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B factories
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> Summary
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X(3872) B

Observed by Belle'th Bt ? K& p*p~
e —
- MNISOWRBE  PRL91,262001(2003)

X(3872) Confirmed by CDF, DO, BaBar,

Yo e ~ N~ NM—207

charmonium, DS*,
tetraquarks...?
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no. of B’s in M(ppJ/y) bins

Updates

N

Br(B?XK) Br(X?p*p-J/ly) =

N W

Events/5 MeV

(1.01+0.25+0.10)x 105
(1.31+0.24+0.13)x105

Events / ( 5 MeV/c")

38 385 39 —’3-95 300 3820 3840 3860 3880 3900 3020 3040
m(J/ynrm) (GeV/e) M(z'z" Jiy) (MeV)

BaBar, 232M BB (hep-ex/0507090 Belle, 275M ) hep-ex/0505038
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X(3872) ©

20 "0 of B's in ||\/|(g]/y) bins

Events/bin
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s=13 MeV |
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Belle, 275M sep-ex/0505037

B:? K*cC_,(g)/y) calibration mode,p® veto

=0.14+0.05

Br(X® glly)
Br(X®p'pJly)

C(X(3872))=+1

V.Balagura, Belle

Spectroscopy & New States

Br(X® p'ppdly)_
Br(X® p'pJly)

1.0+0.4+0.3

If 3p come from w, 2p — from r:

large isospin violation,
difficult to explain if X=cc state
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= Mp* P f Bx? Kfp*pJ/
X(3872) © Lpom B2 K-pipJy

Bell€)'275M BB, hep-ex/0588038
For C=+1: if P=+1 L({p"p},J7y)=0,2,...

P=-1 L{p*p}.J/y)=13,...

S wave: c4/dof=43.1/39 (CL=28%)
Jly r: S wave

P wave: c?/dof=71.0/39 (CL=0.1%)
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parameterized X(3872) side band
determined bgr.

P(X(3872))=+1

JPC(X(3872))=0**, 1*+, 2++?
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X(3872) k MD+_I?') in CDF, hep-ex/0512074

no. X(3872) in M(pp) bins 1. Description of X(3872), r resonances in
addition to Breit-Wigner term (BW) include

CDF Il 360 b’ Blatt-Weisskopf factors: f, (k)xBW

L=1 L=0

Tc;tal - 1

L. f_ (k)= f_(K)=———
intf ==~ L—O( ) 1, |__1( ) 1+ R2K2
R is the radius of interaction for the meson.

2. B(w? p*p ) is small but its contribution can
be enhanced by r -w interference seen in
e*e? p*p . Relative phase in the fit is set to
950, ratio B(X? J/yw)/ B(X? J/yr)=1is taken
from Belle.
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Fit probability:
L=0: 19%

L=1: 53%

P(X(3872))=-1 is not ruled out
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Anqular distributions in B* ? K* prp.Jdy
X(3872) - Belle, hep-ex/0505038

0+ (S, D waves) is disfavored —

15
expected

“’ N

5

0:00 Side band |COSC]| 100 C2/d0f:31/9

1+ (S, D waves) is favored
1 If P(X)=+1.

Opposite parity O-* (P wave)
has been also ruled out

JPC= O++, 1++, 2++ 9

0 - c2/dof=5/9

example lcosc]

2**1s not seriously challenged by angular distribution tests
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X(3872)? DODOp%KDIDI?

Belle, p&
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[Rgeraaatedd B Br(B® K X)Br(X® DDp)=(1.6+0.4+0.3) =
wiﬂﬁﬂﬁﬂh o M Ky

e o e -
] Br(X® DDp)/Br(X? p*pJdly) =12+5
1 2
MI(D D ") GeV/c If P(X)=+1:

2** is rather unlikely oC "
(at least one D wave near threshold) Sammnall J"(X(3872))=1

c’., has 1**, but much stronger
ppJ/y 0.14+0.05

Possible interpretation: X(3872) =D°D™ molecule
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X(3872) B X(3872) from B: BY? KO pipidly
BaBar, 232M BB, hep-ex/0507099

- = P =

factorization, heavy-quark " B(B°® K°X(3872)) S 1
and isospin symmetry B(B° ® K X(3872) 10

g B(B°® K°X(3872))
B(B° ® K X(3872)

0.13 <1.10 at90%CL

Mass shift: 2.7£1.3+0.2 MeV
G<4.1/2.1 MeV (BaBar / Belle) at 90%CL

~_
(o]
| 2
>
=
|
_
—
2
=
o
>
88

If B® decays dominantly to tetraquark X, and B- to X,

385 3.9 3951 o1 vice versa: R=1 and mass difference ~(7+2) MeV

m(J/ynr) (GeV/c))

2.5s significance
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Y(4260) Bl ? gspY(4260)? ggr p pJ/y

Search for efe? ggrX(3872) ? ggg PP J/y (allowed only for . \ Y
JPC=1--):
BaBar,89 fb-t, PRD71, 052001 (2005)

