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_ .. Recent Results in Charm Flavour Physics:
s=4#" CKM Studies and New Physics Searches with Charm

Two themes:

1) CKM Physics

Charm’s role 1n testing the Standard Model
description of Quark Mixing & CP Violation
Lifetimes

Hadronic , Leptonic & Semileptonic Decays
(significant progress this year, bulk of talk)

2) Physics Beyond the Standard Model

D mixing
D CP Violation
D Rare Decays
Ian Shipsey, Purdue University w(3770) > D 'D?
FrontierScience -
A D’ > Kz ,D" > K e'v

Frontier Science 2005 , Milano, Sept. 12 — 16, 2005
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Big Questions 1n Flavor Physics

() () (3)

up charm top
.. . IV I o
Origin of Baryogenesis? down  sirange botiom

&P

Dynamics of flavor?

Connection between flavor physics & electroweak symmetry breaking?
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Charm Physics: The Context

Flavor physics 1s in the “sin 23 era’ akin to precision Z.
Over constrain CKM matrix with precision measurements

This : e 1. :
Discovery potential 1s limited by systematic errors
Decade
from non-pert. QCD
The
Future
" Complete definition of pert. and non-pert. QCD Goal:
Il: z, Calculate B, D, Y, v to 5% 1n a few years, and a few %
attice

longer term.

Charm can provide the data to test and calibrate non-pert. QCD
techniques such as the lattice (especially true at charm threshold)

Milan 9/05 Charm lan Shipsey 3



FrontierScience
4 2005

Precision Quark Flavor Physics: charm’s role

07 T —T i -
06 B S | \ \ I4M | 2005
. \\ Mow 7 . . .
05 “ 1 The discovery potential of B physics
04 L 3 1s limited by systematic errors from
7 I N QCD:
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Y04 0.2 0 0.2 0.4 06 0.8 1 0 * [ f (q)] ‘VUb‘
lvub ) lvcb| Frem semileptonic decay requires form factors (theory) B -:‘ R
d 1
|th , |Vts From B mixing requires decay constants (theory) o |: i ; ]2 ‘Vd ‘2

B t

D system- CKM matrix elements are known to a precision of <1% by unitarity

In addition as Br(B=> D)~100% absolute D branching ratios normalize B physics.
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Precision theory + charm = large impact

U? L) I 1 1 ! ! I I Ll

0.6

Now 05

0.4

SaRaRAS!

excluded arsa has CL <0.05
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Hardest- First tests 2005

Precision theory? In 2003 a breakthrough in Lattice QCD

AFTER
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Easier, the 1st prediction Nov. 2004 - a success.
Harder- first test July 2005
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Lattice QCD Prediction Mass of the B,

6600
BEFORE .
quenched .
6500 |-
Result: :;\\
LRSI UL 2 ool
Lattice systematic _,é i
L ) = ool
CDF (2005): 6.287(5) GeV
atic i
6200

lattice prediction came out just 5 days before
the CDF measurement and agrees to 3 parts in 1,000

lattice QCD, Feb. 1990

lattice QCD, Nov. 2004

CDF, Dec. 2004

T AFTER

| nquenched
| ;
Loy,

HPQCD/FNAL /UKQCD Allison et al, hep-lat/0411027: CDF. Acosta et al, hep-ex/0505076,
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% Many Experlments Contribute

Ge“@a il 1\@"@
§§§§? &RLE

Results used in this talk have been obtalned by the following Collaboratlons

E&31

Fixed Target ete” PP
E791 FOCUS LEP CLEO BaBar/Belle CDF
Beam | Hadron Photon ete” > Z° e'e” pp
Kn | ~2x10* | ~2x10° | ~10%/expt. | ~2x10° | ~few 10° ~10°
Ot ~40 fs ~ 40 fs ~ 100 fs ~ 140 fs ~ 160 fs ~ 50 fs

The B Factories and CDF now have the largest charm samples.

In 2003-2005: (Pilot tun)
}J Exceptionally low background charm samples
BESII CLEO—C/ were oetained at BESII & CLEO-e ideal' for
T measuring absolute charm branching ratios.
Beam e'e” - y(3770)
Kr | ~27x10°| ~5x10* Ii%‘élfon normalizing < @ s
- Not Not W#
" | applicable | applicable o
Note:K-n+ is # reconstructed in D K-

published analyses, not total collected.
Milan 9/05 Charm lan Shipsey



B“”ﬁ"‘ﬁ Charm Hadron Lifetimes

I

. I Lifetime needed to compare Br(expt) to partial I' (theory)
Interpreted within O.P.E.

[(H,) =T g +O/ M) +T s (H,)+O0/ )
Spectator effects (PI.WA,WS) are O(1/m_) these differentiate between species
[ u

| e Epectator ! _
Muon decay: Z,,'
Ve , D+
G = _"‘ ] i _i“" 5
V

[=H]

X 1927:3
Charm: €, L, 3><U

Ve,V 5 3xd || L | —
o & ; |

Ll
=1
=
=
oy
= F]
E
rs

charm = (2 + 3)r e’ H 3 X (Ud) DO DS+ u u
baryons
h _Gem; ‘ =1, =700fs ||EXpect: D" > D’ ~ Dy > r charm baryons
1927°  Data is consistent with this

1(D%) ~1,000 fs T (D?) ~400 fs. .. : :
| | Gross features of lifetime hierarchy can be explained
Milan 9/05 Charm lan Shipsey
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“ »’  smexrocusciro  Expect: 7D > D" ~ 7D > 7 charm baryons
- E791 E687 Data 1s consistent with this
(700 fs)
| | . 7(D*)| 1040+7fs
D™ Charm " g0 beauty -
N 7(Dy) 501+6fs
2 : PDG2004
D° . Dominated
B N By FOCUS || =) 442+26fs | & Y
A" * A, M
" ) 0 e = x1.3 —>
o < X10ee—> 7(E%)| 1125 fs -
C 7(©Q,) | 69+12fs L )
Qe
. Eggl(ng Y Lifetimes are PDG2004 except D T( m)
6 0I,2 z- pS ol,g 1 12 which is a PDG2004

+ FOCUS 2005.

D*7 %o, D%4 %o, D, 8 %o, A 3%, E°10%, E* 6 %, Q_17% Charm quarks more
some lifetimes known as precisely as kaon lifetimes. influenced by hadronic

T(D+) T(B+) PDG2004 environment than
T(DO) 2.5 Z'(BO) ~1.1 <:| beauty quarks.

