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CLEO-c

CLEO-c is a Charm Factory that is now in the final year of data taking
with a scheduled shutdown date of April 1st, 2008. The main focus has
been, and is, on precision measurements of D and D, decays and the

Y(2S) 27 million events

WY(3770) 575 pb-' (— 800pb-1(estimate)) just above DD-threshold
(4170) 314 pb' (— 630pb-(estimate)) maximize D O, production
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Outline

| will present CLEO-c results on
Dalitz analysis of

»D*— 1w m* m* using 281pb-1 pro 76, 012001 (2007)
»>D*> K-t using 281 pb'1 (Conference paper)

»Current and future analyses

Recent Review by Gianluca Cavoto
Charm Dalitz Analyses FPCP (2007) arXiv:0707,1242v1 [hep-ex]
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Dalitz analysis of D*—> 1 "

Previous results from fixed target experiments

E791 1172161 events PRL 86,770 (2001) hep-ex/0007028
Uses the isobar technique where each resonant contribution is modeled
as a Breit Wigner amplitude with a complex phase.

FOCUS 1527151 events PLB 585, 200 (2004) hep-ex/0312040
Uses the K matrix formalism and poles which provides a description of
the s wave 11 resonances the o or f,(600) and the f,(980)

Results in this talk
CLEO-c ~2600 events PRD 76, 012001 (2007) arXiv:0704.3954
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Analysis of D*-» m mw*
Possible contributions
p(770), f,(980), f,(1270), f,(1370), f,(1500), p(1450)
plus 0(600), f,(1710), f,(1790) and s wave | =2 and NR

Three models

»>Isobar model with the o and the Flatte parameterization for the
threshold effects on the f,(980)

> S wave description by Schechter (for the o and f,(980) .
(PRD 64, 014031 (2001) and Int.J.Mod.Phys A20,6149 (2005))

 Model of Achasov et al

- (PRD 67, 114018 (2003), Sov.J.Nucl.Phys 32,566(1980), PRD.D55,2663(1997),
PRD70,111901 (2004), PRD 67,114018(2003), PRD 73,054029(2006)

7/16/2007 EPS 2007,Manchester
July 19th — 24th



7/16/2007

Since we are just above
threshold for DD production
each D is produced with the
beam energy so we use the
beam constrained mass and
AE to select the events

6991 signal region

2159 background

2239 KO, decays
~2600 D*—> T " ™*

Dalitz analysis of D*— 1 w* "

AE=E(D)-E

Megc \/Ebeam _|p(D

beam

Data: D* —» ntrtnt~

Events
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D*— 1 " 1r* Dalitz plot

D+ > i

3540307-005
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The Dalitz plot shown
has been folded
because of the
symmetry of the two
™*.

The K° band is clearly
seen.



Basic formalism

hl
* Log likelihood L=-2> log PDF(n,y,)
- PDF e(z.y) ! efficiency
PDF(x,y) = { Bz, y) background
fNs|M(z,y) 2z, y) + (1 — f)NgB(z,y) signal

Matrix element

M = Z CRARQRFR
R

(cgris the complex factor amplitude and phase, Agis a BW or Flatte, Qg is an angular
distribution, F barrier penetration)

B (m)e B — 1

=2
* |=2 n*a* S-wave AL=o(m) = 5
e w*n” S-waves: 1 | |
 Oller AU(S) — 5, — 5 s = (0.47 — i0.22)* GeV? for mm S-wave.
1
* Flatte A (m) =
fo(980) () = :
. m?‘h —m? — %(g?%ﬂ'pﬂ'ﬂ' + Q%EPKR’)
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Starting from the
contributions clearly seen in
the data additional
resonances are added or
removed one by one to
improve the fit. A
contribution is kept if the
amplitude is significant at
more than 3 standard
deviations and the phase
uncertainty is less than 300

7/16/2007

Isobar model results

Mode [Amplitude, a.u.| Phase, (°) |Fit Fraction, %
p(T70)7 1(fixed) O(fixed) | 20.0+2.3+0.9
fo(980)7™ | 1.4+0.2+0.2 | 12+10+5 | 4.1+£0.9+0.3

f2(1270)7 | 2.140.24+0.1 | -123+£6+3 | 18.24+2.640.7
fg(1370)7r+ 1.3+£0.4£0.2 [-21£15+14| 2.6%+1.8£0.6
fo(1500)7t| 1.14+0.3+0.2 |-44+13+16| 3.44+1.04+0.8

o pole 3.7+0.3£0.2 —3+4+2 | 41.841.442.5
S FF;, % 90.2

Mode Upper Limit on Fit Fraction, %
p(1450) 7+ <24
N.R. <3.5
=2 7t 7t S-Wave <3.7
fo(1710)7* <1.6
fo(1790) 7+ <2
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X+Y projections
3540307-007
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Fits to the Mass projections

