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< Asymmetric e"e” beam @ PEPII

* Peak luminosity: 1.2x10*cm2s!

< 500M BB_produced (2007)

+ Atthe PEP-Il B-factory at SLAC ——

1.5T ElectroMagnetic Calorimeter
solenoid \ 6580 Csl(TI) crystals
arrssrrrsrrrnsenas '
e*(3.1GeV) :
DIRC(PID) g\ | gl L ) g e
144 quartz bars
11000 PMs
Silicon Vertex Tracker
5 layers, double sided strips
.............. ridinn
(9.0GeV)e :
Drift Chamber Instrumented Flux Return
40 layers iron/RPCs [ — LSTs |

+  BABAR collaboration consists 11 countries and 630 physicists!

>

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-1l and BABAR

High Enerpy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

X1
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/s = 10.58 GeV
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BaBar is a B-factory.

'Esoo_— --------------------------------------------------------------------------------------------------------------------------------------------------- .

The main goal of the > [ BaBar i

BaBar Physics has been g | S ]

the measurement of the U ESSSOHMAIEIIINIREGGEG—G 4 _‘

Sldes and the angles Of : i OffPeakLuminosity:45..32fft.) ]

the Unitarity Triangle, and g [ ]

rare decays. g - —— Delivered Luminosity 5

= 300_— —— Recorded Luminosity gl 7

B-factories have been - :

2001 |

Some numbers: 0] -

469x10° N(BB), 581x10° N(cc) i |

» _;—’__'_C

+16M J/p, 6M w(25) in ISR sy
» OM J/p, 3M ¢(2S) in B decays S S S A
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* Charmonia are important

for full understanding of the
STRONG INTERACTIONS.
« Well known charmonium
states below the DD
threshold and some 1-
states above threshold

« States below the DD

11D13p13nD 3872 {
o Ao 3

(Mewic™)

threshold in good - _al’D, DD* threshold]
2.S-@-y2°S 1
@ 3600 "'0 : 1

> New states recently s " 11|9l'h° -19F-,$P
observed at the B factories 3400 . 1
do not fit theoretical : i Y. 1
expectations 3200 1 135 1
» BaBar results on the sy ]
X(3872) and Y(3940) will 3000 Le observed ]

b ted ¥ N, , e new,tobe searched
e presente =1 10" 1" o o oA a2 4
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e~ Double charmonium — e
production
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X(3872)



Belle: PRL 91 (2003) 262003
BaBar: PRD71 (2005) 071103
BaBar: PRD73 (2006) 011101

= BaBar: PRD74 (2006) 071101
Discovered by Belle: CDF: PRL93 (2004) 072001
DO: PRL93 (2004) 162002

~(3871.220.5) MeV/c’ W o E AL 3
s 2, | ”°°§ ._ :“j_.' g =
Confirmed by: old ., -
« BABAR \Ia“ue i 5 " Hﬂ”ﬂ 3
CDF ! ' s : aji: 'm : &c;ass 30,3 85 470 UL'- MM oT M E'Gle‘l.-'m '
DO - e aen” g5 Wass (GaVic') e

B X(3872)K+

Now (PDGO7): . I

B*—X(3872)K* BaBar B'~X(3872)K’,

)
I'< 2.3 MeV @90% CL E
d 2
NG 5

C©?25U“t§ .

38 385 39 39538 385 39 3095
m(J/ymn) (GeVic) m(J/ ) (GeVic’)
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LT

Events/10 MeV/c

Xi3872)
300

200

1 X: hely
IEZ 11 fb?
I I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5

Kaon momentum (GeV/c)

III|IIII|IIII|IIII'|IIIIlIII

i

Illllrrlllllf"IIIIIlIIII|11II|IIII|I1I

From BaBar-Belle average:
BR(B*—X(3872)K=, X(3872)—)/yxtn)=

~(13.32.5)-10

BR(B*—X(3872)K*)<3.2-104 at 90% CL
BR(X(3872)—)yrntm)>4.2% at 90% CL

* Fully reconstruct B ___ in hadronic

modes

* The X mass distribution can be
obtained from the momentum
distribution of K=

“ Huge background due to secondary
K= tracks

reco

* Observation of X states independent

o

RLLER
BR(B—XK) ¢
“ L]
af—
o o

e
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*B*— Jhpy K*
confirms the Belle result

