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OUTLINE

=

= Program Overview
= Physics Motivation

= Pure leptonic decays
=D & D, Decay constants

= Semi Leptonic decays
= Exclusive decay - CKM & FF
= Rare Decays
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CLEO-C PROGRAM

CHARM THRESHOLD AT VARIOUS ENERGIES

4170 MeV: D, decay

= Leptonic decays.
= Hadronic branching fractions.

~28 106 y(25) —

W

281 pb-! 4(3770)
315 pb! 4.17 GeV
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= Semi-Leptonic decays. v Ao
3770 MeV: D decay 30 [~ v o, scAN POINTS

= (Semi) Leptonic decays.

= Hadronic branching fractions.

= Dalitz Analysis.

¥ E_, of LARGE DATASETS

na
o

w

* D-mixing.
" Quantum Correlation in D system. =
3686 MeV: P(29), X., J/P, h, n.

e*e” — hadrons) (nb)

o

5

M 11lr[il[TlT1l[[TTT

3.4 36

3970-4260 MeV: Ds scan & Y(4260). 3
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CLEO-c Solenoid Coll g

: 4 Calorimeter
/./ -~ Ring Imaging Cherenkov
o -2 -~ Detector
Sl by DA Drift
\'l)-/'. - J’J-’ »

-~ Chamber

= Inner Drift Chamber
SC Quadrupole — — Beampipe

Pylon

) cooer
CLEO-c provides a unique environment for e, £ |58
studying Leptonic & Semi-Leptonic charm e ; ”, ‘\:"3\_ roleiee
decays. Modern detector at charm threshold. e ™ pualmen
v Good tracking & particle identification & EM calorimetry
v Low track multiplicity ~ 5 to 6 tracks/event
Pure Leptonic decays:
= Determine f, and f, use them to test LQCD models.
= Help calibrate LQCD for f;; and fj;, predictions.
Semi Leptonic decays:
=  Form factors and QCD checks. / 14 14 14 \
= Assuming V_ & V_; known. ”b us ub
= Precision measurements V_, & V_. Ve = IV /n A VC; V.
=  Trusting LQCD predictions.

\ V d Vts th /

/1
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LEPTONIC DECAYS

-

" ¢ and g annihilation

is proportional to c W /
- +
overlap function. Dy guens
d v
( 2
o) _ Gr > m>

r(D+
\ D(s)

D—Iv [ =2.35x10-5:1:2.64 (c:Y:T)
SM D, —Ilv ' =2.5x10-5:1:9.7 (e:p:T)
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D & D TANG METHOD

e

K+

DD Tag:

MarKkIII pioneered Dtag method of
DD production at threshold and
used by CLEO and BESII.

D,D, Tag:

Tag one in a D hadronic mode

= Add a photon

= Signal may be from D, or D,

Form a 2 with both hypothesis and

keep the best.

Look for signal in missing mass.
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Events/0.5 MeV
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= 0.50

AT R T Y TR ._|_ i

NT MASS.. &
S

K+

Dt = ttv (vt 2 ntVv)
Two Vv s and 1t in the
final state.

Look for n* opposite to
D tag and calculate
Missing mass squared.

MM2 - (Ebeam ) Etrk)2 _(pD +p”k)2

MM?2 for Tt+v will not

MM?
peak at O but rather be
spread out.
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DT —=> TV V \(éfl,(

*.,
e+
\/4 . ’l?’f\A
Tc+
D" — utv PRD 73, 112005 (2006)
Select 7 tracks (from TV) in two MM?2 regions 1 e
based on calorimeter (CC) info: 1

Interactions in calorimeter
«E.. <300 MeV minimum interacting u+ & =

- E..>300 MeV interacting =*
B(D" — ttv) <2.1x107 (90% CL)

L

0.05 o010 015

12 signal, 6.1 bkgd

TR

TTTTT

Using CLEO-c B(D* — utv) = (3.5£1.4+0.6)x10-
SM: B(D* — t+v) = (1.1 £ 0.2)x10-3

Number of Events / 0,01 sev’
0

:

[B(D" — t+v)/B(D" — urv)] <1.8 (90% CL) . - 8 signal, 5.0 bkgd

[B(D" — t+v)/B(D" — W) oy
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D, INVARIANT MASSE

V<-

A kinematic fit is used

= Improve resolution

K.
m K+
e'l'
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Detect all particles except v

2.5 O cut on “tagged D mass
Total # of D, Tags:

31,302+472(stat.)
Combine 'y with the selected D, tags.

