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y(2S) samples

We had 3M wy(2S) samples previously.
Took 24M more (Aug’06 - Sep’06).
Total: 27M y(2S) decays (54 pb).

allows us to do studies of;

o Multi-body y.; decays

(2,3, 4..... ~10 or more (? Yes with CLEO-c detector).
Survey all the observable decays of y; states.

Direct decays of y(1,25).

n.(’)/h, properties.

M properties.

etc...etc..... See the next slide.
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~ Charmonium States - below threshold

3900
: 2x Mp
____________ SO 9.3\ 4
‘218 2 81 m T
2650 5 This i1s how we make
2 - 1°P, 4 ¢ X, States at CLEO.
; B(w(25) 11y ~ 9%.
> se00™ SOME transitions:
En: i n 25+l | ] | » tm/mt /OO
CEG 3150 |~
L/ Also B(y(2S)—nm-Jdhy ) ~ 32%,
1 Sq- i// we have a large tagged Jhy sample.
booo We, then, have two ways to make n(1S).
=0 1 0 1
_ L= 0 1 Y
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But today’s topics are

* %c3 —> 2, 3, and 4-body (3M y(2S) data)
 Charmonium-like states above DD threshold

o Y(4260) (scan data 3970-4260MeV: 13 pb-)
o M(D?) (“w(3770)” data : 281 pb-t)
* B(n—>X) and M(n) (2/M wy(2S) data)
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Factory of y.(1°P,) states

For each of g, states
we have ~2~2.5M samples In
all the y(2S) data (27M).

But today, results based on
3M y(2S) sample.

Y3 —> 2 body
(combo of n and n’)

Yoy —> 3 body

(h*h-h°: 8 modes)

Y3 —> 4 body (preliminary)
(h*h-h%x?)
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v(2S) = yX Iin 3M sample
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Events/(6 MeV)
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Two body decay.
No substructure.

B(XCO —> 1111) -
(0.31£0.05+0.04)%

B(XCO — 11’11’) -
(0.1740.04+0.02)%

ULs were set for other
modes.

PRD75, 071101(R) (2007).

According to the model of
Qiang Zhou
(PRD72,074001(2005)),
this result indicates SOZI
suppression is favored
over DOZI suppression.
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~ Ye; = hth'ho (8 modes) . s,

ey,
* Signals were seen in most of the modes %m__n T D,
PRD75, 032002 (2007). S e
o Fory.,, — ntnm, K'K? and KK, sl ] 1
significant signals were seen. '

— use them for Dalitz plot analysis

(interference effects and polarization of y , were ‘g‘;

ignored — ~20(15)%o variations in Fit Fractions £

for nan(KKn) mode). Saf
Mode X Xel X2 i
tton <0.21 50£03£04£03 [0494£0.12£0.05£0.03 0B
KKy < 0.24 0344 0104 0.03 £ 0.02 <0.33 :
pin (030 £0.11 £0.0440.02 <0.16 0 104 00740024001 S}
ey < 0.38 240402402 |051£018£005£003 3. ]
KtK—7° < 0.06 1.95£0.16 £0.18 £0.14 (_)..)l + 0.07 £ 0.03 £ 0.02 % i 1
ppr” 0.59 £0.10 £ 0.07 £ 0.03]0.12 £ 0.05 £ 0.01 £ 0.01{0.44 £ 0.08 £ 0.04 £ 0.03 @ 2sf -
KR <0.10 8140606405 | 1.3+02+01+0.1 [ Y

KtpA  [1.07£0.1740.10 £0.06/0.33 £ 0.09 £ 0.03 +0.02|0.85 £ 0.14 £ 0.08 £ 0.06 sz s sa s s
M (K¢K7*) (GeV/c?)

— _J
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——— Signal total
— X:a,(980)
——— Z:8,980)
—_— Y:1,(1270)

+ -
Xer > TN
Additional uncertainty in §
Fit Fraction due to model dependence. E
~ &
Mode Fit Frés{ion(o/ -
a,(980)m | 75.143.5+4.3415.0
f,(1270)n 14.4i3.1i1.9(-r 2.9 me(ne) (GeVic?y
on 10.5i2.4i1.2¥2.1 g (c)
N7

m2(nr*) (GeV/c?)?

m2(r*r) (GeV/c?)?
_Z-projection_ |

m2(nr) (GeVic?)?

