CKM Physics & Beyond the Standard Model
Physics with Charm

Outline:

1) CKM Physics:

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

Hadronic Decays

Leptonic Decays

Semileptonic Decays

2) Physics Beyond the Standard Model

D mixing
D CP Violation W ( 3770 ) —DO DY
+ 0 =t
D Rare Decays DK I, DO K-ety
Outlook & conclusion .
lan Shipsey,
Not covered in this talk: D hadron spectroscopy & charmonium Purdue University

see talk of Jin Shan.
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Big Questions 1n Flavor Physics

Dynamics of flavor? ~Why generations? ®  chom
Why a hierarchy of masses
@@ %i:” 5

& mixings?
Origin of Baryogenesis? dow st Ty
Sakharov’s criteria: Baryon number violation Pl %
CP violation Non-equilibrium 4

3 examples: Universe, kaons, beauty but Standard Model CP
violation too small, need additional sources of CP violation.

Connection between flavor physics & electroweak symmetry breaking?

Extensions of the Standard Model (ex: SUSY) contain flavor &
CP violating couplings that should show up at some level in
flavor physics, but precision measurements and precision theory

are required to detect the new physics.
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The B, system unitarity triangle is limited by systematic errors from QCD:
-
Form factors in semileptonic (3) decay Vs> [Vas B -:i:

B, BE—mE B,

D system- the CKM matrix elements are known (tightly constrained to <1% by
the unitarity of the matrix).

=> Work back from measurements of absolute rates for leptonic and semileptonic
decays yielding decay constants and form factors to test QCD calculations.

Decay constants in B mixing >

In addition as Br(B-=> D)~100% absolute D branching ratios normalize B physics.
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& 0 p— pES

Results used in this talk have been obtained by the following Collaborations:
Fixed Target e'e pp
E791 FOCUS LEP CLEO | BaBar/Belle CDF
Beam | Hadron Photon | ¢'e” — Z° ete” pp
Kn | ~2x10* | ~2x10° | ~10*/expt. | ~2 x 10° ~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.
: : Pil
New this year: (Pilot ) Exceptionally low background charm samples
were obtained at BESII & CLEO-c ideal for
BESII CLEO-c measuring absolute charm branching ratios.
Beam e'e” —>y(3770)
K™ |~27x10°| ~54x10’
Not Not
©t | applicable | applicable

Note:K-nt+ is # reconstructed in published analyses, not total collected.

ICHEPO4 Plenary 8/20/04 lan Shipsey



Zror
g Interpreted within O.P.E.
T(H,)=T ., +OU/n)+T s (FL)+O1/ i)

Spectator effects (PLWA,WS) are O(1/m_*) but phase space enhanced

b= 1927r
Naive spectator model:

=2+3), e, ud

2 5

chanw

=700 fs

charm ~— charm

Charm Hadron Lifetimes

Lifetime needed to compare Br(expt) to I (theory)
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Muon decay: ’_,J"éiv
e L
(;2 5
o H v,

=R}

7(D™) ~1,000 fs t (D) ~400 fs.
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Gross features of lifetime hierarchy can be explained



SELEX, FOCUS, CLEO

E791 EG87 Charm Lifetimes
. (DY) | 1040x7 fs
D*  Charm . 5  beauty .
N 7(D,) 504+4fs
D . PDG2004
. . PDG?OO4 (D) 410.3£1.5fs B -
D . Dominated
. N By FOCUS || r@)| #42+265 || &, o
s 2002 results (A | 20056/
A+ : @ Ab e
=0 +13 < x1.3 —
=0 <']:| X10 —> 7(E%) | T2 fs o =
C Q)| 69+12fs o
0 il ! . ‘ s . ‘ ! !
QC * + PDG(2004) 1 1.1 1. 16 17 18
» FOCUS Lifetimes are PDG2004 except D
0 0.2 T(pS ) 08 1 1o  Wwhichis a PDG2004 + FOCUS average. T(py)

AFTr

D* 7 %o, D°4 %o, D, 8 %o, A 3%, 2°10%, E*,6 %, Q 17% Charm quarks more

some lifetimes known as precisely as kaon 11fet1mes. influenced by }llladmmc
D B environment than
a ) al ) 1. PDG2004 <: beauty quarks.

(D) > (B)

Errors on lifetimes are not a limiting factor in the measurement of absolute rates.
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Poorly known 'B r

Measured very precisely— 7 /

decay constants

form factors

Key hadronic charm decay
modes used to normalize
B physics

<

/’

N

Status of Absolute Charm Branching Ratios

Mode PDGO04 (%) | Error (%)
D 0.08%0; | 100
D" | pv 0.60+0.14 | 24

T e'v 03977 +.04| 45
De | Kn* 3.80+0.09 2.4
D" |Kn*n* 9.2+0.6 6.5
D | on* 3.6+0.9 25
A, | pKw* 5.0+£1.3 26
Jh | s 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

ICHEPO4 Plenary 8/20/04 lan Shipsey

«—#D’s produced
1s not well known.

— Backgrounds are large.




« Dt fromDs* — Dg*yis not reconstructed
« PairD*~ (= D° ) & y, assume from B%— Dy*D*-

~2500F T T T T T T T
o

Data sample:

g
[=]

| f

~Signal: 7414 + 345

. BABAR
Preliminary

.002 GeV/c

—
i
=]
=]

1\1/1:3 Recoil mass

Events /(0
g
[=]

New Measurement of B(D,"— ¢ 77)

1: B’ — D * D*: partial reconstruction

124 million B pairs

ICHEP ABS11-0952

K'n, K'n n°,

Krrnn, Kig'n™

BO

Dy This result independent

n
(=]
=]

B(B%— D,*D") =

1 =B —E; ~EV ~py+ Dy +,) -
2. B’ —D/* D*: full reconstruction

fully reconstructed
B(B? - D;* D™) x B(Ds*— ¢ %) = (8.71 £ 0.78,

Q
1.8 1.85 1.9 1.95 2

stat
Divide by (A)
| BiD— ¢ 7) = (471 £ 0.47,,,,, £0.35,.,)%

B(D,*— ¢ 7*) = (3.6 £ 0.9)% (PDG)
(25%) —
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12.5% total error (7.5%) syst

' (Ds)  of 3D, ¢rt):
(1.85 £ 0.09 10 £ 0.165,69 )% | (A)
N 40%mES = \/Elfeam _(p—l):-i_p—D;)z

o
N

_ BABAR
s Preliminary

e
[=]

(%]
Q

Events / ( 0.001 GeV/c

‘ Signal 212 19

—
=]
TTT
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Lh
SAA
——
P
—

riwiki ol il b AL I, o L PRI EERA
523 524 525 526 527 528 529 5.3
m__ (GeV/c)

52 521 522

BIG improvement!

