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Big Questions 1n Flavor Physics
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charm top
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Origin of Baryogenesis? o e T

& %

Dynamics of flavor?

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

Flavor physics 1s in the “sin 23 era’ akin to precision Z.
Over constrain CKM matrix with precision measurements
Discovery potential 1s limited by systematic errors

from non-perturbative QCD

This
Decade

LHC may uncover strongly coupled sectors in the physics
The Beyond the Standard Model. The ILC will study them.
Future Strongly coupled field theories=> an outstanding challenge

to theory. Critical need: reliable theoretical techniques

& detailed data to calibrate them

Complete definition of pert. and non-pert. QCD Goal:
Calculate B, D, Y, y to 5% 1n a few years, and a few %
longer term.

The
Lattice

Charm can provide data to test & calibrate non-pert. QCD techniques
such as the lattice (especially true at charm threshold)=» CLEO-c
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Precision Quark Flavor Physics: charm’s role
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g%_ ﬁn!n | | \\\ I 1 The discovery potential of B physics
K /- \ TR 1 is limited by systematic errors from
05 (8 i Amg & Amy \ = QCD: |-
g ' ) ;
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D system- CKM elements known to <1% by unitarity oC [ de ] ‘th

> =g [P @I W D DT [, T

=>» measurements of absolute rates for D leptonic & semileptonic
decays yield decay constants & form factors to test and hone QCD techniques et
into precision theory which can then be applied to the B system. >role

+ Br(B—> D)~100% absolute D hadronic rates normalize B physics:B>DK
important for Vcb (scale of triangle)
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T

excluded arsa has CL <0.05

Plot uses
Vub Vcb
from
exclusive
decays
only
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Precision theory + charm = large impact
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Precision theory? Lattice QCD

|
- f

BEFORE '

Quenched —— dme - my
10-15% B

- [ (1P-18)
pI’CClSlOIl A 3111]35‘3‘:-111Y
| Y(3s-18)
e Y(2P-15)
= Y(IP-15)
e Y(ID-1S)
09 1 LI
theory-expt
expt
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Precision theory? In 2003 a breakthrough in Lattice QCD

|
BEFORE | © = AFTER
- & - Unquenched
quenched ~—+— | 3w my —=— Few %
T Me " precision
- P(1P-15) T
— A EmBS Sy I
A Y(35-1S5) I
A Y(2P-1S) i
HA Y(1P-1S) H
. . A Y(1D-1S) Hil
Testable predictions : . , .
are now being made: 09 1 Ll 09 1 1l
theory-expt theory-expt -
M(B,) expt expt

\Easier, the 1st prediction Nov. 2004 -

Charm decay constant f}, -
| Harder- first test July 2005

<— Hardest- Tests 2005/6
See talk by Howard Trottier —

Semileptonic D/B form
factors
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Precision Experiment?
Status of Absolute Charm Branching Ratios in 2004 :

> 1:D*
Poorly known 'B I . r 100 | 2D +1u:v
. R 3: D: —me'y
Measured very precisely— 7 30 . Circa 2004 4:0°— K

5:D" —» Kn'n"
Br % ! 6:D_+ — ¢n"
And: D, D” & D, branching ratios used €O~

L

to normalise B & By physics are not 40

independent, they are all bootstrapped

on a high background measurement 20

of D’ > K r* 0 __

. . . Decay mode
Charm absolute rate measurements are not precise since at B Factories/Tevatron/ FT

backgrounds are sizeable and, crucially, because # D’s produced is usually not well known.

<« Backgrounds are large.
Br(D — X) = #X Observed

«— #D’s produced is
usually not well known.

efficiency x #D's produced
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CESR-¢/CLEOQO-c¢ Status. Datasets & Runplan

CESR (10 GeV)
> CESR-c (3-4GeV)

s00 - CLEO-c

Approved for 5 years by NSB 2/03

CESR — CESR-c g <30 MARK 1]
Results from these two j ' dt XISBESII
datasets today ’

2 runs @y (3770) —> DD/ 3

9/03-3/04 56pb 360,000 DD g

9/04-4/05 225pb™ Total 281 pbt1.8x10°DD) | e ﬁ

avnarimant

next 2.2 years: = ~750 pb™" @ w(3770) (x3 current)
— ~750 pb” @ ~ 4170 MeV above D_D, threshold (x130 BES)

= some /(2S) running, + time for the unanticipated
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y(3770) Analysis Strategy

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

[ Pure DD, no additional particles (E, =E,_, ).
0 o (DD)=6.4nb (Y(4S)->BB ~ 1 nb)
O Low multiplicity ~ 5-6 charged particles/event