Z-prOjeC’[IOn 3540307-008
i Signal
+ * === X: p (770)
B ! — X: f, (1270)
100 + + bt | — X: f, (980)
i = X: o pole
i + --------- Background
Total S+B
2]
2 | Tt
GJ b
> i H 0
W s0fi e + + +
a. |
L. i
S .
0 | M T
0 1 2 3

EPS 2007,Manchester
July 19th — 24th

m2(mtrtt) (GeV/c?)?

10



Other S wave models

The isobar model does not adequately represent the S
wave ' where wide resonances overlap so we have
used two other models.

Schechter motivated by chiral invariance parameterizes

simultaneously the o and f,(980) with 7 parameters, the
bare masses, the strong mixing angle between the o and
f, (980), the total S wave amplitude and phase and the

relative weak amplitude and phase.
(PRD 64, 014031 (2001) and Int.J.Mod.Phys A20,6149 (2005))

The Achasov model is motivated by field theory and treats
the S wave 1rmr with contributions from non resonant,
direct resonance production of o and f,(980) and
rescattering from several intermediate states such as KK

and T

(PRD 67, 114018 (2003), Sov.J.Nucl.Phys 32,566(1980), PRD.D55,2663(1997),
PRD70,111901 (2004), PRD 67,114018(2003), PRD 73,054029(2006)
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Comparison of amplitudes and phases

The two models used to extend the isobar model give

amplitudes and phases which are close to the isobar results
but are a better physical description of the S wave component

2 5 3540307-018 3540307-019
sobar model rainge ............
o0 |- chechter S wa;ve -
:'g - - Achasov S wavé
>
E.. 15 i ““““““““““““
S
< [ N Isobar model range
i T N 28 " —— Schechter S wave
i ———- Achasov S wave
L 1 1 L 1 L L 1 L 1 | 1 i’ Il I L 1 I L I L L 3
° 0.5 1 1.5 0.5 1 15
T Mass (GeV/c?) Tt Mass (GeV/c?)
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Dalitz analysis of D*— K- " "

Experimental publications on D*— K-m*m* DPA:
— Mark lll, PL B196, 107 (1987) , ~2000 events
— NA14, Z. Phys. C50, 11 (1991), 394%33 ev.
— E691, PR D48, 56 (1993), 4149179 ev.
— E687, PL B331, 217 (1994), 880098 ev.

— E791, PRL 89, 121801 (2002), S+6%B=15090, isobar model
— E791, PR D73, 032004 (2006), the same sample, MIPWA
— FOCUS, arXiv:0705.2248, S+3%B=53653, IM + K-matrix

Re-analyses of E791 data:
— J.A. Oller, FSI in hadronic D decays, PR D71, 054030 (2005).
— D.V. Bugg, o,k,f,(980),a,(980), hep-ex/0510014.

7/16/2007
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Dalitz analysis of D*— K- " 1"

Data: D* -» K™ n*n* .. DP statistics ——
3
‘ ﬂ N IHHH RN
20000 c‘{l_‘ 25 seuns
i O 7 [laezemmemiiiiiionis
> semmmzmaniiiiiariiiand
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c Y~ 2 [ )::iizszzzzazseczeonsoooooooh
() L = ssahcagicacacasssonatonooood
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281/pb-! statistics ~67K events bkg~1%, is ~x4 of E791
excellent invariant mass resolution.
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Mass projections
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Analysis Procedures

»Compare to E791 using the isobar model
»Add an | =2 mrr S wave contribution

»Apply a Quasi Model Independent Partial Wave analysis
an extension of E791, PR D73, 032004 (2006):

7/16/2007 EPS 2007,Manchester
July 19th — 24th
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Models of E791

We first compare to E791 using the isobar

approach.