.__CLEO Similar Partial recons. 5’ — DS*+ D>

[(Df - ¢n)/T(D° > K 77) 4




ez A ) Absolute Charm Branching Ratios at Threshold (CLEO-c)
T CESR upgraded to CESR-c: 12 wigglers

CESR (1 0 GGV) (for damping at low energy)

6 last summer 6 this summer

- CESR-c (3 '4G6V) 9/03-3/04 6 wiggler Pilot Run L=4.6 x10*'(as expected)

CLFEO III Detector 57.1 pbat w(3770) (x6 MarkIIl,x 3 BESII)
Fall 2004 goal: 3 fb" at y(3770) (DD)(x60data in hand)
- CLEO-c Detector

Fall 2005 goal: 3 fb” at ~ 4140 MeV D_D_ threshold

CLEO-c w Solenold Coll o, Fall 2006 1 bllllOl’l J/ /4
= \ Calorimeier
RIng Imaging Cherenkov . . .
Detector Minor modifications:
(TN N, / Chamber replaced silicon with 6 layer
ot | e Inner Drift Chamber / . e
Sc Quadrupole e | Wi Beamplpe low mass inner drift chamber
Pylon o B v Pl — I summer ’03 arF B 15T9 10T
2
N 7 Endcap
sC Ve 4 Calorimeter
Quadrupoles e EER g
Rare Earth s //
Iron
Quadrupole \ & ’ <4 Poleplece
Magnei Barrel Muon
CORNELL _#¥% L E P P Iron Chambers I
UNIVERSITY Mp®
LABORATORY FOR ELEMENTARY-PARTICLE PHYSICS IC H E P ABSS-0775
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m,, Absolute Charm Branching Ratios at Threshold (CLEO-c)
Operatlon at y(3770) - DD  ICHEP ABS3-0775

57 pb! ~ 340,000 DD pairs 1st CLEO-c DATA
*Measurements use D tagging: exclusive reconstruction of 1 D
* D’s: large, low multiplicity, branching ratios ~1-15% M, = \/ E. | PD|
* high reconstruction efficiency, favorable S/N AE=E —E
=» High net tagging efficiency: ~25% of all D’s produced are reconstructed (achieved).
| T T 11 | L | L | UL IRe('llL-lil-'e |AE|{2{} h/lev FT T T T T | L [ LI ID;d?SFd'I-U?D
- o "4 4000F o — 40 =
2s00f D’ — K 7t : - D o> K '
"N Single 7 -3s00f Single :
Ezoon = tags — 3000} tags 3
=~ F 1 -2500F s
o 1500— — § ]
S 1 2000 :
21000 pATA - 1500F DATA 3
= - . . - (Prelim.) .
@ soof (Prelim.) 1 1000p 57 ob-! E
- ~57 pb'! 1 osoof " E
D: oo OO . OFIIIL‘]llll‘lllllf-l.l-'lh-l‘--illll
183 1.84 185 186 1.87 1.88 189 183 1.84 185 186 1.87 1.88 1.89
DO candidate Mass (GeV) DO candidate Mass (GeV)
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Absolute Charm Branching Ratios at Threshold - 3
ICHEP ABS8-0775

Preliminary
R UL B I L IR
100~ Doubly '
Tagged
80~ D™2>Kmrtnt,

D>K'n

—-—
N B B B B B BN B B

183 184 185 186 1.87 188 1.89

N L . _ Lo M(D) (GeV/c?)
D ">Krrn,D —-Knrnnr D candidate mass (GeV)

Tagging effectively creates a single D beam
#X Observed

efficiency for X e #D's Where # of D’s = # of tagged events
ICHEPO4 Plenary 8/20/04 lan Shipsey 13
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ez A Dsolu

= i{f

Single et % e~
tagged D ® D°
o T
— -+
N=2NyBg « .

Technique pioneered by Mark III
5 modes, combined y? fit extract 5 B; &
N(DD), convert to ¢ with Ldt.

te Charm Hadronic Branching Ratios and ©

ICHEP ABS8-0775 n*‘\(ﬁ(’

Z
Double et “5*% - e
tagged D .é)-*c
© T
K+
N’ ¢, )
e — N
4N, & ]vii N DDBi &ii

o (DE )required to estimate reach.

Parameter Fitted Value
N oz (1.98 +0.04 +0.03) x 10’
B(D' > K ') 0.0392 + 0.0008 + 0.0023

B (DO - K‘n+n°)
B (DO —>Knnn )

0.143 +0.003 + 0.010
0.081 + 0.002 + 0.009
(1.48 +0.06 + 0.04) x 10°
0.098 + 0.004 + 0.008
0.0161 + 0.0008 + 0.0015

=

Dt

D" > Krn'n" )

D

SN

D' — KSn*)

o(D°D") =(3.47+0.07 £0.15)nb
(D'D)=(2.59+0.11£0.11)nb
&( DD) =(6.06 £ 0.13%0.23)nb

CLEOc

o( DD) =(5.0%£0.5)nb (Mark III)
Cross section in agreement with Mark III

Meson factory figure of merit:

#B tags @B Factory  © (BB) stag J-Ld'[:500fb'l

=

3.64+0.05+0.17
2.05+0.03+£0.14
0.164 £ 0.004 = 0.006

B(D° —)K_n+n+n_)/B(DO —)K‘n+)

(
(
EDO —>K_7c+n0)/B(D° —)K_TE+)
B(D" > Kix")/B(D" > K n'n")

= ~1
#D tags @Charm Factory  o(DD) stag J Ldt=3fb"

BESII similar analysis using 8 modes.

