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KEKB: asymmetric ete collider
e': 3.5 GeV x e™: 8.0 GeV

Vs=10.58 GeV = Y (4S) mass
ete” - Y(4S) —» BB

Operating since 1999
Peak luminosity: 1.71x103*cm2s1
Integrated luminosity: 860 fb!
750 fb1 @ Y(4S) SCanlenoid TR

13T
-H‘H.,__

~ 780 * 10° BB CsI(TI)
~ 960 * 10° cc
Beauty and Charm Factory

')
=\ Central Drift Chamber
Dt \.5-'11‘1:1“1.1:“ tHe/C,H

Si vix. det. : i/ K, detection
3(4) lyr. DSSD 14/15 Iyr, RPC+Fe




History of SIIBGIIBSGOIW al BBIIB

2002: n - KsKn
X(3872) - J/yn*m
D*0(2308)—-Dn and D1'(2420)->D*n [t o
properties of D*¢,(2317) and Ds1(2460)
Y(3940)-J/yw oy
Z(3930)=xc2'~DD
X(3940)—DD* .
=.(2980) =(3077)—AKr [
Y family - @(1S,2S)n*n- j
Dy*(2700) - DOK*
X(4260)—DD*
Z2+(4430) - @¢(2S)n*
Z+(4051) Z+(4281)>)an*

2008: Yp(?) - Yn*mr

2.6 2.8 3 3.2 3_."-1
M(D?K*) (GeV/ic?)

cc-like XYZ states : exotics? I will focuse on them




Gonventional vs exotic states
AOUC Sl

Quark Model by Gell-Manna and Zweiga (1964):

(qq) mesons and (qqq) baryons
= conventional states

QCD based potential models — hadron masses, decays,...
Observed cc multiplets agree with the models’ predictions

Charmonium Mesons
States more complex than qq or qqq 1500 _

=exotics also predicted by the models R® e
4000 X

(MeV)

cc spectrum ,.cleaner” than uu/dd/ss

— cc-like exotics easier to identify 3500

Mass

3000 L.




° I'berla : cc + excited gluon (excited flux-tube)
o Lattice QCD: lightest hybrids @ 4.2GeV
o Exotic quantum numbers JP¢ = 0+, 1-+, 2+-...
e N(H-DD**) > (H—-DD™ )
e Large N'(H- w1, Yw,... )

o Tetraquarks: diquark-antidiquark [cqllcq]
o Tightly bound diquarks (gluon exchange)
e Decay: ,coloured” quarks rearrange into ,white” mesons -

— dissociation

e Molecules: M(cq)M(cq)

e Meson and antimeson loosely bound (pion exchange)
e Decay: dissociation into constituent mesons

How to identify exotic cc hadron?

e JPC forbidden for conventional cc

* Final states with non-zero electric charge and/or strangness:
J/ g1 =(cc)(ud) Ds*D" =(cs)(cd)

e Too small/large rates in some decay modes




X(3872)

EXP

Belle,CDF, DO,
Cleg, BaBar

]
— = E—
B

M + i T (MeV)

3871.240.5 + i(<2.3)

J'P{I

Decay Modes
Observed

I/, Iy,
YI/

Production Modes
Observed

B decays, ppbar

Belle
BaBar

3B7L.A0.TH L,
IBTH.640.7H4 5

DPDOon®

B decays

Z(3930)

Belle

39294542 + i(29+1042)

DoD°, D*D-

YY

¥(3940)

Belle
BaBar

3943411413 + i(87+22426)
3914.3*28 5 +1.6+ (3325 10.60)

wI/Pp

B decays

X(3940)

Belle

39427646 + I(37726_1548)

DD*

e*e” (recoil against J/)

Y(4008)

Belle

LOOBHLO2 05 + (226444157 1)

I/

ete (ISR)

X(4160)

Belle

£156%25_5p+154+ {13941 54 21)

D*D*

e*e (recoil against J/\)

Y(4260)

BaBar
Cleo
Belle

425948+ + (884234 )
L2847 ¢ 14 4+ (7339 5545)
42474127 32 + i{(108+19+10)