=> 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
Wi AD S econetd VGTT0)> DD

events 1n - . o L
with 2B’ reconstructed CoRmm R,




Absolute Charm Branching Ratios at Threshold

=Kinematics analogous to Y(4S)—BB: identify D using

AE = Ebeam o ED
ED — Ebeam :|\/| \/E2 | |2
BC = beam pD El- N L |D] rl[l,'lH[IJd--IU?:?_
100:10° 100~ ‘D,OU’ble SIS .
oof Single tags | I i
1‘-:80E + -+ _+ 80l D" > K7’z ? a
S ED > K 'z ! X I
— oJ - — -
: 70 e | D >K'zx | 56/pb
= 601 3 60|~ 1/5
< 50E = I l dataset
PRSI 15120180 5 1
o 40 = 40— _
> - o
¥ a0- il :
20; § 20l ]
10 w = 1
0Fae EX T YT 188 0 .
M (GeVic?) 183 184 185 186 187 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 > K7z 7)=

detection efficiency for (K'z 7z7) e #D tags
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Comparison with PDG 2004 D° —»K-rt

Three best measurements:
THEN: -
CLEO & ALEPH 2 (%) Error(%) | Source

=+

D*+ +Do Do K- + 7T
oL ORT . 3.8240.07+0.12 36 | CLEO

compare to: thrust 3.90+0.09+0.12 3.8 ALEPH
D**—nx*D° D° — unobserved T '

(Q~6MeV) 3.80 +0.09 2.4 PDG

15000 1 3.91+0.08 £0.09%x| 3.1 CLEO-c
L 225<p, <250 ] .
10000 1 P . CLEO-c as precise as any
5000 7 NO \;v . previous measurement
r 1 ""I""I""gl""l"'l
0 f— 1 CLEO Il average HeH PDG
[ ] 2 f
10000 275 < Pr < 300 A* 60)—(1000 K ALEPH 97 HeH
~ : A f W RT ARGUS (D™) | —
O 5000 |- 1 <50 ARGUS (B) et
o r 1 E C ’
} o+ # § 40 CLEO—C ALEPH 91 H—eg
= ' i N HRS H
S 10000 f 325 < p, < 350 1 Sab
¥ : S Mark II H—
F c :
5000 [ 1 2200 Mark Il ———i
: F Mark | | .
0 R C
f ] 101 BES Il H—io—H
10000 | 375 < p" < 400 F‘% E ; E ClEo—¢ Eb'H
i 4 1.84 186 188 Pt ed T
5000 | ' i e %"“’/ 0030 0040 0050 0060
o e CLEO-c

0.00 0.5 1.0 .
(not in PDG average)

sin“a . 13
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B(D'>K ) [
Three best measurements: Mark Ii
Z (%) Error(%) | Source Mark I
THEN: 93060 10.8 | CLEO ork
Method 9.1+1.3+0.4 14.9 | MKl ses
(CLEO)
9.1+0.7 7.7 PDG CLEO-c Most
Bootstrap: precise
Measute: 9.52 +0.25+0.27 3.9 CLEO-c

0.045 — 0.065 — 0.085 0.105
+— Assume 1sospin
CLEO-c (not in PDG average)

N B(D’ =K 7z")
B(D" > K z'z") NOW: A SECURE FOUNDATION
the charm hadronic scale we have

1;;;_“;;% o been using for last 10 years is
Too- approximately correct
& 705 . . .
i NOW: & is finally on a secure foundation
S s Decay 0B/ B(%)
o . PDG  CLEOG
:E outlook 56 pb' 750pb~!
10?—
i B NR— D’ > K x* 2.4 3.1 0.6(stat)(1.1)sys
D" >Kz'z" 7.7 3.9 0.7(stat)(1.2)sys
D; — g1 12.5% (BABAR) —— 4.0(stat) 14
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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 —— S ~15% (LQCD) IW
03 B § =23 1 HFAG200s Dep-1at/0409040 FHEEA2
0.2 1 if fgy was known to 3%
0.1 5 ) 8 1 |[Val||[Vs|would be known to ~5%

04 | 0.2 | 0 N In.zl | 04 Ia.el | ID.SI ; 1 |fD|2 |VCKN%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
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et