ICHEPO4 Plenary 8/20/04 lan Shipsey
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el e
D° — Kn*n° o+
H—s—— o - 4
o] < PDG D-—-K =« ——+—
D™= Knnn Ly ¢+ CLEO-C — -
Absolute o = BESI
. DY o Kt —e—|
Hadron}c —Knn Il 'l" ll | ) o
Branching D" = Kn —t———
. + 0+ _+ - F—e—
Ratio D'—->Knnmn H—=—
Summary — . 0 | o | % . T
D" > K'n'n — Yo 2.5 3 3.5 4
BESII BES (preliminary)
CLEO-c. DY 5 Kn'ntn® et | y .
. . . . . . . . CLEO—c (preliminary) + — et T
% 4 6 8 10 12 14 16 18 o D' >k nm
i — . Most precise measurement.
D' Kt CLEOe prelmnasy) S For many other modes
PDG 2004 MARK statistical pI’GCiSiOl’l 1S
crzom MARK I similar to other
v m; measurements entering
. . | the PDG average.
AR('}US T 1 60 % S_-D - lf-J_O - LE-.O B
3_-20 - 3_;10 - % - 3_-80 4_50 4_-20 } Decay oB/ B(%)
PDG CLEO —c
Agreement BES /CLEOc /PDG is good. D s K1t 24 0.6
Outlook (my gstimgte) for 3 fb! ::> D' S K1zt 6.1 07
DO D* systematics limited. . . .
ICHEPO4 Plenary 8/20/04 lan Shipsey Dy > ¢ 25% —>12.5%(BABAR) 1.9 45



fy.from Absolute Br(D"— p*v)

B(D" —>uv)l/z,, Wz+ v, 2
Am, :(COnSt-)[de\/ ] |th| | tb|2

Vel

i

\I—l'/g
/—-\‘

V
Bd ICHEP ABS11-0776

By

Hadronic «— D' D+

tag

. 4
Wz _( E —F ) ( )2 Wags 26573 preliminary 2400 preliminary
beam Drag' " A7 Signal8  CLEO-c BESII
| ' C ! Bkgd 1.07£1.07 0.25 (2004)
N 0 - -
> gl L D —>K°72ﬁ B=(3.5+1.4+0.6)x10* B=(0.127002"000)%
S j fpo =(QOIEAIEITIMeY £, =(365°2) MoV
o | ] : BES
S 0l ‘ N Lattice 2004
o5 Foos oo o0 ~57 pb-1 —t— + CLEO-c
= I 8 signal . bt » Isospin Mass Splittings
D - . : Potential Model
= candidates
L 10 i . s [ ] Rel. Quark Model
e . D H Vv = LQCD error 10% QCD Sum Rules I
—e—  Expt. 22% * QCD Spectral Sum Rule
== | oy ' - MILC
olo el o o QL —e—t » UKQCD
0.00 MMZ(GCVZ) 0.50 150 180 210 240 270 300 330 360 390 420 450 480 510
Ch dD D Constant (MeV
with 3fb™ : £, t02.3% f,, to 1.9% @ /s ~ 4140MeV’ arged & Decay Constant (MeV)

— M"I'V 1 track p consistent no showers

BES I: 1 event (1998)

Mark 111 <290 MeV ——

D




Absolute Charm Semileptonic Decay Rates

'V exml®
dF G2 2 3 28 12 4/ .
f a ---l<
i 24 Vel PelE@) == QP

I. Absolute magnitude & shape of form factors are a stringent test of theory.
II. Absolute charm semileptonic rate gives direct measurements of V_,and V_..

ITI Key input to precise Vub (B — /v FNAL unquenched)

(327+07o+022ﬁ§ 0~ Vi
/' Stat Sys 5

Typical exclusive -
Vub pres'ented T I V Theory error
by A. Ali. >20%.
HQET
J

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

2) BaBar/Belle can extract V , using tested LQCD calc. of B—>n form factor.
3) But: need absolute Br(D —nlv) and high quality dI" (D —~rlv)/dEnt neither exist.
ICHEPO4 Plenary 8/20/04 lan Shipsey 17




CLEOIII  Use D*>Dn Do rlv/Klv

. =T)*_
at 10 GeV. Observable: Am=D*-D R ate & Form Factor
VvV reconstruction

400 e - -ﬂi}-’U‘iUd UU1
1200 Low q2 Bin b Low 9 'Bin| 1st measurement of a form ICHEP ABS8-0781
> 800! C.L.=38% |> C.L.=43%] factorin Cabibbo suppressed
= a00l 12 D semilpetonic decay.
< I3 dT (D - Ptv) G;|V,[ P
2 0 12 Note: 2 -
81200_ Mid q2 Bin —g absence r.1|1crl.q[.,.,.1.]. - |24 30?-3454:::::9
2 gool CL=28%]9 of kinematic === e Data ' - Quark model
S8 |8 t. S |sGW2 @ Light Cone SR
400 - separa 1?;1 g - Mp* )pole E3 Lattice QCD |
0 o = i v-,rA i 'r,u’?f/???? -:: - _% .
% nghq Bin] T dl'; -4 T Tev |7
= CL.=7% _— dq - DA T ¥ ]
~ 2020 + =
o S [ 1 1
5 g [ Kev T et
Lll: |||||||||||||IﬁllII|IIIJJ|||I_
0 0.8 16 0 1 2 3
| ( ) o (GeVd) ——»
wev
[ 7ev) o | oo =0.082:£.006:£0.005 CLEO
) = ev
[(Kev)' 3 (Kev)
g FOPVL
ow) T t 2 : ~ 0,038 30000
SRR LR R . R A () AL ~0.007-0.0:
008 1. - - v m s e e s g/ oo fﬁ(o)‘ (Measure of SU(3) breaking)
+
- A big advance in precision! =0.86+£0.07%0.05+0.01

K
ICHEPO4 Plenary 8/20/04 lan Shipsey f+ (O)‘ stat syst CKM 18



tag «D
D—|K/K Iz/ple'v

Absolute D Semileptonic

Branching Ratios at Threshold
ICHEP ABS8-0781

CABIBBO ALLOWED CABIBBO SUPPRESSED
% 180 data {dOtS with error bEIl’S}
e e e
140 0 —
D —>rev
100 Note:
N kinematic
separation.