I/, T/,
K*K-T/W

ee” (ISR), e*e

Y(4350)

BaBar
Belle

4324424 + I(172433)
436149+9 + i(74415+10)

mmy(25)

e*e (ISR)

Z(4430)

Belle

44331441+ 1(64+713%%0 )

mY(2s)

B decays

Y(4620)

Z*(4051)

Belle

466441145 + I(4841543)

405114420 44 + j(82%21 4,%47 5))

mmy(25)

e*e (ISR)

B decays

Z*(4248)

4248+44-29 +1 80_1 35
+ i(1 77+54-39+316-61)

B decays




Production of cc in_B Factory

® B meson decays: ® double cc production
B—Xcc K (BF~10-3) ete —J/yXecc

b
B{g,g

® initial state radiation (ISR) ® vy collision

e*e —YisrRXcec —YIsR YT ete - vy Xcc-~DD

YIsrR
\/\/C{ *\y-:/i%/\D e
Y> C(X)=+1

JPE(X)=1"

Good experimental environment to search for new resonances
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Study of B ¢'n*K using 657M BB
‘Lete, pty’, J/wyntm

| M=44334+-4+2

-13 13

K*(890) vy o determine J°

e’ MeV +18 +30

First charged cc-like state! Must be exotic!
Proposed interpretations:

e [cu][cd] tetraquark; neutral partner in ¢'n° expected
e D*D1(2420) molecule; should decay to D*D*n




hep-ex/0811.0564 No significant Z+[44301i1n_l_3_allar

e B-_yw'ntK studied using 413/fb
e Mass spectra corrected for efficiency
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2.7

f m=4483x3
I=17%12
2.50

i
£
—
-
il
—
-,
=
b=
=
4
-
[

{ | m=4439=8
r=41+33
1.9z

Ty E
} il hl- iy f'u | TS
I I . . .I:'- I I : : I _1I . I | #
M, o5, (GeV/c?) ..




B— 'K Dalitz plot analysis

B - ¢p'n*K amplitude: coherent sum of Breit-Wigner contributions
Maximum likelihood fit to Dalitz plot
Models: all known K*—Kn* resonances only

all known K*—Kn* resonances and Z—y’n* @ favored by data
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M), GeVic?

Events /0.18 GeV2/c*

Everts/ 0,18 Gevic?

Significance: 6.40
Fit CL: 36%
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Dalitz-plot analysis of B? - xc1n*K-
Xa -J/wy with 657M BB

B(B" — K 7y ) =(3.834+0.10 £ 0.39) = 10

) * B%_ xan*K amplitude: coherent sum
of Breit-Wigner contributions
o)l © Maximum likelihood fit performed
S < Models tried:
| known K*’s—Kn only
K*'s + one Z—Xnt
K*’s + two Z states : favored by data
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BELLE

1*12— XcIT* exotic States

e Model with two Z’s significantly favored by data
e Spin of Z states not determined: spin 0 and 1 give similar fit qualities

|
K]
=
Lik]
o
.
od
=
=
o
-
=
k]
==
LL
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My =), G eV /c®

M(Xc1nt)
for 1<M2(K-n+)<1.75GeV

fit for null model
fit for double Z model
Z1 contribution

Z> contribution

(4051 + l—l+illl ) MeV / 2

|.4 ua“;l“?‘: ) MeV/

J_"""+ —l+ ].I I:["I.I{TH

BB — K-Z7)x B(Z} — ntxa) =
|J' l+|| g_ lnl 1”_5
BB — K 7))« B(Z} — ntya) =

(4.0755710:8) x 1077,

Non-zero charge suggests multiquark
interpretation of Z; and Z,




cc-like example: K(3872)

X(3872)-3/wn*n" observed in Bt _ X(3872)K™ by Belle

Confirmed by BaBar, CDF, DO PRL91, 262001 (2003)
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M(Q/ypntn)

myx=3871.2+0.5 MeV my-(mp+o+mpo)=-0.6+0.6MeV [<2.3MeV
M(n*n") suggests X(3872)-3/p p (S- or P-wave)

