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Introduction

Mapping D, Decays
> Absolute D, Branching Fractions with "tagging”
> D and D, Dalitz plots ( untagged )

Correlations and Coherence
> Quantum Correlations: The Kr strong phase
> The CKM angle y: Coherence in D° — K2r , K3x

The Future...

Backup slides feature several other recent analyses:
D(s)_> PP ( pseudoscalars ) D — KSJIZ, KLJIZ D — KK
D—~pn D — nX, n'X (excl.) Charm cross-sections
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Charm Threshold

D+ & DO studies:* 818 pb-! at 3770 MeV
ete- — YP(3770) - D*D--DO°D° [29nb,3.7nb]
Resonance on top of ~16 nb of uds continuum

D, studies:* 586 pb-! at 4170 MeV
ete- — D** D + c.c. [09nb]
D, **—=Dsy (94%)
on top of ~13 nb of uds continuum
~ 9 nb of non-strange charm pairs ( + tiny D,* D)

Both cases: ONLY charm mesons, no E,, for extra pions !
Benefit from constrained kinematics.

*Note: a few analyses use only part of integrated luminosity
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D) Tagged Events

"Tag": fully-reconstructed D meson

> Eliminates uds continuum

> Further constrains the other D, [ know direction ]
Tag can also have definite flavor, or be a CP-eigenstate !

0o ki DO Koetv D, > K-K* 5
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Hadronic D, Decays

Recent past:
> Overall 25% syst. on branching fraction scale
[ all referenced to D, — ¢m, measured with a complex technique ]
> Smaller number of modes explored, compared to non-strange D
> Poor knowledge of inclusive rates

Now, big improvements from CLEO-c:

> Precise D, — KK=n absolute branching fraction + Dalitz analysis

> Other modes improved, first observations added, ...

> Much-improved inclusive picture

> Very useful for Monte-Carlo simulations [ LHC-b, BESIII, B factories... ]
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PRL100, 161804
298 pb-! (2008)

D, Absolute Branching Fractions

Global fit to single tag and
double tag rates
> Independent of # D .*D, pairs
> Each BF insensitive to efficiency
of all other mode~ ++~~ ~= +~~=

B(D,— KK m)
=(5.50 + 0.23 + 0.16)7%
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D. Inclusive Hadrons

Use 3 best tag modes: ¢n
> 94% of D.*D, leads to D, D,y . here, we require y
> cut on recoil masses against both (D, ) & ( D,y) systems
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586 pb! (2009)

[ 18600 tags ]

mass peaks:

1 h ':l- L . . i i i i)
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Invariant Mass (GeV)

Also measure rates to KKX,
for various kaon charge combinations...



PRD 79, 112008

Ds InCIUSi ve Hadf'ons 586 pb™! (2009)

TABLE I. D, inclusive yield results. Uncertainties are statistical and systematic, respectively. The inclusive K¥ results are only used
as a check for K%. The D} — KVX yield requires a correction before comparing with the D} — KX vyield, as explained in the text.

PDG [ 11] averages are shown in the last column, when available, for non-CLEQ measurements.

Mode Yield (%) KY mode Yield (%) B (PDG) (%)

DY — 7tX ﬂl%t 12 + 07 \

D — 77X 432 09 +0.3

DF — 7% 1234+ 38 £53

D — K*tX 289 0.6 +0.3 20118

Df — KX 187 0.5 +0.2 13+14

DF — nX 209 +22+ 1.7 " 2 1 CLEO r'eSUI.rS
D — 9'Xx IL7 £ 1L7+0.7

DF — X 157 £ 0.8 £ 0.6 VS.

D — wX 61 =1.4%03

DF — £, (980)X, f,(980) — 7+ 7 <1.3% (90% C.L.) 1 -

D} — KYX 19.0 + 1.0+ 0.4 DY — KX 15.6 = 2.0 3 prlor non CLEO
Df — KYKSX 17 £0.3*0.1 DY — K} KX 5.0* 10

Df — KYK*TX 58 £05%0.1 D} — KYK*X 5.2+07

Df — KYK™X 1.9 £ 0.4 0.1 D} — KYK~X 1.9+03

DY = KTK™X 15.8 0.6 0.3

Df — KTK*X <(.26% (90% C.L.)

D — K KX <0.06% (90% C.L.