E P -0.05 o 0.05 0.2 0.25 0.3

_ miss miss ulE,. U
- miss miss v
@ 25
= L data (dots with error bars) : d
= 1 ata (dots with error bars) 1
= [ D” MmcC (red} FlrSt |:: McC {red}
= r agreen) . areer
2 2° | o mc @lue) Observation D’ MC (blue) (_D
[ cont. MC (black) cont. MC (black) .
15 | 0
L = _oF
D —>pev .

10 DO —> K*_€+V

Areuiun

o = N W & 0 O

0
-0.2 -0.1 - 0.1 0.2 -0.1 -0.05 (0] 0.05 Ll 5 0.2 0.25 0.3

U=E,_, GeV) U=E, . )
ICHEPO4 Plenary 8/20i Umiss Shipsey Umiss
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tag <D Absolute D’ & D* Semileptonic

D—|K/Kg/z|e'v Branching Ratios at BESII

{ \";_
~ T e |
d

+ 0 _+
- | . D" —>Ke'v
(a) 0 - + ; 1
D —>Kev 4 A
10 4 5| 05 -
11 o .
1.81 1.85 1.89 1.81 185 1.89
s | k 1 ”
0 M L. il °sT H
3 (b) . ?1.81 1.;35 1.89 (‘:.81 1.;35 1.89
- +
D —>rev . .
2r N 05k H 05 | E
1 _ 0 L 0 L
H H HH 1.81 1.85 1.89 1.81 1.85 1.89
u 1 | |

-0.2 0.2 0.4

Kge" recoil mass (GeV) preliminary

miss GeV
Experiment BES II MARK IIT PDG2004
MO > Kev) 1.15+0.29 £ 0.09 1.44 £0.62 1.4+£0.2
Hep-ex/0406028 rD' 5K o) 13202940 44 +0. 4+0.
Phys. Lett. B597 ;
(2004) 39-46 preliminary

Longstanding puzzle in charm decay, ratio should be unity (Isospin),

New BES II result moves ratio in the right direction.

ICHEPO4 Plenary 8/20/04 lan Shipsey
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l-: f.l"'.

e

2w, Absolute D' & D* Semileptonic Branching Ratios
Summary BESII & CLEO-c

‘BES = ® i BES [ ® |

0 -t 0 - +
D" —>Kev D —>rev

CLEO-c —t+o+— CLEO-c H—"—

MARK Il o MARK I ¢

PDG2004 PDG2004 H ¢ f
Lo ' ‘ ' : 0 02 03 04 05 06

& 2.5 3 3.5 4 %

BES II/CLEO-c analyses in good agreement but statistics limited. For 1 ¢ v CLEO-c
is already more precise than PDG. With 3fb-! stat error on mev will approach 1%.
DY->pYyv has been observed for the first time: useful for Grinstein’s Double Ratio.

Experiment Br (DO — K’e*ve) (%) Br(D0 — ﬁ’e+ve) (%) | Br (D+ — Izoeﬂze) (%)
BES 3.82+0.40 £ 0.27 0.33+0.13+0.03 8.47 £1.92 +0.66
CLEO-c 3.5240.10 £ 0.25 0.25 +0.03 £ 0.02

MARK 111 34+0.5+0.4 0.399% + 0.04 6.0 £0.7
PDG 04 3.58+£0.18 0.399% + 0.04 6.7+0.9

B(D’ — pe'v)=(0.19+0.04+0.02)% B’ —>K e'v)=(2.07+0.23+0.18)%
ICHEPO4 Plenary 8/20/04 lan Shipsey
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“UsE. P

miss

T a

: f
T Do
-dp,

lv
+

CLEO-c

MC

0.z

p. (GeV/ c)—>

p, (GeV/ic) —

A4

1.2

CLEO-c/BESIII PS — PS &PS — V absolute form factor magnitudes & slopes to
a few%. Note: LQCD most precise where data is /east but full g2 range calculable.
>Need LQCD FF with few % precision before these measurements are made.

[(D* »nlv) /T(D* —lv) independent of Vcd tests amplitudes ~2%
[(Dy—onlv) / T(Ds~lv) independent of Vcs tests amplitudes ~ 2% 3ot L

D" > K™ €"0 §Ves /Ves = 1.6% (now ~10%) D’ = 7z"e'v §Ved /Ved =1.7% (now: 7%)

Tested lattice to calc. B semileptonic form factor, B factories use B—nlv for precise Vub

B—nrlv shape is an additional cross check.

ICHEPO4 Plenary 8/20/04 lan Shipsey
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Unitarity Tests Using Charm

d s b
(dN (Vi ViV ) (d) o -
S'|=\Va Vs Vi |58 ‘IO : uc=0
' t
b)) \v, v, v, ) \b) )

TR

4 uctp [VudVed! = |VubVcb*|
/

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

ICHEPO4 Plenary 8/20/04 lan Shipsey 23



Charm Inclusive Semileptonic Decay at Threshold

From 57 pb-! of y(3770) CLEO-c data: Preliminary

Y (4S) measurements

are systematics limited.