Other decay modes: 1/gpy, w(2S)y, J/yw, N ‘3”:{2832*';"_{":1;?95 102002 (2006)
DD*, no X—DD M

Jre= 1** 2°* favored
(from angular analysis by CDF,

M(n*n"), decay modes)

C

Multipole Expansions for cC:

X(3872) yield per 20 MeV/




What is K(3872) 2

) ) hep-ex/0407033
® CC? No obvious assignment
o P n.'" M too low and I too small
e . A
o DOD*O molecule? \@D_ﬁ:'fli - li = |L h,' angular dist rules out 1"
el c r { 23_[, S
Non-trivial line Shape e | |Xa' T(yJ/y)way too small
[(X—DD*)>F(X—J/wnn) TR SN
—n ) A O Tk ¢, T(yX,) too small
Production in B? suppressed o M(r* ) wrong
in rega rd to B* n. mmn,should dominate
Braaten et al. hep-ph/0710.5482 \ I'(yX.,&&DD) too small

4-quark?

Xu [uc][uc] Xg [dc][dc]
Different mass of X produced
in B? and B+

Ll _ e v @ 1 Loofm) ‘ i
Finding charged X is critical éig}aH HM w + g | [ HW Hl

(no evidence so far) %§8+ Hh i ﬂ %mH H+ H M
Maiani, Polosa et al. A R I
PRD 71, 014028 (2005) Y ) @IS ) (Gevi).

M(J/pnno)



K(3872) in B* vs B® decays

e Study of X(3872)-3/wn*n" in BY . XK' and B? - XK9
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.82 383 184 385 386 3.87 388 389 39 3N 02 .03 .04 305 2.06 3.07 .00 3.09 19 399
<O M6 (GeVich) 16 (GeVIch

el o M(J/wntm) II"l(-:’/lIJI'IJ’I'I.')
dMx = M(X from B™) — M (X from B%) = 0.22 +0.90 £ 0.27 MeV

0/+ __ B(B°—X(3872 84N 9410
Ol = ST = 094 + 0214 0.1

o Similar properties of X(3872) from B* and B? decays




N(3872)—D%D°° [?)

e X(3872)-.D*%D0 in B* . D*DOK

]
[ U -
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N=33+7 (4.90)

Events / { 2 MeV/c?)

Events/2 MeV/c2

8G€0°0180/xa-day

Events / { 2 MeV/c? }

) 308 4
D 'D° Invariant Mass (GeV/c?)

(8002)20LLLO ‘2.a¥d

M(X)=3875.1%9-"_9 5 ==0.5MeV ‘ M(D"D) MoV
=3.071°4 4 + 0.9 MeV simiiar resuit: 8.8c
M(X)=3872.6%0-5_4 4 ==0.4MeV

r=3.9+2:94 3%08 5 3 MeV
e New Belle M(X) measurement ruled out

scenario of two states: X(3872)—J/ynn and X(3875)—-D*D

Maiani, Polosa et al.
hep-ph/0707.3354




K(3940) and X(4160) in e*e—J /WK,

PRL100, 202001 (2008)
. : + J/
e Xx-sections much larger than QCD predicted 3 ) k

— factory of 0**+ and 0™+ charmonia

n
- X
L

ee-J/yp DD*
X(3940) 6.00

N/50 MeVic?

E ee-J/yp D*D*

| !X(4160) 5.50
|

2:— ‘1-

_ +7
M =3942*/ + 6 MeV M=415613> + 15 MeV Cx=+1so

=37 126 4+ 12 MeV =139 fﬁli 21 MeV X(4160)#y(4160)

-15

o Possible assignments: n.(3S) n.(4S)
(but X masses ~100-150MeV above predictions for n:'s)




PRL 95, 142001 (2005) for 232fb-1 v 'amilv “lrn“gh Isn

PRL 98, 212001 (2007) for 298fb-1
'YlSR

» ISR gives access to JP¢=1"" states
 Hard photon emission suppressed,
‘compensated’ by high luminosity of B- factory

