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Infroduction to charmonium

e Below DD - Very good agreement between theory and experiment.

e Above DD - Many charmonium(-like) states found in the past ten years.
e XYZ particles — Exotic properties! Their nature unclear.

(QWG, Eur. Phy. J. C71, 1534(2011))
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Processes at ete~ colliders

1. ISR: a new ete~ collider at wide /s’ region.

JPC = 1~
v,y Y.

3. B decay:
¢
b C
d WA s
—4\&
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Outline

. Update on ete™ — ntx~J/+ via initial state radiation (ISR).
BaBar, Lees et al., Phys. Rev. D 86 (2012) 051102(R); Belle, Liu ef al., arXiv:1304.0121

. Update on ete™ — ntr~4(2S) via ISR.

BaBar, Lees et al., arXiv:1211.6271

. ete™ — nd/y via ISR.

Belle, Wang et al., Phys. Rev. D 87 (2013) 051101(R)

- 2(1D) In B — (xc17)K.
Belle, Bhardwaj ef al., arXiv:1304.3975

. X(3915) in vy — J/vw
Belle, Uehara ef al., PRL104,092001(2010); BaBar, Lees et al., Phys. Rev. D 86 (2012) 072002

cyy = nertaT
BaBar, Lees ef al., Phys. Rev. D 86 (2012) 092005
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ete” — ntrJ/4 via ISR: Background

BaBar: First scan on charmonium, first Belle: First confirm on Y(4260), asymmetric

observation of ¥(4260) Ine dhape, enhancement around

S

Events / 20 MeV/c*

Entries/20 MeV/c*

38 4 42 44 4.6 4.8

¥ (Gev/cz)ﬁ
m(rmThy) (GeV/c?)
Solution 1 Solution 11
4008 * 407310

]25 :t 23 eVenTS, 5.0 = 1.4:“226:44:?;41“::4‘*
M = 4259 + 8(stat) 3 (syst)MeV/c2, =g,

6.0+ 12447 206 =237}
I =88 & 23(stat) ™4 (syst) MeV.

BaBar: PRL9S, 142001(2005). Belle: PRL99, 182004(2007).

Both BaBar and Belle have finished the update with their full data samples.
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Y(2S) reference sample at BaBar
Pure +(2S) sample for reference; M, .+ .- ,,,, heed to be corrected.

° 7r+7r_J/¢:

Muota = 3685.32 + 0.02 MeV/c?, and My = 3685.43 + 0.01 MeV/c?; while PDG12:
3686.09 & 0.04 MeV/c?.

® o(M, s, ,,) also corrected.

T T T T [ARAPRARRS] T

Aasa: T 1 AN A
1600 £ (a) e yeSdan wh® o Jyr'mwdata
o 1400 o y2S)MC 4 F o y(2S)MC
Y ¢ o 0%
Z 1200 . 4 2 el J
. Z
= 1000 - ° ERE g o
2 . L] & w0k . 4
S s0F 4 9 o8 A
F] 0 . H]
S 600 4 3 LJel o
: . S ST LU SR
400 . S 3 %Io T @?
. 4
200 L ®e, B = ]
8e® %6
ppete] TVTTRTT I Pt o R TNI N
3.678 3.682 3.686 3690 3.694 35 355 36 365 37 375 38 385 39 395 4
m(ArT)(GeV/c)

e Resulfs of 1(25): Nsi& = 20893 4 145,

F(4(25) — ete~) = 2.31 + 0.05(stat) keV
(FPDG(y(2S) — ete~) = 2.35+£0.04 keV),

m(J/Wn’n'J(GeV/cl)

The high-mass tail o 4.0 GeV/c2: good description to data.
But: 4.0 GeV/c? is 1000 full-widths beyond My,25)-

X. L. Wang (VT)

BaBar, Lees ef al., Phys. Rev. D 86 (2012) 051102(R)
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¥ (2S) and ¢(3770) atf Belle

Pure v(2S) samples in both et e~ and ptpu~
modes.

o 900F

K ;
?'5 800 ,b\ gzsuo
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§ 300 / \ §1000 I
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o
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M(nnee) (GeV/c?) M(amy) (GeV/c?)
® M((25)) = 3686.1 + 0.2 MeV/c?
(MPDG = 3686.09 4 0.04MeV/c2)
® Mass resolution o = 4.8 MeV/c?.
® o(y(2S)) at Belle data samples:
ete whp QED