K £ >~ V.4l
Tag D L / « y d /
fully S
reconstructed . . A%
h@ - ©
- ‘ 1 additional track
L7 (consistent with a muon)
\ Zero additional photons
. Compute missing mass:
w peaks at 0 for signal
M?=(E,~E,)*~(P,—P,)’ e
_( D y) _( D y) 11
\WmeEDzﬁm”F%z—%m I1
0.9
B(D®" — uv)x10™  f, MeV "4,
MKIII <72 <290 0.7
BESII 12.2'; +0.11 37172, +25  ©¢
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| Mark ITI PRL 60. 1375 (1988)
,~9pb12390tags |
$ 5
S

fD _from Absolute Br(D™— u*v) at y(3770)

vissing | MM? le:t'l'l

- 'BES I hep-ex/041005
- ]=3ESII " 33pb-
L .| 5321 tags
| : | “ l l
02 0 02 04 06
MM2 16



fy.from Absolute Br(D™— u*v)

MM = (Ebeam - Ey)z _(_EI;
e MC 1.7 fb1, 6 x data

-P,)* MM’ ~M_,

tag

| |
1100
600 DT>TK? .
4 50 [ i
400 0 —
—— ptv signal + +
R D" —p'v

— ttv, ety

200

0 0.25 0.50

MM?(GeV?)
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fy.from Absolute Br(D™— u*v)

2 Z P.

MM :(Ebeam_Eﬂ) _(_PD
« MC 1.7 fb!, 6 x data

I CLEO analysis was to be unveiled

ﬂ D+—)1T+K0 : at LP05

-P,)* MM’ ~M_,

tag

600 2 days before LP05

15t full unquenched lattice calc.
a prediction

f . =(201+£3£17) MeV

1 50

400

0
—— ptv signal

| ) e TRAY

— mtr°

— ttv, ety

200

0 0.25 0.50

MM?(GeV?)

Aspen Feb 14 2006 Charm CLEO-c lan Shipsey 18



fy.from Absolute Br(D™— u*v)

D D -1
MM? =(E,,,, —E,)’ —(—Pyy — P,)’ 281 pb-' at y(3770)
+ MC 1.7 fb-, 6 x data 50 S|gnal events
———————— 120 — e
1100 '15é- D —>1T+K0'
600 D+ —>'|T+K0 1 N> 100 —105_ 1
1 50 [ i 8 0
S 805
400 5 - % 60_ :'noos 0 005
—— ptv signal L
- n:no D+—>u+\’ g ol ])-|__)M+v
ook T V, TV _ § i j
< 2f

0 0.25 | 0.50 0 0.25 | | | | 0.50
MM*(GeV?) , ) MM*(GeV?)
oMM~ ~M_,
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fy. from Br(D™— p*v) & theory comparison

Tags 158,354 PRD 70, 112004 1> _~1Vexml’
Signal 50 events £=69.9% } /< ¢
Bkgd 2.81+0.30% V

00, Cvents
N 2
B = (4.40%0.667%)x 10~ B(D" — uv)/ 7, = (const) i My
fo, =(222.6+ 16_73-2) MeV V.4 (known to <1%) unitarity

T, well-measured (0.3%)
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fy. from Br(D™— p*v) & theory comparison

Tags 158,354 EXPERIMENT
Signal 50 events £=69.9% CLEO-c (222.6+16.772,) MeV
Bkgd 2.81+0.3073) events| ggsg o —
+129
B=(4.40£0.660")x10" | Tugory | OTharE2) MeV
f =(2226+16.772YMeV —++— Lattice QCD (FNAL & MILC)
oy = ( —3.L///’ |

15t full unquenched lattice calc.(201£3+17) MeV «+—— quenched Lattice QCD (UKQCD)

a prediction (2 days before LP03)
Expt/LQCD consistent

Now: CLEO-c error 8%
LQCD error 8%

with 0.75fb™" : . to 4.5%

—H—e——iL_attice QCD Exact Chiral Sym.

+——1 Quenched Lattice QCD

QCD Spectral Sum Rules
QCD Sum Rules

1 Relativistic Quark Model
Potential Model
iIsospin Mass Splittings

—

—

*

L I o
r v

fo, to ~4.5% @ /s ~ 4170MeV

11UV

Need LQCD predictions to few % by

300

fo+ (MeV)

400

2007 f 5, & f(see Trottier talk for
important development) ::>_ 21




Importance of Absolute Charm Semileptonic

Decay Rates IV eieml?
1 Charm semileptonic decays dr 21 Doz 242 — _ 2\[2

determine Vcs and Ved

2 Test theoretical calculations of form factors \Vcd\ known from unitarity to 1%

Input to Vub from exclusive dI’ o
qa = Vil I£.°77(q*)

semileptonic B decay ?