KKX rates: use to help to untangle decay

mechanisms shown in Feynman diagrams v v
W+ W+

c—s t“‘w:::f ¢ . £

In particular, we obtain lower limits on e TR

hadronic annihilation diagram contributions... . = - W
[ diagrams (e) and (f) at right ] iﬁ
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PRD 80, 051102

DS: EXC’USive 1), mOdeS 586 pb! (2009)

Motivated by previous inclusive o yield: Selected Mass Peaks:
B(Di—=wX)=(6.1+14)% 25E
SAME tagging technique used. o
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Dalitz Analysis Overview

Use untagged analyses:
> Higher background, but also higher statistics
> Still statistics limited; can handle background systematics

Fits start with an "Isobar model” :
> Sum of interfering Breit-Wigners, with correct angular factors
> Many other subtleties; see papers

.. and then add some extra features :

> Detailed S-wave treatments are tried [ not just BW ! ]
> Flatte formalism for f,(980) — K K [ needed near threshold ]

2 of 3 analyses: "golden modes” used for normalization
> Results can improve models so “users” get correct efficiency
> Subtleties are important for physics; models just need a good fit...

PhiPsi0O9 Briere CLEO-c 10



Dalitz 1: DJ — K* K- * 55600 a00sy
>12000 signal events; 85% purity  Key D, normalization mode

Resonant Sub-modes required: [ = E687 + f(1370)%x+ ]
9(1020) 1 K*(892P K+ (9800 K*,(14300K+ f,(137000x F (1710007
> Add f(1370) Ayx?= -100 Fit x2: 178/117

2 -
> No need for K Ayx®=-5 - e
000 [ i 4
I —— 1,{5E0) 2000
e - — - —— $l1020) . r
[ = S-wave Kt ] | o .
% 2000 C — 1710 % 1500 [
(5 —— KB o] -
& L - - == Kji1ea0) 3
S 2001 | — Basckgrou nd . r
? % i —— Toal5+B % 1000 ¢
0 8
Dt — K*K-m* g T E |
¢ = 1000} o 500
0’ w : n
a L
o 1.5 ot 0
= i 1 15 2 25 3
KE mA{KKT) (GeVic?)?
£ [
T 1+ ~ 1000 | ~
E L =2 . | § 200
=
- a r o
L o 1 o
8 . &
L 3 g |
0.5 - - - 100
@2 @ [
L . 2 §
1 1.5 2 2.5 3 0 |
m? (KK (Gelie?)?
mA(K) (GeVich): m2(K-K-) (GeV/ic?)?
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Dalitz 2: D* — K* K-+ 5o ooos
19500 signal events; 84% purity
Best fit: Fit 2 895/708

¢(1020) w+ K*(892)° K+ K*,(1430)° K+ a,(1450)° n+ K*,(1430)° K+ ¢(1680)° n*
plus: K K* (K = S-wave Kr )

BUT non-resonant almost ore| @] F 1 (b7
75 1 . 1e00f f\ =
as good as K x°=898/708 ¢ =t 1 5 mof I ﬂ -
[ LASS-inspired Kn: 2= 912/710] Z x| 18 ‘wf | \jll ;
L < ol 1€ e N &
Also search for CP violation: = sl o Ry 1
100 [ i e’ | EDE':_I',-f-"'"----------.-L____ﬁ ;
> Slngly_cablbbo Suppr‘essed -ID|.5I - I‘I.liZII - I1|.5I - IE-.D II:II-JE)]EI - I11'2]'I - I‘ll.’:-I I pKE.O
> Sensitive to new physics mHK) (GeV) M) (GeV)
. . 2250 - 1 T T T S SO T
In penguins a0 b ﬁ# ©1 n‘ (d)
> 750 E | 4 £ F R
> Not true of CF, DCSD... 8 ol || El]
8 1250 | N \ 1 8 *F ‘ E
=) : 1 ]
Asymmetry: g f P\j/ 1 € 2| g
( -0.03 + 0.84 + 0.29 )% o :f/ li: i mon:—l’u 1
Also have results by submode... R PR A Ly sy
m2(K-r*) (GeV?) mA(K*K-) (GeV?)
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Dalitz 3: D* — K-t tt 52w Gooos)
>139000 signal events; 99% purity  Key D* normalization mode

Starting Fit [ E791 model ]: Fit x2: 531/391
K*(892P n+  K*,(1410Pw+ K*,(1430P a+ K*(1680)° n*
plus non-resonant term & Krn* (K = S-wave Kr)

K is the dominant “fit fraction” -- But, fit can be improved ...