(T (45)){(14.12 £ 0.18 + 0.85) pb|(15.09 £ 0.11 + 0.79) pb|(14.25 + 0.26) pb

o (1(55))
o(Y(25))

(13.79 £ 0.4 + 0.83) pb

(16.75 £ 0.85 & 1.01) pb

(13.33 £ 0.25 + 0.70) pb

(16.63 £ 0.54 + 0.87) pb

(13.42 £ 0.25) pb

(16.03 % 0.29) pb

X. L. Wang (VT)

High mass tail of ¢(2S) — (3770)

N
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+ data
—Fit

o
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— Background
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=]

Events / 0.006 GeV/c?
8 3

N
=]

bt et
b by
3.95

3.75 3.8 3.85 3.9
M(rmJhy) (GeV/c?)

o

1 (28S) tail: exponential function
(3770): M and T fixed to PDG values
backgrounds: a linear term
N(v(3770)) = 54 4+ 20, 2.80.

From 3.8 GeV/c? to 3.95 GeV/c?, only low
and flat backgrounds. The contributions from
the tails of (2S) and ¢(3770) are negligible.
We will see it’s an important difference
between BaBar and Belle.

Belle: Liu et al., arXiv:1304.0121
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M+ -4/ distrioutions

Events / (0.020 GeV/c?)
Events / 20 MeV/c?

iR A
0 3638 4 42444648 5 5254
Uy T)(GeVIE) M(mJiy) (GeV/ic?)

From BaBar From Belle
Something similar:
® Asymmetric lineshape at Y(4260)

® /4 sidebands estimate backgrounds well at > 4.6 GeV/c?.
® Signal candidate events well above sidebands from (25) to Y(4260)
BUT, diistributions at (3.8,4.1) GeV/c? are different.

® BaoBar: "...might result from the (2S) tail and a possible J/v continuum contribution”
® Belle: a broad structure Y(4008) added to Y(4260) is the best description to data.

BaBar: PRD86,051102(R)(2012); Belle: arXiv:1304.0121
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Fits on M+ /4

BaBar: o(M) = ony(M) + o (M).
° apw for Y(AQOO)

® oy for the low-statistics non-Y(4260)

contributions.

® Mass resolution (Gaussian) convolved.
® M, = 4245 + 5(stat.) + 4(syst.) MeV /c?,

ry = 11478 (stat.) & 7(syst.) MeV,
Bl gt o— = 9.2+ 0.8(stat) eV

ole'e — Iy (pb)
2

2 4 1
° L Al "* o e
TR I VA N AR A
38 4 42 44 46 48 5 52 54
E(GeV)

Large difference on Bl . : different fit
freatments.

BaBar: PRD86,051102(R)(2012)

. .
NO i
2100 ]
T e Solution |
= i
= e e Solution I
= an:
8 50
2
w
N

. 5 5.5
M(x*m Jhy) (GeV/c?)
Belle: Y(4008) + Y(4260).

® Two solutions of equal optimum fit quality,
same mass, same width, different B’

® ?/ndf = 101.6/84.

ete—

Parameters Solution T Solution IT
M(Ry) 3890.8 £40.5 £ 11.5
Thot(R1) 254.5 + 39.5 + 13.6
TeeB(Ry = wta=J/p) 3.8+ 0.6+0.4) (8.4+1.2+1.1)
M(Rs) 4258.6 £ 8.3 £ 12.1
Tyor (R2) 134.1 £16.4 £ 5.5

TeeB(Ry = wta~ J/1) (6.4 + 0.8+ 0.6) (20.5+ 1.4+ 2.0)
¢ 59+ 1711  —116+6+11

Belle: arXiv:1304.0121
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Not only Y(4260): Z(3895)*

Belle: arXiv:1304.0121

e Dalitz plot of M?(xt =) vs M?(rtJ/4) 2f
for o 0
415 < M(ztr=J/y) < 4.45 GeV/c2., L1sf
e Inset: Background eventsin J/¢ ﬁ [
sidebands. = b
e Structures both in 7tz and n®J /4 o5t
systems. P
e MC simulation: open histograms, % e 5T 20 a2

according to partial wave analysis with
15(500), f5(980), non-resonant S-wave,
and f»(1270).

ME(m+Jiy) (GeV/c?)?

Events / 30 MeV/c?
Events / 20 MeV/c?
Events / 20 MeV/c?

8.2 0.4 0.6 0.8 1 1.2 1.4 8.2 3.4 3.6 3.8 4 4.2 9.2 3.4

3.6 3.8 4 4.2
) (GeV/c mrJly) (GeV/c! wJ/y) (GeV/c
M GeV/c? M(n*Jly) (GeV/c? M(rJ/y) (GeV/c?
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Events / 30 MeV/c?

s it a real signal?