Scan of the i

or calibration: Y
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Events/ 0.2 GeV/c2—

03 04 05 06 07 08 09 1 1.1 l.%
m(n'm) (GeV/cY)
m(Tl:+ T I/Y) (GeV/cz)

ISR production is confirmed by ggn
reconstruetion and M, distribution &Y? ete )B(Y? p*p J/y)=5.5+1.0+38 eV

.J PC(Y(4260)):1' - (Single resonance hypothesis)
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Y(4260) g Other results on Y(4260) from BaBar

. WP Stud: e\.gy<:6
B'_’?K'p““p'.J/y e/ g P

&
(J U U U U

232 fb1, hep-ex/0512023

Y(4260) range
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42 4.42
m(J/ynrr) (GeV/ce)

= K(1270)2 K p'p veto
B(B- ?K-Y(4260))xB(Y? p*pJdly)=

Interference with onresonant
1.2 ... 2.9)X10'5 at 90% CL

e*e"? pp process is included

B(Y? pp)/B(Y? p*pdly)<13% @90% CL
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Y(4260) Direct production e*e ? Y(42(?) ? PRIy

Scan over the ran

S1oF 11s Plus a lot of
— 0 upper limits for
<
= | 5.1s other channels
2
=
L) RN I L uriii == | S
8 | 37s
q -
) T + L S ' - No signals for
0.15 01 005 O 0.05 01 ]
Missing Momentum (GeV) (412(()?’(340), y
y 2 prpdly,
Eso-'"\'(('Qé)”|'|ké”'¥"”""""""""'—; B<0.4%
= shape £
8 N ! 5 l
E + LI = I - Strange if y (4040)=y (3S),
84705 06 07 08 09 1 14 1343 Y(4260)= y (4S)
M(7*r) (GeV) =y
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DODO ? (K-p*), (K- p*p°, K- 3p*)

D*D" ? (K-p'p*) (K p*p?)

_ (c)
M(DD): 3.91 - 3.95 GeVic?

Eventsff 0.1

e+,e- are not
reconstructed,

P,(DD)<50 MeV

J=2, c?/dof=1.9/9

g2 Z(3930) ? DD

Belle, 395 fb™, hep-ex/0512035 S

o

Events/10 MeV/c2

G,(Z)Br(Z® DD) =

12

J=0,

O L 1 L L L L L 1 L
.5 0 01 02 0.5 04 05 06 0.7 08 0.9
|cos 0%

/ c?/dof=23.4/9

0.18+ 0.05(stat.) £ 0.03(syst.) keV

accept. S.Godfrey,N.Isgur,PRD32,189 (1985)

V.Balagura, Belle
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Y(3940) - B ? KY(3940) 7

Belle, 275M BB, PRL94, 182002 (2088)

 M(Y)=3943+11+13 ]
2} resonant | B(B?YK)x : G=87+22+26
structure? | B(Y?wlly)= f 58 +11 ev.

1(7.1+1.3+3.1)x10° ol B
; 8.1s ]

Bt 2 K*J/y; K ? Kt w |
I e

215

ce charmonium above open charm threshold should dominantly decay to DD®).
cc-gluon hybrid?
Large B(J/y ory’ + light hadrons),
decays to DD® are suppressed,
expected width is similar.
However according to lattice QCD
M~ 4.3-4.5 GeV
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X(3940) &

reconstruct J/y ? |+l -

Belle, 357 fb™, hep-ex/0507019

only

N/20 MeV/c2
g
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266163 ev. (5s) X0

"\M=3936214 MeM
: ‘S‘(Mrec)ZAQ#so‘Me‘v

ete ? X(3940) Jly

-L-*'--

—

recoil mass (mass of X):

& x 2
:\/(Ecms_ EJ/y )2_ pJ/y

reconstruct J/y ? | *l- and D.

2 25 3 3.5 4

Mrecoil("”lu)

From X(3940) ? D'D:
M = (3943 + 6 + 6) MeV
G< 52 MeV at 90%CL

==X%(3940) 2 Jly W?

reconstruct J/y ? | *l -,
(J/yw)=M(J/y): no signal!

Bly w)<26% =l X(3940)?Y(3940) !

Possible interpretation: X(3940) = h_(3S) ?
Spectroscopy & New States

and require M

rec

V.Balagura, Belle

42.5
GeVic

W?

(J/y D)=M(D(")): s,,.~10 MeV.
y,D)=M(D)

Constrain M,
GEMrec(‘J/

N/10 MeV/c?

B(DD)<41%
@90%CL

p*p-p°
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4
M, ocon(d/W) GeVi/c?
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D*D)>45%



Summary S -

——
© B factories are great sources of charm & cc states

4 Recent discoveries have shown that there are many
puzzles in this field.

Y (3940) Ds;  S.(2800) Ceo
X(3872) broad D*
X(3940)
Y (4260)

>
understanding
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