Implications:
« _— 1 for the X(3872)

. but:
1=0 for X(3872), so

the J/yn*n decay is isospin
violating (small width)

< alk 1 s
2\ E
= ~ _
.UE O;_ ** 1 "*J‘ + | 'Y _;
R E
"F B*—x(3872)k* | N=19.2%5.7 E
365 3.7 3.5 38 385 39 305 4 405 4.1

m(JApy) (GeV/c?) //c?)

@

BB+ »X(3872)KI X »J/p y)= (3.4+1.0+0.3)x1075
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against charmonium hypothesis

If X(3872) is not charmonium it could be isospin multiplet
BR(B —-XK) ~ 2 BR(B —=X°K)

PRD 71, 031501 (2005)

BoJypmnK | Bk, No charged
Ssol@ | } 2 201-(b : partner observed
Eﬁ““j H \ \ NHIM = r | | | ' No evidence found!
E'—*ﬁ_} | ik } Z m” “ | H I = 0 favored for X(3872)
:; :E [ ‘ | PRL 96, 052002 (2006)
038 385 39 395 38 385 39 3% £, (B
212 fbl m(Jymm') (GeV/icT) m(J/ym") (GeV/c™) 5 o .*H‘ ad
* * O ;% |
T
. + 'r#h"#;}. |
BR(B°—=X-K*)-BR(X-—J/prt®)<5.4-10° at 90% CL MH"MF;{
| 3872
BR(B—XK)-BR(X—J/yrn®)<22-106 at 90% CL . “f o
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e Belle: looking at B — D°D%%K e BaBar: looking at B — D°D*?K
=PRL97,162002 (2006) . fllé.‘l“ — D929/
— 30 L 414 fo-1 2 Ele) . X(3872)
TEG E % 145_ AILD 'D° modes 374fb
N 20 ™ 125
™ & 10
=TI 'E EI:
| ol o
& E'.;.:t 0.0255 0.051 0.076 :: IM I] l
M(D°Dn’)-2M(D°}-M(n% GeV/c” oE L
388 393 304 395 308 4
e Excess in the D°D%:C invariant © E:x:r:ess in the D°D*? invariant
mass mass
I m M=38754+07+2,, MeV/c? m M= 3875.1£1.1+0.5 MeV/c?
experiment mass (MeV/c?) Branching fraction
BELLE 3875.2+0.7+03 | +0.8 (1.22+0.31+°23  )*10B+B
BABAR 3875.1+1.120.5 (1.67£0.36+0.58)*10B"

Good agreement between BaBar and Belle, BUT 40 away from mJ/W!
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BELLE J/ynrnK" +13872.0+£ 0.6+ 0.5

BABAR J/ynrnK"  3871.3+£0.6+0.1
BELLE J/ynnK c po/1.8£1.120.6
AR 1/ 3868.6+ 1.2+ 0.2
BABAR J, 1|JTETEKE —e—
BELLE DDK' 38724£0.7 16 Not included in the
average
- 38751+ 1.1£0.5
BABAR DDK 2 ey
World average: 3872.0+0.4
| | | | | | | | | | | | | | | | |
3860 3865 3870 3875 3880
2
my (MeV/c?)
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BaBAR: hep-ex/0708.1565

BaBar studied 8 channels: 347 fb+?