Is it due fo =T 7w~ S-wave states, like f(600), f5(980)....7

Is it due fo n*x— D-wave states, like £,(1270),...?
There is no clear D-wave state contribution seen.

Are there two states, one at 3.4 GeV/c? and the other at 3.9 GeV/c??

Exist in both ete~ and u* = samples?
Exist in both 7+~ low mass and high mass samples?
Background fluctuation? (see next pages)

No

No
No
Yes
Yes

Events / 20 MeV/c?
Events / 20 MeV/c?

0.6
M(rr) (GeVic?)

0.8 1

3.4

3.6 3.8 4
M(rJhy) (GeVic?)

3.4

3.6 3.8 4
M Jiy) (GeVi/c?)

There are f3(600), ,(980) and non-resonant S-wave in 7+ 7 ~. But they cannot reproduce
the structure at 3.9 GeV/c? in n£J/4 (histogram).

X. L. Wang (VT) Charmonium at et e~ colliders
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Events / 0.02 GeV/c?

The Z(3895)* signall

70F
E ~+- data
SoF s e Couples to (cC).
50
F o prsPMe e Has electric charge.
e At least 4 quarks.
e What's its nature?
T B - ///7'\
0°%37 38 39 4 41 42 ¢ @.\
Mmax(ﬂJ/‘I’) (GeV/Cz) \o @//
e S-wave Breit-Wigner convolved with a
Gaussian (7.4 MeV/c2). e Similar to Z, state observed in

+
e Significance: > 5.2¢ T(88) — =¥ + 7=T(nS)?

o Fit Its: P note.different alf;: ; s B
IT results: z Mﬁ;\w}ﬂ %m i : f ?:
o M=3894.5+6.6+45MeV/c? 3 iy ‘M\’)‘ jor i\ 13
o =634 24426 MeV L ¥ y e W 'K in -%M,
o Fraction in ¥(4260) decays: R e W,

(29.0 + 8.9(stat.))%
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Z.(3900)* at BESII

Significance ~+ Daa
> 80. — Total fit

(=3
o
[ )

Data at a fix energy point of

80 " Y(4260).

+=- PHSP MC

M = 3899.0 + 3.6 + 4.9 MeV/c?
=46+ 10+ 20 MeV
Fraction = (21.56+ 3.3+ 7.5)%

First time of charged tetra-quark
3.7 3.8 3.9 4.0 . .
Muax(m:1y) (GeV/c?) candidate observed outside Belle!

Events /0.01 GeV/c?
[ ]

o
°

For more details, see Roy’s talk.

BESIII: arXiv: 1303.5949.
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ntn~(2S) via ISR

BaBar searched for Y(4260) in
ete™ — xtx=(2S). but instead, only

Y(4360) observed.

T
-
t

S

LIS S B N S B N

Events / 50MeV/’

w

298 fbt
single BW: ]
M = (4324 24) MeV
[ = (172+33) MeV
Statistic errors only

L

TETPR TR

G L

L
45

|

B. Aubert ef al., PRL98,

X. L. Wang (VT)

5 55
mE2arT ) (Gevre')

212001(2007)

Entries/25 MeV/c®
o o

T L
1

[9)]
T

ok gt

4 5.5

4.5 5
M(r T w(2S)) (GeV/c?)

Belle confirmed Y(4360), and observed a
new structure Y(4660), which decays to
10(980)(2S) dominantly.

Belle: PRL99,142002(2007)
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Update on nt 7= 1(2S)

