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M |_eptonic D decays

B Semileptonic D decays

B Closed and open charm production
E..=3970 — 4260 MeV

B Conclusions
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CESR-c x CESR -6.5 GeV + 12

CESR
Storage Ring

Initial luminosity < original design. Various
challenges, energy sensitivity in solenoid
compensation —“antisolenoid” a la DA®NE.

Initial results: +20% instantaneous (6.7 x 1037)

Linac

and “best day” (4.2 pb'), expect >5 pb-'/day. Gon_ Convartsr -

Still at the top of its game:
Ap/p =0.6% at 1 GeV/c
AE/E = 2.2% at 1 GeV, 5% at 100 MeV

Excellent electron and particle ID
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Goals and Impact of CLEO-c

Significant input for worldwide
CKM program, both direct and
indirect

Precision charm
measurements + theory —
reduced uncertainties in B

EEEEnERIES

Validation of lattice for QCD
and (potentially) other strongly-
coupled theories

Crucial “engineering” input for
others: branching fractions for
normalization modes, etc.
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CLEO-c Data Samples

¢ y(3770) — for D decays

* [|nitial results from 57 pb"
« Updates with 281 pb-' (some at FPCP)

Above y(3770) — for D, decays

* Preliminary — scan to determine optimal energy
 First run under way now (initial results at FPCP)

v(2S) — one-stop charmonium shopping
 Appetizer: 5.6 pb'" — 3M y(2S) — 40 analysis results

Scheduled to run through April, 2008. Luminosity
improving, but still short of projections.

What are the priorities for apportioning the remainder of the
full CLEO-c data sample? (Stay tuned for “Conclusions”)
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D Physics at
w(3770)—DD

B Tagging D gives pure sample of D of known 4-momentum
B “Golden Modes” for best purity

B Additional modes (higher multiplicity, =°) for best efficiency
B Typical tagging efficiencies 15% for D° and 10% for D*:
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D Hadronic Decays (Details in talk of S. Stone)

Single Tags Double Tags

3970305-002

oo
o
o

(o)]
-]

Events / (0.0012 GeV/c?)

18418618818418618818418618
M (GeV/c®

B Single Tags + Double Tags — Hadronic BFs
« 57 pb'-PRL 95, 121801 (‘05) — update (281 pb-') coming soon
« 3 D% 6 D* modes, including key normalization modes

* Precision already comparable to PDG, benefits from cancellation
of many systematic uncertainties
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Other CLEO-c Results
on Hadronic D Decays

= Non-tagged analyses, including Cabibbo-
suppressed decays D—2 to 5 pions.
(Stone)

= Measurements of mixing, strong phases

In D decays through quantum
correlations at w(3770) and above.
(Cinabro, Stone)

= First results on hadronic decays of D..
(Stone)
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See also the review

Leptonic and Semileptonic D Decays | fomJ. Wiss.

B decays: use leptons to get to unknown Standard Model parameters.

D decays: use leptons to master hadronic effects (LQCD training/testing).
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D*— u*v
281/pb PRL 95 251801 (05)

160K charged D tags (6 modes) MM? = (Bpean — But)* — (—pp- — Pyt ).

Leptonic D Decays

Demand exactly 1 additional muon-like

track, minimal extra energy. ik
Ltk
Mode Events L} -

Data 50 oe e
D*>x* 0 1.4
D* Kigpg 7+ 0.33 KV
D*>t*v.  1.08

- L
Total Bck:  2.81 . A{ﬂu . 2 3
0

0.25
MM ? (GeV 2)

BF(D*—pu*v)=(4.4+0.7+0.1)x 104 — ., = (223£17+3) MeV

Same procedure, select e€’s:
BF(D*—e*v)<2.3x10- (90% CL)
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f,. = (201£3£17) MeV
LQCD (PRL 95 251801, *05)
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: DY — ttv
Leptonlc D Decays 281 pb-' to be submitted to PRD

Complementary info: SM/lepton
universality predicts BF 2.65xpuv.

Complementary analysis: selection of
D*—1v (t*—n*v) in events with tags
selected as for D*— u*v.

Number of Events / 0.01 GeV2

Sample subdivided based on energy
deposit of candidate track: (a) <300 MeV
and (b) >300 MeV.

Signal Region
Very slow 1 = [ Estimated BG | 6.1£0.6+£0.3 | 5.0+0.6+0.2

low values
BF(D*—t*v)<2.1x1 03 (90% CL)
Ratio to SM rate <1.8
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Semileptonic
D Decays

Inclusive D — Xe*v
281 pb-' to be submitted to PRL

= Motivations:
= Cross-check with exclusives: saturation by lightest V & PS modes?
= Check equality of charged and neutral — evidence of WA?
= |nput for others: BF and spectra.