)

L]
o
o

)

B

-
tn
=]

+

H

Number Of event /(50MeV/c

CLEO-c DATA

PR PLOTS NO
m Br YET -
DY —> Xe'v
L

0
0.2 0.3 _0.4 0.5. 0.6 _0.7._ 0.

g 0.9 1

Electron Momentum (GeV/c)

Stat. Uncertainty ~ 0.6%
PDG: BR = (17.2+1.9)%

S
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Number Of event /(50MeV/c)

90

g0

~1
(=]

oy
(=]

t
1~}

LY
(=]

W
1=]

N
[=]

L
(=]

JF

Qo

ICHEP ABSII-077;

[ CLEO-c DATA ]

'
+

D° > Xe*v T+, i

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Electron Momentum (GeV/c)

Stat. Uncertainty ~0.5%
PDG: BR = (6.75+0.29)%
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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 B Decay =» missing energy
= W (100 GeV mass scale) from experiments at the MeV mass scale.

The existence of multiple fermion generations appears to originate at
high mass scales = 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~ o _ o mixing <102
Rare decays <10

charm 1s the unique probe of the up-type quark sector (down quarks
in the loop).

High statistics instead of High Energy

ICHEPO4 Plenary 8/20/04 lan Shipsey
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D Mixing
| Mixing has been fertile ground for discoveries:

# & CKM factors o«@® 2 h

cs C
T o Mixing
0
: > ‘K0> same order as Tyyo, [~ rate ~1

T 1..S 2u _

Mixing rate (1958) used to bound ¢ quark mass =2 discovery(1974).

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

_ o wo s dominated by top o (m? - m_?) )/my> = Large
By > |87) B lifetime Cabibbo suppressed ocV Mix
veowe Mixing also Cabibbo suppressed (V 4?) 1X1Nng

Mixing rate = early indication m ,, large rate ~1

. | _ | CKM factors «®_2? ~ 0.05 Mixing
P > ) (Bramai e Wy, Vg, nieelizislle) rate =0.05

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

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



Theoretical “Guidance”

~_ SM Mixing Predictions x mixing: Channel for New Physics.
§ 1.00E+00 Vrd.rs' W Vnd’.m
- 1 D0E-O1 1 3 57 91113151&?192123252?29313335 ““““ B
bome i e e
S| ey, R | Vi W Vi I
i & a
g S, s y (long-range) mixing: SM background.
— &
o) .
c b
= y=AT'/2T" x=AM/T] ‘ Do) . . |50> . AF
£ Y= _2F
current
experimental Peferon b CPeven
sensitvilty: 1 New Physics Mixing Predictions e W
o y 9 New physics will enhance x but not y.
[T} 13 5 7 9 11315171921 23 25 27 29 31
© 1.00E+00
; 2 2
g 100E01 |, ‘\A ved "Thbe Rmix E%(X ‘|‘y )
Q. iooec2 |~ - T T 7 e i it i M
% 1 D0EL3 ! . ol .. ..
W | o rooeos |+ . SM mixing predictions ~ bounded by box
Q| T mesy . diagram rate & expt. sensitivity. New Physics
© . e . .
> :EE: +4 predictions span same large range =» mixing
S| 1omee x=AM/T is not a clear indication of New Physics.
= 1 00E-08
E Reference Index No CP-violating effects expected in SM.

CP violation in mixing would therefore
be an unambiguous signal of New Physics.
ICHEPO4 Plenary 8/20/04 lan Shipsey 27
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Y

Status of y
More recent analyses allow for
_AL Fepr ~Tepr CP violation comparing: == <
2 T+ No evidence for CPV is found.

Easier, measure CP-even Y =ycosgd, AY =xsing

decay relative to DO->K-7*:
(1/2 CP even 2 CP odd)

B T(DO — K_7Z'+)

(=
o

/

7(D* > K‘K*)T(F N KK)

Yer = 7(D° —>K‘K+)_1 6.

YCP (%)

Early FOCUS measurement

with non zero yqp: 0.00 |

DL D R
i _' 1 -6.00
109 3

m’é— KK

events/200 fs

10!

P ) SR EEPES S e .
0 1000 2000 3000 4000

t' (fs)

T(DO > ) T(DO — 7r_7z+)
N~
The observables become: 402
[@ [ RN
3
I take ¢p=0 in the average: .
(¥ep)=(0.9£0.4)% ¥ |
I , I
N L [= = = = = = =3= = - - i
............... - *T
* 02 Mg
X =M1,
yep
E791 (0.8 +2.9+ 1.0)%
FOCUS (34+1.4+0.7)%
CLEO (-1.1 £2.5 + 1L.4)%
Belle 01 (—0.5+1.0+0.8)%
BABAR (0.8 +0.4 )%
Belle 03 | (1.15%0.69 % 0.38)% 08
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Search for D Mixing in Semileptonic Decays
Two new measurements presented at this conference sensitive to
D** decays: D** — DO+
*Flavor at birth is tagged by pion from D*

D" —»DOrn" decay
*Flavor at decay is tagged by lepton

X" +y°

RS Right-Sign unmixed decays

The mixing rate is given by
x*+ y? )

D*-_>f)0 Tc-tag t 2
_ FWS(t)z{exp(—% j} 7
DY TDO

L K'ev
A A

Quadratic time  mixing
dependence rate

WS Wrong-sign mixed decays ' #5 (") = {eXp (_ %Do ﬂ
I

D™= DOr*, Belle 140 fb! </
— DO N K(e/,u)v ICHEP ABS11-0703 =

Ty e Main observable: Am =m(m, K (1) - m(K (1)
Ly i
T tag e Counting Method : Fit WS and RS numbers.

|_’ DO — K-e'v Neutrino reconstruction
Proper Decay time:
WS background: 5(t) +e %" v.s. WS signal: t2 . e /7
Cut on proper decay time = improve WS signal purity

CUT:t>15m 26
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5000+

40007

30007t

20007

1000+

0

Search for D Mixing in Semileptonic Decays

unmixed

FIT
BKG
v* =69.5 /38 DOF

0.16 0.