Errors on lifetimes are not a limiting factor in the measurement of absolute rates.
Milan 9/05 Charm lan Shipsey
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Status of Absolute Charm Branching Ratios in 2004 :

(no progress for many years but lots since 2004)

Br

Poorly known

Measured very precisely— 7

— T

decay constants ~

form factors

Key hadronic charm decay
modes used to normalize
B physics

<

_

/’

N

Circa 2004
Mode PDGO04 (%) | Error (%)
Dt |puv 0.087 100
D | pv 0.60£0.14 | 24
DO |(z7e'v 0399 +.04 | 45
De | K-m* 3.80+0.09 2.4
D* |Krn*n* 9.2+0.6 6.5
D | ¢m* 3.6+0.9 25
A, | pK=w* 5.0+£1.3 26
Iy | prue 5.88 £0.10 1.7

Charm produced at B Factories/Tevatron or at dedicated FT experiments allows relative rate
measurements but absolute rate measurements are hard because backgrounds are sizeable &
because # D’s produced is not well known.

#X Observed

Br(D — X) =

efficiency x #D's produced

Milan 9/05 Charm lan Shipsey

+«—H#D’s produced
is not well known.

— Backgrounds are large.




N Importance of precision absolute charm
ALEPH, DELPHL, hadronic branching ratios

L3,0PAL.BABAR/BELLE,
ARGUS/CLEO/CDF

Vcb Zero recoilin B - D*I'v & B — DIv

needs absolute

e B(D->Kr)
T BoD ) F@) M| | V| =(41.321.0, +1.8,,)x10°
F(q2 = qﬁm) =091+0.04 (World Average Summer 2005)

S —~— Lattice &
As B Factory data sets grow, cum rule dB (D%KTC) /dB(D%Kﬂ) becomes

-=> chb/Vcb:1 LA significant

Test models of B decay ex: HQET & factorization:

& calculation of F improve

Understanding charm content of B decay (n,)

Precision Z —bb and Z —cc (R, & R))

At LHC/LC H— bb H — cc No.wz several key charm branching
ratios have errors between 7-26%

Milan 9/05 Charm lan Shipsey 13
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\%%M >12 previous measurements Status Of B(DO —)K'TC+) in 2004
CLEO & ALEPH g (%) Error(%) | Source
D**>n*D°, D° K- Tf+~_\ 3.82+0.07+0.1 3.6 CLEO
compare to: thrust 3.82+0.09+0.1 3.8 ALEPH
D**—n*D% D° — unobserved 3.80 +0.09 2 4 PDG

(Q~6MeV)

15000 [

10000 |
5000 [ _ e

of

E Status of B(D™—>K-n*rt) 1n 2004

10000 [}

w\
o
o
o

B(D°—>K7z)
B(D' > K 7'x

\ Assume isospin

B(D™ — D'z°)

10000

Events/(0.01)

5000 |

10000 |

5000 |-

(a bootstrap method it can never yield
a measurement of B(D"—>K-n" ") more
accurate than B(D° —K-n") error was 7.7%

Status of B(D¢"™—¢n*) in 2004

sin“o
Milan 9/05 Charm lan Shipsey

B(D*—¢n"), which had a 25 % error

also bootstraps on B(D° —->Kn™").
14



rScience
2005

Recall: the D hadronic scale sets the B hadronic scale

because B> D ~100%, All D hadronic BRs based on D> Kpi
a high bkgd measurement. This 1s potentially a “house of cards™

Can we do better? Yes.

Milan 9/05 Charm lan Shipsey 15
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SN
1: B’ — D D*~: partial reconstruction
Nﬁ2500— ‘ N
S
§2000 i, T ______
§1500—Signal: 7488 + 342 ~
a0 BABAR 1
g Preliminary
W 5001~ ]
o 3\,/1:3 Recoil mass
(1)‘8 1.85 1.9 1.95 2 2.05

New Measurement of B(Ds*— ¢ 77)

Data sample:
124 million B pairs

Hep-ex/0502041
PRD 71 091104 (2005)

Kz, Ktz x°,

K'zn'n™, Kaz'm™

BO

Ds' This result independent

“(Dg)  of BD— ')

X

missing mass (Ge‘\ﬁc:2

- Me=/E By EF(RR; R

B(B%— Dg

2. B’ —» D D* : full reconstruction

B(B® — Dy* D) X B(Dg*— ¢ 7*) = (8.81+ 0.86 1) X104

Divide by (2) by (1)

13% total error (7.5%) syst
| BO, > ¢ 7) = (4.81 £ 0.52,,,, £0.38,,,)%

“D") = (1.88 + 0.09 gz + 0.17 5 )%

N: 40%mES = \/Ebzeam o (p—m: + E)z H_—E
> 5k E
8 & BABAR 3
g - Preliminary -
hut 202— =
§ "t Signal 247 +19 E
w10 —

S b g L E

g,E 5.21 ISAZ:? I5‘2I3‘ IS,Zle 517_5 IS‘,26I IS,Q:II 517_8 l§,29 .3

. m_. (GeV/c?)
BIG improvement! =

B(D,*— ¢ *) = (3.6 + 0.9)% (PDG)

Milan 9/05 Charm lan Shipsey
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< »» y(3770) CLEO-¢/BESII (+BESIII in 2007)

e‘e- >y(3770)>DD WY(3770) is to charm
ng il ) what Y(4S) is to beauty

D tag

[ Pure DD, no additional particles (E; =E,...).
0 o (DD)=6.5nb (Y(4S)->BB ~ 1 nb)
O Low multiplicity ~ 5-6 charged particles/event

O Pure JP€ = 1-- (mixing, CP, strong phase)
 analyses strategy fully reconstruct 1D

“the tag”, analyze 2™ D (the signal) to
extract exclusive or inclusive properties

=> high tagging efficiency: ~22% of D’s
Compared to <1% of B’s at the Y(4S)
A little luminosity goes a long way:

# events in 100 pb"! @ charm factory [ CLEO-c DATA

;vith 2D’s. resc(())(r)lsftbnictec; :43 w(3770) > D'D-
.event§ o @ Y(45) D" >Kz'z", D >K'zxn
with 2B’s reconstructed 17
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\e%‘ﬁg Absolute Charm Branching Ratios at Threshold
“5(Mge) ~ 1.3 MeV, x2 with n°

=Kinematics analogous to Y(4S)—BB: identify D with « 6(AE) ~ 7—10 MeV, x2 with 70