3
Br(B — 7lv)8% precision ‘Vub‘ — (3.76£0.16°¥)10° Vm

BABAR/ Belle/CLEO form facter _ [ustes i Fheory Error

World 0
f&vglfage BF Expt. 4% 4 18% hep-1at/0409116
Summer 2005) B @
— T lv
HQS N J

oB

4 )
o 4%
PDGO4 D m v )

1) Measure D—mfarm factor in D—nlv. Tests LQCD D—n form factor calculation.

2) BaBar/Belle can extract V , using tested LQCD calc. of B—mr form factor.
3) Needs precise absolute Brf(D —nlv) & high quality dI" (D —nlv)/dEn neither exist.
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Absolute Branching Ratios of Hepex

‘ . /0506053
Semileptonic Decays at y(3770) 56pb-'  Fepseens2
: PRL 95
Hadronic Tags: 32K D" 60K D° Semileptonic decays are 181802
reconstructed with no (2005)
kinematic ambiguity PRL 95
- _ 181801
U= Emiss _| pmiss| =0 (2005)
"0~ CLEO-c 1/5 data ™ o
400f ;
- E D’ > K e’y i
= 300f ;
o E (~1300 events)
< 200F
-
—s £ 100F
w(3770) > DD :
— O_ I I I 3
D" > K*z7,D” » K e'v =01 0 0.1 0.2
Tagging creates a single D beam U= Emiss_ |Pmiss| (GeV)

of known 4-momentum
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More Cabibbo allowed modes

-1
c—>s Cabibbo Favored 56 pb™' Data
200.:....,....,....,....: 150. IIIIII..II.ID—l—_)K*Oe—f—V
> sl D' > K%'v 1 =
% ) i ] = 100.}
© .ok (~550 events) W& S
— 1 =
~ N ) 50.
n ; L +
E ) 50 i 8
: 5
= %25 A——S,1125 B .00 0.125 0.25 %25 o5 6.00 . 0125 0.25
U= Emiss_ |Pmiss| (GCV) U= Emiss_ |Pmiss| (GCV)
T . 1
=1 D’ — K" e'v
> % K™ =K = Historically Cabibbo allowed
S 150 0 ) 1 E modes: provide a significant
s ~90 events) g — .

SR - background to Cabibbo
- [ 7] ~ .
— i 2 suppressed modes, making
2 51 - a .
= : ! o the latter particularly
o 0:++ [ H-+ S . Né' & T £ hall .
€3 -0.25 0 0.25 cha englng. e oo
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Cabibbo suppressed modes

3070404-003
LN L B N B N B B I N B B B |

i / D’ > 71 ey
— ‘ o
u D' 53 Kev

Candidat%s [ 4 MeV
@]
(@]

2 8.1 2 0.22 0.32
Am
A Tag with D™ — D'z,
D’ >z 0y
observable:
state ofthé Am =m(z zl)—m(zl)

art measurement

at 10 GeV (CLEO I1I)
PRL 94, 11802
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i 0 N
= D" >rxzev
@ |
= - —>K'ev
8200
S |
£ |
r S/N ~1/3
> 012 0.22 0.32
Am
ﬁ Tag with D™ — D'z,
DO + )=
Compare to: >l
state of the observable:

art measurement AmM = m(z zl)—m(zl)

at 10 GeV (CLEO III)
PRL 94, 11802

Aspen Feb 14 2006 Charm CLEO-c lan Shipsey

S/N 40/1

Cabibbo suppressed modes
sor010a90s 56 pb! Datq -

" D’ > ey
/
—>K"ev
]

Note:
/ \ kinematic
A 73 « separation.

0T 0z o3

U=E_ —|P

mlSS

(GeV)

l'l'llSS|

26



e swemcs 56 pb ! Data ]
_ 0y et LD s ety
N AR /
=~ D' 5K'ev — ;
£ 500 S - —)K e v
8 = of ]
= ~ -
_CEU é 10: Note:
(&} O N kinematic
S/N ~1/3 & of ST \ 79 A « separation.
> 0.12 0.22 0.32 -0.1 N 0 ] -IO.1I — 02 - 0.3
Am
ﬁ Tag with D™ — D"z, U= Eis [Pl (GV)
D’ > 7'/ '
Compare to: ey = - D" — 7T0€+V_
state of the observable : 2 oo
art measurement AM=m(zz/)-m(zl) S
at 10 GeV (CLEO III) < eof
PRL 94, 11802 g AT
s —
ol gt
U= Emiss_ |Pmiss| (GeV) 27
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-
Only measurements

untl now LAl o
E791 o b
PLB 397 ol
325

(1997) T
FOCUS
Hep-ex s

&=}

/0511022 &
(Nov 2005

Relative ol

Rate:

