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e CLEO-c Experiment - detector and data sample

@ First Observations of Suppressed Decays of DJ
Mesons to Two Pseudoscalar Mesons
- K+, Kty/, 7r+Kg, Kt7n0 & wtx0

@ Inclusive Branching Fractions for DS Decays
KX, KX, KIX, X, = X, 70X, 15 (980)X, nX, /X, X, wX & K-pair X

© Branching Fraction for the Doubly Cabibbo
Suppressed Decay - b+ — K+x0

@ Flavor Symmetry and Decays of Charmed Particles
D% D*, and D{ to Pairs of Light Pseudoscalar
Mesons P
- Cabibbo-favored, singly-Cabibbo-suppressed and doubly-Cabibbo-suppressed

@ Absolute Branching Fractions of D°, D+, and DS

- Key modes
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CLEO PP D Ktx® D Detector Data Sample
CLEO-c Detector
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@ General-purpose
symmetric detector
Endcap @ 93% coverage (charged
SC Calorimeter and neutral)
Quadrupoles @ Tracking: dp/p = 0.6% at 1
Rare Earth Iron GeV
Quadrupole Polepiece @ Calorimeter: 6E /E ~ 5%

Magnet
Iron

Barrel Muon
Chambers
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at 100 MeV, 2% at 1 GeV.
Particle ID: dE /dx& Ring
Imaging Cherenkov =
Great 7/K separation.
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CLEO D —PP D —X D Ktz D — PP B  Detector DataSample

Data Sample at CLEO -C

DED:T Eem = 4.170 GeV 5
At 4.170 GeV energy (below the DsDK threshold of D;/\ @3770
4.33 GeV), production of a D meson in charm- and S DS*%‘@ 18
strangeness-conserving processes requires the produc- 41 7 O . pb 1
tion of a DS~ meson elsewhere in the event ° 2 Db\l
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2y

First Observations of Suppressed Decays of DS

Mesons to Two Pseudoscalar Mesons
- DataSet: 298 pb~! at Ecyy = 4.170 GeV
- Published in Phys. Rev. Lett. 99, 191805 (2007)
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CLEO D;HPP DJ X K7™ PP B Motivation ~ Technique  Yields

Motivation

@ Study Dg two-body final states with two pseudo scalars
e Will have either: K+ or 7*, and
e one: of n, o/, 7%, K2
@ This analysis studies the following modes:
@ Single-Cabibbo-suppressed modes:
DS — KTy, D — K*/, Dy — K*x%and D — ntK$
e The isospin forbidden mode: DS — 7+ 7°

@ Measure as ratios to the Cabibbo favored modes: v
D& — 7n, D& — 70/, DF — K+KY
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CLEO D+-PP DI — X B Motivation ~ Technique Yields S matics  Results

Single Tag Method @ Ecm =4.170 GeV

DEID:T 298 pb! @ 4170 MeV

@ Dedicated scan to find optimal energy for Ds physics
@ o(D:"Dg)~0.9nb {Background Suppression}

as7os08002a @ Require that the K has traveled a measurable distance
oD, oo DD oo D D from the interaction point before decaying

wle H{_ . D 'D | @ Slow track veto to eliminate the soft pions from D*D*

0s | } decays (through D* — 7D)

07| = {- @ For the modes with 7 or ', n — ~~, we reject the n
5°F candidate if either of the daughter photons is consistent
%:j 3 {' 1 with coming from 7% — ~~ when paired with any other ~ in

3 ! the event.

02| p i @ Define The recoil mass variable M..qi(Ds + 7)

“E N Y \(\5 \/M3, + Pp, — E4)? — (Plap — Po. — B,)? . We

e miicm :’ée\;)‘s ‘i require Mrecoil(Ds + ) must be in the Ds mass region.

/

. I = / Z
® Variable Mrecoi(Ds) = |/ (v/S = \/mg + Pp,)* = (PLab — Pp,)?

@ Extract yields in invariant mass after cutting on recoil mass
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Dg —

Yields

Cabibbo Favored Modes Data Yields
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Dg — PP Yields

Singly-Cabibbo-Suppressed Modes Data Yields
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CLEO D;rﬁ»PP DZ (70 B Motivation  Technique Yields Systematics Results

Yields Summary

r \
@ Find no significant evidence for the isospin-forbidden e T T 7
decay D — 7170, and therefore set an upper limit. > 3 1
@ Monte Carlo studies indicate that tightening the 3 b 1
requirement on Mgcoil(Ds) to 10 MeV should improve S 1[ .}
P o o |
the upper limit. = ’°% '}'h_ .H .% %-}% '}
@ Apply a sideband subtraction to the invariant mass £ = %% # H I ﬂ”ﬂﬁ”’
distribution and obtain a yield of 17 + 25 events. :,: 10F % ‘% ‘} 1 %-}{
e Phys. Rev. Lett. 99, 191805 (2007). P TN,
. Invariant Mass (GeV)
Observed Yields From Data \ )
Ds Mode Sub-Mode Decay Yield  Significance (o) Efficiency (%)
Df -ty n— 908 + 43 9.97 + 0.05
DS — 7ty n—ata a0 512 + 31 500 + 0.03
D — wtyf n —atrTn,n — vy 509 + 25 243 + 0.02
D — ntyf 0 - atan,n — atra® 344 + 24 180 + 0.01
D — K*+K2 K% — qtp 2174 + 52 2613 + 0.14
Dy — 7K K — 7wt~ 206 + 22 11.1 29.93 + 0.15
DF — K*a0 70— gy 141 + 34 4.3 3090 + 0.14
DI — Kty n— 7y 68 + 13 5.8 893 + 0.5
DS — Kty n— wta—n0 45 + 13 4.0 439 + 0.03
D —» K+ n —ataTn,n—yy 25 + 7 5.0 210 + 0.02
DI — Kty 7 — ntan,n — ot a® 3 £+ 6 0.5 153 + 0.01
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CLEO D+-PP D — X D » K™Y D PP B Motivation  Technique Yields ystematics ~ Results

Background Study Using Monte Carlo

JgBERELELE
NN

3 88888 3

woE b !

D; — K+7]/

¢ : The modes with 7, n was reconstructed in n — atn = a0

The points are obtained from real data, and the colorful shaded histograms are from normalized Monte Carlo
samples (mcDD-mix (brown), continuum(red), radiative return to the psi2S(blue) and tau-pair(green))
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CLEO D;rﬁ»PP Dd X D Ktx® D PP B Motivation  Technique Yields Systematics Results

Double Check Using Double Tag Method

Tag set 1 (Three cleanest tag modes)

o Ds-tag : either primary or secondary Ds. Mode# Decay
@ M(Ds), Myecoil(Ds) are defined as before. 400 D — KTkI K — 7Fn—
4011 Df — 7T, ¢ — KTK™
@ Recoil mass cut: 4012 DS+ — K*K*(SQZ)O,
K * 0 -+
=55 < [Mrecoi(Ds) — Mpg ] < +55 MeV. K*(892) — K™ 7
@ Signal region : Tag set 2 (Total 13 tag modes)
—20 < [M(Ds) — Mpg] < +20 MeV Mode# Decay
@ Sideband region : 400 Dy — KK~
—55 < [M(Ds) — Mpg] < —35MeV 401 Dy — KK~ 7~
and +35 < [M(Ds) — Mp] < +55 MeV 202 Dy — KIK~ 70
— 0,0 _—
o Tag set-1: three cleanest tag modes 403 Ds — KgKgm
° ) 404 Dy — KYK~ 7~ x0
Tag set-2 : total 13 tag modes. 405 DS — KgK -t
o Multiple tag candidates are allowed. 406 Dy — KSOKJF#* T
421 D —»m 7w mt
440 Ds — 7 n(n—v)
Double Tag Results 441 Do — w70 (n — 1)
- q 460 Dy — w7
Consistent with our results from (' — xtr—mn)
3 461 Dy — 7r_7r07]/
single tag method. But due to o )
Rondl q = — 0
low statistics, have big errors. 480 Dy — ' (n — p%)
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CLEO D+~»PP Dg — D » K™Y D PP B Motivation ~ Technique Yields Systematics Results

Systematic Uncertalntles

Main Systematic Uncertainties Summary

Value (%)
Source B(Di—K*tn) [ BOS—KTy) | BOI—=m"KJ) [ B(DF—K*x%) [ B(DI—r'r)
B(DF —mtn) | B(DF—wtn') | B(DF—K+KQ) | B(DF —KFK?2) | B(DI—K+KQ)
T+ &K* Tracking — — — — —
Ki Tracking 0.6 0.6 0.6 — 0.6
— — — 18 18
K% ES. — — — 0.52 0.52
Track Veto — — — 0.28 0.28
7%, 1, v Rec. — — — 4.2 4.2
7+ PID 0.25 0.25 0.25 0.50 0.25
K* PID 0.30 0.30 0.30 — 0.30
70 Veto — — — — —
Fitting — — — 4.94 0.67
BG Shape 4.45 5.99 2.43 10.59 —
70 Tail — — — — 1.85
Bref. — - —_ - —
\ Total H 4.507 \ 6.033 \ 2.533 \ 12.583 \ 5.061

@ In calculating the relative systematic uncertainties for the measured ratio of
Cabibbo-suppressed mode branching fractions to Cabibbo-favored mode branching
fractions (Bsuppressed/ Bravored), cancellation of uncertainties has been taken into account.
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CLEO D;rﬁ»PP DJ D > K B Motivation  Technique Yields natics  Results

Published Results

@ First observations of four Cabibbo-suppressed Ds decays
@ Those ratios to be of order |V g /V.s|? ~ 1/20
@ Phys. Rev. Lett. 99, 191805 (2007).

Mode BS/BF(10*2)

B(DS — K*n) I B(D — = tn) 89415+ 0.4

B(DS — K*ty/) I B(D — 7ty) 42 F13 + 0.3

B(DS — ntK)B(Dd= KFKI) 8209+ 0.2

B(D — K+7r%) LB(DF= K+K§) 55+ 1.3+0.7

B(D — 7Y% I B(Ds= KTK?) < 4.1 (90% CL)
Mode (Bs _B.)/(Bs 1 B_)(%) (%/féx
A(DI = K™n) —20 + 18 =z B ot
A(D — K*7) —17 + 37 Ac? é\gﬂ\"\ oy
A(DE — 7tKQ) 27 + 11 WO~ N «
A(DF — K+x0) 2 + 29 e
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Inclusive Branching Fractions for D Decays

- DataSet: 586 pb~! at Ecm = 4.170 GeV
- CLEO Preliminary
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CLEO D PP DI —X D K+ 70 B Motivation Technique 13

Motivation & Introduction of DS Decays

P
X 7
c
D?
5

Favored Decay SCS Decay(a)

Classify Final States

@ The D;r meson, consisting of ¢ and s quark, is the least
extensively studied of the ground state charmed mesons. u
Inclusive study will be helpful to get a overview of Ds decays. c

D}

5

The Cabibbo-favored decays: d

B(s8) = B(n) + B(n') + B) BRI Annihilation(a)

The singly Cabibbo-suppressed decays (a): B(S). "

-

SCS Decay(b)

Classify “quark-level” final states

4 )
The singly Cabibbo-suppressed decays (b): _
B(s88) = B(ns) + B(n'S) + B(wS) + B(¢S) + B(KKS)

The doubly Cabibbo-suppressed decays: 13(SS)

The annihilation decays:
B(Annihi) = B(Lep) + B(Other Annihi)

Get B(Other Annihi) from the global fit

of Rochester D Meson Hadronic Decays Fermilab Seminar 16 /98




Dd — X Technique

Double Tag Method @ E.;,, = 4.170 GeV
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CLEO D — PP DI —X D' —K . 3 Motivation  Technique

@ Three cleanest tag modes: e G ®
0 D+ K+Ko KO i = /(5 —Ep,)? — (Pran — Po,)? ®)
s — gy Rg — T T = \(Vs—/m3 +P} )2~ (Pan — Pp,)? (3)

Q D — ot — KTK™
@ DI — K+K*(892)°,K*(892)° — K-+

@ Eitherprimary or secondary Ds.