AE=E,, -E,

beam .
ED:>Ebeam: ED:>Ebeam'X10¢5Mbc/Mbc
M BC = \/Et?eam T | pD |2 EI- D bl I L |D] d?ﬂ?d-luj:?
10010’ 100 Pouble tags b
oo Single tags I . ]
":80; + g - g+ + i D+ — K 7Z-+7Z-+’ il
SEDT > K z'x ey . E
— od - - -
: 70 e | D >K'zx | 55.8/pb
= 601 3 60|~ 1/6
< 500 = | l dataset
PRSI 15120:180 5 1
@ 40 = 40— —_
> E =
“ a0E a [ :
20; § 20l ]
10 w = 1
TR Y Ty 188 0k .
M (GeVic?*) 1.83 184 185 1.86 l.B? 1.88 1.89
D candidate mass (GeV) D candidate mass (GeV)
Independent of .o .
L and cross _ . — . #(K'7 7 )Observed in tagged events
section B(D >K'7z7z)=

detection efficiency for (K'z 7z7) e #D tags

Milan 9/05 Charm lan Shipsey 18
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—y
o

7 Single tags N; =N 5Bi&;

3 DY Modes I 6 D™ Modes l

'y -y
o o
(] =

o
LS}

Events / (0.002 GeV/c?)

Y
o
=9

D’ Kt

D*> Kgr:"zt"n'

= 88 1.84 1.86 1.88 1.84 1.86 1.8
M (GeV/c)

Signal shape: y(3770) line shape,
ISR, beam energy spread

& momentum resolution, Bgkd: ARGUS
Milan 9/05 Charm lan Shipsey

Double tags

ntseh( 0.
o
5

Ene
=]
i

0812 GaV )
o (=]
T

Nij = NDBBingiJ
g —Ni &

Nj &;
N = NiNj &;

|
1.87

£0.001265eV )
o
\?I T T I[°I T T

Rwents /
[=]
?

1‘?83

L o e

3} 1650:42 [
B (combined)

1.84 1.85

1.86

1.87

TR
mBC (GeV)
55.8/pb
1/6
dataset
1.88 1.89
mBC (GeV)

Global fit (pioneered by Mark III) to single
and double tag yields with y? minimization
technique to extract Ny, & 9 B;’s 19
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= B(D® —>K'n) B(D"—>K ™ ntrt)

& (%) Error(%) | Source g (%) Error(%) | Source
3.82+0.07+0.1 3.6 CLEO 9.3+0.6+0.8 10.8 |CLEO
3.82+0.09+0.1 3.8 ALEPH 9.1+£1.3+0.4 14.9 MKIII
3.80 +£0.09 2.4 PDG 9.1+0.7 7.7 PDG
3.91+0.08 +0.09 3.1 CLEO-c 9.52 +0.25+0.27 3.9 CLEO-c

CLEOQ Il averoge
ALEPH 97
ARGUS (D™)
ARGUS (B)
ALEPH 91
HRS

Mark Il
Mark Il

Mark |

BES Il

CLEO I

Mark Il

e
Mark Il

Mark |

BES Il

L CLEO=c

See Ecklund
Radcorr, UCSD 3/05

PRI T SR T S U TR | USRS S
0.010 0.020 0.030 0.040 0.050 0.060

Conclusion: the charm hadronic
scale we have been using for last
10 years is approximately correct
& is finally on a secure foundation

CLEO-c & BES IIT set absolute scale for all heavy quark measurements

Milan 9/05 Charm lan Shipsey
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&, Importance of measuring absolute charm leptonic branching

ratios: f & .=V, &V
D Ds td ts Bd E‘ gd \

0.7

é ’\l ' I | A ! '\ R ,

06 [ ZENI0s A \ m rate = (const.)| oy [ Mg| Ma|
o0 \\ | o 7

7 oe i —— \ ;‘;ﬁ) ~15% (LQCD) I@y
03 B § =23 1 Winter200s 1€P-1at/0409040 .
0.2 1 if fgy was known to 3%
0.1 5 ) 8 . ‘th “th‘would be known to ~5%

04 | 0.2 | 0 N In.zl | 04 Ia.el | ID.SI ; 1 |fD|2 |VCK1\/%2
f.. f. 1inaccessible /
Vub th Bd "Bs . D+R
fy, fps accessible \Y

1
B(D* — uv)/7_, =(const.) fé |\/COI |2 |Vcd| known from unitarity to 1%
Lattice predicts f/f; with a small errror chc ~100%
If a precision measurement of f, existed (it does not) PDG04

—>Precision Lattice estimate of f; = precision determination of V4
Similarly fj,/f checks fg/fp; = precise |V, |/|V,| once B, mixing seen

Milan 9/05 Charm lan Shipsey 21
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O f, . from Absolute Br(D"™— u*v) at \|/(3770)

£, >~V 4l? , : ——
Tag D B K y d g 3.0 | :
fully " Y v ~9pb 123 90 tags |
., V :

reconstructed ’ S 3
e+ P.-‘ e+ ;gub
v, D ‘ 1 additional track %
(consistent with a muon)
\"'--.1 Compute missing mass?: LU D)
uw  peaks at 0 for signal E reaes Mass® [loat¥]
'=(En—E) (P —P) [ BESH
eam U Dtag ™ H 11 | ! __ ~33pb'1
) » i 1. <] 5321 tags
B(D™ — uv)x10 f, MeV SIFe
p °°| Tive s
MKII  <7.2 <290 Hoa| | T
BESII 12.2';; +£0.11 37177 £25 o7 | S=3 B:0-3‘|3
0-6 ] : | : | |

Mark IIT PRL 60, 1375 (1988) BES II hep-ex/0410050 0z 0 0'22 SO0
MM

Milan 9/05 Charm lan Shipsey 22
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CLEO-c planned to announce a precision measurement of 1,
at Lepton Photon

Two days before Lepton Photon the long awaited
unquenched lattice prediction was released

Fermilab-MILC-HPQCD Collaborations
Hep-1at/0506030

(201+3+17)MeV

Milan 9/05 Charm lan Shipsey
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X D' utv from CLEO-c Data

600

400

200

Milan

« MC Expectations 281 pb1 at y(3770)

from 1.7 fb-!, 6 x data 50 s|gna| events
— T 120 —
1100 : _15; _ D .IT+K0 ]
+ +170 ~ 100 | :
ﬂD —TK" - S
. 50 . (D L
S 80 s
S _
%) =l
0 1 S e 005 0 005
—— ptv signal D*—ut 0
— ntn° By o B D+_)u+\’
—— 1y, tamty | 8%
’ S
i

N
o

0 0.25 | 0.50 0 0.25 0.50
2
MM? (GeV ?)
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« » Extraction of the decay constant

|fD+|2 |\]cd|2
/ /
Backgrounds

S &) i Evens |B(D" = uv)/z_, =(const.) f2 V[
T 0.13=0.02 140018 Efficiencies & BKG well
Ko+ 2.77+0.18 0.44=0 44 understood: from data
TV (T27HY) | 2.64*B(D D uty) 1.08 +0.15 Br(D"‘ ) I_]"'V) =
nouty 0.25+0.15 negligible (445 + [](}T_I__H%g) x 1074
Continuum - 0 -
s ; [fp- = (2234 167]) MeV]
ther DD .
° iml _ 2072050 Also limit suppressed
V., =V, =0.225+0.0023 electron mode
(KTeV) [ BI‘(D"' —> E"'V) J
r(D)=1.040+0.007 ps (°DG) (< 2.4 X 10> @ 90% C.L.