E791 used three models with

model C having the best fit quality
A: float amplitudes and phases
B: +float m,I" for K*;(1430), float rp, rg

C: +Kkmt

but different K*,(1430) pars

Model C uses

K’ (892) K
KTt and
Gaussian

ﬁ(1430) K'(1680), K, (1430),

form factors are used for the

K',(1430) and the k and for all K1r with
non zero spin the radii in the Blatt-
Weisskopf form factors are fixed with

ro = 5GeV-'and ry = 1.5GeV-

7/16/2007

EPS 2007,Manchester
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PRL 89, 121801 (2002)

Mode Model A Model B Model C
NR 90.9 =26 895+ 16.1 13.0+ 5.8+ 44
1.0 (fixed) 2.72+0.55 103 +x0.30=*0.16
0° (fixed) (—49 +3)° (=11 +14 +8)°
47.8 12,1 £53
kT 1.97 £ 0.35 = 0.11
(187 + 8 + 18)°
13.8 + 0.5 12.1 = 3.3 123+ 1.0+ 0.9
K*(892)rT  0.39+0.01 1.0 (fixed) 1.0 (fixed)
(54 +2)° 0° (fixed) 0° (fixed)
306 1.6 287 *+10.2 125+ 1.4+ 0.5
K3(1430)7T+ 058001 1.54=*=0.75 101 £0.10=0.08
(54 = 2)° (6+12)° (48 =7 *+ 10)°
0.4+0.1 0.5+03 05+01=+02
K§(1430)7T+ 0.07 001 021 20.18 0.20 £0.05 = 0.04
(33 + 8)° (=3 +26)° (=54 +8+7)°
3.2+03 37+19 25+07+03
K*(1680)7r"  0.19+0.01 056 *0.48 045 *0.16 = 0.02
(66 + 3)° (36 + 25)° (28 + 13 + 15)°
Yi/v 167/63 126/63 46/63
17




CLEO-c

preliminary
Mode Parameter BE791 CLEO-c
NR a (a.u.) [ 1.03-+£0.30+0.16 8.0+1.0
@ (°) —11+14+8 —19+9
FE (%) 13.04+5.84+4.4 10.44+1.3
K (892)x+ a (a.u.) 1 (fixed) 1 (fixed)
@ (?) 0 (fixed) 0 (fixed)
FF (%) 12.34+1.04£0.9 11.241.4
R, (1430)7+ a (a..) 0101010008 3.1-+01
@ (%) 48+7+10 48+3
FE (%) 12.541.440.5 10.5%+1.3
m (MeV/c?) 14594+7+12 1461+3
' (MeV /c?) 17512412 16945
RL(1430)7+ a (au.) 0 20+0 054004 0 O8+0 04
@ (%) 544847 2944
FE (%) 0.5+£0.1+0.2 0.40+0.04
K (1680) 7" a (a.u.) [0 45+016+0.02 6.7+0.5
@ (°) 28+£13£15 2944
FE (%) 2.5£0.7£0.3 1.36%0.16
KT a (aa.) [[1.97+0.35£0.11 4.810.3
@ (%) —1734£8+18 —165%5
FE (%) 47.8412.1£5.3 31.2+3.6
Breit-Wigner m (MeV /c?) T97+19443 805+11
' (MeV/c2) 410£43487 453421
Formfactor r.(GeV 1) 1.6+1.3 1.5(fixed)
rp(GeV—1) 5.0+0.5 5 (fixed)
Other R — K7 | rp(GeV 1) 1.5(fixed) 1.5(fixed)
Goodness x2/v, Prob. 46/63(7177) 448 /388, P=2%

The fit probability for C is ~2% and the fit

significantly under estimates the data in the

range 1.3 < m?(mr*m*) < 1.6 (GeV/c?)?

7/16/2007
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Comparison with E791, Model C
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QMIPWA analysis

» binned complex amplitudes for K1t amplitude and phase with 26
uniform bins of 0.1GeV and 26 amplitudes and 26 phases

>t amplitude and phase is defined by 18 bins in T from 0.1 — 1.9GeV
»Breit-Wigner for the narrow resonances.

>S wave: Breit-Wigner K'(1430), binned S wave amplitude which
replaces K and non resonant contributions in the isobar model.

»>P wave: Breit-Wigner K'(892), binned P wave amplitude which
replaces K'(1680) in the isobar model

»>D wave: binned amplitude which replaces K',(1430) in the isobar model

»The parameters of the binned functions describing the S, P, and D
waves are allowed to float one wave at a time

7/16/2007 EPS 2007,Manchester 19
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Measured K P and D waves
Isobar model and QMIPWA

CLEO-c fit results

| P wave | 3540707-040 D wave 3540707-041

8

- 5 ——— E: ﬁggg}) i GMIPWA . [ — K; (1151_30) range in IM i
L = ) L I R .