Jhy sidebands : ___‘__"'“‘-x--.y Y(4260)_)J/ l|J|'||'|
{ RN M=4259 + 82 MeV
=88 + 23"'66 MeV

ﬂo
o
"i'i
=
S
2
]
=
L

(d) \
E r: m Jhp o(e’e’=nn Jiy)

~300fb1 Y(4360)—)lp’"n
- M=4324 + 24 MeV
?‘_%“13;31*323‘3%213" =172 + 33 MeV

Events / S0MeV/ic’

PRD74, 091104 (2006)
: r PRL 96, 162003 (2006)
MY (GeVIc) for 13pb'1 @426GeV




1" Y—yrm statesyia ISR

Y£4008;, Y(4260), Y(4360),
Y(4660

Solution |

: ;EY@%O)E. ...... Soluton I More 1~ states than empty slots in
10[Y(4008): i

cc spectrum

Entries/20 MeV/c?

Unusual properties:

Large widths for ynn transition:
unlike for conventional cc

Above DD threshold
but don’t match the peaks
in D)D(™) x-sections

Entries/25 MeV/c?

Other options:

DD; or D*Do molecules

cqcq tetraquarks

ccg hybrid:

DD; decay mode should dominate
Coupled-channel effects
Charm-meson threshold effects

4.5 5
M(r mw(28)) (GeW/c)
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EDD
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. PRL98, 092001 (2007)

arX1V 0807.4458

. i Ac+Ac_

38 4 42 44 46 48

\’s, Gerc

PRD 77, 011103 (2008) for 673fb i
PRL 98, 092001 (2007) for 548fb"
PRL 100, 062001 (2008) for 67 3fb-"

Difficult interpretation in terms
of resonances (model dependent
coupled-channel and threshold
effects...)




e We have observed a few new states
* Most of them don’t match cc spectrum

e XE:E(?"'P)_ .
oI/ DD,y
~(p,w, ) /Y

- XcE(lP)

Xpl(lp)




D
DO

= ?
PRL100, 112001(2008) hn analog 9'1[4260] \

o If bb follows the cc pattern: Y,- Y(nS)nn with large partial width
e Study of Y(mS) - Y(nS)n*n" with data at Y(5S)~10.87GeV (21.7/fb)

Process r'(Mev) &
"Y(5S)"—Y(1S)mrm | 0.59+0.04+0.09
"Y(5S)"oY(2S)mrm | 0.85+0.07+0.16
"Y(58)"-Y(3S)mm | 0.525%%,+0.10

Large IN'(Y(5S)—Y(nS)nn)!
—or other bb states: I'~O(keV)
Is it Yp? Mixture of Y(5S) and Y,?

-~ Fit with PDG parametlers, y2/n.d.f. = 89.6/18

¢ Y(1S)m + + Observed shape disagree

¥ Y(2S)r=n

= 4 Y(3S)m= with Y(5S) hypothesis (fit).

Yb at 10.89GeV?




Summary

New charmonium spectroscopy @4GeV
Candidates for exotic hadrons observed:
Z2+(4430)—y’'n* 2Z*(4050), 2*(4248) —Xan*
Many other states await understanding
X(3872) Y(3940) Y-family...

Yp? New spectroscopy also in b quark sectors?

Theory input needed (models to verify, threshold
effects, coupled channel effects)







A X2 fit fo the medasured cross sections:
(7 energles x 3 stafes = 21 poinfs)
A common Breit-Wigner
- Fit with common (L and T, y%n.d.f. = 39.4/16 (floated mean & widih)
6 Y(S) { with floated 3
- # Y(2S)mn i + normalizations
4 Y(38)nn | Enhancement (for 15, 25, and 33).
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L
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+ at Yi110z20)7?
_ ¥ 1 1' * | N * The mean va!ue is ~20 MeV
$ 5 4

the widfh is around half
10.8 . 109 10.95 1" 11.05
CM Energy (GeV) (1710 MeV — 55 MeV)!

