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Outline

® CLEO-c opportunities in Dalitz plot (DP) analyses
®* D+ antn+ DP analysis
® x.y 3-body decays BR and DP analysis
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CLEO-c opportunities in Dalitz plot analyses

* e+e-—y(3770)—DD, 1M D°DO, 0.8M D+D-, plan x3
» D mesons are produced almost at rest; clean events
» flavor tag
» CP tag
» ~20 modes of D— P,P,P; (where P,=x, K, 1) good for DP analysis
U D*—n—ntnt presented in this talk

* e*e-(Vs=4170)—D,*D,, 0.2M D.*D,, plan x4

» Dg* : DP analyses are just started, i.e. Dg* —»K-K*r*

* ete—— Y(2S), 3M y(2S), by the end of the year x10
> Y(2S)—Yxe, B~%%, tagged Y., “factory”

DXC J 3-body decays analysis is presented in this talk
» P(2S)— nn J/@, B~50%, W —h,h,h,, DP analysis or PWA
® We are working hard on DP analysis of many final states
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Example of purity: D* -K-n*n+

Data: D* —» Kn'n" Data: D* » Kn'n"

o 281 pb'1, ‘51-89 _ o [ENTRES 120857 _'g [ Bk 17
0 8M D+D_ 31_88 — S . |§)000— g-170
-
® Clean samplein &%
(s 5 1.86 |/ 10000
single tag” mode
. . 185
® Signal variables: _ |
18‘-I[II1-I 5 0 1.|84 I 1.56 I 1.|88
_ 2 ) AE (GeV) mg. (GeV/c?)
mpec = \/Ebeam T pD? " — ~ 3t
= B ~64K events
) P — A 3 %
AE = Ep — Epearn, & S T
|
10000
® Not all modes |
are so clean... |
01 005 0 005 04 S 2 3
AE (GeV) m?(Kn*)
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* Motivations

® Event selection

® Dalitz plot analysis

® Systematic cross checks
® Results
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c in D*—ratnt from E791 and FOCUS

®* FOCUS: K-matrix SwE - izl
* E791: Isobar model Nl ol
ool E791| -
o =f,(600) or low mass & ¢ _
mrmT S wave is required 3 sof N
by their fits b e, NI T
0 05 1 1+55|2 Gl12d Sas %éﬁewfci} LT PE;} :EE 3 Tis
Wi " m*) Gev/ct
S Qi ¥
100 %2.5.3200:
. . o W 0o
® lItlooks like G is o 5 Lo
recognized. £ ST FELEEE
q::: ' TR e 1.5 0ecoen O0oo = ==«
[T} 0 [t e e e e R ey
0 05 1.6 2 b .3 B F L - LR R
12 ANQA Sgy Ve Il OoeOocoOOcoOa=«+nao. -«
For example: racnd s, oo/ R
0.5 B0 0s s e EEs.
® D.V.Bugg, hep-ex/0510014, 0510021 | “:deiecaciseiss:
Abstract 0 05 1 15 312(55,2/034)

Both o and & are well established from E791 data on D — 37 and
Kramand BES II dataon J/V - watr~ and K TK ntn—.

® CLEO-c have enough stat. Can we confirm ¢(600) ?
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Event selection

L=281pb-"
ere——Y¥(3770)—DD
Single D reconst.
Signal variables:

mpc = \/Efmm — Db,
AL = ED — Ebeam:
® Signal box for DP
» |AE|<20 and
» |Mge-Mp|<20
® Bkgd boxes for DP

> |AE,|<20 and
» 50<|Mg-Mp|<90
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01 005 0 005 01

AE (GeV)

Data: D" — n'n'n

bkgd

1000

184 1.86 1.88
Mg (GeV/c?)

6991 on DP

3
m?(n*1)

1

2

~2240 D*—KogTr*

~2600 signal Dr*—T1r-1rtmt
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Cross-check for Branching R

MC: D+ —>K031t Data: D* — n*n*n
500

\atios

* Split yield of D*—a-a*a* and D*—K%n* using m(z* n-)

MC

Eventg

1000

500 -

0

N'©

4 Nl = &

NData
B(D" — ")

045 0475 0.5 0525 055 145 0475 0.5 0525 055
m(n* 1) o (GeV/c?) m(n* 1) o (GeV/c?)