25
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Comparison to the lattice

This measurement ~ EXPERIMENT
CLEO-c n—y—+ 223+16°0 MeV
A MARK II i ——>1< 290 MeV @ 90% cl
2.67+1.74 evts) % BES o el
( ) | 3712 +25 MeV
__________ |_______________
THEORY
Fermilab-MILC-HPQCD ___| 201£3£17 hm
(hep-1at0506030) Lattice QCD (FNAL & MILC)
= _..._.1-. Quenched Lattice QCD (UKQCD)
"'_'_l' Quenched Lattice QCD
'—*—'I QCD Spectral Sum Rules
——i I QCD Sum Rules
’1'_._. Relativistic Quark Model
} . Potential Model
I b . + Isospin Mass splittings
l
100 200 300 400

with 3fb™ : f . t0 2.3% :>: fo+ (MeV)

10 1.9% @ <5 ~ 41400y NEIMBNIORVG ORI
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\g%xy Importance of Absolute Charm Semileptonic

Decay Rates ot
v
When Vub is determined from  dT Bosx 4/<CKM
. . . o |V, b| f, (q )| T If(q2)]?
exclusive semileptonic (3) decay dq” —— —1q

Br( B> 7Z'|V) 9/, precision (World Average Summer 2005)
+0.87 \1 (=3 ub
BABAR / Belle/ CLEO V| =(3.76£0.1675)10 m
Expt. Error 4% form fagtor +—— _ Theory Error 18%

Charm semileptonic decays o[V | £ Dz q )|
test form factor predictions od Vea| known from unitarity to 1%

~@=
\D@{D

1) Measure D— 7t ferm factor in D—nlv. Tests LQCD D—n form factor calculation.

2) BaBar/Belle can extrast V , using tested LQCD calc. of B—nr form factor.
3) Needs precise absolute Br(D —nlv) & high quality dI' (D —nlv)/dEn neither exist.

Milan 9/05 Charm lan Shipsey 27
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Absolute Branching Ratios of

R Accepted for
“' Semileptonic Decays at y(3770) Publication
August 12 2005

Hadronic Tags: 32K D* 60K DY

Semileptonic decays are  Hepex
reconstructed with no /0506053

kinematic ambiguity &
» — 0506052
U= Emiss _| pmiss| =0
500;_ CLEO-c 1/5data ™
400F ; — .
; : D" > Ke'v
= 300F E
o E (~1300 events)
< 200}
0 =0 g 1005
w(3770) > DD :
ok

- | | L | ]
DO—) K+7Z'_,DO—) K—e+v -0.1 0 0.1 0.2
U=E_ —[P_ | (GeV)

miss miss

Tagging creates a single D beam
of known 4-momentum D" results are new, D° update ICHEP04 !

Milan 9/05 Charm lan Shipsey
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‘@;&m ; n;ﬁ\@"@
More Cabibbo allowed modes
-1
c—>s Cabibbo Favored 57 pb~' Data
. — T T T T T T |_ — ] ’_\ T T T T D-l— _ K*Oe-i—y
- is0.} D" > Koe+ 1 = =
E , g ] % 100.F K ’ — K_7T+
S wf (550 cvents) RIS
;oo ] — ~ events’
- | -
n ; 50. +
L% 0. : e . . = 0. d . - as S
U= Emiss_ |Pmiss| (GeV) U= Emiss_ |Pmiss| (GeV)
= D' K ety
- 201 K- —=Ka7z® = Historically Cabibbo allowed
@ - 1 = . : :
S 1sf 1 3 modes: provide a significant
: ~90 events) (B :
SR 1 — background to Cabibbo
- [ 7] ~ .
~ : 2 suppressed modes, making
2 5:+ + ! E § the latter particularly
(D) B .
5 gttt et Doy challenging.....

Milan 9/05 Charm lan Shipsdy = E .. — [P .| (GeV)
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Cabibbo suppressed modes

3070404-003

Candidat%s [ 4 MeV
@]
(@]

Compare to:
state of the

0.22

D’ 5z e'y
‘ o

D" 5 K'ev

0.32
Am

Tag with D" — D'z,

D’ 5> 7'y

observable :

art measurement AmM = m(z zl)—m(zl)
at 10 GeV (CLEO III)

PRL 94, 11802

Milan 9/05 Charm lan Shipsey

L swawases 57 pb! Data

}

D' 5K ev

]

Note:
kinematic
separation.

0.3

I 0 — At

o D" >7xze'v

S/N N4O/1 / (~110 events)

= Sop

o L

— -

— 20k

— I

2 I

5 '

>

M N B { 7O R ; '

(6] I Y0 S B S . il Y il

-0.1 0.1 0.2

= mlSS |PmlSS| (GeV)

15.0 ———7———
= - D" > 7%y
Y roof '
o
— |
~ :5,0—

2 .
s ~
0 I
3 .. T
—0.25 —0.125 0.00 0.125
U= Emiss_ |Pmiss| (GeV)
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=

Only measurement
untl now

E791
PLB 397
325

(1997)
Relative rate:

(D" — p’e )" [

(D" — K™ e p)a

n b

More Cabibbo supressed modes

[ %pl:l: Vv

50— —T T T

3 : Dt — we'r -
*°F 1% Observation. :

(8 events) W

3.0F ]
20} .f\ (50) ]
T T
0.0 NP | I S T
—0.25 —0.125 0.00 0.125 0.25

Useful for Grinstein’s

Double ratio Vub?/ Vcb?
Milan 9/05 Charm lan Shipsey

ZOOE T

57 pb! Data

D+—>p e
S/N~15/1

vV

(~30 events) |l

—0.125 0.00 0.125
U = mlSS lPlnlSS| (GeV)
10.0p~——————" ————
D’ — pew 15t Observation. 1
7.5}