10

(D" — p’e*v)

(D" — K® ™)’

More Cabibbo supressed modes

D —pety 1

| Yield = 320 + 44
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56 pb! Data

i 20.0
Only measurements | ] y* %’lj P 1 t Dt — p0e+l/
untl now <
E791 { \ TSN ~15/1 ]
PLB397 .| - -
325 | .
(1997)

It _
FOCUS | | | —0.25 —o0. 125 0.00 Gz 0.25

U=E_ —|P_ | (GeV)

Hep-ex  i«f

/0511022 £ |
(Nov 20055 |

Yield =320+ 44

Relative ol

Rate: _
(D" — p’e*v)
(D" — K® ™)’
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More Cabibbo supressed modes 56 pb™! Data

, ; | 20.0
Only measurement 0 t DJr — P e 14

D'—=pe'v
untl now

E791 S/N ~15/1 (30 cvents) [
PLB 397 _ —
325 ?°'°.‘ '
(1997) u |

Relative rate:
F(D+ —>poe+V)lll -

(D" — K™ e p)a

—0.25 —0.1 25 0.00 0.125 0.25
U= P GeV
1 OO i i i i | mlSS | mlSSl ( ) | i i i :
- | 1 -
D’ — pew 15t Observation. 1

(~30 events) B
.})0 —K* e'p

7.5 \

5.0

2 5|

O_

A L 1 1

-
O
Useful for Grinstein’s I'(B —p € V) F(D—>pe V) U=E

Double ratio Vub?/ Vcb? miss~ [Pmiss| (G€V)
Aspen Feb 14 2006 Charm CLEO-c “FQBV? K 66) F(D - Ke V) 30




Results I R . .PEI)G.zt.)O‘; :
Do e l%ll CLEO-C(57/pb)
PRL 95 181802 (2005) D"~ Ke'v s W BES
PRL 95 181801 (2005) D°~ K™(K™n%)e"v 1=
D°— K (K%m )e*v —
(Similar analysis but less precise from BES II) D’ p ety _
D' nle*v ——|
Full data set dB/B to 1% for Kev syst. D™ K’se™v -
limited, and 2% for pi e v stat. limited D' K(K')e'y  mim
D*> p%e*v —
133 ] 1:D00—> Kf++y D*> we'v _
SOPDG 2:D" =K e T T I R
70 3:D' =7 e'r A 0 ) 1 2 3
0B « +:0'~pev  Normalized to PDG
?50 I 5:D" - K e'w
40 1 D= K ety
20 CLEO- :;EI; B :oefy CLEO-c already
% = 8:D" — pletu all modes more
g 9:D, — K'e'w precise than PDG.

10: D, — K™ " v
1 2 3 4 5 6 7 8 9 10 1
11:D, — ¢ e'v
Decay modes

significant improvements in the precision with which each absolute charm

semileptonic branching ratio is known
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dI 21 DK /2 V 2
The form factor o oc [V _FIE" (@) 4{’|<CKM|

— —= «—[f(®)

Tag with D™ — Dz, FOCUS all data o
D’ 5K /v (best measurement) G} i

II[IITI]IIII|IIII|IIII|IIIIIIIIIIII|'II'I'I

observable: Am=m(zz/)—m(z?) | D’ > K‘e+ve

|
1200 Ty . i ]
% Koty : PLB 607 233 (2005) ]
3 1000 B non, f (C ]

o 300 515 eg/tf S FOCUS DATA |
~ - ]
g 600 : ]
£ 400 .«L — Lattice QCD/ Fermilab ]
200 MILC( lo/20 stat.err. only) i

T S P un l lﬂlj_ - ln_Jsl - .l:] - ]J.IJ.'?L - Lnj.ll - 'nl o
o BRI T )" Koat rest

92 (Gevic q
€331 Impressive work by FOCUS.