o Am [GeV] +
Am=m(D")—(D")
N =40198+329
_ Nunmix o &
e N, & mix

450+
350¢
300¢
250¢
200¢
150¢ FIT
100¢ BKG
50f v} =37.9/38 DOF
°%.12 0.16 0.
Am [GeV]
N, =19%67

R . <1.4x107 at 90% CL (stat + sys)
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wmix. — (0.20+0.70)x 107 (stat)
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Search for D Mixing in Semileptonic Decays

o ICHEP ABS11-0629
Unblnned extended maximum likelihood fit to transverse lifetime and AM = M(D*)- M(DO) with
15 floated parameters D>K and K* e v continuum events 80fb-' ON 7.1fb-1 OFF

~ mixed
Bio00] / Unmixed g 450~ AM projection m pe signal
e r _ _ < a00 | B Peaking DY
ZSo00 |~ AM signal region £ T [0 Random D}
5 [ E _ ¢ B Random DP
LTM000 — 300 [ Zero Life
- Note very 250 :
3000 B different - i
2000 horizontal 2% ;
- & vertical 150
1000 — scales 100
0 0.14 0.145 0.15 0.155 0.16 50
deltal‘vgss {GeVic2) ] | . | | ! ! ! L
Am m(D ) . (D ) 0.14 K 0.18 D ﬁ@( ev.fczoj24
Unmixed DO yield: 49620 + 324 evts (stat) m = m( ) ( 5
R _=N_IN, _ *N(mix): 114 + 61
RmiX:O.0023i0.001 2(stat)=0.0004(syst) (=57 probability of getting

R . <0.0042(90% C.L.)
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a larger result for R,,=0)
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)
L
LA L

o
L ——

-0.1

Rmixz%(x2+y2) E

_G‘E i | i i

FOCUS result is unpublished

M. Hosack Fermilab Thesis 2002-25.

ICHEPO4 Plenary 8/20/04 lan Shipsey

— K'Wv (FOCUS)

— K'e7v (Belle)

— K™y (BaBar)

— K[ v (E791)

— K" eV (CLEO)

Year Expt. R, .
90% C.L.

2004 Belle <1.4%x107

2004 BABAR <4.2x10°

2002 FOCUS <1.31x10°

2002 CLEO  <8.6x10”

1996 E791 <5.0x10°

BABAR & Belle are adding
more data and expect to publish
improved upper limits soon.
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ICHEP ABS11-0704
Sensitive to both x and y, and linear in y.

M . Search for D Mixing in D>Kmn |Vcs| |Vcd| ~cos* @ < .

Best constraints come from this mode. Do @ @ )
=> Cabibbo-favored decays
“‘wrong-sign” (WS) => Mixing or doubly N
Cabibbo-suppressed decays. |V0d| |VuS| sin 9 ’ K*
WJs
0
D mixing DO TC_
(x°+)?)

doubly Need to fit in order to
BETTG Do distinguish mixing (both x and y) from doubly
suppressed Cabibbo-suppressed (DCS) decays:
(Rp)

v r(t)= R + /R y "t+ 1 (x’2+y'2)l‘2 e’
DCs ~ g
%‘Wrong Sign” 1nterference mixing

Complication: phase difference, &,
CP Violating effects are measured between and DCS amplitudes can
by fitting p° and D° separately. lead to observable quantities x”and y/,

related to x and y by a rotation.
ICHEPO4 Plenary 8/20/04 lan Shipsey 33




o0p  Lhe Wrong Sign Rate .;BE

D 5 Dt Observables: ® M = M{K, )
Right sign: D’ — K 7+ 228K o Q= M(K", 7~ mgow) = M(KT, 77)
3o cuton Q 070 $l
Q i . ii B Combinatoric 0.68 I
5 400 | Wrong sign B Random © z I . I
f _ 0.50
N D' > K'x [ Do 3body l
S Y007 845+ 40 BD,D" 3body 040 |- - - - - - - 9. .. o e g o - T
= : [ Signal I 1---+--- A
€4 I
[ Kn | K'm Rys [%] Ap [%]
100} E791(66) | 5.6K |notquoted |  0.687°%+0.07 _
ALEPH (67) | 1038 19 1.84 £ 0.59 + 0.07 -
0 FOCUS (68) | 37K 150 | 0.404 + 0.085 % 0.025 -
1.825 1.85 1.875 1.9 CLEO (61) | 13.5K 45 0.332°9%9 10,040 —2t 4]
2 statistics of previous Mass (GeV) Belle (63) 83K 845 0.371£0.018 —8.0+7.7
easurements P BaBar (62) | 120K 430 | 0.357+0.022+0.027 | 9.5+6.1 +8.3
r(D 0 K ) Average 0.368 +0.021
—> T
. 5 —— = (0.371£0.018)% ~ tan* 0.
(D’ —>Kz") (Rys)=1(0.368+0.021)%

gB(DO > K'77)~1.4x10""
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0.02

) ) v
All Simulation ~
/ W
! =
g / Mixing(t’e™) =~
."'.l ."'l u

/ 4
/ _DCs(e’)

Courtesy : Ji Lin

R R
A

\Inte rference(tee”)

no cpv (stat. only) -
no cpv

cpv (stat. only)
cpv

bhe o

e B e e e e e

)2

X x10

0.04 0.06 008 0.1 5

300 - Data J{ % Dﬂ_}ﬁ T A
_ MMl Inteference '
: Fit to WS |:| 1!11”15{ i
200 Y DO & D3body

Combinatoric

2000 4000
Proper time (fs)
05% C.L. interval
(x10-3)
—250 < Ap < 110

Fit case Parameter

(decay) Ap

CPMMixing)4 ;, —991 < A,; < 1000
' 2" < 0.89
Y —30 < o <27
no CPV 2" 2 < 0.81
Yy’ —82 <y <16
Rp 2.7< Rp < 4.0
" This is a substantial improvement on previous results.
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Mixing Summary

Combining all results:

o 0.2

S

o

2

CP conservation ,”

. L
1s assumed. 0.1

No statistically
significant evidence

for mixing has yet been
found.