Improved by adding I=2 &t x* S-wave: Fit x?: 416/385
Also replace K, non-res w/ binned S-wave Kr: Fit x2: 359/347

- »
éEEEEE: N i b — e c) .
S © 10000} (b) S Jooo . (€) o™
—5 29T & = [ N L
Note distortion 3 i & < 3 Bl
(4] i Ty
o [ & . 7o)
of K* band due ~—. 2} & = . . g |
. £ = s5000fF - 2 o000l
to interference § | P | - . = 2000
= 'r = . = |
a2 )
\k§ ; Eg:'m LI}J - t‘-'.-ﬂ. I._I}J
Ll A T 0 ) . .“ 0 ! ! l
0.5 1 1.5 2 1 2 3 0 0.5 1 15 2
m2(Kn),,, (GeVic?)? me(Kn) (GeV/c2)? mé(r) (GeV/c?)?
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Dalitz 3: D* - K n* n*

Results with binned S-wave Kn

Fit to Dalitz Projections

, 200 2 200
—_ L Y i L i &
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binned S-wave Kr: idea from E791
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Amplitude &

PRD 78, 052001

572 pb! (2008)

Phase

of S-wave

Binnad &
Ainnad 5
—— 140
————— pole [

w pole + NA (Model 12)

wava with KJ11430) (GMIPWA)
weava win B 1430) [CMIPAWA)
BW (Mode |2 and OMIPWA)
odel )

———

"

Mass(Kr) (GeVic?)

Black points above:
Ampl. & phase are quite smooth
vs. mass; curves show other models
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Phase Information

Subtleties of D Tagging
> lepton flavor tags: a PURE tag of c vs. cbar
> hadronic "flavor” tags: pure for charged D*, not for DO
contaminated with "DCSD": D® — K*=n~ is 0.4% of K-z
contaminated by D° D% mixing
> CP-eigenstate tags: other D is ~ ( DO+ DObar)

Complicated.. BUT: sensitivity to interesting parameters!

All phase measurements depend on interference
> CP-eigenstate decays to common (D9, D%¢r) final states (e.g., K- K*)
> DCSD processes also provide common final states

Phases & interference are always interesting physics,
but these analyses are also useful inputs
to D mixing and flavor physics in the B sector...

PhiPsiO9 Briere CLEO-c 15



D Physics & CKM vy

B- — DO K- & DObar K-
> Interfere if D9, DO have common final states;
Allows extraction of angle ¥ ( “phase of V"

Kr mode:
> Must know relative phase: from the Kx final-state interactions

> This phase is also relevant to proper use of
DO-DO%ar mixing results from this decay mode

Multibody modes:

> DO-DO%er interference is averaged over Dalitz plot
Two body case: only phase Now: phase + reduction in magnhitude
> Measure one global complex parameter, or do in "Dalitz bins"

PhiPsi0O9 Briere CLEO-c
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PRD 78, 012001

Quan‘l'um Carrelafion AnaIYSiS PRL100, 221801

281 pb! (2008)

7000 F 7o00 F

e f Kt wof KT
Familiar hadronic tags: :: s
Approximate flavor tags =i Flav -
CP tags (both signs) ol ol
Hadronic tags with K : . ol
Can do, given kinematics % 0 ool
Adds more CP tags : - | A
Semileptonic Tags | wf K0 e e e
Exact flavor tag :

M (GeV/c?)

PhiPsi0O9 Briere CLEO-c 17



PRD 78, 012001

Quantum Correlation Analysis rxii, 2

281 pb-! (2008)

Correlated D pairs are produced at the y(3770):
Produces a C = -1 initial state.
> CP+CP+ & CP-CP- decays are forbidden

> CP+CP- are enhanced CLEO Results
etc. vs. theory
N B QC Pred. (r=0.06, cosé=1, no mixing) [l Data  zesoseson
Forbidden by CP+ CP+ A W0 0C spL/CP+
CP conservation CP- CP- . MR
Maximal enhancement | CP+ CP- . '—'—'1 CP-/ IC P—
Forbidden if no mixing | K-m* K-m* > N'CdY CP+/CP— 1
Interference of K CPt Conflrmed! ' RM/IHWS — — '
CF with DCS (gives cos®) | ¢cp+ K1 ) I ——r Knt/Kn*
P . L S R
CP+ 1-4r2 cos?d - K-t/ K*7c-
Single Tags Unaffected | K- m* X L S
SL 142rcoso+y Kn/CP+
\ A D r R R
1-2 O— HEH —
Useful reference | Nl

