10.58Gev €€ —>Y(45—>BB kR

~600 physicists from 80 nstitutions in 11 countries SR el TR0

I*-Hzlh_m
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BABAR Detector

The BaBar Detector

1.5 T solenoid _
(superconducting) Calorimeter

6580 CsI(TI) crystals

Cherenkov
Detector

144 quartz bars
11,000 PMTs

et (3.1 GeV)

Silicon Vertex

_ > . it Tracker
ﬂ" - " 5 double-sided

layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers
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