'-E oo b b . Binned P wave instead of K* (1680) R — oo BLnnedDwave .............................. ,t% .............................
S L N S — K* (892) + K* (1680) range in IM 5 | ——— K: (1430) QMIPWA 3
> K (892) + K* (1680), QMIPWA > r S N
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Ko and T S waves

Isobar model and QMIPWA
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K1r S wave in Isobar and QMIPWA

|K1TSwave| |K1TSwaveW|thI=21T1T|
o 3540707038 oo _ 3640707-043
- Total S wave T - Total S wave
— o 1 i  Cx : I P Binned S wave wio Kj (1430)
) — .~ —%— Binned S wave w/a Kj (1430) . : i 5
= [ =  —-—-K; (1430): Flatte TS~ | —-—+- Kz (1430): Flatte
= R B — o K POIB(IM)...... [FES—— 20 st ~ o T el L) )
E . ——x+NR(M) 11 | L -
\E-Eu" 10 ................................................
<
0 D | | L I I
- - T =]
2DD L e e , ..................................................................... ,--_‘_...-r""-' EUD _— ,—-‘_‘..—r
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Mass projections

A — All coherent »
5 A g I
3 — XK %1430) Fla| (52000
i == }é{: S binned -
4000 | W TR bl —
! Total S+B 1500 All cohf'rent
L —————, X K*g g
1000 L ——- X:K,*(1430) Fla
_— i - = ﬂz{_‘ﬁliﬂo binned
E L J S
500
0 1 7, 3 00 0.5 - 1 - 1.5 2
M? (K-1r*) (GeV/c?)? M2 (Tr*1r*) (GeV/c?)?
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Comparison of CLEO-c and E791. Only statistical errors are shown

Comparison Summary

for CLEO-c. Systematic errors will have similar magnitudes

Modd C QLIPWA
Mode ET91 [5] CLE O-c ET91 [6] CLEC-c
MR 130+58+1 4| 104£1.3 s=a S wave s=a B wave
ho(s9z)xt 123410409 | 112414 | 119402420 10.040.3
Roi1430)x+ | 125414405 105413 sea S wave 114436
B o(1430)=+ 05401402 | 040004 | 02401401 | 047640014
Ao(1880)x+ | 25407403 | 1364016 | 12406412 | 2524008
rxt A784121+53| 312436 sea 3 wave sea 3 wave
Total S wave 73415 524 78614418 67.4+1.3
2/, Prob. (%) | 46,63, 94% |448,/388, 29| 277,/277, 47.8% (368 /346, 19.5%
7/16/2007 EPS 2007,Manchester
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Discussion: S, P & D waves

« Km S wave (we do not distinguish 1=1/2, 3/2)
— Amplitude is almost constant below K;*(1430)

— Binned wave shows a minor deviation comparing to the
isobar model

— Phase shows slow variation from -100° to ~0, well
described by the complex pole + K;*(1430)

I=2 r*mr* S wave: required, gives slight change for K S wave

Kir P and D waves: consistent with isobar model

7/16/2007 EPS 2007,Manchester
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Summary/Future

By April 1st, 2008 CLEO-c will complete
data taking and continue and extend the
analyses of three body D and D, decays

3770 DD ~800pb-1
4170 D.,DU), ~630pb-

The analysis of K°_rr and K° 1r1T is continuing and we expect
~1600 CP tags in 800pb-! with an error in ¢, of < 4°

http://agenda.hepl.phys.nagoya-
u.ac.jp/qetFile.py/access?contribld=8&amp:sessionld=2&amp;resid=
0&amp:;materialld=slides&amp;confld=0

7/16/2007 EPS 2007,Manchester 26
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Intermediate t '~ states from PDG

7/16/2007

Resonance | Mass (MeV /c®) | Width (MeV/¢*) | B(R — ==) (%)
P (770) 775.840.5 150.3+1.6 ~100
f2(1270) 1275.4+1.2 185.1+3.5 84.842.5
fo(1370) 1200 to 1500 200 to 500 seen

135050 265440 with fo(1500)
1410450 - w/o fo(1500)
1434+18+9 17343246
po(1450) 1465425 400460 seen
fo(1500) 150745 10947 34.942.3
f{.{lflﬂ'} 171445 140410 seen, KK -domin.
fo(1790) 1790+30 270150 seen
o 478155417 324155421 seen?
f5(1525) 152545 73+6 0.824+0.15
p3(1690) 1688.8+2.1 161+10 23.6+1.3
p(1700) 1720420 2504100 seen
f2(1950) 1945+13 475+19 seen
f1(2050) 2034+11 222419 17.0+1.5
EPS 2007,Manchester