5.0}
2 5|

O_

(~30 events)

A L 1 1

I'B —pe V) I'(D — pe”* V)

T(B — K'(0) F(D . Ke'w)

E_ —|P

miss

missl

(GeV)
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Decay modes

° ° L] Ll L] L] 'I L] L] L] L] ! L] L L] L) l L] Ll L] L]
Preliminary Results —_— _m PDG 2004
TR m‘ B CLEO-c(57/pb)
. . . a “at i
Similar analysis by BES II D> Ke'v LN W BES
0 == 0y _+ :
Decay Mode B (%) (CLEO-/(57/pb)) B (%) (PDG0a) | D> K (K7e™v  mim 55.8/pb
1. DVsretr 0.26 -+ 0.03 = 0.01 0.36 = 0.06 D°= K™ (K% )e'y mam will update
2. D= Ketv 3.44=0.10%0.10 3.58 £ 0.18 . to 280/pb
3. D= K* (K n%etv 2.16 +0.24 = 0.11 2.15+0.35 D—>p e*v—
4. D= K* (KYx )etv 2.25+0.21+0.11 2.15=0.35 D" r0e* soon
_ ——
5. D= pety 0.19 + 0.04 = 0.02 — - = |
6. DVt 7ty 0.44 = 0.06 = 0.03 0.31=0.15 D*= K’.e*y —_——
7. D' K%'y 8.71 = 0.38 = 0.37 6.7 % 0.9 . ™2l CLEO-c already
8. D*— K®K rt)ev 5.70 +0.28 £ 0.25 5.5+ 0.7 D> K™(K'n")e'v  mim
9. Dt = patr ey 0.21 + 0.04+0.02 0.25+0.10 D' ot all H.lOdeS 118001
10. D* s wltn ety 017+0.06=0.01 - pev lmm=mmm_ precise than PDG.
D' we'r n—— |
L A L A l A A L A i A A L L l L L A A
100 0 e
1:D"— K e*v 0 1 2 3
90 - _ o - N 1° d
50 2:D°— K ew ormalize
PDG 3:D' - re'w
07 4:D° = p et tO PDG
60 - : p ev
— | 5:D" - Kew
B « 3p1 6:D" > K e
0 30 7:D" — ety
A) 207 82D+—>p0e+y
10 9:D, - K'"v
10:D, — K™%
1 2 3 4 5 6 7 8 9 10 1

11:D, — ¢ e'v

Full CLEO-c data set (later BESIII) will make significant improvements in the
precision with which each absolute charm semileptonic branching ratio is known

Milan 9/05 Charm lan Shipsey
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dI 21 DK /2 [V exml®
&%?w The form factor _2 |V [If." W(q ) _C<<Cm o
T (@)
) CLEO-c 1/5 data FOCUS all data %
o DI Kety 5 20 s =
Etm , Eltm: : =
1 ol i & 800F :
- H 500 |
T~ - f § oo ]
I +Jr++ & 400t | | i
dq- = + 200 I — Lattice QCD/ Fermilab ]
"o s o3 on I ‘:Lq’:év 0 05 115 3%5 MILC( lo/2c stat.err. only) i
’ q 7 qz (GaW:)z AT TN TR T P P
6.5K evts (280/pb) 13K evts fast K- O e
S/N >300/1 SN LQCD : shape correct:
@ C It

ot DV—>ety

=Hiiif

10 F
o 0.3 1 1.5

S/N ~40/1
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=

avent=/0.15 (GeVic)

= M e @m w
T T T T

Impressive work by FOCUS. Result form

CLEO-c soon. The threshold advantage
1) Low background crucial for
7 final state

2) neutrino direction known

peaking

=% Ll 5q B Factory ?
cl2 (GeVic) ¢ 0.1 GeV? FOCUS
~0. e
S/N ~1/2.5 :
~0.025 GeV~ CLEO-c 33
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Lattice comparison: the form factor normalization

Lattice predicted shape: agreed with data  Lattice predicts absolute magnitude
of form factor too
dT(D —> Kev)

dq2 o |VCS|2|f+D—>k (q2)|2 F(D N KeV) o |VCS|2J.|f+D_)k (q2)|2dq2

Under the assumption that the lattice shape and data shape differ by
a negligible amount for both K and ® =we can use absolute branching
fraction measurements to validate the normalization

il Cleo™ T * LP’o5 update
lbiig Hile, BES* . " = *with PDG [Vesl, [Vedl
R | lattice™ |||l Normalization
R e e -t e agrees!
Br(D° — Kftv) x 10? Br(D° — 7~ #v) x 103

Total lattice Br agrees with experiment for PDG: Vs, Ved

LQCD : normalization agrees with data (at ~10% level)!

Milan 9/05 Charm lan Shipsey 34
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O Early look at V. and V_; with CLEO-c data

: . Artuso estimate at
Assuming the shape and normalization of L P03 not official

the form factors are OK CLEO-c

Expt (D — Kev) v
LQCD__y(const)[If.>*(g*)Pdg>
Expt. errorS\O / LQCD errors
~~ O 1
VS y6s=0.953+0.017(expt.)£0.067(th.)  dominate expt.

Vcd~4%
Vcd=0.214+0.009(expt) £ 0.016(th.)

|

Using 1sospin averaged widths

The total error using
semileptonic charm decay

: . to determine CKM
1.e. combining DO and D+ uses only ° eérinEHg_c PDG

57/pb Ves 7% 16%

. . . Ved 8.5%
Result 1s theory limited
Expect 1fb! at y(3770) (soon) and LQCD to few % within 1-2 years

Milan 9/05 Charm lan Shipsey 35




Lattice comparison f

— and semileptonic form factors
- We can use a quantity independent of V_4 to
do a CKM independent lattice check:
. -, N . Lattice
. L' (D — pv) Jp
Experiment R, = —— o —=
I'(D — 7lv) 77 (0)
- T obtain: R?:; = 0.221+0.02
’ S ~10%
SXp __ 4 ~
Ry 0.25+0.02,~ uncertainty
- Theory and data consistent at ~30% C.L.
Artuso LPO3

With 1fb! @ y(3770) R &P ~3% uncertainty

With 1fb! @ 4140 I'(D,—Iv) /T(D;—nlv) independent of Vcs
R &P ~ 3% uncertainty

D — Ke'y 8Ves/Ves=1.6% (now ~7%*) D —> 7 €'V §Ved /Ved = 1.7% (now: 5.4%)

Then Tested lattice to calc. B—xlv is available for precise exclusive Vub

* 3 flavor unquenched LQCD + D—>Kev (last sldie) (note W decays at LEP in hadronic to leptonic 1.3%)
Milan 9/05 Charm lan Shipsey 36



d s b
(d " (Vud V, Vub\ (d) (M 5 0
' |= Vcd Vcs Vcb = ‘| o 0 uc’=
' L
\b / \th Vie Vi ) \b) \. - )

TR

S uctp  [VudVed! = [VubVcb*|

'VusVces*|  Compare ratio of long sides to 1.3%

Milan 9/05 Charm lan Shipsey 37
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Charm As a Probe of Physics Beyond the
Standard Model

Can we find violations of the Standard Model at low energies?