B* »D°D™K* + D°D°K*
B® »D°D™°K® + D*°D°K°

¢ (3770)

X(3872)

- B LR I R 6 17 T T T T T T T T T T T
5‘-‘ - W(3770) 1 E 14_{4 X(3872)
25_ . ] - —*) il -
¥ 2 AllD D modes
= I = 12F -
o 20F -
— % 10
2 £
= 13 o 8F
st D of
A R0 O |
OQ - a= 1A TN
pLe L o, SR PR PRI PR PR P Ll G LT s A Rl A R S
o 3.75 3.8 38539 395 4 405 4.1 415 4.2 3.20 392 394 396 398 4
Z DD Invariant Mass (GeV/c?) D D’ Invariant Mass (GeV/c?)
Measured:

6) MeV/c?
O 7)GeV/c?
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BaBAR: hep-ex/0708.1565

o+

unfavored | hep-ex /0606055

Belle

«1"": DD* in a S-wave « g*
«2**:DDx in a D-wave <« g*°

J° kel

Evenis ! (0.2

Er'ﬁ._'
= iy
- "‘--'__'__-: ™ —— e -___,.""-'-._"
- e | :
T T =717 T~
—_— 1" 2.5/65+D-wave E’I/ " . i .
III_—1— - -2+
2+ 5.9/7 :
AT A De DA E 0 02 04 0p 0B 1
_ 2.7 6 - = 5 - 5 - s - ] - Y - 5 5 ) 5
2 3 COS Byiaeray
= % Ppore
X(3872) -D°D°n° ¥ PFoory
= = 1.37+0.56 0
’R{ X(3872) -D°D% <
Expected: 1.30 for a state proceeding only via D°D* P 15
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X(3872) likely NOT a charmonium state

Radial excitation ofiy, (1) expected at 39501 MeV/c?
No) satisfactony cc assignment:

Measurements:

+ R(BO/B+) = 0.50+0.30+0.05 in J/lwn ®

Is it a rmolecular state?
aﬁR(BO/B+) = 1.33+0.69+0.52 in D°D*°

PRD71 (2005) 074005
g o BaBar: PRD73 (2006) 011101
i\ :
0eAm =2.7+1.3+0.2 MeV/c? in J/ly n T Is it a 4-quark state?
> Am =0.7+1.9+0.3 MeV/c’in D°D*°

BaBar: PRD73 (2006) 011101 PRD71 (2005) 014028
2 Mx

3871.4+0.6 MeV/c’ in J/ly T
» M = 3875x1.1 MeV/c’ in D°D*°

..what else? '



Y(3940)



BELLE: PRL 94, 182002 (2005) - BELLE analysis of Y—2>)/J 3m,

I e el \Vith 570 mass in the o region
L el (0.76<m; <0.805 GeV/c?).

“fhe  analysis, fits. the M.

distrbuUtions  to extrhact  the
JENUIRE Sionaifas a ilNEEHoRT G

_q'l \. . £ 40 MeV |[ 4 S =SS 9l
10 [ ]L _"_'WHT‘_:;: sLarge enhancement seen near
+ r+ - J/¢ » threshold in plot below
ﬂf o + .+ that combines both K* and K.
3880 4080 4280 m()d es.

M{wJAy) (MeV)
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» To check purity of the sample, each event is

weighted with -V10#P,(cos( (] )) where P, is the

second order Legendre polynomial (§ is w - Babar preliminary

Dalitz-plot helicity angle)

NEW TEeSL DAased on JoUTh-

—

B*—YK* B! =YK,

E E-E.‘ _ 1 {EH
Sa00F # Pt ] 3
A I =
B:=YK*, Y—Jlyw , 52”":‘ st T tottuomgetontd
Jw—=£274 - (€=epn) § _F b 4% o $ 41 B
+ 0 o O 3 o . .'_ i
safRLALLL @™ 96 07 08 09 1 ©
10—y m,._. (GeV/icH
‘"]] ——Trrrrr—T—rrrrr —_
b} 1
B YK, Y~Jlyw, %Em A % 3
= - — - n 1 —_
Jw— L2748 (£ =e)), _cszuu ,.rh { ¢ ' !
w— T E100F ' T, 1 E o EMfppee
SIRUSSINIENEN o Y ACIACE B B L LM
m ﬁ! 5 mm = *I: T PR B .|£..|...|..._
52 522 524 526 528 5.3 52 522 524 526 528 53
m.s (GeV/c) Mg (GeVic)