= Use only purest tags:

* 47K D°—Kr* (S/B~60)
o 74K D*—Krn*n* (S/B~25)
= ¢ |D by dE/dx and RICH,
p>200 MeV/c

= Unfold right- and wrong-
sign electrons to obtain
true lab-frame spectra.

Signal e™
Right-sign (raw) 8275+ 91 2239 + 47
Wrong-sign (raw) 22815 233415

Right-sign (unfolded) 9186 4+ 103 2453 + 54
Wrong-sign (unfolded) 2314+19 203+ 19
Sideband e (RS) 168+ 13 15+4
Sideband et (WS) 1125 11+4
Net e 8798 £ 105 2246 £ 57
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o
w

o
N

= Lab-frame momentum spectra
dl’/dp,

Fit observed spectra to
models, including FSR. Use
results to correct for p<200
MeV/c production.

o
-

AT(D—Xe*v)/Ap, (ps” GeV™)

o
o

BF(D*—Xe*v)=(16.13+0.2020.33)%
BF(D°—Xe*v)=(6.46+0.17+0.13)%

Exclusive sum: 15.1%)
Exclusive sum: 6.2%)

[(D*—Xe*v)=(0.1551£0.0020+0.0035)ps"

(
(
)ps
[(D°—Xe*v)=(0.1574+0.0041+0. 0032)ps1
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D— Xev Exclusive D* PRL 95, 181801 (2005)
with D Tags D° PRL 95, 181802 (2005)

—l_l_l_l—l—l_l_l_l_l_l_l—!—l—l_l_l_l_l—

R = W PDG 2004
R f&' B CLEO-c(57/pb)

D°— K e'v I!l W BES*
57 pb' — 60K DY tags, 32K D* tags || o> «(«mer  mm

D°— K™ (K%t )e'v -

Select semileptonic decays among Jll| o> s e—————

non-tag tracks, requiring D> e’y m—
D&_) |‘<058+If’ ;1':'_.

U = EmiSS — Clpmissl ~ O D*= K*(K'n*)e'v -
D*—> poe*y —
(G ~ 10 MeV) D' we'y _

L 1 1 i L L i I 1 i L i 1 L 1 i 1
1 0 1 2 3

* Note — Not updated with winter
2006 preliminary BES results.

Upcoming: updated branching fractions with 281 pb-
and form factors for Kev and nev. Longer term: more
modes, form factors in D— Vev.

9 April 2006 R. Poling — FPCP Vancouver




D—Pev Branching Fractions and CLEO-c
Form Factors with v Reconstruction Preliminary

No D tag required: reconstruct semileptonic D
decay from its decay products, including the v.

P=P_ ...=P P Tricks of the trade:

event ~ ' visible
q2=(P+P

) Get all the true showers/tracks,
Miss no false ones or duplicates.

P iss=PPriss (B gives AE=0) Exclude impossible events!

Priss (GeV)

7000F

6000
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4000F

3000

Events/0.0025 (GeV)

2000

1000

i FERRIRERTE FRRRARRRN RART A ARR R ] AR RN N C
05 0.4 - 2 - i RERTE FRERERTET] FEETE FETEE PR
%5 0470302 =04 0" 0.1 0.2 03 04 05 52 -0.15 0.1 -0.05 -0 0.05 0.1 0.15 0.2

MC: Reconstructed — True for D°—nr*ev
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D—Pev Branching Fractions and
Form Factors with v Reconstruction

Using the reconstructed v and a signal K or r,
reconstruct D in the usual way:

AE = EK v Ee T |pmiss| - Ebeam
Mbc = \/Ezbeam — (pK v Pe v p’miss)2

M, . distributions fitted simultaneously in 5 g2 bins to
obtain d(BF)/dqg?. Integrate to get branching fractions
and fit to obtain form-factor parameters.
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M, . fits for the four D—Pev modes (all g°)

DO—Kety ez | L0 i M
MG Entries: 3051 |:| atev MG Entries: 16007 D Ktev

; - B K ev - B ortev
o B o Blgd W 5 Bked
B rev W e v
O K(nrmle v O K(rmev
HK, ev WK, ev
[] D*Dr Bkgd [] D*D-Bkgd
Ll zMC O tMC
[ Cont MC B Cont MC