via ISR

Y e o
“E E
BaBar: Lees ef al., arXiv: 1211.6271 i o 1
&= E
The Y(4660) is confirmed. + E
! E
Allresults from 1(25) — '+~ J /4 mode are in L
consistent with Belle results. m(x ) (GeVic))
¥(2S) — £+¢~ mode is studied, but it's a much ERRICH ‘ T
worse sample with much high backgrounds. ElR
PR E
& 3
. B
Z o (a) y(28) - Jyn'm
Z 6 t BaBAar
g 1 112 events (520 ) A
g€ 5 [71Belle 9 G‘V/ LL
Z 110 eveats (673 ") m('w) (Gevic)
o M(7F77): (Q): Y(4360) decays; (b): Y (4660)
s decays.
‘ 2 P
¢ = o 3
0 X s 2 "sa ; ¢ 3
MmOy St ) (GeVic®) z -
e =
Parameters First Solution Second Solution ® 3
(constructive (destructive 30 |
interference) interference) ol 3
Mass Y(4360) (MeV/c?) 4340 + 16 + 9 - . 3
Width Y(4360) (MeV) 94+ 3213 108 =
B x Tee(Y(4360)) (eV) 6.0+ 1.0+ 05 7.2+ 1.0+ 0.6 § / 4 - Iy bk
Mass Y(4660) (MeV /c?) 4669 + 21 + 3 a2 a4 i 48 5 52 54 56 58
Width Y(4660) (MeV) 104 + 48 + 10 Eum (GeV)
B xTee(Y(4660)) (eV) 2.7 £13+0.5 7.5+ L7407 . Lo + -
() 1252744 81243 The cross section ete™ — w7~ ¥(25).
X. L Wang (VT) Charmonium at et e~ colliders
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nd /¢ via ISR

* Via emitting n should have large partial width of hadronic transition of charmonium.
e Belle searches for et e~ — nJ/+ via ISR for the first time.
e n— yy/rtr— 70, and J/i — ete~ or utu~ in the reconstructions.

Entries/20 MeV/c®

4 45 5
MEAm (7)) GeVic?

29304 05 06 07 08 4 45 5
Mey) GeVic® M () GeV/c®

e o(1(25)) = 13.9+ 1.4pbinny — 7tx~ 7% mode; o(4(2S)) = 140+ 0.8 pbinn — vy
mode. The expectation: o((2S)) = 14.7 pb.
e Clear ¢(4040) and ¢(4160), but no Y state found! Really Y??7?

Entries/20 MeV/c®

Belle: Wang ef al., PRD87, 051101(R)(2013).
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Entries/20 MeV/c?

nd /¢ via ISR

Parameters Solution I Solution 11
M ya040) 4039 (fixed)
Ty aoa0) 80 (fixed)
B0 48409+ 15 112+13+21
M yai60) 4153 (fixed)
T yaie0) 103 (fixed)
B0 4.0% 08+ L4 138+ 13+21
[ 336+ 12+ 14 251427
o P F.io (1(4040)) = (0.86 & 0.07) keV from PDG —
4 425 45 4TS B(¢(4040) — nJ/+) = (0.56 + 0.10 4 0.18)% or
MnJAy) (Gev/e™) (1.30 + 0.15 + 0.26)%.
. N~ , ) ot o— (1(4160)) = (0.83 £ 0.07) keV from PDG —
® This is the first time to found ) states in 69(1/)9(4160) — /) — (0.48 + 0.10 + 0.17)% or

charmonium transition!
1.66 £ 0.16 £+ 0.29)%.
> 6.00 for +(4040); > 6.50 for 1)(4160). %he (% — nd/4) is)oobout 1 MeV.

® Large B(y — nJd/v)! B* SJ/wnk*
B(w(25) — 1J/+) = (3.28 + 0.07)%

® Unlike ==~ tfransition, no significant Y
signall!l

® Fit with parameters of +(4040) and (4160)
free, first time in an exclusive channel:

o (4040): M = 4012 + 5 MeV/c?,
r =54+ 13MeV.

e (4160): M = 4157 + 10MeV/c?, Meonwhile, no (4040) or ¢ (4160) in nJd/+ seen
[ =84 £ 20 MeV. nB— KtnJ/v.

X. L. Wang (VT) Charmonium at et e~ colliders 16 /28
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Cross section of ete™ — nd/v_

wf
ele
bk of
nobs — e «
g; =

LB — 7m0+ 4B — 0+0) | |||| | ||| 1
- | I | :E l|||||||| |'| || ||||| h ﬂwﬁwﬂ. " wa v
100:— ] E . (Gev) v

T I) (o)

o

o

L TN
W

i

\/g GeV

A systematic error of 8.0% to all data points is not ! bl
shown. R T L P

Eo (GeV)
The o(ete™ — ntn—J/y) at Y(4260), o(eTe~ — ntr—1(25)) at Y(4360) and
o(ete™ — nd/y) at (4040) are almost the same.

Belle: Wang et al., PRD87,051101(R)(2013).
X. L. Wang (VT) Charmonium at et e~ colliders 17 /28



Y, why?

The current situation is amazing:

Assume a 1)’ above 4 GeV/c?:

By — nta=y(28)) > By’ — ntn—J/y) >> By — nd/v), and

olete” =) =o(ete — ") x B(¥' — f),s0

o(ete™ — atn=y(25)) > o(ete™ — ntn=J/¥) >> o(ete™ — nJ/y). However,
they are at SAME order! Why?