@ First recoil mass|cut:
—55 < [Mrecoil(Ds) — MDS*] < +55 MeV.
@ Second recoil mass cut: |Myecoil(Ds + v) — mp,| < 30 MeV.

@ All charged particles must have momentum above
100 MeV/c to eliminate the soft pions from D*D* decays
(through D* — D).
@ Tag invariant mass signal and sideband regions:
@ Signal region : —20 < [M(Ds) — Mp_] < +20 MeV
e Sideband region : —55 < [M(Ds) — Mp,] < —35 MeV and
435 < [M(Ds) — Mp,] < +55 MeV
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D;r — X Technique

Ds Tag Yield

18586 + 163 Ds Tags

-~ 600 T ~z00f gt 4 ] T a0 1+
> SEDs - om . D: —> K*(892)° K*
© 400 B ©

1Y S o B

=] =]

© 300 ! © 600 B

& 200 ] 400 1

2 2

] ]

S 100/ | > 200 7

0 0.05 OEE0s =t 05,05 ] 0.05
Invariant Mass (GeV) Invariant Mass (GeV) Invariant Mass (GeV)

Fit the AM(Ds) distribution to the sum of signal (double Gaussian) plus back-

where G(X; p,0) = e 22,
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CLEO D PP DI —X D Ktz D PP B Motivation ~ Technique B Systematics Results Dis.

Slgnal Selection Criteria

(Track Selection) 7% and 7

@ Good track fit quality. o Identify 7° via 7 — 7.

@ Momentum p > 50 MeV/c. @ Form 7 by using n — v decay.

° Angles with respect to the beam @ Photons must satisfy some good
line, [cos ¢| < 0.80. photon selection criteria.

@ Coming from the interaction point 0 ,
in three dimensions. Kg, f0(980), ', w and ¢

Particle Identification @ K2 — 7*r~. (These two pions

@ Pion and kaon candidates are have no PID requirements, and a
required to have dE /dx veorte_x fit is done to allow for the
measurements within three Kg flight distance.)
standard deviations (30) of the @ fp(980) — ntr.
expected value. @ 7' (w) — (@) rtr™, n(7°) — 7.

@ When p > 700 MeV/c, RICH The n (x°) candidates within 3
information, if available, is r.m.s. widths of the n (z°) mass.
combined with dE /dx. ° ¢ — KK~

@ Candidate electron use in addition @ Pions and kaons are required to
the ratio of calorimeter energy E satisfy the track selection and
to track momentum P. PID requirements_ 4
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Dd — X B

Background Estimation For Charged Kaon and Pion

‘[Cross Fake among e*,K* and wi]
Fake rates (from MC)

Estimated background (in data)
5 Naﬁb (MC)
bserved—a (MC)
Z NIOJ served—a
ut Fake to K* and 7+

o ut background (using e™ to normalize) Others
N'u +—K*/xt (Data) F“+HK+/W+ « ijbserved—e*(Data) Monte Carlo study

@ u~ background (directly frome MC) \Slgl?wﬁnusb:g(rer:)suﬁd
N” e O NH DA DsTﬂg con){ribgtion frgm other
sources in addition to
7t from Kg Decay what we have consid-
ered upon. We directly
subtract them based on

Fia—»b _ Na—»b (Data) __ Fa—>b Niojbserved—a (Data)

DSTag

@ Pion background from K2 decay (using K¢ yield
to normalize)

NDsta the Monte Carlo simula-
Nwi From K¢ (Data) Nri From KQ (MC) kQ tion.
i R NME
K,
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Motivation ~ Technique B Systematics Results

T T T T T T T D; >t X
Log Scale | BG Study for Data

= Total Data
Total MC
Bg From electron
Bg From kaon
Bg From pion
Bg From muon
Bg From True pion(K:)
Bg From Othes

Events / (50 MeV/c)
Events / (50 MeV/c)

06 08 1 0.8 1

Prraci (GeV/c) P;ack (GEV/C

AMSasacannsasassascacansy R
Log Scale BG Stady for Data

L Total Data
Total MC
Bg From electron
Bg From kaon
Bg From pion
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Bg From True pion(K:)
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Events / (50 MeV/c)
Events / (50 MeV/c)

505 7 Z 04 06 08 1 Tz T
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PP DI —X D Ktx® D

Kaon and Pion Momentum Spectra

K+ Momentum Spectrum K~ Momentum Spectrum
T T T T T T T T T T T T =
PR 4 Bro27795:0e21% | ™ + Br=17.586+0.492% |
L E = Data 3 E = Data ]
> E ] > d0op ]
@ 400 3 (] I MC ]
= E Generate Level = 300 Generate Level J
8 s - 3 C b
3 = E 3 " ]
2 E B 2 F ]
c £ | c C 1
Qoo - Q10 3
w C E w C ]
oE | | | T e Eroi i i | h i jaree|
0.2 04 06 08 1 12 14 0.2 04 0.6 0.8 1 12 14
Lab Momentum P (GeV) Lab Momentum P (GeV)
3 F T 3
2w Br=119.043+1.616% 3 R Br= 42.640 + 0.855 % 1
L 20 ® Data o L £ ® Data ]
> 1800 E > r 1
é’ 1600 v - g oo Bvc
1400] Generate Levelé ° C Generate Level |
8 o 3 8 = E
o ' E PR 4
600 - b
5 400 E L% 0 B
200| 3 |
“n 0.2 04 06 08 1 K = 012 ﬂ.‘4 D.‘G D.‘ﬂ 1‘ 112 |.‘l
Lab Momentum P (GeV) Lab Momentum P (GeV)
| A
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Motivation  Technique B Systematics

Systematic Uncertainties-

Main Systematics Ds-Tag Systematics
"] Ds-tag @ Many of the systematics from the
.. Ds tag side cancel in the final
@ MC statistics inclusive branching fractions.
@ Tracking systematic @ The error in total Ds tag yield is
0.87%.
@ PID e S
tatistics
0 o . .
° stw X flndmg @ About 20 x mcDD-mix Monte
e e, K,m production rates Carlo samples are used to
estimate the efficiencies. The
@ Cross fake rates expected uncertainties in
o Fit procedure efficiencies have been included in
) the statistical errors.
@ Truncate point Tracking
o Effect from D;H— - D;WO @ Assign 0.3% per charged particle.
@ KTK+X MC Eﬁiciency An additional 0.6% systematic
) o uncertainty for each kaon track is
@ Single tag efficiency added.
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CLEO D¢ PP D;rA»X D » KT D—PP B Motivation ~ Technique B Systematics Results Dis.

Systematics Uncertainties Summary

Main Systematic Uncertainties Summary

Value (%)
Mode Tracking KT Trk KFID #*ID KJa’f,n Truncate Tag Eff Other | Total || C.F
fp(980)X || 0.600 — — 0500 5620 — — 67488817 || 0.990
X 0.300 — — 0250 — 0295 0352 — [0.603 || 0.998
X 0.300 — — 0250 — 0.421 0445 — [0.727 || 0.987
7OX — — — — 4.000 — 0.374  1.466 | 4.276 || 0.988
K¥X 0300 0.600 0300 — — 0158 0510 — [0.908 || 0.961
K=X 0300 0.600 0300 — — 0.186 0618 — [0.978 | 0.941
KIX 0.600 — — — 1.800 — 059 — [1.989 || 0.989
KIKIX 1.200 — — — 3.600 — 1958 — [4.270 || 1.014
KIKTX 0900 0.600 0300 — 1.800 = 1.064 — [2.373 ] 0.984
KIK—X 0900 0.600 0300 — 1.800 — 1864 — |2.824 ]| 0.909
KTK=X [| 0600 1.200 0.600 — — — 0678 — [1.619 [/ 0.939
KTKTX [| 0600 1.200 0.600 — — — — 6227 | 6.398 || 0.980
K-K-X [| 0600 1.200 0.600 — = = = — [1.470 | 0.980
X = = = = 5.600 = 0503 — [5.623 [ 0.989
X 0.600 = — 0500 5600 = 0792  — [5.709 || 0.951
PX 0600 1.200 0600 — — 3653 0634 — [3988 0.980
wX 0.600 — — 0500  4.000 — 3325 — [5.260 || 0.867
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CLEO D¢ PP Dérg»x D » KTmr™ B Motivation ~ Technique B Systematics Results

Results-

Ds Inclusive Branching Frations (586 pb at Ecy, = 4.170 GeV)

Mode B(%) K? Mode B(%) B(PDG)(%)
Dy —fo(980)X < 2.457% (90% CL)

D —mtX 119.283 + 1.163 + 0.719

Dy —71~X 43200 + 0866 + 0314 PDG(ZOOG)
Dy —OX 123411 + 3.801 + 5.278 \
Dy —K*X 28.914 + 0646 + 0.263

DS —K~X 18.679 + 0523 + 0.183

Dy —KIX 19.017 + 0.969 + 0.378,DJ>KEX 15.585 +

Dy —KZKEX 1716 + 0.329_+ 0078 B —»K'PKSDX 4965 +

D —K2K*X 5.846 + 0456 +10.139 DH—KPK*X 5192 +

D& H@K*x 1920 + 0357 & 0.054/DF —K°K-X 1.885 =+

Dy —K*K-X 15810 =+ ,0:590 ) + ) 0.256

Dy —K*K+X < 0.259%(90% CL)

Dy —K KX £.0.064% (90% CL)

Dy —nX 291933\ 4+ 2225 + 1683

D& —n'X 11.667 '+ 1.682 + 0.666

DS —¢X 15714 + 0816 + 0.627

Dy —wX 6.090 + 1401 + 0.320

@ The first error is statistical error and the second one is systematic error. For upper limits,
we conservatively increase the quoted upper limits by 1.28 times the systematic errors.
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CLEO D¢g PP D;rg»x D K D PP B Motivation  Technique

All Measurements List

All of our measurements Value(%) Mode

2 x (1.716 £0.337) (KIKIX = KIKX)
2 x (5.846 + 0.477) (K§K+x =KIK*X )
2% (1.920 £0.361) (KIK~X =KPK=X)

Value(%) Mode
(28.914 + 0.697) (KTX)

(18.679 £0554) (K X ) (15.810 + 0.643) (KHK-X )
(19.017 + 1.040) (KgX') Lygat
oy > o (10.130 + 0.130) (KTK*X")
(19.017 + 1.040) (KX =K2X) (0032 = 0.032) (K-K-X )
(85.627 + 2.263) DS — KX ' ) 01 0
(4.965 + 0.985) (KPKSX)
(39.901 + 1.813) DJ — KKX
Mode | Measurement B (%)
DS — v CLEO-c Measurment 6.470 £ 0.660
DS — utv CLEO-c Measurment 0.638 + 0.067
DI — X 29.933 +2.790
DS — 'X 11.667 + 1.809
DS — ¢X 15.714 + 1.029
DS — wX 6.090 + 1.437
DS — KKX Sum of all kaon-pair Branching Fractions 39.901 + 1.813
DS — KX Sum of all kaon Branching Fractions 85.627 +2.263
D - (S)KTX [[ Kt —KtK~ —2x KIKT —2x KTK+  1.152+1.370
D — (S)K~X K‘—K‘*’K‘foKEK‘—ZxK‘K‘ —~1.035+1.116
DI — (S)KEX || KI—KIKF —KIK~ —KIKP -2 xKIKQ  2.854+1.895
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CLEO D PP D+4»>< D > K B ation  Technique

Global Fit On Inclusive Branching Fractions

We have performed a global fit to our measurements. For this,
we write:

o B(s3) = B(n) + B(y') + B(¢) + B(KK),
@ B(s88) = B(nS) + B(n'S) + B(¢S) + B(KKS),
We searched for DI — nnX, D& — ni’X and D — neX

modes, no clear signals were found. The B(Extra n) from data
is about (6.0 + 3.9)%.