Y(1S)rrm Y(2S)rn Y(@3S)rrm
Peak | 2.46 051 +0.18 pb 4. 1a+ﬂ 32 1055pb 1.61 *051 1021 pb A4
Mean 10889.6 +1.8 £1.5 MeV

Width 54 782419 5 MaV (Peak cross secfion
B for }’(5?,.55 around 300 ph)




Compare with PDG Y(8S) Parameters

The observed hadronic rafios dre consistent with the
PDG two Breit-Wigner iInferpreiation:

Eu_gq 2006 Y(5S) data (highest hadronic Xsec)

'?g 0.2 2005 scans W ._
<022 | 2007 scans™ F PDG Y(11020)

Z 1/fth) N /4 11=11D19¢8Mev/-\
= 0-21 (1/1D) ryg o =79 £16MeV g

. r / s
0.2 /> \
T (30/pb) P PDG Y(10860)

& 0.19 2/ u=10865:8MeV -

£0.18 ~ f=110x13MeV B S Two Bre |+-ngners
5 - i PDG Y(10860) + ¥(11020)

10.95 11 .
CM Energy (GeV)

If we float The shapes for Y(10860), a fit to these points yields

u~ 10861 MeV & I' ~ 10/ MeV, are consistent with PD& values.
r




K(38721-D°D°° ()

e Belle: B*_DD%n%K (447M BB) BaBar: BT . D*°D°K (383MBB)

W

o

Events /4.25 MeV/c’

(8002)20LLLO ‘2.a¥d
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(@)
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sl

"0, '{- 025! 051 0.0765, B '-'%9" 392 394 396 398 4
M(DD%n%)— ?D I[D ] M%) GeV/c? D 'D° Invariant Mass (GeV/c?)

M(X)=3875.4=4 0.704 4 7 M(X)=3875.1*07 9 5 2=0.5MeV
+0.9MeV r=3.01944=+=0.9 Me

e Mass ~40 above M(X) for X-J/wnn |
® Is this X(3872) or are there two states X(3872) and X(3875)?
® More precise measurement of mass/width/line shape needed

Maiani, Polosa etal.  Xu [uc][uc]— D°D%n® = X(3875)
hep-ph/0707.3354 X4 [dc][dc]— J/Wntn™ = X(3872)




Belle PRL 94, 182002 (2005) v[394_L—)lI‘I'm

Babar hep-ex/0711.2047 submitted to PRL

e StudyofB- KJ/yw ®w-n*nn°
e My, AE and M(n*tn"n°) selection

b))

- |II

 ee
}Y(3940) ;

Events/40 MeV

B Events / 10 (MeV/c?)

BF(B - KY)*BF(Y - J/ypw)=
Belle (7.1+1.3+3.1)*105
Babar (4,9+1.0+0.5)*10-5

Mass (MeV)

Belle
3943+ 11(stat)£13(syst) |87 £22(stat )+ 26(syst) H H
253 fb! mass/width discrepancy

BaBar needs further study
350 fp-! 3914. 3+38(Sm'f) (9151] 33+l (smr)mﬁ(mr)

Y(3940) above DD threshold but has large cc transition

Candidate for cc-gluon hybrid? (but hybrids predicted >4GeV)
Re-scattering DD* - J/p®?




PRL100, 202001 (2008) xtsgan]_)nn and x[41ﬁ\—)n n*

Reconstruct J/y and one D(*), associated D(*) seen as peak in
Mrecoil(3/ WD)

o

o
=

[T}
=
w»
o
o
=

N/50 MeV/ec?

3((4160)_5.50

T M(D*D*)
M=4156"5; +

r—37 +1256 + 12 MeV =139 +};1111 21 MeV Cx=+1 so
- - X(4160)#w(4160)

o Possible assignments: nN.(3S) n(4S)
(but X masses ~100-150MeV above predictions for n:'s)




PRL 99, 182004 (2007) v—)ll ‘I’]l![_\_’_i_i_l_ Isn

Study of ete” - J/pn*n" Yisr (548 fb?)