Example  Decay =» missing energy
= W (100 GeV mass scale) from experiments at the MeV mass scale.

The existence of multiple fermion generations may originate at high
mass scales =2 can only be studied indirectly.

CP violation, mixing and rare decays = may investigate the physics at
these new scales through intermediate particles entering loops.

Why charm? 1in the charm sector the SM contributions to these effects
are small =» large window to search for new physics

CP asymmetry<10~ 10 _T0 mixing <10
Rare decays<10-°

charm is the unigue probe of the up-type quark sector (down quarks
in the loop).

High statistics instead of High Energy

Milan 9/05 Charm lan Shipsey
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= D Mixing

Mixing has been fertile ground for discoveries:

™~

2 . .
0 -~ : CKM factors oc®, __ Mixing
K°) ‘ K same order as T,
: 2en rate =1
e i.e.s 2u _
ud

Mixing rate (195 8) used to bound ¢ quark mass —> discovery(1974).

CPV part of transition , g, (1964), was a crucial clue top quark existed = discovery (1994).

o wZo Y dominated by top oc (mZ -m_*) )/my? = Large

B ___ BJ) B lifetime Cabibbo suppressed oV 2 _
> ‘ t ‘ > pp cb Mleng

DTV Mixing also Cabibbo suppressed (V%)
| Mixing rate > early indication m ,,, large rate ~1

. | _ | CKM factors «®_2? ~0.05 Mixing
D > °) (b-quark oc V , V , negligible) rate ~0.05

G But 1, not Cabbibo suppressed (V ~1)

Additional suppression: Mixing o« (m? - m,?)/ my? = 0 SU(3) limit.
. 10-2 possible
‘SM mixing small oc © > x [SU(3) breaking]*<O(10-) 30

—— o~ B L
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Theoretical "Guidance”

X mixing: Channel for New Physics.

Va‘ ---H-f____ Vnd’.m
_______ 9 7 x
Veiss ¥ Veros

AM
)

y (long-range) mixing: SM background.

)~

— D) y

CP even

\%\_ 1“\‘@@2
o~ SM Mixing Predictions
[
'g 1.00E+00
1 3 5 7 9111315171921 23 2527 2931 33 3
b 1 00E 01 Lo ;______f_____
g— 1 00E-02 .
®© | 100E43 s
] i
() & 4
- A i
© 8
e
™ y=AI'/2I" x=AM/T]
£
currer_lt Reference Index
experimental
sensitivit . . . . g
y N\ New Physics Mixing Predictions
Ty 13 5 7 8 1113 1517 19 21 23 25 27 29 31
© 1.00E+00
35 n
E 1 00EO1 . t\tA [ XL} . "
g— jweee ]~ ~ T 7 A I N I R I -
S 1 0OE03 ! . - "
| e f s
E [ 3
@ | 100EGS
E LR ] ]
© 1 DOE0B ..
ccn 1 DOEO7
S| 1o x=AM/T
£ 1 OECA
Reference Index
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(A. Petrov, hep/ph 0311371)

New physics will enhance X but not Y.

Riix E%<X2 + yz)

SM mixing predictions ~ bounded by box
diagram rate & expt. sensitivity. New Physics
predictions span same large range =» mixing
1s not a clear indication of New Physics.

No CP-violating effects expected in SM.
CP violation in mixing would therefore
be an unambiguous signal of New Physics.
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‘%‘*w

@c{_ﬁm@s’

Mixing parameters:
x=A4Am/I" y=A4AI"/2I"

CP-cigenstate lifetimes (e.g., K*K~, 7#77)
(compare to K7~ = I,z ) measures Y

Q0.2

y = AL/2T

0.1

Next two: tag flavor at birth with D* y
Semileptonic: unambiguous flavor @decay ?
wrong sign measures Iy, ~ (X% + y?)/2

(black circle) (can do time-dep. analysis also)ﬂ
Wrong-sign K* 7~ time dependence

Rp DCSD rate ( see below )
X',y time-dep’t (bananas/ellipses) T A
(primes: X, Yy are rotated by strong phase o ) o
A~ O(\?)
A4~ 0(1) WJ;’ ( ~0.2% in rate )WJ‘

No sign of D mixing yet

L | T [ LI B | T

22

T T 7 'I T T 7

¥ :5

slrnng_“

: 95% Alluwed

x = AM/T

.<® K= Mimics

DO @ CF

Milan 9/05 Charm lan Shipsey

K- DO @ DCSD

5=

DO-Dobar Mixing Limits Summer 2005
(y)=(0.9£0.4)%

T [BaBar)
F‘F fFGC'[ I5)

D—H&
D—H&
I e e fAverage)

World

| 95%CL

semileptonc

G. Burdman I. Shipsey
Ann. Rev. Nucl. Part.
Sci. 53 431 (2003)
(updated 9/05).

D"—> .i:*a: (Belle)
Dﬂ—m T (CLEO ILV)
D’ = K (FOCUS)

—>D

T SKir
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O New Mixing Results  hepewosorno Ll