0 1 2
Avg (Yield/No-QC prediction)
PhiPsiO9 Briere CLEO-c 18



Quantum Correlations & Kn phase i o2

281 pb! (2008)

Allows a measurement of I e
strong Kx FSI phase, E (@) (b)
[ of great interest for E
D mixing results ]
\\l | L I\ 1
Simultaneous fit to: R ,CO,SI‘S, N '_,....,'.’.‘.ﬁ’.".".f,s....'_,
hadronic & semilep modes 2" og 7 |
+ external mixing inputs: X R ‘;
(X, y, X'Z, y" r-Z) xD.{IUD:— —
; \ Dnnsz—___'_""‘_"'"ﬁ/—:
Results: 6 (deg) coso
cos 6 = 1.10 + 0.35 = 0.07 Shading: 907% CL
§=(22+1_,, *9, )0 [ physical region ]
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Quantum Correlations Update

Large update in progress at CLEO-c

Improvements:

More luminosity: 2.9 x

Add semileptonic muons

Use more modes K, tags [ +30%/+60% for CP+/CP- statistics ]
Use K ,sm in Dalitz bins

Add Kev vs K x® [ has two missing particles Il ]

Switch from inclusive to exclusive semileptonic
Use K-I*v vs. K-xt* : unique parameter sensitivity

vV VvV VvV V VvV Vv VvV

Expect to cut error on cosd in half

PhiPsi0O9 Briere CLEO-c
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Coherence Factors
Multi-body modes: D° — K- n*t i° and D% — K- n* =+ -

Measure actual "Dalitz-integrated” interference via R,
If DO and D¢ decays were identical: R=1, §=0

Variations across Dalitz "dilute” effect. roughly speaking:

The " 2 " in interference cross-term becomes * 2 R cosd " *

Can wri're.a formal Ry e it _ J A g 0(X) A gr - 0 (X)X
) ix!:r'essn:r\... K Ag-—+ oA g+ 0
x" is position Avs -
: . Kaa® _ OKta— a0
in Dalitz plot D TR -
K- wtqal

Measure by using CP, hadronic, leptonic flavor tags

* Reality is just a bit more complicated, but this is the “spirit” of the math..

PhiPsi0O9 Briere CLEO-c 21



PRD 80, 031105

Coherence Factors 318 b (2009)
Measure for D° — Kn*tn® and D° — K-m'n*m- modes

K-ntn® :  Large R, retain sensitivity even when integrating Dalitz plot
K-w*ntw- : More cancellation across Dalitz plot [ subtlety: likely good news,

TABLE 1. D final states reconstructed in this analysis. for‘ OTher reasons... ]
Type Final states
Flavored A S G S S O S
CP-even K*K- ota, Kixlat, K970 Kw
CP-odd Km0, Ko, K0, Ky, Kin
350 350
; . (@ (b)
300 - 1o K-ttn 300
~ 2s0F [ 26 250
o C gy
$ 200t M 30 g 200 K-mtmtme
% 150 Ok BestFit 5 150
¥ O - z..:mn
“S 100 F 100
50 50
D:n||||||||||||||||||||||||||||||||||||||||||||||| 0 'l P PR FETE SN Tl IR NE TN RAEw
0 010203040506 070809 1 0 010203040506 070809 1
= R R 22
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PRD 80, 032002

COherence FGC"’OI’S 818 pb-' (2009)

DO — K, n* m~ mode
[ Giri et al.; Bondar & Poluektov ] Observe clear difference in