J/p - ee, yu + nNn; no extra tracks

ISR photon is not detected o T T
Missing mass used to identify process e e oot

Qo
o

Parameters Solution I Solution 11

M(R1) 4008 4+ 40+114
Tt (R1) 226 + 44 + 87
B-T.. (R1) 50414781 1244 24+18
M (R2) 4247 4+ 12+17
it (R2) 108 £ 19 4 10
(R2) 6.0+1.2727 206+ 2.3+)1

Solution |

()]

Solution Il
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S =<

E-T
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& 12 +£20+7, —111+ 7£28%

15N EIIU.I s L

R i AT B FAA

* Y(4260) confirmed
* Y(4008) resonance? Re-scattering from DD*? Coupled-channel effect?




Y—W'mmvia ISR

PRL 99, 142002 (2007)

(=]
[o7]
[e]

Study of ete’ - p'n*n™ Yisr (673 fb1)
p'—J/ynn, J/p-ee, 4y + NN

no additional tracks allowed M
Yisr Not detected ﬁl?e,: D(Gevzfcf) -co;.%ﬁof 5&'?#(5283
Two significant peaks in M(yp'nn) :

one close to Babar’s Y(4360) but narrower

M(wp’'nn) fitted with two coherent Breit-Wigners

O
Entries/0.1
I
(]

]
[e]

—
o o
o

Entries/0.2 GeV?/c”

Parameters Solution | Solution I1
M (Y (4360)) 4361 +£94+9
[0t (Y (4360)) 744+ 15+ 10

(&)
T

Y(4360) |
i

1 BB Tt (Y(4360)) 104+£174+1.5 118 £1.8 +1.4
5 : M (Y (4660)) 4664 £11+5
Tiot (Y (4660)) A8 +15+3
BTyt (Y(4660)) 3.0£0.9+03 7.6+£18+0.8
& 30£30+22 —79417 £20

o

Entries/25 MeV/c?

o
LI LI




- X-sections for 88—y

BELLE

e ISR allows us to measure hadronic x-sections in wide energy range:
model independent measurement

e M(wnn): background subtracted, corrected for efficiency and luminosity
- Cross-section for ete . yn*n-

J/pn+n 0k p'ntn

b)

o))
-y
[

Systematics | | - Systematics
+75% - T +9.5%
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[sn T % R SN o e s I T (6

Entries/20 MeV/c?
I~
Entries/20 MeV/c?

o N

Entries/60 MeV/c?

i, Lot

4 06 o0 04 0608 1
M(x %) (GeV/c) M(n'x) (GeV/c?)




BELLE-BABAR COMPARISON

L‘,

T

{
f'

J

=
A

)

Not applied etficiency correction to the data and applying the K™ veto

é 30f- Belle | i {a) _i
B R CBCH ! % IE_ |||| “m n HH _;
E 5 I o s } | . @ 1:5_ +++ + + ++ HH|H|{ H * i+ +++ E
! TR e _
B *--'Ht S u | M "z
B | e i é 3'?+.+whnnhl.~ “4‘\uw+
2 D ;f ; e . -
L w L U’ % A iHHl HWH i} ‘IH =
2 ki | S | 4"5
i I H‘Jt{ | H 4jﬁﬂt|1ﬂ1lrﬁ' ]ﬁJJiH-lIL &l a m%“ xl.“_\'l_“:iF—Si /58 H | _
My 08)r ((reWcz} . ’ s ({ch,:;B

Both Belle and BABAR data are re-binned (to calculate ¥*) and side-band subtracted

The BABAR data are normalized to the Belle sample.

The data distributions are statistically consistent (y*=54.7/58)

G. CIBINETTO SEARCH FoOrR Z(4430)- aT BABAR
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M(J/\y nn) (GeVic’)

Br(B" - X(K*n)

non_res

Events / ( 0.0475)
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3 X(3872)
3 ideband
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Mass(Km)

) BrX—J/yata) = (8.12.011_, )10-¢

ominates ! unlike B—K”c¢”

Br(B? - XK")Br(X—J/yrn*tn) < 3.4x10°90% CL
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=

g, confirmation ;- B J/yyK & B—y(2S)yK
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K = K. K% . K*(892)
)
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Signal Events / (5 MeV/c?)