S

LQCD : shape ~ correct:

1 1
f.(x)="f(0
(%) =10) (l—qz/mé:)(l—aqz/mé:)
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| raw ¢’ distribution |

D'—k ety

0 02 04 06 08 1 12141618
¢ (GeV?)

| rawq’ distribution |
140F |

RS ﬁqi»

dI’

2

E
|

I

+

60"
o 700
o SIN~40/1

Events/(

0 05 1 15 2 25
ot (GeV)
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po J [ he form factor dar —oc|V,
CLEO -c (preliminary)

D—K 2
SIE (G
FOCUS all
12(!] — T
= K_'rr"p.*:.-'
glom:
2 800,
§ 60|
400/
.
% 05 | 15 2 35
'-':I2 (GaWc)z
120
L Iw v
1 FZ771 peaking

svents/0. 15 (GeVicy

15 2 2.5
S/N ~1/2.5 ¥ (©eVer’

— = —[f[@)f

/ |VCKM|2

CLEO-c¢ 7.2 K evts (280/pb)
S/N >300/1

FOCUS 13K evts
S/N ~6/1

CLEO-c: threshold advantage
1) Low background crucial for
7 final state

2) neutrino direction known

5q

FOCUS
q’
~0.025 GeV* CLEO-c

CLEO-c shape results soon.
D->Kev: precision>LQCD
D->pi ev: X3 more precise
than previous expt




Lattice shape: agreed with data, predicted branching fraction tests normalization

Lattice comparison: the form factor normalization

(for lattice
use

PDG

Vcs, Ved)

fwa:um[ L ] [(D — Kev) o [V, [ [|£.” (@*)Pdg”
(1-q /mD:)(l—aq /mD:)
D S K e —— D’ S mev
b _L_| PDG (2004) l—l—i
BES | =+ ¥ = BES I N S|
LaCD i ; e — | LQCD i {precision: 23%)
@ CLEO—c (56,/pb) el (precision; 4.1%) @ CLEO—c (56/pb )= (precision: 10%)

CLEO-c data has improved the precision of this test
LQCD normalization & data agree (at ~10% level)

(data already much more precise)
25 3.0 0 3.5 4.0 4.5 0 1 % 3 4 5 6
B(D"—Ke*v) x 107 B(D'—>me'v)x 107
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Early look: V_ & V_, with CLEO-c data

(My estimates not
ofﬁ01al CLEO-c)

(D — Kev) <[V [If.° 7 (q*) dq’

Expt LQCD
LQCD errors
0
Expt. errors Vcs=0.957+0.017(expt.)+0.093(th.) / gl() /) )
Ves ~2% Ved=0.213 +0.008(expt) = 0.021(th.) ominate.
Ved~4%

Vcs=0.9745+0.0008 (unitarity)

Agrees with \) Ved=0.2238+0.0029 (unitarity)
unitarity

The most precise Ves and Ved to |V, (W—>cs, LEP) = 0.976+0.014
date using semileptonic decays, V.(VN) =0.224+0.012

but not yet competitive with: Currently the CLEO-c data
checks lattice calculations
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EMore Lattice checks: fj; & semileptonic form factors

A quantity independent of Vcd allows a CKM independent lattice check:

. IT(D »uv) [ £
Experiment Risr = \/ T(D > xlv) \ £5°70) )Pe
th
= +
(My estimate): RY =0.22+0.03

R*P =0.25+0.02 <«— ~10% uncertainty

lst

Theory & data consistent @ the 28% CL:

With 0.75fb! @ y(3770) R®® ~5% uncertainty

Ultimate precision? Full data set
D Ke'p, QYOS _ g g0, OTHEOTY D — zetv 2 _ 1 6o, @ TTNEOTY
Vcs Theory Ved Theory
(Now 1.3%) (Now 5.4%)

Tested lattice for Vub determination at B factories

Aspen Feb 14 2006 Charm CLEO-c lan Shipsey 36



Unitarity Tests Using Charm

(A" (V, V.V, ) (d (M o )

S'"|=| Vg4 V& Vg |=1 S ¢l o : uc =0
' T

\b ) \th Ve Vi i \b/ \. . >

S 2" row: |Ved|2 + |Ves|2 + |Veb|2=172?
CLEO-c now: 1- {|Vcd|2 + |Vcs|2 + |Veb|? = 0.037+0.181
CLEO-c/BESIII: test to few (if theory D —K/xlv good to
feW c,/o)
& 1st column: |Vud|2 + |Ved|2 + |V+d|2 = 1 22 with similar
precision to 15T row o (750pb1)
g uctp  [VudVed* = [VubVeb*

/

|'VusVces*|  Compare ratio of long sides to few %
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Charm: Physics Beyond the Standard Model

Can we find violations of the Standard Model at low energies?
Natural B Decay =» missing energy = W (100 GeV) from experiments (@ MeV scale.

CPV, mixing, rare decays =@ sensitive to new physics at high mass scales through
intermediate particles entering loops.