253 fb!
25| M 4T *
o . D0 = K( )_e+U
> 0! : : .t Wrong-sign 11£80 oo
3 Right-sign | 7~ Tag initial flavor
= < :
g ' 90.6K = ° with D** = DOz*
g0 = -2
E | Iy VS. time Note: FOCUS’02 similar:
-4 i ry < 0.13%
0 0.14 0.15 0.16'\ 0.17 0.18 -6 1 1 1 1 I I 1 1 Result:
AM [GeVicT] 1 2 3 4 5 6 7 8 g 10 0
AM(D* - D) ty [TD] I’M < 0.10/0 (bESO
. M =1 ) PRL 94, 071801 L z >
Tag flavor with D* ° =M u} ) ) 2005) 90 fb-!
o ()= M(K*, 7, Tgow) — M(K*,77) (2005) @
: : : ’--- 1 r2 12 2 —t SELAE
Right sign : FittoWS r (1) =(Rp +Q/RDyt+g[X + Yy ]t7)e
DO —> K_7Z.+% - l(:ombinafo;"i(’ -+- | | | All 300:— o IJ[ | @ DHI_)KJrTC
E.!D_) 400 | W Random : [ hf{({({.’l‘(.’n(’(.’ ]
228K S : /" Mixing(t?e™ ' L1 Mixing 1
) S | BDo 3body /oy g(tee’) 200 - N D0 & D3body 1
Wrong sign  § 300 | o, p* oay T e ' X\ 74 Combinatoric
B3 - [ Signal N - ;
D0 > K"z~ § 200 f{f:/ 100
45 + 40 ool e N7\ .
- 2000 0 2000 4000
DCSD 0 \Interference(t-e“} Proper time (f5s)
1 1.825 1. 1.875 1.9 g5 3 4 §
+mixing? ey et Sl Gov) © 1 B % adaydheef Green contour( new bes?
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\_,  Search for Direct CP Violation in D" — 7'z~ , K"K~

Nea? PRL 94 122001 (2005)
D* to tag DO flavor. Measure relative to D—>Kn  123pb-!

Cabibbo allowed mode (Acp=0) as control). L
['(D°= f) —T(D'= f)

Time integrated Anp =

-5.00 -

6.00 . | .

< ¢

=

&u-- ----------- - e m om - o |
5. ¢ }

0.00 <=~ ----.--- e e
-6.00 ? I

or =
Most recent (& precise) result. (D= f) + (D% f)
CDF Il CDF II
S | D™ - D", s | D* > Dz,
%5000-’- ‘ o P ‘ %5000- 0 B
= D’ » KK St D" >x'x
gUok 16220 40 9334497
5 3000} - u:J 3000 :-"
2000I:—A_‘ 2000;
1000} \‘.-__;; 1 / 1000f %
75 T8 185 19 195 17818 182
KK Mass [GeWcz] = Mass [GeV/c]
Acp D’ 5> K'K~ Acp D’ 5> '
CLEO (0.0£2.2+0.8)% (1.9+£3.2+0.8)%
E791 (-1.0£49+1.2)% (-49x+7.8+£2.5)%
FOCUS (-0.1£22+1.5)% (4.8+3.9+2.5)%
CDF (2.0+1.7£0.6)% (1.0+£1.3£0.6)%

Milan 9/05 Charm lan Shipsey

Mode DO DO

KK | 8190 +£140 8030 £140

nn 3660169 3674168

[$,]
S ACPKK(%)
[ ]
[ ]
—r
[ ]
[ ]
[ ]
[ ]
1
[ ]
[ ]
[ ]
[ ]
, 400
——
[ ]
[ ]

o

(Aprrry=(1.3£1.2)%

Time dependent measurements can
distinguish direct & indirect CPV.

CDF plan this. BABAR/Belle (2003)
found no evidence for indirect CP

at the 1% level. 43



NP Rare Charm Decays

FCNC modes are suppressed by the GIM mechanism:

D" >e'e” (B ~107%) > NN T
s5,d A
D" - u'u (B ~3x10") R amAYAVAYAV )

The lepton flavor violating mode D° — e n* is strictly forbidden.
Beyond the Standard Model, New Physics may enhance these, e.g.,

R-parity violating SUSY:
B(D0 — e*e‘) up to 107"

B(D0 — pfu_) up to 10°°
B(D0 —>eipﬁ) up to 10°

(Burdman et al., Phys. Rev. D66, 014009).

Milan 9/05 Charm lan Shipsey 44
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L Search for D’ — e'e, Iu+lu_, eJ_“Iui %

Search channels  sideband

Normalizing mode:

12002— D*+ N D07Z_+
"2 4000 -

D’ >

Event Num. / 2.5 Mev/c™
iy [e1] [e=]
(=] (=] [=]
(=] (=] [=]
\ \

N

=]

(=]
|

o

18 1.85

mass(m",m") (GeV)

[GeV/c]

W*"

I:)O

standard model rate ~ 103

Milan 9/05 Charm lan Shipsey

3.2 MeV/c?

Events /

1216 fb'| PRL 93 101801 (2005)

g 121.6 fb"
T Large backgrounds,
S EE 3 evt BLI_‘BAR only DO final states are
I preliminary tractable in et+e- at
FLOL 1L ELLL DL 106evsotar
| L Use D*—D"r tag.
z_—” H l evt Measure relative to
T T T
o mode  ULx10°
z—':_u 0 evt
I prev
I i e'e” 12 62
m(g 0 ) e pus 1.302.0
W e"u 0.81 8.1
+at
O I H EEHEE N “ e Big
D S,d,bl ] \2 Improvement!
M e DO N eiﬂi
standard model rate ~ 1013 (10-23 .
( ) forbidden.
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Nan? Rare Decay Summary

Sets MSSM constraint Close to Long Distance Predictions

10
Prgsented in August | For D* all charged
102 L this talk 2005 | final states are
well-suited to fixed target
and Tevatron CDF/DZero
_d . .
o A o o | beginning to enter the game
° . .
v ¥ L o, o _5 _6
10 |- . Y {1 Expt. sensitivity 10~-10
Just beginning to confront
. . models of New Physics in
10" | x I + ! + 1 + . ° °
S S S S S an interesting way.
T I R S 7 N ol Ml )
73 13 1313 13 13 .
1o-°L v +T o g o +Tw o gw o gw o ;Fm o Still plenty of room
& o= o= LO=o=O=0= for New Physics.
E:t I i @ Experimental 80 Percent CL Upper Limit
iz o ' I g g Previous Limit 1
T CF S F ~ % = t@ U@ | A Previous Limit (COF) i Outlook: bright
0oF g =g &5 X3 X35 R-Parity MSSM-1 (hep-ph/0112235) -
rg ra o r@ ot 18 18 | X AT ty P-pn CDEF/DO, B factories,
o em om oD i v —Parity MSSM-2 (hep—ph/0012116) )
14 b= 0= 0= 0= 0= 0= | = SM-1(hep-ph/D112235) charm factories,
10 SM-2 (hep—ph/0106333) 1
. ¥ SM-3 (hep—ph/0104236)
= =
zero 1077 G. Burdman and I. Shipsey

Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076 (updated August 20 2004).
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Summary

New Physics searches in D mixing, D CP violation and in rare decays by
BABAR, Belle and CDF have become considerably more sensitive in the past year,
however all results are null. CLEO-c and BES III will underatke complementary studies.