38 3.85 3.Finx[Ge_'-§\.'°:‘ich 38 3.85 3}}"]?&_{6;{?;::) i
(BE-XK#)Br(X—Jlyy) = Q28£08£0.910°  moeve  mew
(B*¥F—>XK*)Br(X—y(2S)y) = (9.942.940.6)10° Relatively large Br(X—y(2S)y) is

inconsistent with a pure D’D*®
molecular interpretation for X(3872)
Favors cC - D’D*" mixing models

Br(X—y(2S)y) / Br(X—Jnyy) =3.5 = 1.
Br(X—w(2S)y) / BrX—Jiynn)=1.1 %= 0.
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K(2179] strange analog 01 Y{4260)2

e X(2175)— @ fo(980), ®n (confirmed by BESII and Belle)

ete > yr P(—>Kkk) f9s0)

© ISR Process: et e~— X (2175)ysp — ¢pfo(980)yeh
Cop— KTK— © £(980) — wta—, n¥af
© Luminosity 232 fb—1

+ 5(980) — mTo~
i{} f(980) — =%=°
— fit with X(2175)

---=- fit with no resonance

| Ecy (GeV)

M(Y(2175))=(2133 *69_ .. ) MeV/c?,
M(Y(2175))=(169 *105 ) MeV/c2.

Parameters
My = 2175 + 10 MeV/c?

Mx =58+ 16 MeV PRD74, 091103 (2006) hep-ex/0808.0006
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e From CLEO: scan at 3.97-4.26GeV in 12 points
e Total hadronic x-section above DD from BES
e Belle: sum of all measured exclusive contributions

PRELIMINARY

Belle (stat err)
BES(2002)
Cleo_c(2008)

48 5
\(s), GeV




Is X(3872) a cc state ?

bvious cc assignment

No ol
ij-PC:]_w

hep-ex/0407033

#pnzn, —— — | e M too low and I' too small
T

- h_' angular dist rules out 1"~

1X.," TI'(yJ/y)way too small

N TN, should dominate

| ¢, I'lyX.,&&DD) too small

[ T T T T |
~H A B B A A A
JPC




J. Brodzicka @ PICO8
Yh counterpart ?

Process Yield o(pb) BF(%) r(MeV)

“Y(5S)"-Y(1S)nn | 325+20 1.6+0.1+0.1 0.53+0.0320.05 0.59-+0.04-+0.0
“Y(5S)”-Y(2S)nn | 186+15 2.3+0.2+0.3 0.78+0.06=:0.11 0.85-+0.07-+0.1.
“Y(5S)"-Y(3S)nn 104 1.4+0.5+0.2 0.48+0.18+0.0;7 0.52+0.20-+0.1

i
-
=)
[&]
i
=)
=
f=1
S
(4]
L
=
=
[17]

1T} = 5 N 3 L 4
’i'.zﬁ 1.3 135 14 145 1.5 1.55
AM = M{pprr)-M{pp) (GeVic?)

Entries / 0.01 GeVic?
[T N X T N we
Entries / 0.01 GeVic®

Ll lltie I'TT 3 AL W . .
0.4 045 0.5 0.55 0.6 065 25 13 135 14 145 1.5 1.55
AM = My )=-M{pp) {Ger::zj AM = MpuKEK)-M{up) IGEVR:E}

Brown-Cahn (CLEO) model (grey)
generic phase space (open)




How to identify B mesonsignal

e Advantage of ete"—Y(4S) — BB kinematics:
Mywas)y»Mp+Mg  ho accompanying particles
— Eg=Epeam=VS/2 in Y cms
kinematical variables used in B-Factories
Mpbc= '\/Ezbeam' P2
beam-constrained mass
(signal at mg~5.28GeV)
A\ ] T e
cms energy difference
(signal peaks at 0)

:
:

ol a

Aﬁ E AEGV)

Example:

Resolution improvement B°_J/y Ks

(Epeam is precisely known)
e Background separation

Evental(i s Vic)
g 8 8 § 8 8 2