Why charm? D CPV/mix/rare small in SM =» low bkgd search for new physics

o« e Vcd,cs W~ Vi s
De-De Mleng """" T B CKM suppressed
May proceed by: ) D')| Mix <®2 ~0.05
g T t (V1)

d-type quarks in the loop = D°- D° mixing small compared to
systems involving u-type quarks in the box diagram because those loops
Include 1 dominant heavy quark (top): example B° (20%)

New physics in loops implies x =AM/I">> v =Al" /21,

but long range effects complicate predictions x<0.1% y<1%
Smallness of Vbc and Vub limits b quark contribution = D mixing is
a 2 generation phenomenon =» no CPV in mixing, if seen ->New Physics -
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DO-Dobar Mixing Limits Winter 2006
(y)=(0.9£0.4)%

No sign of D mixing yet

E:'G“? A K g B |0 = Kt {BaBar)
o - 1k D? = K*rv (FOCUS)
Mixing paramters Xx=Am/I" y=AI"/ 21“'%‘3 ] / D% K*K /2" (Average)
ot | [ World
: : - _ — H . or
y CP eigentstate lifetimes (K" K™,z 7") N 5 =0 0504 CL
y - L} i95% Aﬂﬂ“’ﬂi . semileptonc
= N _3
Rmix <1x10
Semileptonic unambiguous 5 5 1 e VE ;
X" + y B AW ! G. Burdman I. Shipsey
unmix mix oc— =R .t i 5 A ! Ann. Rev. Nucl. Part.
. 2 mix = Sci. 53 431 (2003)
0 - 0 0 + - ol e (updated 9/05).
D" > X/lv DD > D — X0y ol
wrong sign K 7 ambiguous oc X +y - - gﬂjfii_frﬁ";fgg .
T i if CE/DCS I E :\\Ln S k' (FocUs)
S 0.2 - e =~SM and NP
D' 5K 7" D’—D°—K'z Phaseo .
Known AM/T, X predictions
< at A0 .< K+ Mimics
A~0(l)  w# ( ~0.2% in rate )WJ‘ —
,’ ‘5D
O - _
DO CF @ K- D DCS T SK'z
39
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CLEO-c mixing (+ input to ¢; /y)
B |0’ v waran IMIIXINE: W (3770) — DE(C=-1)

Dﬂ —
Dg — K v (FOCUL
D" = KKt A

Coherence simplifies study no DCSD
is. :o unmixed: D* > K z° D’ = K*z"
L) i95% .—llluwtd‘g‘ -

\ mixed: D > K 7z* D’ > D’ > K z*
can combine with (K/v,K/v)
Sensitivity 750/pb:

R, <14x10™ nowR_ <107

s

o]
L)
T T T I T L | T

-0

™ oS kiczor (X<1.7% ) (X< 4% )
B DD—=KE'n (FOCUS
T other techniques exist to determine X, y
X - AM/T, (linear) sensitivty comparable to other expts.

Mixi ng: BFac/Tevatron: K-n* different systematics (time independent)
limited by unknown phase 5. CLEO-c can measure
-CP eigenstate tag X flavor mode
K'K™ « Dppe— ¢w(3770) > D = Kt Acosd +0.2
5 aids determination of y [i.e. arg(Vub)] in B—>DK @ BFact.
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CP Violation at y(3770)

ete” —> y(3770)— DDV jrC=1— je. CP+
CP(f, f,) = CP(f,) CP(f,) (-1) = CP+

—— |
- — (since1 -1y  CP conserving
(7'z )7x'm) (-1
. ; - =CP- CPviolating
Sensmvu’ry (two body final states) Limits and
» < 0.02 (CLEO-c full data set) Eventudl
<2 x10-3 (BESIII) observation
depends crucially
on Ldt
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Rare Charm Decays

FCNC in kaons = charm, B mixing = heavy top, FCNC in charm—> ??
Large suppression & difficult to predict in SM

SM & (]:)Jr — TC+C+C_) ~2x10° (Burdman et al., Phys. Rev. D66, 014009).
R-parity violating SUSY: & (D" = n'e’e’) ~2.4x 10°
Increase in rate small, but significant at low dilepton mass

Best limit CLEOQ II: &(D = n'e'e’)~4.5x 10 ar 90%CL
CLEO-c AE = ED - Ebeam AMbc = \/(Ezbeam - p D) -

_ o D'—>n*e'e D'>mwe'e’ D—>Kee DeKee
> N e o ° L4 PY ° °
% o... .’ ° * o . ¢ * ® * . °
j:)O‘ “.. ..$ . ° % ° < 0. .o 1: .. .
2 L ) . O. . . .. .. .
< 8. * o °® ° ) * . S [° °
V[ e e o ". o % . °
-&-:l.-}.' .. _. ............... S . ° L) e @) e ..
-50 0 50 -50 0 50 -50 0 50 -50 0 50
AE [MeV]

No signal seen Results @90%CL Order of magnitude improvemenLX4 above
Z(D"=n'e'e) < 74x10°% Z(D'=nee’) < 3.6x10° SN rates
?(D+:>K+ee) < 62)(106 Z(D"=Kwe'e") < 45x10° .