315 Pb-l 2000 |-
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100 |},
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'}54'5/' «
400 }
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Y
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4000

Dy NAISSING NANSS2 ot 870 mces

3000
i!,‘i'
2000
Look at the recoiling mass e
against the 7”8 D.” tag modes 1000w
& the v.
) : : y
WM =(Eg -, -E | -[p, +)] o e

= Total # of D, tags after MM ™
selection: 18,645+426(stat.)
tags L

= Look for wtv and t*v signal ¢ ;
at the same time.

= Look at the recoiling vor 2v | o

250 '
) [ .-i \

)
ECM_EDS_EV_EM) '(pDS+py+p,u) i d N

0 0.10 Q.00 0.10 Q

Arbitrary Scale

MM =

1 ﬂm Il 1 1 D.¢G 1 1 1 ﬂlsu
MM? (GeV?)
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_|_

D, = UV, T

Three cases

Track E_. < 300 MeV (U,n)
accepts ~99% P+ & ~60% nt

Track E_. > 300 MeV ()
accepts ~1% P+ & ~40% ©*

Track E_, consistent with e.

Cases 1&2 allow simultaneous study of
D, =TV

31 events in case (1)
25 events in case (i1)

No Dy — e*V seen in case (1

Events/ 0.01 GeV 2

ii)

15
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o
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T T T T I
%/ 92 events

<0.3GeV 1in CC

llllllll

31 events

Lo

llllllll
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| 25 ovenss |
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D\ = UV & TV

D — WV [Case (1)]

92 signal, 3.5 bkgd events,
B(Dg — wtv) = (0.59+0.07+0.03)%

Z5

+ . oo B
DS — TV, (ﬂ:+\’) Vv [Case (1) + Case (11)] 20 uv +tv signal line shape

—

Total+of 56 signal, 8.6 bkgd events
B(Dgy — t*v) = (8.0+£1.3+£0.4)%
[B(Dg — t+v) = (6.4 £ 1.5)% PDGO6]
Sum Tv+uv signal MM? < 0.2,
Bef(D — utv) = (0.62+0.06+0.03)% °
B(Dg — utv) =(0.61+0.19)% PDGO6

110/ {}.[J‘I (}E\r H}

g

H
n
T T

2 10

: s

Dy — erv [Case (iii)]
No events in signal reglon 0

B(D, — e*v) <1.3x10* (90% CL)
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MEASURING D=1V, T 2e™VV

COMPLIMENTARY ANALYSIS

m Three V s in the final state

Events /50 MeV

= B(DF=2THV)B(Tr—2et*VV)~1.3% is

“significant” compared with expected B
(D= XetV)~8%

= Analysis Technique

= Find D;s tag and e+ - no need to find

Y from D
= No exira track 0...,0f5....1|....1.|5....2
= E0"< 400 MeV Ecc” (GeV)

B(Dy — ttv) = (8.0 £ 1.3 + 0.4)% from t* —m*v analysis
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Fo. SUMMARY

D, uv:
f, = (264+15+7) MeV

D, tvand t = mnv:
f,. = (310 +25+8) MeV

D, tvand t = evv:
f,, =278 +17+12) MeV

Weighted CLEO-c Results:
f,, = (273 £10+5) MeV,

Using the CLEO-c { result,
f,= (223 +£17 £ 3) MeV,

Ratio:
st/fD =1.22 +0.09 £ 0.03

LOCD: f, /f, =1.24 £ 0.07

La Thuile Mar. 10-17

1770307-018

CLED D <y, v [T—21v)
Firal March0?, 314/

CLEO D. —1v (18w
peelirn BCHEP 2008, 195/ph

CLED average

IR

273+10+5

H

Unguenched LQCD
Aubin, PRL 55, 123003 (2005)
uenched L. [QCD5F)

Ali Khan, hep-lat/0R31013

Quenched L. (Taiwan)
Chiu, PLE 634, 31 (2005)

Quenched L. (UKQCD)
Lellouch, PAD 64, 084501 (2001}
Quenched Lattice
Beciravic, PRO 60, 074501 [1959)
QCD Sum Rules

Bosrcbas, hep-phi/0507241

QCD Sum Rules

Rarigon, hep-ph/0302200

Quark Model ®
Ebert, PLE 635, 93 (2006]

Quark Model
Cwetic, PLE 536, B4 [2004]

Light Front QM Linear °
Chd, hep-phi07012463

Light Front QM HO °
Chid, hep-ph/07012463

Potential Model ®
Wang, Mucl. Phy< A744, 156 (2004)

Light Front QCD .
Saboado, Braz. J. Phys. 34, 257 (2004)

Isospin Splittings
Armundien, PRD 47, 3059 (1963)

Artuso,
PRLDS, 251801 (2005]

-
223+17+3

SRLEE IR E

{.-'.