July 19th — 24th
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" N.Achasov: model parameters
ngKUR_'ﬂ — JfK+K— GR70x0 = JRu+n— /\/51 9Ram = \/ 3/29R?T+ﬂ'_

24/2 V2
9torm — —Gfon'ny — TQ;‘UK+K—: Jfon'n — _Tgf[,[{ﬂLK—
V2 1
Gomm = Gon'n' = 5 YGonta—s YGon'n = T —=Gontn—
Parameter | Value in Fit#1 " i 3 T 3\/§
Mo ¥ o - Coupling constant ratios from
Iroxcii—, GeV 4.3 4-quark model.
o o » Model parameters were
— 2.4 obtained in fit to data from
Cpo e scattering experiments
0 .
by 1.1 .
b, | 36 Background phase pars.
A, MeV 172.2
mq, MeV 765.4
ma, MeV 368.9 €
Ak, GeV 1.24 EPS 2007,Manchester 30
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s § wave amplitude for Dalitz plot

Asw (mg,my,m,) = Aptr-(My) + Aptra—(my) + Agsr+ (M)

Aﬂ--i—ﬂ-— (m) =
<4

_|_
_I_
_I_
_I_
- KKte

A?’[Tf’ﬁ (TH) —

167,
2 0 1 2
Lytn- (m‘cﬂ'ﬂa dﬂﬂ') ) (§T0 (m) + ET{} (m))
2 2
L 0.0 (mlcﬂﬂﬂu, dﬂuﬁo) . (ETE? (m) + ng(m))

L+ k- (m\cK+K—, dK+K—) ' Tg(K+K_ — 7T+?T_, m)

L ) - TOK'K® — 7™, m)

m‘cfcﬂfﬂ’ df{ﬂ?”
1077 (m 0 res
CD+Rrt+ "€ B (m) -To brx(m).

KK (

rms have similar shape and are joined in the fit

Lot nt-(M|Crrs derr) - Ty (m)

S 31
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Dalitz plot fit formalism

hn'
* Log likelihood L=-2)Y log PDF(x,,yy,)
n=1
e(z,y)
- PDF PDF(z,y) ={ B(z,y)
fNs|M(z,y)[*e(z,y) + (1 — f)NpB(z,y)

« Efficiency and background x-
y symmetric 2D 3d poly

e, y) =1+ Ey(& + §) + Ba(2° + §°) + B3(3° + §°) + Egy@9 + Egyn (879 + 29°)
* Matrix element M = Z cpApQpFp
R

 Fit fraction FE, —
R —
J 132, M, [2dm2dm?
- Fit goodness 2= Nf (Min. — Hbin)°
bin=1 Hbin
7/16/2007 EPS 2007,Manchester 32
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PWA Formalism 5 a

A :
kAR e

s=m(K77), t = m(Kmy), and w = m*(n]7;) ¢

s+t +u=mp+mi +2m?

M(s,t) = A(s,t) + A(t, s) + A2 (uis, 1))
Lmaz
A(s.t) = S (“2P, PPy (cos 0)F5(P?rp) Ar(s)
L=0
Ao(s) = enp+ Wi+ I"{”rK; (1430) T Ws binned.
Ails) = Wregoz) + Wi (1410) + Wi (1680) + W binnea-
Aa(s) = I‘i”rK (1430) + H”b binned s 1
As(s) = Wy =2 wl e Walm) = m% —m? — imgl g otar (M)
W binned(s) = apre) - €P4O|  tupunion =ril2a(2)" [Hiern
Wg=cr-Wg(s) - FE(Pa,7r) 1
7116/20CR — REME EPS 2007,Manchester Walm) = Sp — m? 33
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Blatt-Weisskopf form factors

(] B . _W. ba rri e r a n d fo rm fa CtO rS : ‘ Relative Blatt-Weisskopf form factor for DP |

Bg(p, 1) =p" - Fg(p,r)

e E791 uses
form factors: A
Fr(g,r) = scalar, 04 ;
Fhig,r) = [1+ (rq)? 2 vector, oo | | >
Fa@r) = [9+3(rg+ (rg)’]™> temsor. NV o
m (GeV/c?)

e CLEO use similar form factors, but
— #x(q,r) = 1 for scalar
— re-normalized @ mg : Fr(q,r) | Fr(Qr,l1) =1
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