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Xcg Production at CLEO-c

Phys.Rev. D70 (2004) 112002
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We find copious Y., hadronic decays in exclusive modes
» oy — 2-body
> %oy — 3-body, Dalitz analysis
> oy — 4 and multi-body decays
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Outline

® Selected analyses of )., hadronic decays:
> Yoy — NUNY
7Yy = VV (V=0 w)
»Yey— N*h~hPh® (h=m, K, n,p)
»%.; — h*th=hY 3-body decays, Dalitz plot analysis
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Motivation X0, — VV, PP, SS

® Qiang Zhao, Phys. Rev., D72:074001, 2005:

> g, basic gqq* coupling

» 1. OZl-rule violation

» R: SU(3) flavour breaking

» t. glueball coupling strength
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Reconstruction of w(2S)—Yy.,, %y —hh*h-

» Use particle ID (dE/dx & RICH) for 1T, K, p
» KO/ A: flight path >5/3mm, |Am|<10/5 MeV/c?
»v . 30MeV in good barrel, 50MeV elsewhere,
no track match, good shower shape
» T9—yy, mass constrained fit x2<10
>N —y, 110 | TTTTTY, meson mass constrained
»N'— NI+, P
» Reconstruct the two charged particles and vertex
constrain them. Use this as a starting point for neutral

» Add a radiated photon and constrain total decay y(2S)
4-momentum (accounting for crossing angle) and cut at x2<25

» Plot the mass spectra of hadron combinations
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XCJ_>r](’)r|(’)

® Measurement of BR or set an UL

> Xeg—NN
> Aed—NN
> Aed—NN
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Events/(6 MeV)

Invariant mass spectra y.,—n"n"
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®* x.;— PP spin-parity violated, not seen
®* From signal MC:

»Resolution o =4.7-8.3 MeV/c2

» Efficiency ~4-6% (includes ‘BR)
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Preliminary results for xq,—n!n®

O

5 =5 PP g =l
e Rk A

BR(x107)

Xco—>ﬂ ﬂ

E835: 0.198 + 0.068 + 0.038 %
BES: 0.194 + 0.084 + 0.059 %

Xco —>r](’)r|(’) .
CLEO preliminary [

Qiang Zhao, Phys. Rev. D72:074001, 2005  r = A(DOZI) / A(SOZI)

June 28, 2006 Heavy Quarkonium 2006, BNL  Mikhail Dubrovin ~ CLEO-c 8



XCJ_)VV

®* Measurement of BR or set an UL on

>X(:J — QP
P Yoy — WW

>XCJ — V'V other modes are not studied yet
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Observation of x.,— Q@

Clea lll + Clea C

25 |

XcJ — QP
> — K+K- 1

® We observe:
» Strong correlation in

m(K+K-) vs m(K*K-) - jL
» Signal for J=0,1,2 |

Rﬂﬂ | P | PO

. . . Q 0.1 0.2 0.3 0.4 0.5 0.6 Q.7 0.8
® Analysis is in progress Ey, GeV
Quantity Yoo — Qo Ye1 — O ez — OO
BES2: BR(y, — 00)x10° 0.04£0.21+0.14 — 1.48+0.26=0.23
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Observation of y.,— Ww

Cleg Il + Cleo C

XCJ — WW
> W—> 171710

®* We observe: : ]

» Strong correlation in 5
m(*T-1%) vs m(mr-mo) .

» Signal for J=0,1,2 2 # | I
* Analysis is in progress =L ALY,
Ey, GeV
Quantity Xeo — ¢ Xc1 — @@ Xe2 — ¢¢
BES: BR(y. — ww)x10°  2.29£0.58+0.41 — 1.77+0.47=0.36
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Yoy—h*h-hOho

®* Measurement of BR or set UL on
> Yoy — h*h-110m0 (h =11, K| p - tracks)
> ey — hthnm?
> Yoy — KT KOTTO

® Motivation

>modes with two neutral particles 11 and n
have not been seen before
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Xy — hth=mom0 ) K KOmrd
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+ - (o}
K Kmm pp nr°
------------------------------
Aco Yield 43.8+ 8.5 Xeo Yield 8.0+ 4.0
o1 Yield 26.2+ 6.0 | x., Yield 4.7+ 3.0 _
.z Yield 27.9% 6.7 Xz Yield 6.2+ 3.2
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® Resolution 0=4-9 MeV/c?, Efficiency ~3-19%

®* Work on systematic uncertainties in progress
® Investigate an event substructure (w/o PWA)
® Other 4-body modes need to be studied
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X.g—h%h+h-

® Study 3-body decays of y.,—h°h+h-

»Measurement of BR or set UL
Xoy— N, KHK-110, KOKTT, nK*K=, n'mr+mr-,
npp, m™pp, AKp

» Dalitz plot analysis of 3 modes with high
statistics: y.;— N1+, K¥K-119, KOGKTT
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Events/(4 MeV)
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» Resolutions 0=4-7MeV

> Efficiencies ~7-30%

Fit accounts for
[(Xe0)=10.1MeV
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Events/(4 MeV)
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Take y. statistics for DP analysis
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Dalitz plot formalism

N
Log likelihood L=-2) log PDF(z,,y,)
="
e(z,y)
PDF PDF(x,y) = { B(x,y)
fNg|\M(zx,y)*e(z,y) + (1 — f)NsB(z,y)
R
DP for J=1 ?
» Angular distributions Qg from .
V.ng’llijppini:A.;:ol:\tlany, A.Flgiotondi, Flt OUtpUt

PR D51(1995) 2247

Partial waves (PWp):
» Breit-Wigner,
» mtn- S-waves: 1
Oller Pole , (s) = pp—_ so = (0.47 — i0.22)* GeV? for mm S-wave.
Flatte S