Dalitz structure for CP-, CP+

Same sort of physics as
( Tag & signal are opposite CP )

preceding analysis

KZ n* - vs. CP-even Tags Kin* n- vs. CP-even Tags
3 e o [ L N B
But, now done in bins L uN P o wf P .
: N SR - 13 -
of the Dalitz plot Toef T 1 :
X - - ]
. o = ]
( 8 colored bins below ) =t 4 2 ]
[ =y g :
Phase Bins ssa1000001 [ = i ﬁ ]
e A ]
C 8 T N A e ]
- °5 1 2 3 1.5 2
a5t 7 MP(K2 ")
5 :_ 6 o o 3620108-005
. - Kn*n-vs. CP-odd Tags K{n*n~vs. CP-odd Tags
1 B 3
- - 5 [ ” T ] [ T T T @ ]
& 15 [ B © 1 [ ]
s : o CPe e
10 3 (il B 1 9 :
C A | 3
; < | S :
05[ 2 s ,L 2
: | 3
- . . 1 0 .
%0 i 2 3 [ . ]
TN S NN RN NN SRR SN SN N AN TR S S |
M#(Kg ) % 1 2 3 2

23



PRD 80, 032002

COherence FGC"’OI’S 818 pb-' (2009)

c; and s;: essentially bin-averaged <R cos 8> and <R sin §>
[ a re-mapping of previous R, 3 in each bin: ¢2 +s2=R.2 ]

We try to optimize choice of binning based on model,
NOTE: any binning gives unbiased CKM v; optimize for precision

4f. % BaBar Model  CLEO- Data Flavor tags

- K- o™t
Compare CLEO b K-t
to BaBar model: : i:::: o
Now we have control :
of uncertainties... 0sf

CP-even tags
K"K~

ata

Kym'n®
K3 7
High-statistics toy MC studies: ;’;ﬁdd e
Reduces model uncertainty in CKM measurement K

using this D mode form about 7° to 1.7° K

Klmt 7™ tags

PhiPsiO9 Briere CLEO-c 24



The Future

CLEO-c finished data taking in March, 2008:
> Many analyses here use full data samples.

> But others (e.g., Quantum Correlations) are being updated
and improved in technique.

> Other analyses are also in progress.

BESIIT turned on in July, 2008:
> New detector; second ring added to accelerator
> Peak luminosity: already ~4-5x CLEO-c at ¢(3770)
> So far, charmonium data [ 200 M J/vy ; 100 M ¢(25) ]
> Open-charm data soon; will benefit from CLEO experience

Super B Factories:
> High-statistics of continuum charm [ D mixing ! ]
> Good for Dalitz analyses, for example [ but NO CP-tagging.. ]
> Maybe run at charm threshold ?

New dedicated tau-charm machine ?

PhiPsi0O9 Briere CLEO-c 25



BACKUP SLIDES

Other recent hadronic analyses

D.—~pn

D — Kz, K=

D — KK

D - nX, n'X [ excl. modes ]

D — PP [ P = pseudoscalars ]

Cross-sections

PhiPsi0O9 Briere CLEO-c
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== PRL100, 181802

DS —> p n 325 pb-! (2008)
Missing neutron:
use tagging, | ——
include y from D~ [ (missing mass)? h |
| vs. tag ]
Only phase-space allowed 3 + profon .
baryonic decay among 2 '_
any of D9/D*/Dy S0 1’ ]
B( Ds - P n ) = o u.la_s _gj 095 1
(1.30 + 0.36 +0.12 -0.16) x 10-3 Hissing Mass (e

PhiPsi0O9 Briere CLEO-c 27



Interference in K, m, Ks

D Decay diagrams source both K° and K°bar

= These interfere in physical K, Ks final states: K., K _asymmetry

R(D)=[B(D=Kt)— B(D=Km) ] /[B(D=K)+ B(D = KT) ]

Bigi & Yamamoto [ PLB 349, 363 (1995) ]

DO : expect BF asymmetry of: R(D% = 2 tan20, ~ 10%

D*: more diagrams to consider... R(D+) see next page...
C S
Do " I « 0 1 ( 0 0)
K'=—(K;— K
U 0 LS’ L
T i V2
Cabibbo-favored
c d 0
W J 0 1 0 0
0 K =—(Ki:+ K
D— Li 0 \/§ ( S L)
u u

Cabibbo-suppressed

PhiPsi0O9 Briere CLEO-c
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Interference in K, m, Ksm 52100 s

M2 <cing (Monte Carlo) s M2 iaing (Data) —
1400 -_ Mean  0.5633 :
- 70
1200 :
C 60—
1000 D)%KLOJ'L’O 505_
8oof-
o DO: R, = 0.108 = 0.025 = 0.024
soof 2of- [ consistent with 2 tan20, ]
200(- F T 10f-
- ) |