0.7695<m, _<0.7965 GeV/c*
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~The J/ ¢ » mass resolution is
5-7 MeV/c? near threshold

and up to 10 MeV/c? at
higher masses

- We fit m in 10 MeV/c? bins
of near threshold and

B" Events / 10 (MeV/c?)

iIn 50-MeV/c? bins at higher

> The measured values are
corrected for efficiency and
resolution effects

B" Acceptance
o
o
=]

Bt J/ ¢ wK*

8
L N

10

. - e e |
- &

0.08F

o
=
Y

0.02f

(acceptance corrections)

nh

> Lower acceptance at higher

to

38 4 42 44 46 48

-
o

B’ Events / 10 (MeV/c?)
o

=

o
(=]
(-]

B’ Acceptance
o
B

o
B

o
8

ol

d)

"W”
-_{ f MHHHH;

38 4 42 44 46 4.8

masses Iin the B° mode due My (GeV/e?) My (GV/E?)
reduced efficiency for
K.+ reconstruction y
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N N ' i
1w 11 f \ L 2= = . . -
M(Y) = (391 -'l.ﬁif}?'?[ ﬂ‘n'f]_ll',‘}uj.u-.r;.wr‘_'} MeV /c Ea,m_— B+— YK:* -
DY) = (33723 (stat) 08 (syst)) MeV. S ol | | } -
| EF o pHrtt o g
s L B 1
. l:I'_ } i
m B | |
* Belle's Evidence for B»YK - - -
(Y »Jlyo) is confirmed T ROSVYK -
i 00— ’ —
» ~30MeV lower mass than Belle's e F ‘ .
~ Narrower width £ 200 T —
» Preliminary BF estimate similartothe § [ Wi 1 §
Belle's (~10) w0 .
- H{ﬂ eﬂder;{:e for B »X(3872)K e
— i) . - S o ]
¥ a 6 BYB: | |
BELLE on 253 fb' W E
Belle's results 2 ,mi W[I{lTiJ’IIih l_-
‘M = 3943 + 11(stat) + 13(syst) MeV/c? O
T = 87 + 22(stat) + 26(syst) MeV 38 4 12 4 15 18
M 40 (GEVIE?)
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- «R.: ratio of the B° to
m(Y)=(3914. Tr B(S;rur)“ﬁ(snr) MeV/c* B+1 in the Y(3940)

T(Y)= (33" (star) ¢ (syst))MeV 1————3*_'””:"“" signal region
o preliminary « R,: ratio of the B to

B+ in the non-

resonant
BELLE: m(Y)=3943+1 I(stat)x13(syst) MeV/c’ contributions

Y }287i22fHIilﬂiQ(‘}fH}-’Ht} MeV BELLE PRL 94, 182002 (2005)

— 029, . . +0.04,
R, =0.31755, (stat)  (syst) BABAR

R, =0.90%07 (star) o, (syst) preliminary

B—- X(3872)K: R,=050 £0.31 BABAR PRD 73, 011101 (2006)
B—-J/Y K: R, =0.865 £0.044 PDG
B— y(2S)K: R,=0.957£0.106 PDG

BR(B* = YK™*)=(5.0%(stat)" (syst))x107 BuBuir
BR(B" — YK")y=(1.673(stat)*) 3 (syst))x 107

BR(B* — J/wwK*)=(3.5%(stat)} (syst))x 10~
BR(B" %nyrm[(ﬂ =(2. )*L,Jsmr} 03 ('H'if} ) 107

preliminary
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continues to be interesting.

- Several unexpected states have been observed!

* Possible charmonium states observed: X (3940)

X(3872)

- What are really the X(3872) and Y(3940)? Need to investigate
more to understand their nature

> Need to know the full spectrum (so far...)

> More data are essential to the resolution of this challenging
situation.

s Theorists, give us a hint: where we have to focus on? ¢