B(D+*—nntnt)=(0.33+0.01)%

B(D+—KOsn)=(1.59+0.06)%

2ND+D Ef

CLEO-c results:
(0.34+0.02)%

P. Rubin et al., PRL 96, 081802 (2006)

(1.55+0.05+0.06 )%

Q.He et al., PRL 95,121801(2005)
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Formalism

Log likelihood
e(z,y)
PDF PDF(z,y) =4 Bl(z,y)
Matri | t fNs|M(z,y)*e(x,y) + (1 — f)NpB(z,y)
a rIX e emen .a'.V'I — ZﬁRPI'T’FR“RFE
: ] R
Partial waves (PWp):
‘ 2 ( vy _iﬁ“’{m} _
» |=2 ntnt S-wave al=5(m) = ﬂ”{m}z: 1
» Tt S-waves:
Oller Pole , (s) = —— 5o = (0.47 — i0.22)* GeV? for 7 S-wave.
Flatte 7T 84
1
Flatte rgg) (M) ~ m3 —m2 —i(g2 prr + 9% P
Experiment | Mass (MeV/¢?) | g7, (MeV/c?)? O il 9on
WA102 987+6+6 1903040 ra
E791 Q77+342 90+ 10410 4 540 0+810
BES 11 965018+6 1651015 4.21x0.25x0.21
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Statistics & survived intermediate states
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Nominal fit

\ X+Y projections

* K9 removed 2k § ez
9, %g 300_ $ X: Low mass pipi
?E ag 2007
® Leading fractions * | e
are shown on
projectons ¥ | ESe——

m2(*r) (GeV/c??
\ Z-projection ]

All coherent
X: Rho(770)
X: f2(1270)

+

® Signal p.d.f.
(w/0 background)

+X: Low mass pipi

s

500 "

m(r)  (GeV/ed? m('1*) (GeV/c??
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Sources of systematic uncertainties

® Event selection

» Variation of the Signal Box size
> Fit with and w/o cut of K% band

® Efficiency

» Simultaneous fit to data and MC events with float pars

® Background

» Variation of the Sideband Boxes
» Simultaneous fit to data and bkgd events with float pars

®* Model dependence

» Models of E791

» Other models for ix S waves, add/remove resonances/waves, free
resonance parameters, etc.
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Amplitude, a.u.
Phase, degree

Fit fraction, % Resu |tS for D+_)n_7t+7t+

e [rier | ¢ Our data agrees with results of models
B E=EE used in E791 analysis
i séf;;
<2.4%
R ® Have tested other models
fo(1270) 7t 9.140.240.1
237+6+3
st | tasosso ® Nominal fit comparing to E791:
—— » + f,(1500) with parameters from BES
a4 0408 > +1,(1710), £,(1790)
R Lo » o0 (E791) BW is replaced by o-pole
=2 ntxnt U.Tgfgﬁd . . .
»m | ® Significant fractions:
o pole 3.7£0.3+0.2
p(770), f,(1270), f,(980), a(600), f,(1370), f,(1500)
GG
— ® Upper Limits:
» p(1450), NR and |1=2 n*n* are gone,
P > f,(1710), f,(1790) do not survive
Probability 27.8%
—23loglL 395
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X.g—h%h+h-

® Study 3-body decays of x.,—h°h*h-,
produced in ete~—Y(2S)—yy,., , J=0,1,2

»Measurement of BR or set UL
Xoy— N1, KHK-110, KOKTT, nK*K=, n'mr+mr-,
npp, m™pp, AKp

»Dalitz plot analysis of 3 modes with high
statistics: y.;—ntr+m, KHK-119, KOgKTT
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Events/(4 MeV)

Events/(4 MeV)

Yield ch—mOpQ, nPR. /\KQ, N

: Tc pp _ il X Y|el;r]1E)7F38 | | T] TETC

[ g Yield 1.8+3.3
- %, Yield 3.2+23 | i
10k Ao Yield 8.9+ 35

— 1., Yield 576+ 8.0
- Y i + -
% A Yield 9.5 3.5 S 20 % Yield 123t 4.4
L Yield 37162 = 41 _ [0]
A 3 =
= i 3
2 %
= c
:
°r 1, 10

T T M dtti—itt—] |, [l It &U_ 7|ﬁ1—|ﬁﬂ|JnﬂfiLL|'lLUT‘rﬁ‘|lr| JW‘QF/LH‘?BQVW
.22 3.32 o 342 3.52 3.62 3.22 3.32 3.42 352 a6 0 = ' L

7 pp Mass npp Mass 3.22 a3z , 342 3.52

nnn Mass
w—AKp

L oy Yield 51.2£75

Ao Yiold 1632 4.4

15:_ %o Yield 421+ 6.9 _ ¢ Signal MC

) > Resolutions 0=4-7MeV/c?
» Efficiencies ~7-30%
1 *  Fit accounts for [()p)=10.1MeV

AKp Mass
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Events/(4 MeV)