0

-04 -02 0 02 04 06 08 1 1.221.4
M

lllllll

Missing Mass Squared

= S K 0+
gt DK w D*: Ry = 0.022 = 0.016 = 0.018
%3005— D+— K ’n
Hemle (leak a,S Z) Dao-Neng Gao predicts:

so0f. & R(D*) = 0.035 to 0.044

:::‘D'l'%j[ijf", whv \ [ PLB645, 59 (2007)]

sof " Bhattacharya & Rosner:

01 -0.05 -0 n..ns .n_1 ni15 02 025 03 nl_::(s;ev%_.n R(D+) - _0.0l + 0.03

Missing Mass Squared [ PRD77, 114020 (2008) ]

PhiPsi0O9 Briere CLEO-c 29



D — KK 281 pb (2008)

Interesting to study SU(3) breaking effects:
> Long known K* K- is enhanced relative to n* &
> Ks K< two diagrams cancel in SU(3) limit;
but can have rescattering...

_ ol DKk | D' = KK
Mode Br. Frac. (10-%) E“?m; h ok ﬂ
K-k~ 40.8 208 =09 3uf H Ji
K'Ks 314 +09 208 g=f ) o H
Ks Ks 1.46 +0.32+0.09 awt [} ok i

M. (GeVic?)

Also measure SU(3)-breaking ratio:
B(D° — K+ K~) / B(D° — =t )
=2.89+0.05 = 0.06

PhiPsi0O9 Briere CLEO-c 30



Exclusive D — n, ' modes

PRD 77, 092003
281 pb! (2008)

First observations of:  m'm® nm mm’ NI T
L ] . . —
Evidence for: ntn®  n'antn® n'ntw
0
Improved BF for: n° ot Nt
(b) D* —n'm* Mode Yield  Branching Fraction PDG [16]
200 ol (1074 (1074
DY — gt 1033 +42  343+14+1.7 350%32
Dt — ot 352+ 20 442+25+20 53+ 11
& DY — nad 156 +24 64+1.0+04 56+ 14
(&) [i]
E (¢) D — n (d) D° — n'no DY — n'at 50+9 K1+ L5 0.6 —
% so |- or D" — 255 +22  167+1.4+1.3 —
= (y¥)yy) 141 = 17 15.3 = 1.8 (stat.) —
o H_[l] (yy)mta—a") 11513  19.0 % 2.2 (stat.) —
2 . ur'*wnj _ L DY — gy 46+9  126+2.5* LI —
E 0 ' i L (;.a;.aj(wj 33+ 8 14.8 + 3.3 (stat) —
“ (€) D = nm () D% =’ (yyN =t o =Y 14 +5 10.5 = 3.5 (stat.) —
i 10 D — pmta~  257+32 109+ 1.3+009 <19
DY — prta" 149+ 34 138+31+16 —
L T I | D' — y'mta”  21+8 45+ 1.6+0.5 —
. | ) LT |'|| DY — gt al 339 157 4325 —
1.83 1,86 1.89 1,83 1.8 1.89

M, (GeVi/c?)
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Sub. To PRD

Comprehensive D(S) —- P P 315 1 586 pl

0-D—>KIUI EBDUGD—H'(TE I Egoﬂ D’I'TIK"J';:“ o
Measure all modes to «-owog; ™ -
200002: :;2000: 80

two pseudoscalars

[ K=/Ks/m/n%/n/n' ]

9+1 D° / 8+1 D* / 7+1 D.,* modes
"+1" : Normalize to:

D% —=K-n*+ D* =K w'nt D —K*Kg

D*—K*n 3

Event/(0.001 GeV)

11
0 L L bl L e L e L L L
1.83 1.85 1.87 1.89 1.83 1.85 187 1.89 1,83 1.85 1.87 1.89 1.83 1.35 1.8? 1.89
240