This comes at a fortuitous time, recent breakthroughs in precision lattice QCD

need detailed data to test against. Charm is provide that data. If the lattice passes

the charm test it can be used with increased confidence by:
BABAR/Belle/CDF/D0//LHC-b/ATLAS/CMS to achieve precision determinations

of the CKM matrix elements Vub, Vcb, Vts, and Vtd thereby maximizing the sensitivity
of heavy quark flavor physics to physics beyond the Standard Model.

Milan 9/05 Charm lan Shipsey 47
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Precision theory + charm = large impact

.........
1 R A

Milan 9/05 Charm lan Shipsey
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Precision theory + charm = large impact

& —~VE -
06 '3 AW
D
2004 o5 E
. :
0.4
e e
03 E &

1tter
1000 b
CLEO-c
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Additional Slides
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BEPCII/BESIII Project Design

* Two ring machine

| * 93 bunches each X5 CESR-c design
= — X15 CESR-c current

* Luminosity performance
1033 cm™ s @1.89GeV
6x 102 cm? s @1.55GeV
6x 1032cm? s @ 2.1GeV
 New BESIII

Status and Schedule

* Most contracts signed

 Linac installed 2004
* Ring installed 2005
« BESIII in place 2006
 Commissioning
BEPCII/BESIII

beginning of 2007 51
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D™ Modes

e DY Modes

Parameter

Fitted Value (%0)

N(D'D")

(1.558=0.038+£012)x10°

B(D=2Knn)

(9.52+0.25+0.27) %

B (DT2>Kn" ' nl)

(6.04+0.18+0.22) %

Parameter Fitted Value (%)
N(DD?) 2.006+0.038+016)x10°
3B (D'2K =) (3.91£0.08+£0.09) %

B (DK,

(1.55+0.05+0.06) %

B (D°'2>Kn™n?)
B (DI'2Kn )

(14.94 £0.30=0.47) %

(8.29+0.17%0.32) %

L] I Ll I Ll L) I L] I L]
- PDG

A e B CLEO-c
K et HeH
Kntn ' HeH .

six modes
Kot Bre more
Kot ne Kot precise
Yo 4oy than PDG.
Kom*r® ——e——
Kot m? H-e-H
K K*n* Heo—H
] | 1 | ]
04

Normalized to PDG

Milan 9/05 Charm lan Shipsey

B (D2>K.nn?)

(7.17+0.2120.38) %

B D2Knann)

(3.20+0.1120.16) %

B (DTDKK)

sStat. errors:

~2.0% neutral,
~2.5% charged
»g(systematic)

(0.97+0.04+0.04) %

~ o(statistical).

€ syst. dominates
Many systematics

evaluated using data,

so will shrink as \/ L

“  &(DD)=(6.39+0.10""7)nb

To be
published
in PRL

hep-ex/
0504003

55.8/pb
will update
by 11/05
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O - :
== From the semileptonic measurements...

Long standing puzzle in D semileptonic decays

(D’ >Kev)

Isospin requires o
(D" - K%")

1.0

PDG gives =1.41£0.2

0 At
CLEO-c &BESTT LD 2 K_Oe V)
solve the problem (D" = K'e"v)

(D" — K ¢e'v)
(D" - K’%"v)

=1.00%£0.05(stat) £ 0.04(sys) CLEO-c

=1.08 £0.22(stat) £0.07(sys) BES-II

Is anything missing? > B(D" — Xev),, =(15.1+£0.5£0.5)%
sum up all the individual .
decay modes Z B( D" —> XeV)excl = (6 1+£0.2+ 02)%

Compare to inclusive rate PDG B(D" - e X)=(172+£1.9% (11%)
form PDG (not very precise)

room for additional modes PDG B(DO —> e+ X) = (687 T 028)% (4 1%)

Milan 9/05 Charm lan Shipsey
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& \M “*Inclusive DY%D" Absolute Semileptonic

o— Branching Fractions (CLEO-c)

Historically: B(D—X¢v) important to interpret charm lifetime hierachy
Naive spectator model: But gluon emission enhances hadronic rate E

B(D - e " X)~7%
e, 1, 3xU P]()GB(D°—>e+1():(687+028)%
r'JJ V V 3Xd PDGB(D" - e X) I(‘72+19)‘V
Isospin symme‘rry requires I'(D*—>Xev)= T(D0—Xev)
C 5 (D) /7(D")=B(D* —>e*X)/B(D’ = e*X)
B(D — e’ X)~20% = DYD" lifetime difference due to hadronic width (Pauli int. D™)

Now: precision measurements of I'(D—X#) and I'(D,—X¢v) needed to
constrain background to Vub in B inclusive semileptonic decay
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FrontierSci

Unfolded background subtracted

\*‘e« efficiency corrected lab

Corrected Spectra & Results

spectrum - no FSR correction

Fit low p data to polynomial to extrapolate p=0,

a - (8% has p<200 MeV) dB/B
> . .
8 os| 14Ths o p° | B(D* — Xev) = (16.19+0.20+0.36)% (2.5%)
w |+ Tt B(D° = Xev) = (6.45+0.17+0.15)% (3.5%)
2 02 f i 4 } Sys errors EID 2%, Hadron ID 1% FSR 1% p>0 1%
& i + PDG B(D' —e'X)=(172+1.9% (11%)
g °11 | oreliminary |+ PDG B(D" —e"X)=(6.87+0.28)% (4.1%)
C 1 e AT e X)=(0.1557£0.0019:£0.0035)ps”
0.2 04 06 0.8 1 0 " . 1
o/ _ Homentum Ge1 [(D° —e"X)=(0.1572%0.0041%0.0037)ps
10 IOOest /D CLEO-c B(D")/B(D°)=2.51£0.04  Excellent
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79 DELCO _

bt

THEN ++

: ANE.

0.5
Electron Momentum (GeV/c)

vents

600 evts

N -]

10-24
7713412

Milan 9/05

| to CLEO-c
| excl.

PDG 7(D*)/7z(D°)=2.53+0.02
Compare 5" B(D' - Xev)
> B(D’—> Xev)

< agreement!
= (15.1£0.5+0.5)%
= (6.1£0.2+0.2)%

xcl

excl

Incl & excl. consistent, some room for additional
exclusive modes
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