B Fakes B Fakes

o
1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89 1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89
M, (GeV) M, (Ge\)

Eventsf6 MeV
T E T T T

|§||

Dt Eriries: B55 ®* Data Dats Enfriss: 685 ® Data

0 - + —— Drata Maan; 18538 + 0 + Drata Mesans; 1.8608
D_)Ttev DH{JL’V D_)Tcev I:‘K_.;I?V

MG Entrics: 878 MG Entries: 7738
A K. ev - B alev
B »'5 Bked - B »'D Bked
B aev

B ey

Ol KEev ] Kev

|:| KH-::-Hre'r eV D KUrl.‘J'.'L'r cv
[] D*D Bkgd [] D*D Bkgd
O] tMC ] tMC

] Cont MC O Cont MC

! B Fakes B Fakes

o
1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89 1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89
M, (GeV) M, (Ge\)

§ ¢ ¢

E\rgmguw

Events/s MeV

g

g
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Yields and Branching Fractions (281pb-')

Yield (Eff. Corr.)

Yield (Uncorr.)

Br. Frac.

72076 + 663 £+ 1230

14395 + 78

3.56 + 0.03 £ 0.10 %

6097 £ 223 + 139

1346 1 28

0.301 &£ 0.011 +£ 0.010 %

136736 + 2054 £ 2415

5842 + 54

8.70 £ 0.13 + 0.27 %

5988 4 385 + 176

450 + 17

0.381 £ 0.025 £ 0.015 %

Measured

Ratio

Measured

8.46 £+ 0.32 £+ 0.13 %

(D’ > nev)
(D" > x'ev)

2.00 £ 0.15 £ 0.09

4.38 + 0.29 + 0.13 %

(D’ = K'ev)

(D" — K’ v)

1.04 £+ 0.02 £ 0.04
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_ Form Factor Results
] o 2N f+(0)
Simp. Pole |/ )= 27,

9 April 2006

Decay Mode

V_1f*(0) Mt

DY — mev

0.146 + 0.004 + 0.003 1.87 £ 0.03 £0.01

D’ — K*ev

0.736 £ 0.005 £ 0.010 1.98 £0.03 +£0.02

D* — nley

0.152 £ 0.007 + 0.004 1.97 £ 0.07 £ 0.02

D* — KOy

Decay Mode

0.719 £ 0.009 £ 0.012 1.97 £ 0.05 £ 0.02

/' (0)
1-— qz/m;zjofe)(l - aqz/mim’e)

V.| £*(0) o

fig*>)=
(

DY — mev

0.142 £ 0.005 +0.003 0.37+0.09 £0.03

DV — K*evy

0.734 £ 0.006 £ 0.010 0.19 £0.05 £ 0.03

D* — nlev

0.151 £ 0.008 + 0.004 0.12+0.17 £ 0.05

D* — Klv

0.718 £ 0.009 £0.012 0.20+0.08 £ 0.04
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Combine |V, |f(0) with LQCD value for f(0)
PRL 94, 011601 (2005)

Decay Mode V.| £ (stat) £ (syst) £ (theory) PDG (HF) Value
0.221 £0.013 £ 0.004 £ 0.028 0.224 £ 0.012
1.006 £0.042 £0.013 £0.103 | 0.996 £0.013 (0.976 £0.014)
;235 (VOI6EE 0100601029 0.224 + 0.012

D* — K%v 0.984 +0.042 + 0.017 £ 0.101 | 0.996 +0.013 (0.976 + 0.014)

Precision comparable to exclusives with tags; much independent
information. Combined results will give best precision.
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Open Charm and Charmonium Production in
e’e” Annihilations E,, = 3970-4260 GeV

* Primary CLEO-c
Motivations:

* Determine optimal
energy for D, studies.

» Assess capabilities for D
physics above y(3770).

= Additional Objectives:

» Detailed study of
“intricate behavior” of
hadronic cross section
In the region above
open-charm threshold. . 1
Y(4260): confirmation, * 12 energies, 60 pb
more details. = Firstreal D, Run at 4170 MeV:

» Part 1: 76 pb-! (results at FPCP)

« Part 2: under way, expected
total >150 pb-"

o({e'e —hadrons) (nb)

= Scan Data Sample:
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Objective: Determine Optimal Energy for D, Physics pOpL)
Procedure: Measure Cross Sections for 8 Event Types (s)

(s

Use 3 DY 5 D, and 8 D_,* modes MC D°->Kn at E_ =4160 MeV

to select charmed mesons. P g ——
+D- DD
Do not reconstruct D*, since : N0 TS DD . o
momentum (or M, ), differentiates DD " pop”
event types. i 9L

0

*

For DD and DD, cut on AE and
use M, to extract yields.