B 1

T2 a2 a2 2 _
M3, =M% = i(G3nPer + T PEE)

Flatte 1s0 (M)
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DP fit for x —nm1-
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Sources of systematic uncertainties

® Event selection

® Efficiency
» Simultaneous fit to data and MC events with
float pars
®* Model dependence

»Angular distributions

» Other models for ix S waves, add/remove
resonances/waves, free resonance parameters,
etc.
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Results for x —nmm-

i Nominal fit \
ao(980)" 1 Amplitude, a.u.
0 4—— Phase, degree
9 28 14+1.840.7 Fit fraction, %
f2(1270) 0.18640.017+£0.003
—118+10+4 Clebsch-Gordan
30.1+2.9+1.3 decomposition for
o-pole 0.68+0.0740.05 X o1—NTT* T~ gives:
~85+18+15 Ga(980)+ = Ga(980)-
21.743.340.5 Da(980)+ = Pa(980)-
S FFE, % 113.1
—2> log L -460.1
Pearson/Ng,.f. 22.0/24
P(Pearson,Ng,1.) 58.1%
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Isospin symmetry for ., —KKT1T

® Rates for K%Kt and K*K-11° modes

D(xer = 7K K% +T(xe1 = 7 KTK) = 4T (xo1 — T KTK™)

® Constrains for the Dalitz plot parameters
@ individual PDF normalization:

O+*+ = Ug*- = Qg+*0 = Um0 = AK*
P+ = QK- = QK0 = Q=5 = Pk,
(q(980)T = (q(980)~ = Aq(980)° = Uqa(980);
Da(980)+ = Da(980)~ = Pa(980)0 = Pa(980)-
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Combined fit for %, —K%K1r, K*K-11°

; XC1 —KKm?
% - _
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NE : \
% 2 4 6 8
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X-projec A" COh ere nt \ Y-projection | \ Z-projection |
g 1 [X:K¥(892)+ |§ | : | £
I.I=j 40+ Y: K‘ir 892 0 u>J % : |_|>J ¥: K2{143q)0 (121
- 40~ |
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Combined fit for y.,—KsKtr, K+K-110

Mode

Nominal fit

K*(392)

KtK—7% 2x, %
KiKm: 2%, %

1

9.8£2.0+1.0
9.91+2.04+0.9

0 (_

I (1430)

0.50%0.09+0.12

2+13+6
KtK—7% 2x, % 9.1+3.4+3.4
KYKm: FF(K3(1430)"), % | 9.3+£3.4+1.6
KYKn: FF(K;(1430)°), % | 8.4£3.0£1.5
K (1430) 5.34+1.04+0.1
Ti=12:L186
K*K—7% 2x, % 17.846.34+1.3
KYKm: 2x, % 18.246.4+1.6
K*(1680) 2.34+0.5+0.5
38412412
KtK—7% 2x, % 5.542.7+1.7
KAKm: 2x, % 5.64+2.6+1.0
ag(980) 10.84+1.24+1.2
1124+124+3
KtK—7% % 29.5+7.3+2.8
KoKm, % 29.44+6.9+2.2
Y. FF, % ~115
-2 logL 545.7
Pearson/Ny, ;. 57.2/563
P(Pearson,Ng,.s.), % 82.1

June 28, 2006

Heavy Quarkonium 2006, BNL

Amplitude, a.u.
Phase, degree
Fit fraction(s), %

* K*(892), K,*(1430), a,(980) are
clearly seen but not sufficient
to provide good fit.

®* We find several models with
good fit quality with additional
> + K, *(1430), K*(1680) , Prob.~30%
> + NR, Prob.~17%
> + K, Prob.~10%

® With larger statistics we hope
to resolve this ambiguity.
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Preliminary B (%) for x.,—h%h*h-

Mode X0 Xel Xe2

nmrwT < 0.021 0.52+ .03 £.03 £+ .03 0.051 £ .011 £ .004 & .003

nK+TK~ < 0.024 0.034 + .010 £ .003 £ .002 < 0.033

npp 0.038 £ .010 £ .003 £+ .02 < 0.015 019 £ .007 £ .002 £+ .002

n'aTrT < 0.038 0.24 % .03 +.02 £+..02 < 0.053

aOKtK— < 0.006 0.200 &£ .015 £ .018 £ .014 | 0.032 £ .007 £+ .002 £ .002

i 0.059 + .010 £ .006 £ .004 | 0.059 &+ .010 & .005 £ .004 | 0.045 + .007 £ 0.004 £ .003

AK™p 0.114 4+ .016 £ .009 £+ .007 | 0.034 £+ .009 & .003 &£ .002 | 0.088 + .014 £ .07 £ .006

KOKtq— < 0.005 Df.S-éL + .06 £ .06 £ .05 B:13 +£.02 + .01 £ .01
\ =

PDG 2004, KOKT: <0.08  '0.25+0.07 <0.13 BES 99

® Uncertainties: stat., syst., B (W(2S)—Y), )
® Dalitz plot analysis gives splitting of ‘BR_ for
sub-modes of y.;—nNTT 1T, KtK-11%, KO KT
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Summary

* Using ~3M Y(2S) we study WY(2S)—Yx,, J=0,1,2

® We search for and find a strong signal in numerous
Xcy hadronic decay modes.

® Today we present a few of them:

> %o,—NN0) 3 modes
> Xey—VV (V=0,w) 2 modes
> Aey—h*h~hPh0 (h=m, K, n,p) 7 modes
> A—hth~hO 8 modes

» Measurement of BR or set UL for 20 modes X 3y, states
» Dalitz plot analysis of 3 modes: y.,—ntr+m-, K*tK-110, KoKt

® x10 w(2S) statistics is expected by the end of the year
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