Lower bound of B(DS — Other Annihilation)

Global Fit Results (18.5 + 2.9 + 0.50 + 0.40 + 4.0)%
B(E 1) (%) Vary Cq,C, (%) (x°) B(DS — Other Annihilation) (%)
In Data 1.25 1.25 1.00 1.50 Cy 1.25
6.0+3.9 0.50 1.00 0.75 0.75 Cy 0.75
6.00 18.15 (0.002) 18.90 (0.148) 19.02 (0.001) 18.05 (0.164) || 18.53 + 2.89 =+ 0.37 + 0.49 (0.047)

@ The first error of the lower bound is statistical error, the second one is from C4, the third
one is from C, and the last one is from B(Extra 7)
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Branching Fraction for the Doubly Cabibbo

Suppressed Decay Dt — K70

- DataSet: 281 pb—! at 4(3770)
- Published in Phys. Rev. D 74, 071102(R) (2006)

Fan Yang - U. of Rochester D Meson Hadronic Decays Fermilab Seminar 30/98



CLEO D¢ PP DZ X > B Motivation ~ Technique Fit Yie

Motivation

@ The Cabibbo-favored hadronic decays of the ¢ quark
proceed through
° CHSWJ, W\fﬂua
e Here W, is a virtual W * boson.
@ The doubly-Cabibbo-suppressed decays proceed through
° C—>dWV+,WV+—>u§
e These are expected to be suppressed by a factor
|(Vcdvus)/(vcsvud)‘2 ~25x1073
@ Measurements of DCS decays can provide insight into the
decay mechanisms for D — K the validity of SU(3), the
roles of the annihilation, exchange, and color-suppressed
spectator diagrams relative to the color-favored spectator
diagram
e D? — K*x~ - First observation in 1994 at CLEO.
»o D+ — K*#0 - BaBar's result and this analysis.
e Dt — K% " and D® — K%#P - Still Missing
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CLEO D¢ X Dt -kK*x® D PP B Motivation ~ Technique Fit Yields stematics  Results

Single Tag Method at 4 (3770)

DD 281 pb! @ +(3770)

@ No additional pions produced
@ Extremely clean event

@ High tagging efficiency e
@ s(ete” — D°DO) = 3.66 + 0.03 + 0.06 nb

® o(ete” - D'D7)=2.91+0.03+0.05nb ™
e (D Tag Reconstructlon]

W 5 010 g0t Gis . .
8 ommns y‘ e @ The 1(3770) resonance is below the kinematic threshold

for DD7 production, and so the events of interest,
ete~ — (3770) — DD, have D mesons with energy
equal to the beam energy.

A i% f
&b 1 % { @ Two key variables in reconstruction of a D:
i 7

«
8

|-+ o, soanponTs

®
i

o (e*e” — hadrons) (nb)
"'fi s

5
i ® Moe = /o= | i PIf2
v ® AE =) Ei — Epeam
@ where E;, P; are the energy and momentum of each D
decay product. For a correct combination of particles, AE
R will be consistent with zero, and the beam-constrained
Ecy (GeV) mass My Will be consistent with the D mass

vi

3

& T

wo
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Fit Function

@ We perform an unbinned maximum likelihood fit to extract
signal yields from the My distributions

e For the signal, use a Crystal Ball line shape, which is a
Gaussian with a high-side talil
- Determined the line shape parameters (Gaussian peak location, Gaussian width, point at which
high-side tail begins) from the high-rate decay mode D™ — 7 7% My distribution, and used them
in the fit to the DT — Kt 70 My, distribution

e For the background, use an ARGUS function
- With shape parameter determined from the AE sideband My, distribution, high-end cutoff given

by Epeam and normalization determined from the fit to the AE signal region

@ The branching fraction of Dt — 7t7% and D+ — K*+#0:

N D+ K+ + (0]
B(DF — K+ (7)) = Brer ¥ ( =K (@ )7) o Eref
ref €Dt K+ (xt)n0

@ The Cabibbo-favored decay D™ — K~ 7n77n", as a
high-rate, low-background mode used for normalization
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CLEO D — PP DJ — X . B Motivation  Technique Fit Yields Systen

Data Yields

atics

1850806-001

__100[F
< 25000 2
®
(0] ot Tt 80 0
o 20000 K n* 4 } K* 7t
8 15000 g %0
o S H +
10000 —0F
] 2
$ 5000 g2k
> >
w
. 0 a o . L . . .
183 184 185 186 187 188 1.89 183 184 185 186 187 1.88 1.89 183 184 185 186 1.87 188 1.89
M, (GeV) My, (GeV) M, (GeV)
[ Mode | € (%) | Signal yield | B (%) |

DT — K-7ntrxt || 52.16 & 0.16 | 79612 4+ 291 9.51 (Input)

Dt — xtq0 47.65 £+ 0.15 964 + 54 0.1326 + 0.0075

DT — K+70 42.30 £ 0.14 148 + 23 0.0228 + 0.0036

@ The branching fraction for Dt — 7 t#0 is in good agreement with our
previously-published branching fraction using the same data set,
(0.125 £ 0.006 + 0.007 + 0.004)%

@ Those branching fractions are obtained by measuring the respective
efficiency-corrected yields relative to that for D™ — K~ "7, taking that
branching fraction as (9.51 + 0.34)%, which is taken from the PDG 2006
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CLEO D — PP DJ — X DF - K% D —~PP B Motivation  Technique Fit Yields Systematics Results

Double Check & Background Study

Double Check Using Double Tag Method

@ DF - K-—ntnt Six D Tag Mp Distribution D — K *7% My, Distribution
Gooom - H B m

@ Dt - K —rtatad . i

@ DT — Kgm™ b 13

@ Dt — Kgntnd ?: i3

4 by SIS T AT

@ Dt - K Ktgt

@ Use six D tag modes

@ Measure 15.6 + 4.0 D* — K70 events

@ B(D* — K*70) = (2.3 +0.6) x 10~%, consistent with
single tag result.

BackGround Stud
= T

{MC Background Study)

@ 11% from DD events, 8% from radiative return events

@ 80% of the background comes from continuum events

@ 8% from radiative return events

10.63 184 185 186 187 188 1.89 )
@ 1% from 7-pair events
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CLEO D¢ PP D¢ X Dt - ktx® D PP B Motivation  Technique Fit Yields Systematics Results

Systematlc Uncertainties

Source H DT - Ktx0 [ DT — 7t #0
MC Efficiency 0.3% 0.3%
Tracking 0.7% 0.7%
70 4.2% 4.2%
Particle ID 1.3% 1.3%
FSR 0.5% 0.5%
Argus BG 4.4% 1.3%
CB-N 0.052% 0.036%
Fitting CB-mean 0.15%
CB-o
CB-a 2.6%
AE 0.44% 0.44%
Reference B 3.2% 3.2%
Total H 6.82% \ 4.70%
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CLEO Dg — PP DJ — X DF - K% D —~PP B Motivation  Technique Fit Yields Systematics Results

Published Results

Collaboration B(Dt — K*x0)
BaBar (2.524+0.47 +0.25+0.08) x 10~4
CLEO-c  (2.2840.36+0.15+ 0.08) x 104

@ First observation of Dt — K*#° is from BaBar

Collaboration B(Dt — nta0)
BaBar (1.254+0.10 +0.09 + 0.04) x 103
CLEO-c  (1.25+0.06+ 0.07 + 0.04) x 10~3

@ The CLEO result for D* — 770 is from the SCSD analysis

r(Df—K*a% _ B(DT—KTn%)xy0
M(D°—K+n—) = B(D°—K*m—)xm+

Collaboration

BaBar 0.71+0.16
CLEO-c 0.63+0.11
@ Phys. Rev. D 74, 071102(R) (2006)
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Flavor Symmetry and Decays of Charmed
Particles D°, DT, and Ds to Pairs of Light

Pseudoscalar Mesons P

- DataSet-1: Full CLEO-c dataset (818 pb~1) at +(3770)

- DataSet-2: Full CLEO-c dataset (586 pb—1) at Ecm = 4.170 GeV
- Working on progress (unofficial result!)
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Dg PP DJ ) K+ 70 — PP B Motivation ~ Technique

Motrivation

@ Our final goal of this analysis is measuring all branching
fractions that D meson decay to pairs of light pseudoscalar
mesons by using full CLEO-c datasets
* 818 pb~! at (3770) and 586 pb™! at E¢yy = 4.170 GeV

@ The D meson includes D°, Dt and Dg
e The pseudoscalar meson can be any of =, K, n or o/
@ This analysis will cover:

e All of 8 Cabibbo-favored modes
e All of 16 singly-Cabibbo-suppressed modes
@ Four doubly-cabibbo-suppressed and forbidden modes

@ Use the corresponding reference modes to calculate
branching fractions
e D° — K—x* for D° modes.
e Dt — K~ nTrt for DT modes.
e D — K*KQ for Ds modes.
@ The relative ratios (5,,,04:/3:c1) Will benefit from the
cancellation of uncertainties.

Fan Yang - U. of Rochester D Meson Hadronic Decays Fermilab Seminar 39/98




Technique

Analysis Technique

(Absolute Branching Fractions

N €
[+ B — B X —mode v ref
[ mode ref Nret €mode
D% and D+ Reconstructions Fit Function
® Moc = \/E2uur— | 3 P2 @ The D° and D™ yields are

extracted by fitting the My,
distribution to a Crystal Ball

signal function , to account for the
high side tail and an Argus

@ AE =3 Ej — Epeam
@ Cut on AE, extract D? and D™
yields from My, distributions.

Ds Reconstruction background function

@ First recoil mass : Myecoil(Ds) @ The Ds yields are extracted by

@ Second recoil mass : gFt'I‘Qb”:? lnlz/arlant ma?st
Mrecoil(Ds + 7) istribution to a sum of two

: . Gaussian signal function and a
@ Cut on first and second recoil dd | ial
mass, extract Dg yields from secon. egree p(_J ynomia
invariant mass distribution. background function
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D — PP

D° Mode Data Yields

D° —» K n*
Br(D° - K
Br(D° K 1)/Br(D’ -» K’

Rt toda Brinput) 38910 00000 %
gt Mode 0+ K

Signal ode Br 2091000141 %

3 1€ sidevand

RVBND? K=

Rl Moda Bnpu) 3691000000 % oo

Signl oo e 11576385 01558 %
Signaloda Yiea - 13762.34 13584
Signaltode 04022200041 %

[ 2 & sideband

r \
0 1,0 B TR
D’ - Ks Kg D° - K?
BrD KK :L:-m:.m;ﬁm i ‘ [ B0 - Ke ) S n
162+ 43 00296 %
[ e B0 KB - )=
00042 + 60004 02024 - 000
Signal Region Signal Region
ST
s
i
\ J
Fan of Rochester Meson Hadronic Decays ermilab Seminar

41/98



D—P

D° Mode Data Yields

BH(D 1019 =

0.0750 % 0.0026 %

Br(D’ > 10 2Br(D’ - K'm) =
0.0193 % 0.0007

Reteence Mode 07 K<
Rl Moda Bnpu) 3591000000 %
Signl oo e 11352158 - 01510%.
Signl oo Yild - 1865.5- 5351
Signaltde B 0075000026 %

Event/ (1 MeV)