1.22 +0.09 + 0.03

——i

—o—

200 250 300
fo, (MeV)
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SEMI| LEPTONIC DECAYS: ckxu

| ELEMENTS & FORM FACTOR
+ l+

Best way to determine
CKM clements is to studyD
semileptonic decays

For any pseudoscalars (P)
dU(D* — Pev) G,

dq’  24nx

Propagator (W) g+ transfer is defined as

2l o2 ) )
q =(pp- pK(n)) =My =M~ ZmDEK(n)
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D-eXCLUSIVE SEMI-
LEPTONIC DECAYS

w
g pmlss = peven’r PVISIble Piisible =chharge + ZPpeutral

Untagged v reconstruction

Standard D -Tag Method
3 1 : - I 18000
::2 | D _— E v |' D — K ey H Eﬂ'ﬂ:- l Du—”ﬂ'_ E+"|.' .i Du_" K e+‘t' i
> 140 [ N . 6000
= 120E 699428 706+84 600~ 1347+49 i 14397+132 .
5 100 3 14000
E 4004
: 281pb 1% j i
= 200l J; -2000
; ; - © ' ]
: : 2 *"Jf 1o
N - s I
ol D' > P ety ED+—>EDE+\' H Two l%" 300f- K o] 4000
| £ methods™ 25 -
T 295220 291055 have 40% 500! i
; 305 ] overlap 150k 2000
;@ 100} ]
WE - -1000
- 50 d
10,05 0 0.05 0.170.15 02 0 SR I d e s 5 508 b b o s 058 182 184 1.86 1.88 18 1082 164 106 186 °
L _ GeV)
Umiss — E miss |p miss Mbﬂ {GEV}
2
Mbc \/(Elfeam (pK(.n') + pe +§pmiss) )
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Exclusive Branching Ratio Comparison

T B : | —
PDG (Jiiiid) PDG (2004) »—1—|
(2006) — (2006) -
BES i BES I —
LQCD LQCD ——
CLEO—c (tag, 56 pb™) =iy CLEO—c (tag, 56 pb™") k=i
Belle (tag, 282 fb™') |jufuten] Belle (tag, 282 fb™") =
CLEO—c (tag, 281 pb™) GHI - CLEO—c (tag, 281 pb™") @
CLEO—c (no tag, 281 pb”@ CLEO=c (no tag, 281 pb"
s 3 2 ol a0 s ol o0 0 0100000100001 . 1 ' 1 . 1 1 1
20 25 30 35 40 45 0 2 4 6
B(D'—Ke'v)x 10~ B(D'—>mev)x 107

Good consistency between two methods.
LQCD precision lags experiment.
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FORM FACTOR FIT COMPARISON(TAG)

3 popular FF

Modified Pole Model parameterizations methods
() = £.(0) Hill series expansion
D (BTN (VR (Phys. Lett. B 633, 61 (2006)))

Simple Pole Model

* Data --- Simple pole  --- Modified Pole --- Series with 2 par — Series with 3 par
1.6 — 14 -
1.5 = |_3F
1.45— T I.EF-_ 0 o
L PE DV—>gety = D'—>Ke'y
= { o] Bk o e
- l;—- SEESEY SSSFETT TERERF TEre SUrCL) Sl d e ...
- S o
o7 F LT
S0 as U s e e T S T ST N R F R TR 1
25 l-:
3__
2_
+ 0+, ey s T + \
i sF D —ngev T 1E- D Kse V i
S S KR S | S S —— IS = crepge o
E 1_‘:_1:: 4 | . ; IS S ==tz =¥ == T T t -1 _+
] T f E::#:::--?-- + 8=
5
0.5 —
7
ol L P IS T I g v b e by | | [ | |
a 0.5 1 1.5 2 25 Q 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
q° (GeV’) 9" (GeV)

Data and Fit results are normalized to the fit results for the
series parameterization with 3 parameters.
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FORM FACTOR FIT COMPARISON
(\/INTACGED)

® Data —— Simple Pole Modified Pole — Series(2) —— Series(3)
R | - D°— v et v, + D°— Ke v, —1.