For other event types cut on M,
and use invariant mass to extract
yield.

Cut values determined by
kinematics — no double counting
allowed, cross-feed small and
calculable.
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Closer look: selecting D,

MC Dse(l)n Ecm = 4160 MeV — Continuum
ch . : L T T T Oi0 NoQQ

| i0L MoQQ
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* D20 Q0 .
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i
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g =y
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Complication: Not all charm events fall into one of the 8
final states, with two charmed mesons and nothing else!

Evidence for “multibody” (MB) events, e.g. e*e—DD r:

-
L]
=
:
st
=
=
=]
O

D% Momenta

1.2
Pmag (GeV/c)
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Partial systematic uncertainties
Multibody correction not applied
Not radiatively corrected

* DD

; . = D'D

I D*D Enhancement : A D*D*

1 « atD’D’ threshold |

DD p/D; D;'D;

&
o~

Play in D'D’
I i

1

iVery little PD

O[TTT1
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Partial systematic uncertainties
Not radiatively corrected

D:D; DD D.'D,

iocétion that rfnaximizefs the
~ D* yield. !

Peiak stru\c‘:ture in DsDés
4
b
it

III§I|IIII|I!IIIIIIIEIII+I§| I‘IIEII'#III
.9 3.95 4 4.05 4.1 4.1 4.2 4.25 4.3

Ecm (GeV)
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Cross-Check: Inclusive vs. Exclusive
Partial systematic uncertainties
_ Not radiatively corrected

= Exclusive:

Sum of (up to) 8 modes with two

charmed mesons (no MB)

® Inclusive charm:
DO+ D*+ D,

Good agreement between
two inclusives.

Excess of inclusive over
exclusive reaffirms MB.
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= Scan Conclusion

= D, “Mini-Factory” at E;,=4170 MeV has
been selected and is in operation.

* 6(D,D.) 1 nb
= Precise value depends on D_ branching fractions.
= Analysis is under way of the first 76 pb-1 for

the D, program. Some preliminary results
on hadronic D, decays will be presented by
Sheldon Stone on Tuesday morning.
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CLEOQO Investigations of Y(4260)
BaBar discovery CLEO Il Confirmation
PRL 95, 142001 (2005) PRELIMINARY -4.9¢

30233 fb-"

NCJ
—
>
>
=
o~
~—
a
3

>
S8}

En M Hyy b
10§ 'iﬂiiﬁ[if‘[f{tﬁi H okt
L r

m(rI/y) (GeVic?) M(R"TTINY) (GeV)

) ) A Many possible explanations:

+ + PC=

FEAING) S5 hybrids, tetraquarks, molecular
...at a minimum in the states, conventional y(4S)+QM

cross section for ete—hadrons VWhat can CLEO-c say?
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Charmonium Decays of y(4040), | CLEO-c hep-ex/0602034
v(4160), and Y(4260) Submitted to PRL

Search for 16 final states with
J/\V’ \|!(28), Xch (I)

Use e*e—yy(2S) to verify
efficiency, background,
luminosity.

" Y(4260)—>n"mJAy
confirmed (110)
First observation of
Y(4260)—n=JAy (5.10)
and first evidence for
Y(4260)—>K "K' JAy (3.70),
plus in-progress open-
charm studies should
narrow the explanations.

[\ w770y} (D) WAG40), :
) (4100) ¥(4200)

c(e’e’ -y y(2S))
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CLEO-c: Summary and Prospects

= CLEO-c is already having major
impact on our knowledge of
charm, with broader implications BF(D°—Kt*) LA

for all of flavor physics. .. -
= Measurements of leptonic D BF(D"—K n'n") +1.4%

decays, hadronic D decays, BF(D —d&* +49,
semileptonic D decays (including ( S o) =
exclusive form factors), charm

Quantity Exp. Precision

prcharm production, Y(4260),.... | BF(D*—puv) +9%

Excellent prospects for much BF(D.—puv) 199,
more: S —

= Scheduled to run through April, . " .
2008; plan designed to achieve BF(D°—me'v) +2.3%
maximum physics returns on the 0
likely luminosity budget. Vel +2%

750 pb-1 at 3770 for D physics, FF param. a +0.05
750 pb-' at 4170 for D, (and D)

physics and >30 million psi(2S).
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