[ 2 & sideband

p
e o 1 K= f—
TTU RS o
e Sttt 0
01448 - 0.0022 St o e 1 7517 01035
(0 = 1) B(D°  Kr) = St ot Yoo 621001 827
0037 0.0008 i
+o0f— [ 4E Sideband
g
>
D o)
Z
Z oo
£
H
2
w
\
({ )
D’ > Kgm? zipiamin
PP
1.1529 1 001 e
BHD' K #Br(D’ > K'x) = e oo i
03963 0:003% St B vrsz0 oomon
T T T T K¢ Sideband Region
o s
ssof. [ AE Sideband
< ]
> i
2 i
g prartrunid
= 188, J‘ )
S B
MEC
~ 7

Meson Hadron

0 0
D’ — K3n
Br(D’ 5 Kin) =

Br(D’ - KE n)Br(D’ - Kx') =

eoof- [ AE Sideband

Event / (1 MeV)
g & &
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D° Mode Data Yields

— PP

4 N
Reference Mode : D' > K+ FitSteategy :1 Do Fit Strategy 1
—> fing N e L
Br(D® a",” = ‘signal Mode : 0 -+ %' cBal Alpha Br(D° - 1°q) = 3304 + 00000000
s oot B T e
Br(D° - % )/Br(D’ - K1) = Signal ode Yield 48096 40.15 ¢ P Br(D° 10 )/Br(D’ > K) =
00158+ 0.0013 Signal Mode Br 00615+ 0.0081 % ” o 0.0213 % 0.0025 .
s s
3 3
= =
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2 2
w w
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Br(D® )= Br(D’ 51y ipha - 1.5202078 + 0.0000000
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D' Mode Data Yields

4 N
i — [P [—

D+ N K0 K+ otV o S« L D"' + 750 it el el

s e et e e o o —> T Rt 3140 0000
Br(D" S KIK) = Sipalode 0 KK BHD -0 = St 500 S —
Sions s S S s i sankn frairentiiol -
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e S s B S

+sof [ AE Sideband @D » € sideband
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B Br(D - K* ®)Br(D" > Kr'w) =
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D' Mode Data Yields

D" — 7wt

Br(D  x* 1)Br(D  Kw'r) =
0.0366 % 0.0008

Reterence Mode 0 Kz

- Fustteny 1

Rl Noda Bnpu) 10140000000 %
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Ds Mode Data Yields

D; > KIK" &

Br(D; - K& K')Br(D; - KIK') =
1.0000-+ 00183

Rateranca ods 0
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T e
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Ds Mode Data Yields
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CLEO D¢g > K — PP B Motivation  Technique Yield Systematics

Systematic Uncertainties-

Sources of Systematic Uncertainty

@ Tracking systematics @ FSR

@ Additional Kaon track @ Reference mode B

Q@ ~PID @ Reference mode yield

Q K PID {Uncertainties and Correction Factors)

0 KO

Q =, Kg, n recon. Source Uncer. (%) C.F (%)

© AE requirements Tracking finding 0.3 i
K= track 0.6 —

@ Background shape K9 finding 1.9 —

© Crystal Ball o 70 finding 1.0 -6.0
n finding 4.0 -6.5

©Q Crystal Ball o i 03 e

@ Crystal Ball n K* PID 0.3 -1.0

@ ISR
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CLEO Dg — PP D > < D—PP B Motivation ~ Technique Yield Systematics Results

DO and D+ Mode Systematics Uncertainties

D° Mode Main Systematic Uncertainties Summary

Mode 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | Sum
DY — KFK~ ][ 0.00 [ 0.60 [ 0.30 [ 0.30 [ 0.00 | 0.05 [ 0.00 | 0.00 [ 0.00 | 0.00 [ 0.50 [ 0.50 [ 1.98 [ 0.36 | 2.26
D0 — KgKg 0.60 | 0.60 | 0.30 | 0.30 | 3.80 | 0.06 | 0.79 | 3.04 | 1.20 | 0.10 | 0.50 | 0.50 | 1.98 | 0.36 | 5.58
D® — 7¥x~ || 0.00 | 0.60 | 0.30 | 0.30 | 0.00 | 0.07 | 0.25 | 1.44 | 1.30 | 0.91 | 0.50 | 0.50 | 1.98 | 0.36 | 3.12
D® — 7%7° 0.60 | 0.60 | 0.30 | 0.30 | 2.00 | 1.38 | 0.77 | 0.55 | 2.03 | 0.09 | 0.50 | 0.50 | 1.98 | 0.36 | 4.05
D® — K7+ || 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 1.98 | 0.36 | 2.13
D° — Ké)ﬁo 0.00 | 0.60 | 0.30 | 0.30 | 2.15 | 0.04 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 1.98 | 0.36 | 3.11
D% — K2p 0.00 | 0.60 | 0.30 | 0.30 | 4.43 | 0.03 | 0.34 | 0.97 | 2.62 | 0.98 | 0.50 | 0.50 | 1.98 | 0.36 | 5.80

D% — 7% 0.60 | 0.60 | 0.30 | 0.30 | 4.12 | 0.38 | 2.10 | 1.55 | 3.04 | 0.50 | 0.50 | 0.50 | 1.98 | 0.36 | 6.23
D0 — Kson’ 0.60 | 0.60 | 0.30 | 0.30 | 4.43 | 0.48 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 1.98 | 0.36 | 5.03
D0 — 7%/ 0.00 | 0.60 | 0.30 | 0.30 | 4.12 | 0.74 | 1.81 | 2.32 | 3.43 | 0.79 | 0.50 | 0.50 | 1.98 | 0.36 | 6.61
D® — 7 0.60 | 0.60 | 0.30 | 0.30 | 8.00 | 0.17 | 1.23 | 1.00 | 0.76 | 0.12 | 0.50 | 0.50 | 1.98 | 0.36 | 8.52
D% — 0.00 | 0.60 | 0.30 | 0.30 | 8.00 | 0.59 | 3.50 | 0.10 | 2.43 | 0.33 | 0.50 | 0.50 | 1.98 | 0.36 | 9.36

D' Mode Main Systematic Uncertainties Summary

Mode 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | Sum
D" — K-z * || 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 2.16 | 0.36 | 2.30
Dt — KSUK‘r 0.00 | 0.00 | 0.60 | 0.00 | 1.90 | 0.11 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 2.16 | 0.36 | 3.04
Dt — xtq0 0.60 | 0.60 | 0.30 | 0.30 | 1.00 | 1.17 | 0.72 | 1.83 | 1.73 | 0.70 | 0.50 | 0.50 | 2.16 | 0.36 | 3.99
Dt — Kgﬂ+ 0.00 | 0.60 | 0.30 | 0.30 | 1.90 | 0.06 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 2.16 | 0.36 | 3.07
Dt — K*7° 0.60 | 0.00 | 0.60 | 0.00 | 1.00 | 0.94 | 0.72 | 1.83 | 1.73 | 0.70 | 0.50 | 0.50 | 2.16 | 0.36 | 3.90
Dt - K*p 0.60 | 0.00 | 0.60 | 0.00 | 4.00 | 1.00 | 0.41 | 2.01 | 1.66 | 0.46 | 0.50 | 0.50 | 2.16 | 0.36 | 5.49
Dt —aty 0.60 | 0.60 | 0.30 | 0.30 | 4.00 | 0.09 | 0.41 | 2.01 | 1.66 | 0.46 | 0.50 | 0.50 | 2.16 | 0.36 | 5.42
D — K™y 0.00 | 0.00 | 0.00 | 0.00 | 4.00 | 0.89 | 0.41 | 1.58 | 1.39 | 0.91 | 0.50 | 0.50 | 2.16 | 0.36 | 5.24
Dt — 7wty 0.00 | 0.60 | 0.30 | 0.30 | 4.00 | 1.30 | 0.41 | 1.58 | 1.39 | 0.91 | 0.50 | 0.50 | 2.16 | 0.36 | 5.38
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B Motivation ~ Technique Yield Systematics Res

Ds Mode Systematics Uncertainties

Ds Mode Main Systematic Uncertainties Summary

Mode 1 2 3 4 5 6 7 8 9 10 Ll 12 13 14 | Sum
DS — KSOKJr 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.77 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 6.15
D — «t7® || 0.60 | 0.60 | 0.30 | 0.30 | 2.15 | 0.00 | 0.00 | 2.44 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 6.97
D — Ksoﬂ'+ 0.00 | 0.60 | 0.30 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 6.14
D — K*x® || 0.60 | 0.00 | 0.00 | 0.00 | 2.15 | 0.00 | 0.00 | 4.55 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 7.93
DS —K*n 0.60 | 0.00 | 0.00 | 0.00 | 4.43 | 0.00 | 0.00 | 1.05 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 7.63
DS — 7ty 0.60 | 0.60 | 0.30 | 0.30 | 4.43 | 0.00 | 0.00 | 1.05 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 7.67
DS — K*y/ | 0.00 | 0.00 | 0.60 | 0.00 | 4.43 | 0.00 | 0.00 | 1.60 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 7.73
0.00 | 0.60 | 0.90 | 0.30 | 4.43 | 0.00 | 0.00 | 1.60 | 0.00 | 0.00 | 0.50 | 0.50 | 5.77 | 1.83 | 7.79

0.60 | 0.60 | 0.30 | 0.30 | 2.15 | 0.00 | 0.00 | 2.44 | 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 1.83 | 3.92
0.60 | 0.00 | 0.00 | 0.00 | 2.15 | 0.00 | 0.00 | 4.55 | 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 1.83 | 5.44
0.00 | 0.60 | 0.30 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 1.83 | 2.10
0.00 | 0.60 | 0.30 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 3.49 | 3.63
0.00 | 0.60 | 0.30 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 3.31 | 3.47

Df =ty
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CLEO D » PP D

D — PP

B

otivation  Technique

D% and Dt Mode Results-

Yield

Systematics  Results

D° Mode Branching Fractions Summary

Mode

CE

Bmode /Bret (%)

Brmodge (%)

B(281pb~T)(%)

DY — K¥K~
D0 — KOK0

0.9950
1.0152
1.0051
0.8970
0.9543
0.9492
0.8922
0.9397
0.8833
0.8875
0.8786

10.4138 + 0.1064 + 0.1063
0.4095 =+ 0.0432 + 0.0213
3.7023 £ 0.0561 + 0.0883
2.1491 £ 0.0740 £ 0.0754
31.0495 + 0.2964 + 0.7382
12.2575 + 0.2872 4 0.6662
1.7714 + 0.1481 + 0.1045
24.7807 & 0.8154 + 1.1398
2.4084 +,0.2874 + 0.1517
4.2495 4 0.2838 + 0.3518
2.7318 + 0.6235 + 0.2498

0.4052 4 0.0041 + 0.0041 =+ 0.0082
0.0159 4 0.0017 =+ 0.0008 =+ 0.0003
0.1441 + 0.0022 + 0.0034 +0.0029
0.0836 4 0.0029 + 0.0029"+ 0.0017
1.2081 +£+0:0115 + 0:.0287"+ 0.0243
0.4769'4 0.0242 £ 0.0259 =+ 0.0096
0.0689 + 0.0058 + 0.0041 + 0.0014
0.9623 4 0.0317 + 0.0443 + 0.0194
0.0937 + 0.0112 + 0.0059 + 0.0019
0.1653 4 0.0110 =+ 0.0137 =+ 0.0033
0.1063 + 0.0243 + 0.0097 + 0.0021

0.4080 +£10.0080 + 0.0090
0.0246" 0.0032 + 0.0009
0.1390"% 0,0040 + 0.0050
0.0790- 0.0050 + 0.0060
3.8910 -+ 0.0350 + 0.0690
1.2400 + 0.0170 + 0.0560
0.4420 + 0.0150 + 0.0280
0.0620 £ 0.0140 + 0.0050
0.0810 + 0.0150 + 0.0060
0.1670 + 0.0140 + 0.0130
0.1260 + 0.0250 + 0.0110

DT Mode Branching Fractions Summary

Mode

CF

Brnode/Bret (%)