Yleld Aoy =N, nK+K-, KOSKTF K+K- TrO

| | KK
[ X Yiel 4.0+4.4 ] 6 n -
. A Yield  3.1+£30
" X Yield 254.9+16.3 ﬂ 1 i Vield 14444 1
sl y., Yield 26.2+ 6.1 - | e Tel TS ]
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- : )
i 1 = 41
<
40 - =
n [} ..‘2
i 1 c
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- 1 >
i | L
— 2l =
i _ f D I / \
0 W |Mﬁm 0 LI T { . I -
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50 T T T T T T T | T T ! ! ! 0 ! ! ' y ! ! ‘ ! ' !
- T KK - - KK |
: n : a0 TE —
40 Ao Yield 3327 r — |y, Vield -1.0+00 i i
[ %o Yiold 156.7£12.4 ] 60k . Yield 24032158 -
> a0k % Yield 248:54 | 2 - 1
= L i = i A YiEld 36862 i
N - 1 L i |
> [ ] 3
£ i ] £ 40f ~
L 2 . [ |
i ! ] o [ ]
i ] 0o b i
10 L — 0
o =] '"""“"F!I'I-I‘\)&I—Q-J 'vJ}L—Aﬂ glwos aalo van o | n.nn_nj hﬁjﬂk o
3.22 3.32 3.42 352 3.62 3.22 3.32 3.42 2.52 3.62

7KK Mass K°Kn Mass
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DP fit for x —nm1-

Events

m3(r*r) (GeV/c?)

[o9]

[=))

T h T T

m2(nr*) (GeV/c)?

June 6, 2006

X-projection |

B Y: s-Pole

40

20

Qllc herent
-a0(980
Z:ag?gso?

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

m2(*w) (GeV/c?)

\ DP statistics |

o)) o)

T b T T

\ Y-projection |

m2(nr*) (GeV/c?)
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20

10

PRy

Y: s-Pole

o

5 8
m(t*r) (GeV/c?)
Mikhail Dubrovin

Events

m2(*w) (GeV/c?)

DP total PDF

o)) o

T b T T

NOO00N000000000N0n0n

400

G

30/ |

20

m2(n*) (GeV/c?)

\ Z-projection |

10

All coherent
X:a 980;
Z:a0(980

Y: s-Pole

L

m2(mr) (GeV/c?)?
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Results for y.—nN1r*1-

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%

WSU CLEO-c 18



Isospin symmetry for ., —KKT1T

D(xer = 7K K% +T(xe1 = 7 KTKY) = 4 (xe1 — 7’ KTK™)

* Relative factor —V2 between amplitudes of KVgKTT and

K*+*K-110 does not matter due to separate PDF
normalization.

® Constrains for the Dalitz plot analysis:

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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Events
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Y: K2(1430)0 (121

2 4 6 8
m2(nK) (GeV/c??
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Events

4 evts

00H‘2JH4|H6H18H

WSU

m(°K*) (GeV/c?)’

\ Z-projection |
o All coherent
X: K*(892)+ (110)
Y: K*(892)0 (110)
Y: K2{143d)0 (121
m2(KKg) (GeV/c??
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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 6, 2006

Charm-2006, Beijing

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 BR (%) for x.,—h®h+*h-

Xel

Mode X0 Xe2

nrtr— < 0.021 0.592+ .03 £.03 +£.03 0.051 4+ .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'wTwT < (0.038 0.24 +£ .03 £.02 £ .02 < 0.053

W KtK~ < 0.006 0.200 £ .015 £.018 = .014 | 0.032 £ .007 £ .002 £ .002
7pp 0.059 £ .010 £ .006 = .004 | 0.059 £+ .010 £ .005 £ .004 | 0.045 = .007 £+ 0.004 £ .003
AKTp 0.114 £ .016 £+ .009 = .007 | 0.034 &+ .009 £ .003 £ .002 | 0.088 +.014 &+ .07 & .006

KOKtq— < 0.005 0.84 + .05 £ .06 + .05 0.13 +£.02 4+ .01 +£ .01

S

PDG 2004, KO.KTr : <0.08

0.25%£0.07

<0.13 BES '99

® Uncertainties: stat., syst., B (Y(2S)—Yx., )

® Dalitz plot analysis gives splitting of BR for
sub-modes of y.;—NTT*1T-, K*K-110, KO KT

June 6, 2006
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Summary

® CLEO-c has broad opportunities for DP analyses of D, Dg, % s J/W...

» single and double tagging technique
» flavor and CP tags

¢ Using ~0.8M D*D-we performed the D*— n—n*n* DP analysis.
» 0(600) or low mass n+*n~- S wave is required by CLEO-c data.

® Using ~3M W(2S) we study W(2S)—Yx.y X ,—h%h*h-, J=0,1,2

» Measurement of BR or set UL for 3 (. states X 8 modes:
Aey— NI, KHK-110, nK*K-, npp, mpp, KoK, n"mr+11-, AKp

> Dalitz plot analysis of 3 modes: ¥ ,—nm+T-, K*K-1%, KOK1T

® More CLEO-c results of DP analyses are expected soon.
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