_J
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W| Y-projection | 3540808-011
F 2
RN (@] § (b)
[ ol Lﬁ — Signal total
[ L] — X:K*(892)"

. —_— XK (1430}
L —— XK, :1430)

[l Il Il
0 2 4 6

8
m2(meK") (GeV/c?? m2(noK’) (GeWc )

oo 70 8,(080)°

X-projection | \Z—projection |

Events

NN . e : i (e ) (oot
Mode Fit Fraction(%),
Combined fits with isospin K'(892)K | 3L4+22+1.7#4.7)
constraints K'(1430)K |  30.4+35+3.7H4.6 |
Additional uncertainty in /W 23'1i3'4i7'1\i3'5 }
Fit Fraction due to model dependence.]  8,(980)m 15.1i2.7i1.5§-\2.3/
7
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ey = KKl and K K s,

Y'PFOPC"%S V 3540806-012

8
m2(nKY) (GeVic®)®

X-projection |

m2(zK) (GeVic?)

Z-projection

Events

(d)
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* Now 4 body decay.
| wonder how many body decays of
Yc; We could see with the 27M sample

Yeg —>
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hOTCO

250

e Many substructures were seen
Only considered significant ones
(>40).

125

wa
M =TT T TT
%]

1 1]

% Moss (ﬁ'ﬂ'ﬁ"ﬁ") (Ge‘u’;’c’)- | Mass (K*'K n’n®) {Ge‘l.f,r’cz}

= 15 — — — —
Mode Xe0 Xel X2 E, 10

B.F. (%) | B.F. (%) | B.F. (%) “‘U;\ i

K™K 7" 0.56£0.15[0.3820.11 |0.59£0.14 +
KK 7| - 0.900.25 O 8z 342 e b 2 62
Br*iK'$TU 0.7440.18 0.57+0.13 L Mass (ppn°n®) (GeV/c?) Mass (K*Knn®) (Gev/c?)
K=rTK"[0.9640.25 0.9040.25 '

40

« They follow isospin expectations:
B(Xc —> K*OKOTCO) B(XC —> K*OKTC) 1:2 gzz
B(y. > KK%%%: B(y, > K'K'r) = 1:2

—

3.62

342
Mass (KnKn%) (GeV/c")
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4-body (h*h-hzY) - 11 %
9&/
Mode X co Xcl X 2 s 7 ; 0&@
B.F.(%) B.F.(%) B.F.(%) ' "
T oo 3.5410.1020.4320.18 [ 1.28+0.0620.160.08 [ 1.87+0.07+0.23+0.13
pTa° [.4840.1340.1840.08 [0.784-0.0940.0940.05 [1.1240.080.142-0.08
Pars [ 560.1340.10-40.08 |0.7840.0040.00+0.05 [1.1140.0040.13+0.08
KK~ 70 0.5940.0520.0840.03]0.1240.0220.0220.01 [0.210.0320.03£0.01
ppToTe 0.1110.02£0.0220.01 < 0.05 0.0810.02£0.0120.01
KTK—nn° 0.3240.0520.0540.02]0.1240.0320.0220.01 [0.132£0.0420.02+0.01
KT K7 9.6440.150.3140.14[0.9240.09+£0.1120.06 [1.£41+0.10+0.160.10
KK°2%% K*° — K*77 0.3740.0040.0440.02 [0.25£0.06220.03+0.02 [0.3940.07+0.0520.03
ﬁ*”ﬁ*ﬁ x K*°— K°%° 0.3040.07+0.04+0.02
K=KTn%« K*F — 7=K°|0.4940.1040.060.03 0.3840.0740.0440.03
K 17K K*F — K*7°(0.3240.07+0.0440.02 0.3040.0740.040.02
pmKTK° 1.2840.1640.1540.07]0.542-0.1140.0640.03 [0.4240.1140.050.03
" )




Events / 40 MeV/c?
- r L] F- (4] oy |

{e*e d.rmr.]fw} } -

Hajime Muramatsu, University of Rochester CHARM2007@CORNELL AUG/2007 12
d Y (4260) A
« BaBar discovered in Y(4260) —» n*nJ/y in ISR. ﬂ""”‘} J
PRL95, 142001 (2005)
« We confirmed this at E_ = 4260MeV (>60). L 'P'“” =
PRL96, 162003 (2006)
 We also confirmed it in ISR production 5
based on data taken at ~E_,,=M(Y(1,2,3,4S)). se 4 4z 44 g6 ap 5ee
PRD74, 091104 (2006)
e Alsosaw Y(4260) —» n®n®J/y (5.10)
— inconsistent with *“y.,p%” molecule model.
— Baryonium model expects B(Y(4260) — non%J/y)/B(Y (4260) —» n*nIhy ) ~ 1.
* Y(4260) » K*K-J/wy is seen (3.7c) which dlsagrees W|th the above two
models. 2 -
e 12 additional modes were also searched =f
for (transitions to y(2S), %, and Jy). Tl . R Y :
No evidence of strong signals. B m_//’l ;
does not behave like for rest of the y states /-:'—. LI ;*. e .—:
above DD threshold 3T 3B 38 4 41 42 43
- Vs (GeV) Y
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d X(3872) and M(D9) A

» Belle discovered X(3872) (PRL91, 262001 (2003)),
followed by others (BaBar, Belle, DO, and CDF)

* One suggestion: A bound state of DOD0*?