Brmoge (%)

B(281pbT)(%)

Dt - K~ nfm
D* — KK+
Dt — 7t70
D* ~>ng+
Dt — K*7°
Df - Kty
Dt — atp
Dt - Kty
D+ — wtyf

1.0101
0.9543
1.0152
0.9495
0.9444
0.9492
0.9350
0.9397

3.3502 + 0.0573 + 0.0709
1.3208 + 0.0382 + 0.0441
16.8160 + 0.1239 + 0.3628
0.1923 4 0.0206 + 0.0062
0.0898 + 0.0357 + 0.0045
3.8588,+10.0895 + 0.1914°
0.1284 + 0.1036 + 0.0061
5.20614 0.1762 + 0.2558

0.3062 + 0.0052 + 0.0065 & 0.0067
0.1207-%70.0035 % 0.0040 + 0.0026
1.5370 + 0.0113 0.0332 + 0:0336
0.0176 + 0.0019.20.0006 =+ 0.0004
0.0082 4+ 0.0033 =+ 0.0004 + 0.0002
0.3522 + 0.0082 + 0.0175 + 0.0077
0.0117 £ 0.0095 + 0.0006 + 0.0003
0.4758 + 0.0161 £ 0.0234 + 0.0104

9.2400 +70.1000 + 0.1700
0.3140 = 0.0090 =+ 0.0080
071250 + 0.0060 =+ 0.0080
1.5260 + 0.0220 + 0.0380
0.0228 + 0.0036 + 0.0017

0.3610 + 0.0250 + 0.0260

0.4420 + 0.0250 + 0.0290
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EO

Ds Mode Results-

Ds Mode Branching Fractions Summary

Motivation  Technique

tematics  Results

Bmode /Bret (%)

Brmode (%)

B(298pb~T)(%)

0.4911 + 2.8518 + 0.0192
8.4766 £ 0.7147 £ 0.1778
4.2383 £ 1.4756 + 0.2304
11.7933 + 2.1753 + 0.5888
123.1123 + 4.2907 + 6.2133
11.9866 + 3.6840 + 0.6158
269.8080 4 8.9375 + 14.0957

0.0073 + 0.0425 + 0.0003 + 0.0004
0.1263 + 0.0106 =+ 0.0026 =+ 0.0073
0.0632 =+ 0.0220 + 0.0034 =+ 0.0086,
0.1757 + 0.0324 + 0.0088 & 0.0101
1.8344 4.0.0639- 0.0926 + 0.1059
0.1786 + 0.0549.+0.0092)+0:0103
4.0202°% 0.1332 £/0.2100 £ 0.2320

1.4900 + 0.0700 + 0.0500
RefBr
RefBr
RefBr
RefBr

1:5800 + 0.1100 + 0.1800
RefBr

3.7700 + 0.2500 + 0.3000

Mode CF
D —KKT | —
DS —nta® | 0.9447
D& — K&r* | 1.0051
D+ — K+n® || 0.9400
D& — K*p 0.9350
Df -ty || 0.9397
DF — K+ || 0.9257
D+ -ty || 0.9303
DF >t a0
DiEKOKE 0.9447
D K+
w 0.9400
O =l 1.0051
0.9950
0 0.9950

0.4911 + 2.8518/+0.0192
42383 £ 1.4756 + 0.2304
8.4766.+ 0.7147 + 0.1778
9.5793 + 1.7669 + 0.3479
4.4426 + 1.3654 + 0.1540

< 41000 (90% C.L.)

5.5000 + 1.3000 =+ 0.7000
8.2000 -+ 0.9000 = 0.2000
8.9000 + 1.5000 + 0.4000
4.2000 + 1.3000 + 0.3000
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Absolute Branching Fractions for Key Hadronic

Modes of D% D* and Ds Mesons

- DataSet: 281 pb—! at 4(3770). Phys. Rev. D 76, 112001 (2007)

- DataSet: 298 pb—! at Ecmy = 4.170 GeV. Phys. Rev. Lett. 100, 161804 (2008)
- Served in paper committee
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Double Tag Technique

@ Use a “double tag” technique pioneered by the MARK I
e Vi = ¢BiNpp is single tag yields for D — i and f)_—> X
° y; = §BjNpp is single tag yields for D — X and D — j
° V= B.BJNDD is double tag yields for D — i and D — j

yIJ ' Yf i o
° B o -5- ! Vi €€’ €y ~ €]

@ Branching fractions independent of luminosity or N5
® Measure 3 neutral and 6 charged D decay modes
o DY K7+, K nta®, K—ntn—nt
o DT : K rntat, K-atatsd, Kg7r+, K§w+770, Kg7r+7r+7r_,
KTK—7t
@ Obtain ST and DT yields from fits to beam constrained
mass distributions m,. = \/e2

I\IDD -

beam P )

@ Do a combined 2 fit including all yields and errors to ‘
extract 9 branching fractions and Ny
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Events / (1 MeV/c?)

Fan
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ID*>KIn* ID'» K Krnt

Events / (1 MeV/c?)

Events / (1 MeV/c?)
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(a)
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CLEO D PP Dg — > K ) PP B DD ABF. Ds AB.F

Absolute D° and D+ Hadronic Branching Fractions

Parameter Fitted Value Fractional Error Afsr
Stat.(%) Syst.(%) (%)
(1.031 + 0.008 + 0.013) x 108 0.8 13 +0.1
( % — K=7t) (3.891 + 0.035 £ 0.059 + 0.035)% 0.9 1.8 -3.0
B(D® — K—ntx0) (14.57 +£0.12 + 0.38 + 0.05)% 0.8 2.7 -11
B(D® — K—nta—7T) (8.30+0.07 +0.19 + 0.07)% 0.9 2.4 —2.4
Np+p- (0.819 + 0.008 + 0.010) x 108 1.0 12 +0.1
B(DT — K=wtat) (9.14 +£0.10 + 0.16 + 0.07)% 1.1 19 —-2.3
B(Dt — K—nt7rt70) (5.98 +0.08 +0.16 + 0.02)% 1.3 2.8 -1.0
B(Dt — Ké’w*) (1.526 + 0.022 £ 0.037 + 0.009)% 1.4 2.5 -1.8
B(D* — Knt70) (6.99 +0.09 + 0.25 + 0.01)% 1.3 35 -0.4
B(DT — str+7r+7r‘) (3.122 + 0.046 + 0.094 + 0.019)% 1.5 3.0 -19
B(Dt — KTK=7t) (0.935 4+ 0.017 £ 0.024 + 0.003)% 1.8 2.6 —-1.2
PDG 2004 Ml CLEO-c 281 pb™'  o1s0s07-017
Fitted Branching Fractions and DD Pair Yields Compair to PDG04 K ..
[a(D°|5°) = 3.66 = 0.03 = 0.06 nb ] - -
o(D*D~) =2.914+0.03 +0.05 nb Phys. Rev. D 76, 112001 (2007) ||*** "
@ Systematic errors dominate! - gy,
@ Statistical errors is ~ 1% — mostly limited by DT yields Konens ot
@ Arsr is the relative shift in the fit results when FSR is not EK - =
included in the Monte Carlo simulations used to L L
determine efficiencies. U sceoumeocos
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CLEO D¢ PP D

PP B DD AB.F. Ds AB.F.

Ds Data Yields

— — T ‘ ‘ @ Use same technique as for the
6000 Di—»K K*r* Diont 0 : q : .
5000 1 D" and D™ branching fractions
4000
2000 @ Measure ST and DT events
2000 @ Fit ST M(Ds) invariant mass
N,\‘Oog distribution
O 2500 — —F ————F ] Cut DT in M(Ds
% a0 D5 K K n® } Do KK e A D K e o * (o5 rl)rrane( o
S o Blue box signal
o 1500 b ane? + 3 ] o Red boxes sidebands
1000 1 A 3 1 ..
[2]
E 500 E a2 1 2o
G>) 0 202
] 1000 D;—)Kg K* 3 D;A)TC+T] 7D;—)TC+ nu ;u‘m
1 {5~
= 104
—s P T R I T TR

M(D}) (GeV/c?)

M(D?) (GeV/c?)

w0
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PP B  DDABF DsABF

Absolute DS Hadronic Branching Fractions

Mode This Result B (%) PDG 2007 fit 3 (%) B/B(K Kirt) Acp (%)

KK+ 1.49 £ 0.07 = 0.05 22+04 0.270 £ 0.009 = 0.008 +4.9+2.1+0.9
K-K*rt  550+0.23+0.16 53408 1 +03+1.1+08
K-K*rtr0 5.65+0.29 + 0.40 = 1.03+0.05+008 -59+42+12

KK ~mtrt  1.64+0.10+0.07 2.7+07 0.298+0.014+0.011 —0.7+36+1.1
rrata 1.11 +0.07 +0.04 1.24 +£0.20 0.202+0.011+0.009 +2.0+4.6+0.7

7t 1.58+£0.11+0.18 2.164+0.30 0.288+0.018+0.033 -82+52+0.8

ty 3.77 4+ 0.25 + 0.30 48406 0.69+004+006 -55+37+12
K*trta~  0.69+0.05+0.03 0.67 +0.13 0.125 4+ 0.009 + 0.005 +11.2 +7.0+0.9 ‘

Branching Fraction Results

Phys. Rev. Lett. 100, 161804 (2008)

Value This Result B (%)

Sra0a0m.00

1600 T T T

Bs 1.69 -+ 0.08 = 0.06 AM.;MM?

By  1.99+0.10+0.05 Bayy 1400 L

Bis 2.14+0.10+0.05 M(K K ’)( - Kk . 1200 — AM =20 MeVc

By 2.24+0.11+0.06 ol < am A;e\)//zvérh § “o0of E

3 800 [~ 1

@ For the key mode D — K~K*7*, the statistical and S ot ty 1

systematic uncertainties are comparable. $ ol 1

@ B(Dd — ¢nt) is not well defined and CLEO-c are not ol ‘ ‘ E
quoting it. o bosoaoopon o

0
0.98 1.00 1.02 1.04 1.06 1.08.

@ Instead provide partial branching fractions for windows T

centered on the ¢ mass which do not assume a specific
resonant composition of the decay.
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CLEO D{ PP DJ D K+ 70 ] Summary

Summary of Research Work at CLEO-c

Using the CLEO-c data (DD and DZD:T), we studied the hadronic decays of
D% Dt and Ds mesons. Precision measurements of these decays allow us to
better constrain parameters of the standard model

(Published Analysis Topics |
@ First Observations of Suppressed Decays of D Mesons to Two
Pseudoscalar Mesons - Phys. Rev. Lett. 99, 191805 (2007)

@ Branching Fraction for the Doubly Cabibbo Suppressed Decay
Dt — K*+70 - phys. Rev. D 74, 071102(R) (2006)

@ Absolute Measurement of Hadronic Branching Fractions of the D& Meson
- Phys. Rev. Lett. 100, 161804 (2008) (Worked in Paper Committee)

Current Analysis Topics - Thesis

@ Inclusive Branching Fractions for DS Decays -Preliminary results are available,
main analysis work has been finished. Working on the paper draft. (To be published soon)
@ Flavor Symmetry and Decays of Charmed Particles D°, D, and Ds to
Pairs of Light Pseudoscalar Mesons P
-Measurements of branching fractions have been finished. Working on theoretical interpretation

and paper draft. (Will be published before my graduation)
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Backup

Backup Slides
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Inclusive Branching Fractions for D Decays

- DataSet: 586 pb~! at Ecm = 4.170 GeV
- CLEO Preliminary
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Backup

Charged Kaon and Pion Efficiencies

(K* and 7+ PID Efficiencies
@ The momentum-dependent PID efficiency is defined as:

MC Truth
KE/nt Zj Ni7j Identify as K+ /x+
G - > NMC Truth
i 'Vi,j Detected K*/r®

Tracking Efficiency

We include several items (listed as follow) into a total overall average
efficiency called as tracking efficiency.