Why no Y at nJd/? Why no 1(4040/4160/4415) at n¥x—J/v or it 7 —(25)? Y states
from interference?

In nt 7= J /4, state from 7 FZ(3895)F is the same as state from nt 7~ J/4 (No
Z(3895)* component)? Does it happen to be? Or not?

Why B(1(4040/4160) — nJ/v) so large? Orit’s only enhancement in nJd/¢?
What is Y(4660)? Why fp(980)+(2S) dominates in Y(4660) decay?

Lineshapes of (4040) and v (4160) different in inclusive decays and exclusive
decays? Or not?

Is Z(3895)* like charged Z,?

X. L. Wang (VT) Charmonium at et e~ colliders 18 /28



B — xc17K and B — xc27K

® o1y and xo: suitable final state to look for either C-odd partner of X(3872) or
unseen charmonium.

e Theory predict 3D, (c¢) state to lie around 3810 — 3840 MeV/c? mass and be
Narrow.
M2 — xc17) = 260 keV

e There should be 3D; (cg) state lying around 3830 — 3880 MeV/c2 mass.
M3 = xc27) = 286 keV

name spect. J*° M, M, [MeV] %u;am
no I'D, 2% ——  3780-3840 nam
y' I'D, 17 3772.9(4) 3785-3819 DD
v, I'D, 27 ——  3800-3840
w, I'D, 3~ -—  3810-3850 DD

S. Godfrey & N. Isgur, PRD32, 189(1985); E. Eichten ef al., PRL89,162002(2002), PRD69,094019(2004)

Belle: Bhardwaj ef al., arXiv: 1304.3975
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o — YXe

® No X(3872) C-odd partner found.

R M, >5.27 GeV/c? 3.66 <M, <3.708 GeV/c> 3805 <M, <3.845 GeV/c?
280 T s F

E g | g

: ] . 215

o S W region £ X(3823)

X(3823) ¢ fof region

2

b
0 - g Al h el
My (GeV/c2) N e M, (GeVe?) =y

v 11

B - iy
3 deﬂGeV/éi) M, eV

e X(3823) significance > 3.8¢ w/syst. First evidence from Belle!!!
e M =23823.1+ 1.8(stat.) + 0.7(syst.) MeV/c2.
e I(yp) =1.7+55MeV/c? if fitted.
B(X(3823— )
L4 W_m < 0.41 @90% C.L.
X(3823) seems to be the missing v, from the charmonium spectrum.
No obvious signal found in x o7, except ¢(2S).

Belle: Bhardwaj et al., arXiv: 1304.3975
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Study of vy — wd /¥

2540610-s025

r T T
A

—_
n

Events/0.01 GeV
©

0 S
385 390 395 400 405 410 415 420 425 430
m (0 J/y) (GeV)

M(X(3915)) = 3914 £ 3 + 2 MeV/c2.
r(X(3915)) = 23 £ 1075 MeV/c2.
Significance is 7.80. N¥9 = 55 + 14f2m.
No obvious yy — X(3872) — wJ/y found.

Belle: Uehara et al., PRL104,092001(2010)

X. L. Wang (V1) Charmonium at et e~ colliders
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Study of vy — wd /¥

BaBar: Lees et al.,, PRD86,072002(2012).

25

°‘§ 20

8 C

- 15

S C

= L

S 10

= C

=

s 5[
0 - 1 . '{"""'ﬁ“ \ 3 M-\ 1 1 * 1
38 38 39 395 4 405 41 415 42

m(J/yo) (GeV/c?)

e Confirm Belle’s measurement on X(3915), using 519 fb—! data.
e Significance: 7.6c w/ syst.

® Myaois) = (3919.4+£2.2 4+ 1.6) MeV/c?

® Ix@3915 = (13+£6+3) MeV

e No obvious vy — X(3872) — wJ/v found.

JPC = 2= has been ruled out for X(3872) by LHCb (8.40), see Tomasz Skwarnicki’s talk.
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Study of vy — nern— at BaBar

Predictions :
— T(1n(25) — nertx) /T (1h(25) — Jhpata™) = 2.9
That is B(7.(25) — nerta) = (2.2758)%

Mod. Phys. Lett. A 17 (2002) 1533

— Then
o If X(3872) = nep (1' Dy, JFC =277),
o then B(X(3872) — n.ntn™) > B(X(3872) — Jipntn)

(Int J. Mod. Phys A 20 240 (2005))

— = what about X — n.rtn=?
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Study of vy — ner 7~ (BaBar)

* 473.9 fb~! data used, and ne — KIK* 7~
e No evidence for vy production of X(3872), X(3915) nor x2(2P).