CDF expect a mixing
result using D= Kn  -0.1
soon.

Important to measure
d can be done at a

-0.2
charm factory.

2004 update for ICHEP

" Lkt [BaBar)
D —= KTy fFGCUSJ
0P = KRt {Average)

World
95%CL

X-y

World

] 0 0.1
x=AMT,

ICHEPO4 Plenary 8/20/04 lan Shipsey

95% CL y

L:” — K~ (Belle)
D — K'n (CLEO ILV)
0’ = K (FOCUS)

G. Burdman and I. Shipsey
Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076 (updated August 20 2004).
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CPV 1n D Decays

I’ll ignore CP violation in mixing (as it 1s negligible).

CPV via interference between mixing & decay (DY only)

(=) 06>

Very small in charm since mixing is suppressed  Time dependent since
(1.e. good hunting ground for New Physics). mixing is involved

Direct CPV Experiment concentrates on this

[(Z>)# L( )
4 = I(f) —r( ) 2Im@ Ain < 10-
C(N+T) |4 4| +2ReAAcos(5 S5,)

2yeak amplitudes with phase difference — strong phase-shift
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Direct CP Violation
Im| V, V. V. Vo | P

: . P
SIN O,y == A’nAtsin S, = <107

cS  us

Acp =

12

In Standard Model Direct CPV only for Singly o 3
Cabibbo suppressed decays. Standard Model Contribution A, ~ 10

1) Consider D° — mtn- New Physics up to ~1%

(same for K*K= KK 1", (|)7T+9K*K:% If CP~1% observed:is it NP or hadronic
KK e, e, etc...) enhancement of SM? Strategy: analyze

’ ’ many channels to elucidate source of CPV.

4 N | 3\
Since this decay is * _- 2
C Al =—,
D® _ Singly Cabibbo VeV ua 272
u Suppressed. . . ﬁ ﬁ
different different
weak strong
...we can modify phases phqses
D O_C it’s topology in are likely
u a simple way to @1
. *k
get a penguin. VCS Vus Al = 5
\ AN ]
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Search for Direct CP Violationin D" — K K7 €

79.9 bl ICHEP ABS11-0629

Three A measurements: (1) KKn (2) ¢ =, (3) K*K ~43,000 events
relative to D,* — KKn as control [Cabibbo favored hence no CP]. A = DD ) - (D0 f)
T (D> f) + T(DY— f)

D /D > K'K '

-025 -02 -015 -01 005 O 005 01

3 | I | I
x1 (b)
“E S ‘*‘E 9| ] +0.013620.010120.0110
> > 1 (BaBar 80fb” PRELIMINARY) [
o 4 o 4 4! :
G o
S 3 © 3 i
S o ]
e 2 e 2 1 0.0140+0.0290
= = 1 (E791) —=
2 1 2 1 :
;Jé 0:.|‘.‘.\HH\H.‘\H.‘l‘..: ‘|HH\‘.‘.\.‘..\.‘..\.‘.:
1818519195 2 1.81.85191.95 2
(K'K" 7*) mass [GeVIc2] M(KK) 045 01 005 0 005 01
025 -02 015 -01 -005 O 005 01 015 0.2 025 02 -015 -01 -005 © 005 01 015 02 025 -
I‘III|ff‘||||f1llllll"‘|| ||"|'|IIII|"|'|III||"|'|III‘ |'II'|'I'I|I"I|I'I'|IIII II|I|II|I|I|I|||lllllllll ACP(K K+7T+) % )
+0.0024+0.0145+0.0080 -
(BaBar 80 ﬂ:)'1 . BaBar80f 1 ,00088:0.0167+00080 |  For @z & K ‘K
PRELIMINARY) PRELIMINARY)
| | significant
improvement
+0.066+0.086 (E687) . - -0.1200.130 (E687) :
OVCer Previous
! ! ! Loy ! l | Lo b Lol leiiilenil

1111 1111 1111 111 | 1111 11 11 1111 1111 | 1101 I||I|I|I||||II 1101 111 [ || -
025 02 015 -01 005_0 005 01 015_,02 025 02 015 -01 005 0 005 01 015 02 025 measurements.

% Acp(.‘j? TC_) % Acp(K K) 39



28, Search for Direct CP Violation in D° > 7'z~ , K"K~
%  ICHEP ABS11-0535 Mode 0o Do

D* to tag D flavor. Measure relative to D°>Kn  123pb’!
Cabibbo allowed mode (Acp=0) as control).

KK | 8190 £140 8030 £140

. 0 — (DO 3660+69 3674+68
Time integrated op = F(D —f ) F(D_ —f ) i
Most recent (& precise) result. (D= f) + (D= f)
CDF II CDF Il 5.00
s | DYoDx S | D" Dz, g _ - + |
%5000-— o e %5000- 0 . 8
p D > KK < D >n'r S D A S G
@ 4000f- 16220 -§ 4000 7334497
E3000I— LESOOO— 0
o) | - <ACPKK> =(1.2+1.0)%
2000} I [ 2000f- '
mT \*‘-‘-.-__;5' 1 / t00f 3 6";’3 . i .
N F N J \ 5
....I....|....:“T—T-... 'I...|\‘:‘L.‘"-‘“-“‘-’ir | Toeoa S = = f = = = = # = = = = o - = om = - -
1275 18 185 1.9 195 78 1.8 1.821.84 1.86 1.88 1.9 3] 4 Jf }
KK Mass [GeV/c’] ar Mass [GeV/c’] 000 /==L - a o R R g
0 _ _
A D” > KK Acp D’ > n'r I
-6.00
CLEO (0.0£2.2+0.8)% (1.9+£3.2+0.8)%