@ track finding

@ quality

@ radiation feed-down (due to material bremsstrahlung)
@ resolution effects

@ geometrical acceptance (| cos | < 0.80) correction
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Backup

@ The Kg yield is extracted by defining a signal region and
sideband regions in the invariant mass distribution of the
pion pair.

@ Apply the momentum-dependent efficiency correction to
obtain the final Kg momentum spectrum.

Before = Efficiency Correction (bin by bin) = After

E T T T T T T T T T T T
. 200F - - Br=18.808 + 0.958 %
400 -
§ r § = Data
©  1s0F - 2 w0 Ewve
= L = Generate Level -
o o ]
© 0 - 3 -
~ L
[2] 0
2 [ =
g 501 - S 100
> >
w w
0 e e 0 e
C Il Il Il Il Il 1. | Il Il L Il
0z 04 06 08 1 14 0 0z 04 06 08 1 12

Lab Momentum P,
'S

Fan Yang - U. of Rochester

(GeV)
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Lab Momentum PK° (GeV
'S
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CLEO D¢ PP D D K D > B Summary Backup

70 Invariant Mass Study

@ Apply sideband subtraction on 7 invariant mass distribution to extract
70 yield

@ The background shapes of 70 are different in each momentum bin
(50 MeVic).

@ Utilize generic Monte Carlo samples to get the sideband scaling factor
momentum bin by bin, and apply this scaling factor to data.

70 Invariant Mass Study 70 Invariant Mass Study

= Data = Data
0.150 < P, < 0.200 Bl VC Truth 0.650 < P, < 0.700 Bl MC Truth

Scale F. = 1.0081£ 0.0105> [l MC Truth BG. Scale F. = 0.7468+ 0.0426 [l MC Truth BG.
; y

4

3!

3

20

Events / (2.5 MeV)
Events / (2.5 MeV)

&DB 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

(?.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

70 Invariant Mass (GeV) 79 Invariant Mass (GeV)
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Backup

@ We treat n° from K decay as a background for the decay
Ds — %X and subtract it based on K¢ yield.

Apply the momentum-dependent efficiency correction to
obtain the final 7° momentum spectrum.

Events / (50 MeV/c)

Before = Efficiency Correction (bin by bin) = After

T T T T ™3
lDataE

Wvc

0.2

Fan Yang - U. of Rochester

A N 1 3
04 06 08 1 12 14

Lab Momentum P, (GeV)

Eventsi/ (50 MeV/c)

3500

3000

2500

2000
1500
1000}

5001

D Meson Hadronic Decays

o

£ T T T T T T

E + Br=123.710 £ 3.755 % =

E ® Data 7
B

Generate Level J

I B A 1 E|
02 04 06 08 1 12 14

Lab Momentum P_, (GeV)
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CLEO DZ BE

n Yields

[Separate the n sample into two momentum intervals]

@ The 7 efficiency is constant above 300 MeV/c and increase slowly

below.

@ To measure the inclusive branching fractions, we define two 7

momentum bins.

@ The low momentum bin is below 300 MeV/c
@ The other one is above 300 MeV/c.

Fit Function

The 7 yields are ex-
tracted by fitting the two-
photon invariant mass
distribution to a Crystal
Ball signal function , to
account for the low mass
tail and a second de-
gree polynomial back-
ground function

Fan Yang - U. of Rochester

The 7 yields from Ds tag signal region

@ The two tail part parameters of Crystal Ball
signal function are fixed to the values obtained
by Monte Carlo simulation,

@ The mean and the width are allowed to float.
The 7 yields from Ds tag sideband region

@ All of the signal shape parameters are fixed to
the corresponding values from Ds tag signal
region.
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28852338

1ff
!
128

Efficiency

P(GeVic) P,<03 P,>03 Total
i 111,94 250 718.9+496 830.8+55.6

Ny 50497 429+137 47.9:16.7

N, 106.9+26.8 676.0+51.5 782.9%58.1

MCei(%) 157+05 14.0+0.2 -

Br' (%) 3.7+09  260+20  296+22

D; > n X
Br= (29.6 £2.2) %

0. 0. —
045 035 3
04F 3
—~ o03F E
0.35F °\° E
~  o02sf H—‘ 3
03f- E
[=3 E
0.25F T 0.2F =
- E
02F = 01sF E
[ L] S - % E
01f E
04f E
0.0sE- oosE E
L L L L L L L L 1 E

0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1

Momentum (GeV/c)
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Momentum (GeV/c)
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CLEC 3 PP Dg

1’ Yields

[The n’ has constant efficiency with momentum]

@ So we don't need to separate the ' sample into different
momentum intervals.

Fit Function
The 7/ yields are The 7/ yields from Ds tag signal region
extracted by fit- @ The signal shape parameters
ting the distribu- (Gaussian peak location and
tions of nrtr™ —n width) are allowed to float.

mass difference to

S . .
a Gaussian sig- The »’ yields from Ds tag sideband region

nal function and @ All of the signal shape parameters

a second degree are fixed to the corresponding
polynomial back- values from Dg tag signal region.

ground function .
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40F- Ng;q 74.7+9.8

355—

30E- kag 1.7+ 2.0

25F-

20F- N, 73.0+10.0

15F

10E- MC € (%) 3.52+ 0.14

5E

okt Br(%) 11.1+1.6

e T3

5 E

4 3

3 .

) J D; > X

1

U T D | B s (1102 1.6) %
0.36 038 0.4 042 0.44 046 048 05

Fan Yang - U. of Rochester D Meson Hadronic Decays Fermilab Seminar 69 /98



CLEO DZ PP DZ X K+ 70 P B Summary  Backup

¢ Yields

[Separate the ¢ sample into several momentum regions]
@ The ¢ efficiency decreases drastically with decreasing momentum
@ To measure the inclusive branching fractions, we separate the ¢
sample into 200 MeV/c momentum bins.
@ As the ¢ becomes less energetic, it becomes more probable that it
decays to slow kaons (with momentum below 0.2 Gev/c), and these

particles have very low detection efficiencies as they have large energy
losses in the beam pipe and detector.

Fit Function The ¢ yields from Ds tag signal region
The ¢ yields are ex-

> @ The shape parameters of sum of two Gaussian
tracted by fitting the the

signal function are fixed to the values obtained

KK~ invariant mass by Monte Carlo simulation,

distribution to a Sum of - = =
two Gaussian signal The ¢ yields from Dg tag sideband region
function and a second @ All of the signal shape parameters are fixed to
degree polynomial the corresponding values from Ds tag signal
background function . region.
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0.0< P“ <0.2 02<P, <04 04 < P“ < 0.6 0.6 < P” <0.8 P,>0.8
b 2

| "Z .

ALY T g

43 4
G.g 3.
X | :
13 | RE

°
&

_— i
A

Set Br (0.0-0.2) = (0.6+0.0) %

P (GeV/c) 0.0-0.2 02-04 04-06 06-08 >08 Total
qu 1817 51.8+79 166.4+13.7 170.3+14.0 101.4+10.7 491.7+23.7 +
Ny 0.0:0.5 0.0+0.6 2320 3.5+20 27+17 85:3.4 DS*)QI)X
18:18 51.8+8.0 1641+ 13.9 166.8+14.1 98.6:10.9 4832+ 24.0
MC €' (%) 25405 8.6+0.3 16.6+ 0.3 222405 24.1:07 - —_ ( + )0
Br' (%) 04104 3.3:05 53:05 4.0:04 22103 15.240.9 Br - 154*08 A’
: T T T T T X T T T T ™3
oasf- E 0o7f-
0af- E
~ oosf
Pl = X 4{_<
2 E ER-aL S
2 ok . E T omf —_—
2 —_— ~
E E 5 F +
W ossE * B
T ——
0if- E
o0sE- E 001
et , | , s ; , , , N
2 o4 6 5 1 0z [ 6 5 T

Momentum (GeV/c) Momentum (GeV/c)
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Backup

N.. 140.7+305
MC Signalj D; > oX sig e
MC e (o/o) 14.34+1.10

Br (%) 5.2788 +1.2139

Br= (53+1.2)%

Data-MC]

i

8.7 072074 0.76 0.76 08 062 084 B7 o072 074 076 078 08

0.82 0.84
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DS — f5(980)X

@ No significant evidence is found for the decay DS — fo(980)X,
f0(980) — w7,

@ Fit the invariant mass distribution of 77~ pair to the Gaussian signal
plus second-degree polynomial background  functions to obtain a
yield of 30 + 47

@ The upper limit is B(Dd — f,(980)X) < 2.18% (statistical only) and
< 2.46 (including systematic errors) (90%CL). @

Fit Yield : 30.24 + 46.85

Branching Fraction < 2.18 % (90% CL)

0.94 0.96 0.98 1 1.02 1.04 K 1.08

0.92 K K
Invariant Mass of m* 7 (GeV/c?)
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In order to account for DI — KJ£7~X and any other events
entering into the signal region of D —(K2K2X ' we perform a
background subtragetion which has-two components.

B
0.52F R N R CTR b - =
Sesejc. - 0B P C.. =
o - - = - H - " . ]
go.s_— S0 - B T
® ?: I - N . E
§49:_LB_.. al B-. R
o8- - T - ST B
G - - -Jlc- ]
T T Y-S Y- Y- S -
M. (GeV)

. of Rochester

D Meson Hadronic Decays

Nss=Na-0.5"Nb+0.25*Nc
N Region A : 122.00+ 11.05
N Region B : 136.00 + 11.66
N Region C : 82.00 + 9.06

N S.S. : 74.50 + 12.69

N Tag S.S. : 72.75+ 13.68

MC Eff : 22.50+ 0.81 %

DsTag : 18585.80+ 162.55

Br : 1.7400 + 0.3335 %

Fermilab Seminar
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/\80-— ‘F
S0 I
QO + i
O.L /_'
§ f Dy — KSK* 3
o 7]
[ ]
D 20 | +—
Wt i TURE
o- RLLTUYREL -
vl b b b b b b by g by
0

. of Rochester

Mo (GeV) -

D Meson Hadronic Decays

N

N Signal :278.01+20.99

MC Eff : 26.00 + 0.46 %

DsTag : 18585.80 + 162.55

Br : 5.7527 + 0.4486 %
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Event / (0.02 GeV)
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'
N
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O

K K? (GeV)

. of Rochester D Meson Hadronic Decays

N Signal :72.34 £13.17

MC Eff : 22.31+0.76 %

DsTag : 18585.80 + 162.55

Br : 1.7448 + 0.3237 %
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¢ peak

'4

*ﬂq‘t
3

M, (GeV)

of Rochester D Meson Hadronic Decays

N Signal :894.77 + 31.43

MC Eff : 32.43+ 0.30 %

DsTag : 18585.80 + 162.55

Br : 14.8430 + 0.5542 %
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Event / (0.02 GeV)

iy

TTTT [T T[T T[T rrrry

Estimated Back-
ground from MC

NS ERRRE FRNTE FRRN RRREn |

M, (GeV)

of Rochester

D Meson Hadronic Decays

N

N Signal :9.82+5.90

MC Eff : 40.95 + 0.44 %
DsTag : 18585.80 + 162.55
Br :0.1290 £ 0.0775 %

UL N: 17.81

UL : < 0.2340 % @90%CL
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Estimated Back-
ground from MC

73
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%

PN I EPAPRP PR AT I | Y | PP A AP
02 04 06 08 1 12 14 16 18

. of Rochester

M- (GeV)

D Meson Hadronic Decays

N

N Signal :0.79 +1.01

MC Eff : 32.74 + 0.43 %
DsTag : 18585.80+ 162.55
Br:0.0131+£0.0166 %

UL N: 3.71

UL : < 0.0609 % @90%CL
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CLEO DZ

D — KOX

D; - KX Mode D) - KK D; o' D:—R*892°K*  Fit Together
|-_ Signal Yield 99.78 + 23.92 100.19 + 21.43 178.34 + 28.75 333.00+ 41.97
Tags - D, Tag 4204.52+74.29 6786.49 + 86.85 7594.83 + 115.59 18585.84 + 162.55
D; - K|J K+ MC Eff 13.39+0.42 % 9.09+0.27 % 13.09+0.30 % 11.70+ 0.18 %
D: S+ Gaussian Mean  0.25647 £ 0.00516 0.24592 + 0.00341 0.25482+0.00269  0.25095 + 0.00175
s = ¢ T Gaussian Sigma  0.02359 + 0.00527 0.01574 + 0.00346 0.01836 +0.00340  0.01572+ 0.00248
D; - K*(agz)o K* BR 17.72:4.30 % 16.24+3.51% 17.94+2.93 % 1532+ 1.95 %
L o o L B e e o
180— =
160 -
<> 60: E
" 140 —++ =
Gz =
= F E
© 100 — 015 02 03 09 05 04 oa 05
[=) E + E Missing mass squared (GeVA2)
N
80— = .
- F + + + 4 Signal : 333.00 + 41.97
c 60— =
d>) E ++ 7 MC Eff : 11.70£0.18 %
40— —
w F = D, Tag : 18585.84 + 162.55
20—
E il . . Fit BR : 15.32 + 1.95 %
.1 0.