¢ E, g = M(D9)+M(D%) - M(X(3872)) = -0.9£2.1MeV
(PDGO06 ave M(DP) = 1864.1+1.0MeV).

* Need to know M(D?% more precisely.

« From D% — K ¢, M(DO) = 1864.847+0.150+0.095MeV.

— Eping = 0.6£0.6MeV (PRL98, 092002 (2007)).

We now need a more precise measurement of M(X(3872)):
PDGO07 ave M(X(3872)) = 3871.4£0.6MeV

51206 -005

60

851206-006

a0 ; Do— qu}
E L

D°— K0 S
Ly KHK-

S

Events/MeV
8

Events/MeV
Events/MeV

8

iy

0.490 04

0.495 0.500 0.505 0.510 1.00 1.02 1. 1.08
M (') (GeV) M (K'K) (GeV)

SRS TS & ST T Y
1.88 1.80 1.92

\ M (K K*K) (GeV) W,

o e ]
1.82 1.84 1.86
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n was discovered a long time ago™>;,
(even before | was born). /77,0/@

Since then, 43 measurements by many
experiments.

CLEO alone can measure most of the
major modes (99.9% of generic n decays)
simultaneously.

This allows us to measure all branching
fractions.
Obtain n via
y(2S) > n Iy, Iy - Il
Method:
— Constrain M(I*I") = M(Jhy).
— Constrain M(I*Im) = M(y(25)).

Usd
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B(m—X)

2540607-004
, —_—
—o— n+m-mo/
T LA ® CLEO-c .
& ~ ' 3n0/yy [] Other
Aldl‘-_lll,rBﬂ-]l
= 3n°/mtm-mo -
D3 (1) relative
¢ - n+tn-y/ntn-mo
Thale-lr[?.'i.]
CMD-HZ.[DH e+e_T!E+E-T *
R B SRR BT BRI BT BT BT SRS R
0.8 09 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
HIRDthEr
, -—
*5 Yy
: ® CLEO-c
'S 3n0 -
: 1 PDGO06 Global Fit
"I' + o — e
= T+*M— T
g absolute |[4+—
—— 4wy
& ere-y ¢
| | | y gy g g d g g g Jdaa g da g g Jdaag g daa sl o au
0.8 09 1 1.1 1.2 1.3 1.4 15 1.6 1.7
FIFPDGUE
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arXiv:0707.1601v1 [
accepted for PRL publicatiofg

assuming these 5 modes
add up to 100% of generic
decays of 7.
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M(m)

Recent measurements are very accurate.
One of them deviates from the other two

GEM’s result is 6.5c away from NA48’s result.

2540607-007
T T —T T T

CLEO (07) @ o bLEé(b?i —.'—
_o_

1Y

KLOE (06) ® —o—
GEM (05) ® oo, nrw
NA48 (02) ® KLOE (06) _—._°—H'Tf'"r'
Krusche (95) -#- & Gem (05) NA48 (02) —@—
Plouin (92) ® — 54

547 4 547 6 547.8  548.0
Duane (74) &

James (66) ———®—]
Foster (65) —e—
—e— Folsche (64)
Kraemer (64) >
- Delcourt (63)
——e—— Alff-Steinberger (62)

——e—— Basten (62)
L Pickup (62)

544 546 548 550 5562 554

n Mass (MeV)
CLEO: 547.785+0.017+0.057MeV
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Events /0.1 MeV

2)@

g
0 = I\/Irecon'l\/l( @D 06)
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200 |
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5 (MeV)

(arXiv:0707.1810v1:just accepted for PRL publication)
KLOE (new): 547.873+0.007+0.031MeV (arXiv:0707.4616 for LPQ7)
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Summary A

Confirmation in di-pion transition from Y (4260) to J/hy.
Also observed neutral di-pion transition.
Confirmation in ISR production.

Precision measurement of M(D9)
= provides constraint for theoretical predictions of
properties of X(3872) if it is DD molecule.

Y3 — 2, 3, and 4 body decays (many substructures were
seen in 3 and 4 body decays).

Dalitz analysis was done for 3 body case.

More detailed analyses can be done with 27M y(2S) sample.

Precision measurements on B(n—X) and M(n).

Stay tuned!
More exciting results will come soon
based on the 27M y(2S) sample.