o ik s
1,83 1, SS 1.87 1,89

. _ M, (GeV)
Also report CP asymmetries T 0 TR ey M S
30000f | Jao00f } |I J1600¢ o000 ]
e : N v E i F 11200F | 1 F
1200F ﬂD—’ Ke K" oo ] D—)?t o 500— .-H[.(DE y ] ::_ ”] D 11’ zuouo: :2000: \ ¥ ook %| :muo:
1:2;: || II FIES J400f I{' \ 1 sof “ o000l 3 ook ll\ 1k ’I 'i. {000l
S i1 ] “”Hl ] s00f I 1 2% R S ol i ok SN ) S -
@ 600 [ 7 aof ] i o 150f ! o ° DA e I S B
O ook [ = L&zw%’ﬂ@ﬁﬂ 1.!% 1 1ok 11 (5 30D 170 1 DKk flae 12 Kgnh sl D' K]
g 200f "! \ E 10f -1°°' B B ..!f \ S E: | 1 200k J
S F S R R S | B R 7 o f |
T 20l T qenpy L Fooo e e E :_ ] F 9 E
g 150: iiD —>K TEEEZHII]_I_I h#ﬁﬂﬁﬂf}{ rt_ 13@% [D5—>K n_ 30 ]JD »Km = ook h Yy :z_ § 20, | 3 100F J
T 1200 | 3 sof Il J 1 : [# N & w1k : 170
g E I k EIN 3 H{ ] \]TL“H[ ] ::_ ﬂH[_ﬁ ﬂ ; ] “l ” L% 0 et B e e B R b5 Lt
w BOHH 1 E T i}[ | l l 160F I ] b= 100p D= 1n E
l]-{i R 40F s0b ] I‘[Z} E i 3 aof 1.t
40f Lihﬂl-}nl]g 2of 1 st [ 2ol g i, 1 4 1 . 80
] M, r f 1 sof
O180 T84 188 202 190 194 198 202 180 184 185 200 190 194 198 202 :: L e 1% _
Invariant Mass (GeV) ] : My, 1 2
Q

Mennoflnonn s lnnnniasl 0 TR i . ™ el 0 . f Fiay: 1!
183 1.85 1.87 1,89 1.83 1.85 1.87 1.89 183 188 1,87 1,89 1.83 1.85 1.8? 1.89

M, (GeV)
PhiPsi0O9 Briere CLEO-c 32



Charm Threshold

Reconstruct one D, meson:

momentum can separate
DD, DD*, DDn, etc.

Much more detailed than
previous results |

Used to choose CLEO CofM
enerqgy for D, physics

See a much richer structure in
separated channels, compared to
the total charm rate

PhiPsi0O9 Briere CLEO-c

o (nb) s (nb) G (nb)

o (e'e— Charm) (nb)

-] —
i L. ¥ DD |
6 — _ T DD —
B - i g ‘ i,. ® 0D -1
na o _|
i L L ]
ol — —]
B y v v i

— - ., LA ASN L]
EI,E __ L J DS*DS 1+ L T __
B Ds‘Ds* T 1 ]
06— o DD, L ]
| T i
04— L ¢
02— i? ¥ ]
_ v ? ]

. , :‘!’ YV _ Vy v [ ]
sl " D'Dx I : _
R i
os|- *DDm [ | -
B - - i
04— 1 —
B L1 + i
oz - T —
B | T i

—————— .
¥
10— ) 4 —
F
y Y ¥y ¢
o ¥ Exclusive D=-meson
N o o [nclusive D-meson o
@ Hadron Counting
U " ] " ] " ] " ] " ] " ] " ] "
390 395 4,00 4,05 410 415 4.20 425

Ecn (GeV)

PRD 80, 072001
E_, Scan (2009)
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Whaf abouf Ds = (|) Tt ? Pl(?zl-ogg;),z 321:8_‘11

New key normalizing mode? :
B(Ds=> KK =)
=(550+£023+0.16)%

¢ = "Branching fraction” ill-defined

Can also quote B B( Dy = K+ K- =+)
with various M(K* K-) windows:
B, for mass within + AM of ¢

Value This result B (%)

B, 1.69 + 0.08 + 0.06
Bio 1.99 + 0,10 + 0.05
B, 2.14 + 0.10 + 0.05
By 224 = 0.11 + 0.06

PhiPsi0O9 Briere CLEO-c

Ds = KK m*
— | T | T T T | T T
—— AM = 5 MeV/c?
Lo T e
= 3 AM =10 MeV/c?
g 1400_ AM = 15 MeV/c?
0 L "_AM = 20 MeV/c®
o 1200 | -
% - —]
B 1000 =
2 ]
> soof- + .
600} N ]
400/ :. - .
: L T :
200 L v o * oy .
\ A *e, ¥ .
Il .."['"'.‘.T.”] L T I | ! ““Tﬁ.i.'l.| W."“I’:.-
8.93 1 1.02 1.04 1.06 1.08
M(K K") (GeV/c?)
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