I T - X R ¥ R
Missing mass squared (GeVA2)

Com.BR:17.34£1.99 %
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D; — KIK{ X
Tags :

D; —» KIK*

D > ¢ n*

D; - K*(892)° K*

40

Event/ (0.01 GeV/2)
= II"I'IIIIEIIIIl‘hfllllglllll‘u?lll

2]

o T

= 5. L B e B L B B L B

Event / (0.01 GeV~2)

vl b b b i b

Missing mass squared (GeVA2)

D Meson Hadronic Decays

D; - R*(892° K* Fit Together

30.19 + 6.58 60.16+ 11.83
7594.83 + 115.59 18585.84 + 162.55
7.49+0.34 % 6.55+0.20 %

0.24457 + 0.00211 0.24559 + 0.00186
0.00868 + 0.00236 0.00974 + 0.00281
531+1.18% 4.94+0.98 %

.
—o—
——

015 02 025 03 035 04 045 05
Missing mass squared (GeVA2)

Signal : 60.16 + 11.83

MC Eff : 6.55 + 0.20 %

D, Tag : 18585.84 + 162.55
Fit BR : 4.94 + 0.98 %
Com. BR : 5.89 + 0.96 %
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D; S K Kﬂ X Mode D; - KgK* D;—on

. Signal Yield 30.00 + 6.83 59.43 +11.40
Tags - D, Tag 4204.52+74.29 6786.49 + 86.85
D; - KDS K* MC Eff 20.46 + 0.90 % 11.82+ 0.55 %
" + Gaussian Mean  0.24685 £ 0.00313 0.25263 + 0.00421
Ds - ¢ T Gaussian Sigma  0.01235 + 0.00429 0.02079 + 0.00380
D; — K*(892)0 K* BR 3.49+0.81% 7415147 %

a
o

B
=)

N
=]

Event/ (0.01 GeV/2)

2
——

: ot

T 1 Ty - i v TS
Missing mass squared (GeVA2)

U. of Rochester D Meson Hadronic Decays

D; - R*(892° K* Fit Together

57.00+ 13.22 147.40+19.74
7594.83 + 115.59 18585.84 + 162.55
15.89 + 0.60 % 15.44 £ 0.38 %

0.24812 + 0.00451 0.24990 + 0.00243
0.01999 + 0.00505 0.01879+ 0.00285
472:1.11% 5.14+0.70 %

Event/ (0.01 GeV~2)

01502025 03 035 04 045
Missing mass squared (GeVA2)

Signal : 147.40 £ 19.74

MC Eff : 15.44 + 0.38 %

D, Tag : 18585.84 + 162.55
FitBR:5.14+0.70 %
Com. BR :4.50 + 0.60 %
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+ - 10 D; — KIK* D; " ;- R*(892)° K* Fit Together
D! > K KL X Mode ;- Kg Lo D; - R*(892)° K g
Signal Yield 11.53+ 4.41 15.81+ 4.52 20.04+5.18 51.41+8.43

Tags : D, Tag 4204.52+74.29 6786.49 + 86.85 7594.83 + 115.59 18585.84 + 162.55
D; N KDS K* MC Eff 17.20+1.54 % 13.78+1.02 % 17.09+ 1.07 % 15.93+ 0.67 %

4 + Gaussian Mean  0.24434 £ 0.00261 0.24841+0.00176 0.24777£0.00232  0.24709 + 0.00133
Ds - ¢ T Gaussian Sigma  0.00575 + 0.01082 0.00602 + 0.00128 0.00831+0.00209  0.00758 + 0.00145
D; — K*(892)0 K* BR 159+0.62% 1.69+0.50 % 154+0.41% 1.74+0.29 %

w
2]

w
=]

N
o

Bi05 02 025 0.3 035 04 045
Missing mass squared (GeVA2)

Signal : 51.41+8.43

-
o

-
o

MC Eff : 15.93 + 0.67 %

D, Tag : 18585.84 + 162.55
Fit BR:1.74+0.29 %
Com. BR:1.60+0.28 %

Event/ (0.01 GeV/2)

ol vl bl b b b

Pl 1 AL L
81 015 02 025 03 035 04 045

Missing mass squared (GeVA2)

.5
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;NN X

Yield : 11.0000 + 7.5083
MCBG : -0.2829 + 2.0764
Nsig : 11.2829 + 7.7901
DsTag: 18585.8+ 162.6
Eff : (1.4597 + 0.0996) %
Br :(4.1588 + 2.8856) %
ULN :(21.5787) %
UL@90C.L. < (7.9537) %

Backup

D X
Yield : 0.5000 + 1.1180
MCBG : 0.0514 + 0.1150
Nsig : 0.4486 + 1.1239
DsTag: 18585.8:+ 162.6
Eff : (0.2411+ 0.0407) %
Br :(1.0010+2.5138) %
ULN :(2.1355) %

UL@90C.L. < (4.7653) %

MCBG : -1.9805.+ 0.6274
Nsig : 1.9805 + 2.0661
DsTag: 18585.8+ 162.6
Eff_:(1.2654 + 0.0946) %
Br :(0.8421:0.8808) %
ULN : (4.8346) %
UL@90C.L. < (2.0557) %

| o s, ® ; ° ool osef
so s os)
Do X D} 5noX
Yield :0,0000 + 1.9685 Yield : 4.0000 + 3.8568

MCBG : -1.6718 + 1.1990
Nsig : 5.6718 + 4.0389
DsTag: 18585.8+ 162.6
Eff : (1.2778 +0.0944) %
Br :(2.3883+1.7099) %
ULN :(11.0261) %

UL@90C.L. < (4.6428) %
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CLEO D¢ PP DZ X (t 0 > B Summary  Backup

Systematics-

e, K, 7 production rates

@ We define the following variable to estimate how big the difference of e, K, =
production rate between data and Monte Carlo can effect the final inclusive
branching fraction, and take the value of this variable as the systematic error
for e, K, 7 production rate.

P _ NaData Faﬂb 1 &+ NB’IC/NQAC % Fbaa 4 N(’:\AC/NQAC x Fc—a
a—b = Tbam < x(1- a Data /\jData b—a Data /) Data c—a
Ny €@ + Ny /N2 x F + N2 /NZa% x F

@ This systematic is very tiny. We can ignore them.

Particle ID Cross Fake Rate
@ 0.30% per kaon (Average). @ The PID efficiency systematic error
@ 0.25% per pion (Average). not only can effect the signal
7 0 o particle yield, but also can effect
Kg, 7, n Finding the fake background through:
@ We assign 1.8% as the systematic Data
uncertainty for K2, 4.0% for 7°, and ap = 2 XF&P x §a
5.6% for 1 Ny
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CLEO DZ PP D

Systematics-

The Effect from D™ — DJ 7 Decay

Two Monte Carlo samples have been generated to study this
systematics:- One only, contains DT~ Dgry and-the; other
only contains Dt — DJ 7°.

1200 .
1 BrD—1°D,) (PDG) : 5.8000 %
SH00 E] 2::::: mg Qf gs, :ZwDB' Tag Efficiency Ratio(B/A) : 0.4460
(] LA 5
(O] Tag fromn° D Ratio : 2.6728 %

N, Per Tag A : 0.3597

N, Per Tag B : 0.6300

n° Efficiency[0-50]MeV : 0.5204
n° Efficiency[50-100]MeV : 0.3365

Weighted Average n° Eff. : 0.4043
The Effect From n° D, : 1.7870 %

% 0.2 0.4 0.6 0.8 1 1.2

7® Momentum (GeV)
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Systematics-

Systematics for Truncate Branching Fraction

@ We estimate the number of signal track below 50 MeV/c by using Monte
Carlo directly. We take a half of this number as the systematic uncertainty.

@ For D — ¢X, we modeled the partial branching ratio in first momentum bin
by taking the fraction of ¢ yield in the first momentum interval to ¢ yield in the
rest of the momentum intervals in data to be equal to the same fraction from
the Monte Carlo simulation, and assign systematic uncertainty equal to its
value.

DS — K+*K*X Monte Carlo Efficiency

@ For the D — KTK*X mode, actually our generic Monte Carlo only contains
D& — KTK*K~. There is another possible contribution to D — K+K+X
decay, it is Dy — KTK*+7~. We generate this sample to study the efficiency
difference between these two possible modes and set this difference as the
systematic.

The Efficency Correction Factors

@ We apply the correction factors for PID, #° finding and 7 finding. They are
0.5% for 7+ PID and 1% for K* PID. The correction factor for 7% and 7 _
finding is 6%.
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Systemaﬁcs-

Ds Tag Invariant Mass Distributions

- < K ~§ﬁr-§1\wfj\—r
Jow. R R LR
6000 ; n£ : ;i‘(am“ K 7:
(g4000" e 1 B =18 115 |18 |
S2000- E =o! = A\ a /\ - F
o L 1 2t =t »: pu
o000 ] - .
8000 ER p & i r i f,
@000 1 B |E EO S L
Soooo: EN ¢ ] I
52000? 7; A: e AE: s A"' = A: r
O 05 0 0.05 . p\ £ J\k 7 \ § )\
Invariant Mass (GeV) VA S - BUIGE | , SUAWE § S EWAY

@ Take the ratio between the single tagging efficiency in generic Ds meson decays (etag)
and the single tagging efficiency in inclusive decays (F{ag) as the single tag efficiency
correction factor, and assign the systematic based on the error.
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Systematlcs-

Summary

Backup

The efficiencies and correction factors summary table

Mode ‘ eff(%) | elag/€tag | Systematic (%)
Dy — Generic | 26.605 + 0.063 = =
D — KX 25.827 £ 0.117 | 0.971 0.510
DS — K—X 25.294 + 0.145 | 0.951 0.618
Ds — KX 26.321 + 0.144 | 0.989 0.596
DS — ntX 26.686 + 0.070 | 1.003 0.352
Dy — 7 X 26.392 + 0.100 | 0.992 0.445
DS — %X 27.948 + 0.081 | 1.051 0.374
Dy — X 28.000 + 0.125 | 1.052 0.503
Ds — /X 27.219 + 0.206 | 1.023 0.792
DS — oX 26.601 + 0.157 | 1.000 0.634
DS — wX 24,787 + 0.822 | 0.932 3.325
DS — KI?X 26.148 + 0.144 | 0.983 0.600
Dy — KIKIX | 26.985 + 0525 | 1.014 1.958
DS — KE?K*X 26.456 + 0.275 | 0.994 1.064
DS — KE?K’X 24.415 + 0.452 | 0.918 1.864
D — KFK~X | 25.500 + 0.162 | 0.958 0.678
DS — KngX 26.459 + 0.216 | 0.995 0.849
DS — KEK*X 26.341 + 0.276 | 0.990 1.072
DS — KEK’X 24.560 + 0.453 | 0.923 1.860

U. of Rochester

D Meson Hadronic Decays
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CLEO DS — PP D¢ KTz D—PP B  Summary Backup

Constraints on Branching Fractions

Singly-Cabbibo-suppressed (a) vs Cabbibo-favored
@ B(S) = C1 x |Veq/Ves|? x B(s8)
Singly-Cabbibo-suppressed (b) vs Cabbibo-favored
® B(nS) = Cz x [Ved/Ves|® x B(n)

@ B(1'S) = Cz x |Vcd/Vcs‘2 x B(n')

@ B(wS) = Cy x |Veq/Ves|? x B(w)

@ B(¢S) = Cp x |VCd/VC5|2 x B(¢)

@ B(KKS) = Cj x |V¢g/Ves|? x B(KK)
Doubly-Cabbibo-suppressed (a) vs Cabbibo-favored
@ B(55) = C3 x |Vcq/Ves|* x B(sS)

Total Branching Fraction B
o B(sS) + B(s55) + B(3) + B(38) + B(Annihi) = 100%
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Y2 Formulas For Global Fit

We bulid x? in the following way and do a global fit.