—
N
1 1

—h
1 1 1

Al—‘/Al—‘f‘;eriesm)
n

I%J/ All these models describe the data pretty well
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DATA-LQCD COMPANKRISON

LQCD [PRL 94,011601 (2005)]

[exd 01D

D—xetvl Assume V ;= 0.2238
0.5 1 1 1 1 i )
> 0.8 0.4 9.0 0.4 0.4 ] 0.5 1 1.5 5. 2 25 3
o q*(GeV?)
0.85 3 —— : —
. Laco
FOCUS {(Param) bl
o [am) [T LQCD B =
Tagged CLEQ Il i E .
' + Belle (2006) p—g—id s
_07s + - o
07 Untagged |
065 it =3
= Assume V = 0.9745
D—-Ke'v 8 |
D6 —I I 2s o0 04  os % 0z o4 06 08 1 1z 14 16 18 2

o 9*(GeV?)
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Nep & Ves SUMMARY

COMBINE Ny |F.(0) VALUES FROM FITS WITH
UNQUENCHED LQCD F,(0) RESULTS = [\ AND [\,

PRL 94, 011601 (2005)
Decay Mode |Veul £ (stat) £ (syst) + (theory) PDG/HF Value

D - mev (tagged) 0.234 + 0.010 £ 0.004 + 0.024
D = nev (untagged) 0.229 £ 0.007 £ 0.005 + 0.024 0.224 £ 0.012

D - Kev (tagged) 1.014 £ 0.013 £ 0.009 £ 0.106
D - Kev (untagged) 0.996 £ 0.008 £ 0.015 + 0.104 0.976 £ 0.014

Tagged and untagged consistent.
40% of events are common to both analyses: DO NOT AVERAGE!
Uncertainties: Experiment V_~2%, V_~4% - LQCD f,(0) prediction: 10%
Unitarity constraint on the second row along with |V | =(41.0£0.6)x10-3(PDG)
Untagged & A =1 = (|V gl?+|Ve|?+|Vpl?) = 0.012 £ 0.18

Ves(W— cs LEP) and Vcd( v N) well measured = good agreement between PDG
(HF) and CLEO-c results primarily check of the LQCD value for f:(0). Nevetheless, the
most precise & robust Vs & Vcd measurements using SL decays to date.
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RARE SEMIT LEPTONIC DECAYS

DO—Kmt+m-et*v

Preliminary
Mode BR (10)
£ Mety 12.9+1.90.7
« Krm-ety | 2.9°15 1 0+0.5 E
K,(1270)e*v | 2.2+14,,,+0.2 F
We*V 14.9:2.7205 F

* First observation

La Thuile Mar. 10-17

ﬁ -
Data
Est. Bkg

N b
T T

937035 01"

0 0.1 02 03
MM? (GeV/c?)

Dt—wmwetv

CBall yield = 37.3 6.7
gpoly_yield = 10.7 £ 4.3

miss_ miss
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(GeV)

l’IlISS

8.5 753,

D-I-

n(vy)e’ v,

Events / ( 0.01 G

10

32.7 6.7

11 1
0.3 0.2 0.1

37.3+£6.7

=

= (rtrr)ety,

13.3+4.0
- =
8 5
g L
8 C
S 4
g F
e I
w C
Zf— [
i Al
N IR PR IR s B el S| -
025 -02 015 01 -005 -0 005 01 015 02 0.25
Ems Pms (Gevic*2)
— 2
Umiss - Emiss miss (GeV )
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SUMMANRY

&_ /_

= By March 2008 double our data sets.

= Improve precision on Leptonic decay
constants

= Improve precision on V4 and V.

= Understand the form factor shape better.

= Improve signal significance in RARE D
decays.

= CLEO-c at Charm threshold
= Great place to do charm physics.
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DD, DD

E_=4170 MeV

D,D, \!r D,'D,

Fall 2005:
)SDS Scanned E =397 4.26 GeV

Tnb ¢ " D Dy to find optimal D¢ production
3 M)
o i i ,
=hs | + | Optimal Ecn = 4170 MeV
£l
O £ -
E : + l Almost all Ds from ete- — DgDg
O i |
o
O & | As of Summer 2006,
IR 315 pb! collected at 4170 MeV
- e | oo
B T R T g R 1 c T
Ecm (GeV)
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