« 20
s ) )
o 16 >
2 14 ) &
12 8 @
S g 8
S s s g
e F] 2
c 34 c @
& 2 ‘ - TR I S A L
%.5 3.55 3.6 0 3.6 3.65 3.7 0 3.85 39 395 4
m(KKnrm) (GeV/c?) m(KKnnr) (GeVic?) m(K’Knnr) (GeV/c?)
xc2(1P) nc(25) X(3872)/X(3915)/xc2(2P)

B(xcp(1P)—=nertr™) 110.9 - o
oy = AT £ 73425 Blxe — nenn ) < 22%

ne(28)—nentw _ +3.5 +.— o,
° —1lc(23)4>KgK+7\'7+C~C4 =4.97%% £1.34+0.8, B(7c(28) — nennT) < 7.4%

® (X)) B(X = nertn™) < 11.1/16/19 eV for X(3872)/X(3915)/xc2(2P)
BaBar: Lees et al., PRD86,092005(2012)
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Summary

. Update on ete~ — nt7~J/4 via ISR at BaBar doesn’t confirm Y(4008).

. In the same update, Belle observes a charged structure Z(3895)* in M+, 10
Y(4260) decays. Same structure observed at BES I,

. Update on ete™ — nt7=4(2S) via ISR at BaBar confirms the Y(4660).

. Scan on ete~ — nJ/v via ISR at Belle shows obvious v(4040) and «(4160) signals in
the final states. Not like in 77~ transition, no Y(4260,/4360/4660) state seen.

. B(1(4040/4160) — nJ/y are at 1% level, the partial widths are about 1 MeV.
. X(3823) observed in B — K + xc,v by Belle, should be ), state.

7. X(3915) observed at Belle in vy — wJ/4, and confirmed by BaBar. No X(3872)

found in the process.

. ¥y — nmemt ™ scanned by BaBar, no evidence for production of X(3872), X(3915)
nor x«2(2P).

Thank you!
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Back-up
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Selection criteria of ete™ — ntn~J/4¢ via ISR

Both updates from BaBar and Belle finished. Here some comparisons are listed.

Selection criteria at BaBar: Selection criteria at Belle:
[ ] Np = 4. Qpet = 0. ® or < 0.5cm, |dz| < 4.0cm, Py > 0.1 GeV/c for good
charged frack. Ny = 4and Q¢ = 0.
® /4 reconstruction from et e~ and ptpu—.
® oD and u-D, and J/ ) reconstructed from et e~ or pt .
® \ertex fit to et e~ interaction region; kinematical constraint fo
My ® riDforboth xtx~ ond Re < 0.75andM_, _ to
remove ~y-conversion bkg.
® forntxT:J/4¢ + T vertexfit again, at least one pion 5 20
identified, and neither satisfy eID. ® 2 < M (nTmTJ/p) < 2(GeV/c?)? for vigR-
® Missing mass to consist with y1g R : 700 1800,
—0.5 < M2, (nTm™J/¥) < 0.75 (GeV/c?)2 g fp
(e b
® ., _conversion bkg: Me*e* > 50 Me\//c2 formt . S a0 S a0l
£ 20 g%
(] i H

Transverse component of missing momentum: 100
PIS((vigR )™ w I/ 9) < 2.25GeV/c. k)

oy T o T
M (GoVICH M, (GeVic?):

Differences: vertex fit, mass constrain, one pion ID, and P;”’Ss at BaBar. Belle selection
criteria are very simple.

X. L. Wang (VT) Charmonium at et e~ colliders 27728



Study of yx¢r

o BT — yxo1K* with xc1 — vJ/4 using 772 x 10° BB.
e Efficiency and resolution improve with increasing M,

b « data for Myc>5.27GeV

m signal B—y'K*, y'— xqy from MC
m peaking bckgd from MC:
B—w'K*, @’ —J/wn?, J/yn, I/ynn
m combinatorial bckgd from MC:
B—J/WK*, X K*, wKn(n), Xe1Knn

14

N/18MeV

12
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101

8

a

3
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=]
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P

* M,,., indata agree with inclusive MC simulation, except for the peak at
3.82GeV/c?.

e Missing ¢»(13D,) charmonium? Mass agrees with prediction.
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