(4 My, —(B(n)+B(nS)+B(n'—n) x (B(n')+B(n'S))+B(Extra n)) 2
( J )

o (Mn/—(B(n’)+B(n’§)))2

5M71/
w—(B(w)+B(wS
(5 ('V' ( %M):r ( S)))z
M, —(B B(¢S
Qo M ( %T/E (¢>S)))2
(5 (MKK*(B(KR)+B(KR§)+B(¢HKR)X(B(¢)+3(¢§))+B(§§)))2

MKk

(M — (2% (B(KR)+B(KK5))+2x B(¢—KK ) x (B(¢)+B(¢5))+B(s55)+B(3)+2 x B(55)) )2
S

Where, M; is the center value of the measurement, dy, is the
error of the measurement and 3 is the fit parameter. B(n’ — 1)
and B(¢ — KK) are fixed to PDG(2006) during the fit.
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Fit Case A

We estimated the contribution from ss — w by looking at
semileptonic decays D — wetv vs DS — ¢etv. A reasonable
approximation is

B(Ds —s§ —w) B(DS — wetv)
B — 55— 0) B - etr)

(8)

A preliminary result for the second ratio is 10%. This predicts
B(Dg — s§ — w) is 1.6%.
Case-A Fit Results

B(E 1) (%) Vary Cy,C; (%) (x%) B(D4 — Other Annihilation) (%)
In Data 1.25 1.25 1.00 1.50 Cy 1.25
6.0+3.9 0.50 1.00 0.75 0.75 Cy 0.75
2.00 12.44 (0.022) 13.24 (0.269) 13.37 (0.017) 12.33 (0.292) || 12.85 + 2.89 + 0.40 + 0.52 (0.113)
6.00 16.54 (0.005) 17.30 (0.179) 17.43 (0.003) 16.43 (0.197) || 16.92 + 2.89 + 0.38 + 0.50 (0.062)
10.00 20.65 (0.000) 21.36 (0.107) 21.49 (0.000) 20.54 (0.120) || 21.01 + 2.89 + 0.36 + 0.47 (0.027)

@ The first error is statistical error, the second one is from C, and the third one is from C;.
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Fit Case-B

Take the contribution from w into account. We treat all of the w
as coming from sS and write

® B(s8) = B(n) + B(n) + B($) + B(KK) + B(w),

@ B(sS8) = B(nS) + B(1'S) + B(¢S) + B(KKS) + B(wS).
In addition Dy — nnX, D — X and DI — X modes, we
also search for DI — nwX mode, no clear signals were found.

The B(Extra n) from data is about (8.4 + 4.3)%. We vary the
value of B(Extra n) from 0 to 15% and perform the fit for each

value.
Case-B Fit Results
B(E 1) (%) Vary Cq,C; (%) (x°) B(D4 — Other Annihilation) (%)
In Data 1.25 1.25 1.00 1.50 Cy 1.25
8.4+43 0.50 1.00 0.75 0.75 C, 0.75
4.00 9.86 (0.039) 10.72 (0.335) 10.83 (0.032) 9.77 (0.361) || 10.29 + 3.18 + 0.43 + 0.53 (0.153)
8.00 13.96 (0.014) 14.77 (0.233) 14.88 (0.011) 13.87 (0.254) || 14.37 + 3.18 + 0.40 + 0.50 (0.093)
12.00 18.06 (0.002) 18.82 (0.150) 18.93 (0.001) 17.97 (0.166) || 18.45 + 3.18 + 0.38 + 0.48 (0.047)

@ The first error is statistical error, the second one is from C, and the third one is from C;.
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Backup

Fan

Combination Decay Total
Mode B (%) wt T a0 at L 70 wh T 70
Dy — X 22.314 22.314 0.000 0.000 | 6.112 6.112 26.828 28.426 6.112 26.828
Rate 100.000 0.000 0.000 | 27.390 27.390 120.230 | 127.390, 27.390 120.230
Dy — /X 11.667 11.667 0.000 0.000 | 11.030 11.030 14.414 22.697 11.030 14.414
Rate 100.000 0.000 0.000 | 94.537 94.537 123.545 | 194.5637 94537 123.545
Dy — ¢X 15.714 15.714 0.000 0.000 | 2.460 2.460 2.650 18.174 2.460 2.650
Rate 100.000 0.000 0.000 | 15.656 15.656 16:864 | 115.656 15.656  16.864
DS — KgKg(KfKE)X 3.432 3.432 0.000 0.000 | 0.000 0.000 0.000 3.432 0.000 0.000
Rate 100.000 0.000 0.000 | 0.000 0.000 0.000 100.000 0.000 0.000
Dy — KgK*(KLDK*)X 11.692 0.000 0.000 0.000 | 0.000 . 0.000 0.000 0.000 0.000 0.000
Rate 0.000 0.000 0.000 | 0:000. 0.000 0.000 0.000 0.000 0.000
DS — KSK ’(KLDK )X 3.840 7.680 0.000 0.0007. 0:000  0.000 0.000 7.680 0.000 0.000
Rate 200.000 0.000 0.000 | 0.000 0.000 0.000 200.000 0.000 0.000
DS — KFK—(=¢)X 8.079 8.079 0.000 -~ 0.000 0.000 0.000 0.000 8.079 0.000 0.000
Rate 100.000 0.000 . 0000 | 0.000 _0.000 0.000 100.000 0.000 0.000
Dy — KFK*X 0.130 0.000 0.130°. 0.000 | 0.000/ 0.000 0.000 0.000 0.130 0.000
Rate 0.000 100.000 0.000 | 0:000 .0.000 0.000 0.000 100.000  0.000
Dy K KX 0.032 0.096 0.000 0.000¢ 0.000 ~ 0.000 0.000 0.096 0.000 0.000
Rate 300.000 0.000 0.000°| 0.000 0.000 0.000 300.000 0.000 0.000
Dy — KgKf(—@)X 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000
Rate 100.000 0.000.. 0.000 | 0.000 0.000 0.000 100.000 0.000 0.000
Df — wX 6.090 6.090 0.000 0.000 | 5.530 5.530 5.968 11.620 5.530 5.968
Rate 100.000 0.000._0.000 | 90.800 90.800 98.000 | 190.800 90.800  98.000
DS — et (i )mln, & 10.740 | -10:740 0.000 0.000 | 0.000 0.000 0.000 -10.740 0.000 0.000
Rate -100.000  0.000 0.000 | 0.000  0.000 0.000 | -100.000  0.000 0.000
DI S 6.470 0.000 0.000 0.000 | 4.777 0.889 3.300 4777 0.889 3.300
Rate 0.000 0.000 0.000 | 73.828 13.734 51.010 73.828 13.734  51.010
D¢ — Extra nX 8.000 -8.000 0.000 0.000 | 0.000 0.000 0.000 -8.000 0.000 0.000
Rate -100.000 0.000 0.000 | 0.000 0.000 0.000 | -100.000 0.000 0.000
Total 108.200 | 56.332 0.130 0.000 | 29.908 26.020 53.161 86.240 26.150 53.161
Measure . . 119.283  43.200 123.411
Difference ChecKk Heret 33043 17.050 70.250
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Flavor Symmetry and Decays of Charmed
Particles D°, DT, and Ds to Pairs of Light

Pseudoscalar Mesons P

- DataSet-1: Full CLEO-c dataset (818 pb~1) at v/(3770)

- DataSet-2: Full CLEO-c dataset (586 pb~1) at Ecm = 4.170 GeV
- Working on progress (unofficial result!)
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— K" D—PP B

CLEO Dg — PP Dg — X D

Summary

DY Mode Data Yields Summary

Backup

D% Mode Monte Carlo efficiencies and data yields

Mode | Efficiency (%) | Yield

DO - KK~ || 57.64 + 0.16 | 13782.3 + 135.8
D% — KIKQ || 22.39 + 0.13 214.8 + 22.7
DO - 7f7— || 72.32 £ 0.14 6210.0 & 93.3
DO — 7070 35.22 +£0.15 1566.7 + 53.5
DO - K—nt | 65.11 4+ 0.15 | 150258.6 + 419.7
D0 — K70 29.32 + 0.14 | 20045.4 + 164.5
D% — Kn 27.03 +0.14 | 2863.8 + 65.4
D% — 70y 33.41 £0.15 481.0 £ 40.2
D% — K7/ 14.28 + 0.11 | 1320.6 +42.3
DO — 70 18.76 + 0.12 158.8 + 18.9
DO — nn 31.75 + 0.15 430.4 + 28.7
DO — 17.52 + 0.12 66.0 + 15.1
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CLEO D

~PPD X D > K

70

D—PP B Summary  Backup

D+ Mode Data Ylelds Summary

DT Mode Monte Carlo efficiencies and data yields

Fan Yang -

Mode | Efficiency (%) | Yield

Dt — K ntr" || 54.92 £ 0.16 | 231058.2 + 515.3
Dt — KIKT 36.25 + 0.15 | 5161.2 + 85.6
Dt — 7¥a? 49.96 + 0.16 | 2649.0 + 76.2
Dt — Kn ™t 41.91 +0.16 | 30094.7 + 191.3
Dt — K+x0 44.65 £ 0.16 | 342.9 + 36.7
Dt — K™y 42.97 + 0.16 60.5 + 24.1
Dt — 7ty 48.42 + 0.16 | 2940.5 + 67.6
Dt — Kty 26.19 + 0.14 22.8 +18.4
Dt — 7ty 29.21 + 0.14 | 1036.8 + 34.7
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CLEO D > [RIR D D

> K

D—PP B

Ds Mode Data Ylelds Summary

Summary  Backup

Ds Mode Monte Carlo efficiencies and data yields

Mode | Efficiency (%) | Yield

Dy — KIKT || 24.73 £ 0.14 | 4075.5 + 71.2
D& — 7t#% || 34.67 £0.15 | 26.5 &+ 153.9
DS — Knt || 28.01 £0.14 | 393.2 + 33.1
D& — K*+#% || 30.80 +£ 0.15 | 202.2 + 70.4
D& — Kty 31.02 + 0.15 | 222.4 + 41.0
DS — 7ty 34.38 + 0.15 | 2586.7 + 89.4
DS — K*y | 17.67 £0.12 | 55.7 +17.1

D& — 7ty || 20.13 £ 0.13 | 1436.3 + 46.7
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