Rare Decay Summary

o
) Sets MSSM constraint — cjose to Long Distance Predictions
10
August
> 2005
107 b .
107 F !
A . . . o .
| 4
- 4 ° e $ E itivity 10-5-10°
0wt g & & S . xpt. sensitivity -
Just beginning to confront
. . models of New Physics in
107 F b4 I + I 1, i + — o .
SR R R S N o an interesting way.
+z'ﬁ E’EEEQH&'EE’E
. - - - | - -
Branching 10 t0 10 +0 10 10
. v ., O O ,u0 /w0 +u0 w0 |
Fraction = hi Hhl B'L 'L KL h'L
|
E:t [ + @ Experimental 80 Percent CL Upper Limit
I I I Y = = Previous Limit
-12| = O =T = - — L= . L =
10 o g o g +3E‘ = w w0 A Previous Limit (CDF)
48 14§ 1@ 1o 10 10 ;’ R-Parity MSSM-1 (hep—ph/0112235)
< < )= ' J .0 0O R—Parity MSSM-2 (hep-ph/0012116]
o e 2L B2 BE ol Bl |y sm-1(hep_phi0112235)
10 SM-2 (hep—ph/0106333) 1
. ¥ SM-3 (hep—ph/0104236)
L L

G. Burdman and I. Shipsey
Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076 (updated August 20 2004).
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Next from CLEO the D¢

CLEO (Very Preliminary)

. : . e« DD,
%0, op DD, D.D. _ up,"D,
: . . + + i v D;D;s:
Physics Program [ | | | + |
> R N B S
st/ fD i i i i
(no o |
B(DS — ¢7T) units) : : : + : f
I, (D) & shape . |
B 3% . .
T g -
AT L N T AL S
Wha‘]- energy 1'0 r‘un? 2.8 3.8 4 4 ECM ._&Iewdjwﬁ 425 4.3

Take 12 data points between

3970MeV and 4260 MeV Maximum @ 4170 MeV

O measurements ready by AP454
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15t Announcement: Confirmation of the Y(4260)

r CLEO (Preliminary)

L=F]
=

cle’e —nr Jhy)

o T Jhy

=
=]

w '’ Jhy

}

+ ﬁg #
37 38 3 A42 13
«Js{GeV}

Grﬂss Section (pb)
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Summary

New Physics searches in D mix, D CPV & D rare are just beginning at CLEO-c Searches at
BABAR,/Belle /CDF/D0/FOCUS have become considerably more sensitive.
All results are null. As Ldt rises CLEO-c¢ (& BES III) will become significant players.

In charm’s role as a natural testing ground for QCD techniques there has been
solid progress. The precision with which the charm decay constant f;, is known has already improved
from 100% to ~8%. And the D>K semileptonic form factor has be checked to 10%. A reduction

in errors for decay constants and form factors to at five - few % level is promised.

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

need detailed data to test against. Charm is providing 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 improved precision in
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.

Charm is enabling quark flavor physics to reach its full potential. Or in pictures....
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T

excluded arsa has CL <0.05

> 02 \o 02 06 08 1

Plot uses
Vub Vcb
from
exclusive
decays
only
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Precision theory + charm = large impact

\

T | T T T | T T T \ n
\ \ CKM BB
) 1tter

=
o

Mow

Z
S
<

=
I

U A

excluded arsa has CL <0.05

=)
w

0.2
0
. \ . . 0.8 1
D? 1 L] I L] 1 T ! 1 1 1 I 1 L] L] I 1 Ll Ll |
2! ; .
3 | A
05 [ 8 5 d i
C |8 N
04 F 5 -
e ;
03 E & =
Plot uses 1
Vub Vcb 0.2 -
from -
.01 ] +
exclusive B .
decays 0

—

only 04 -m_a:';s 0.<:|0 4 0.6 0.8
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Additional Slides

Aspen Feb 14 2006 Charm CLEO-c lan Shipsey

50



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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