(Acpmj =(1.3+£1.2)%

E791 (-1.0£49+1.2)% (-4.9£7.81+2.5% Time dependent measurements can

FOCUS (=0.1 £2.2 + 1.5)% (4.8 +3.9+2.5)% distinguish Qirect & indirect CPV.
_____ i oo T e CDF plan this. BABAR/Belle (2003)

CDF 2.0£1.7£0.6)% (1.0 1.3£0.6)% found no evidence for indirect CP
ICHEPO4 Plenary 8/20/04 lan Shipsey at the 1% level (see y status slide). 40




Rare Decays

FCNC modes are suppressed by the GIM mechanism:

D’ > ete” (B ~107%) > A e T
5.d. A
D" = p'u (B ~3x107) —— N
|~|l|||l

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

R-parity violating SUSY:
B(DO — e+e_) up to 107"

B(DO > pﬂu_) up to 10°
B(DO — eipﬁ) up to 10°

(Burdman et al., Phys. Rev. D66, 014009).
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0 — - F +
Search for D” —>e'e™, "1, e* uu 5
1216 ! ICHEP ABS11-0964

Reference channel:~ 10,000 Search channels Sideband 121.6 fb"
events in search window ; ™ Large background.s,
(depending on final state). [e e 3 evt BdBAR only D final states are
- 1 preliminary tractable in e+e- at
ST DL TILL 0 10Gevsofar

L1000 [ - L L . Use D*—D tag.

%: w0l f M H 1 evt Measure relative to

S L D >r .

3 TR T .

5 400 = mode ULx10

£ - E—E_u- 0 evt

N
=)
=]

o

b 5 - prev
e 1
T S | e 12 62
[GeV/c] ] T A : :

mass(m,m" GeV o N
. et 0.81 8.1
W A et
0 Big
DY @ TC_ D S’d’bl e v Improvement!
M C 0 .
D —>e'u
standard model rate ~ 1073 standard model rate ~ 1013 (10-23) ,
forbidden.
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Rare Decay Summary

Sets MSSM constraint

10
Presented at August
.| this conference 2004
107 | |
107 b .
A . ® ®
° L .
»®
v
107 . * :
107° F ).( ! * 'S =1 : K ]
+2H +i~—~ +1~—~+1~—~+i~—~+i~—~
TR R R R
107 oo HE HE e € B L B
|
é I t ® Experimental 90 Percent CL Upper Limit
iz ' 'w '1% ot Previous Limit
107 W& o +1§ =_ @ L@ | A Previous Limit (COF) |
165 14 1@ 14 to 10 | Y R-ParityMSSM-1 (hep-ph/D112235]
o X o T o T o g +F + 9 Y R-Parity MSSM-2 (hep-ph/0012116)
14 O— 0= 00— 0= 0= 0= | m SM-1/{hep-ph/D112235)
101 SM-2 (hep—ph/D106333) 1
. ¥ SM-3 (hep—ph/0104236)
B =
zero 107
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Close to Long Distance Predictions

For D" all charged
final states are
well-suited to fixed
target experiments
FOCUS has best limits

Expt. sensitivity 10->-10

Just beginning to confront
models of New Physics in
an interesting way.

Still plenty of room
for New Physics.

Outlook: bright
CDF, B factories,
charm factories,
BTeV.
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Design

* Two ring machine
* 93 bunches each
* Luminosity
1033 cm™ s @1.89GeV
6x 102 cm? s @1.55GeV
6x 1032cm? s @ 2.1GeV
* New BESIII

Status and Schedule

* Most contracts signed

e Linac installed 2004
_ * Ring installed 2005
; ) |  BESIII in place 2006

B 3
o =2
i

L e
i . . £ - Th. =
%'%*#—WE——' s i gt
—— —— = = e

 Commissioning
BEPCII/BESIII

_ beginning of 2007
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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.

In charm’s role as a natural testing ground for QCD techniques there has been

solid progress. The start of data taking at the y(3770) by BESII and CLEO-c
(and later BESIII) promises an era of precision absolute charm branching ratios.

The precision with which the charm decay constant f},, is known has already improved
from 100% to ~20%. A reduction in errors for decay constants and form factors to
the few % level is promised.

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

need detailed data to test against. Charm can 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/BTeV 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.

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

ICHEPO4 Plenary 8/20/04 lan Shipsey
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1tter :
1000 fb™
CLEC-c

ICHE| 5



- Results | did not have time to cover:

 Measurement of lS’(D:+ — D'’ )/B(D:+ — D:y) [11-0953]

» Relative BF of Cabibbo-suppressed A: decay modes [11-0963]
. Study of E, > Q K" and E, > E 1" [11-0038]

(See excellent talk by Matt Charles in Parallel Session 11 HQ(5) for details.)

For more detail on results presented see talks in HQ(5) & HQ(6) by: Alex Cerri, Matt Charles,
Jiangchuan Chen, Yongsheng Gao, Ji Lin, Milind Purohit, Gang Rong, and Anders Ryd.

Two recent S. Bianco, F. L. Fabbri, D. Benson & 1. Bigi, hep-ex/0309021.
reviews: G. Burdman & I. Shipsey, Ann. Rev. Nucl. Part. Sci., 2003, hep-ph/0310076.

Thanks to the BABAR, Belle, BES II, CDF, CLEO/CLEO-c, and FOCUS collaborations for
producing such beautiful results. For their help providing plots and information for this talk thanks to:
BABAR: Matt Charles, Milind Purohit, Jeff Richman.

Belle: Tom Browder, Ji Lin, Bruce Yablsey.

BESII: Jiangchuan Chen, Fred Harris, Gang Rong, Li Weiguo.

CDF: Alex Cerri, Stefano Giagu.

CLEO-c Yongsheng Gao, Nabil Meena, Anders Ryd, Batbold Sanghi, Seunghee Son, Victor Pavlunin.
FOCUS: John Cumalat, Will Johns, Daniele Pedrini, Jim Wiss.

CKM Fitter: Andreas Hoecker, Lydia Roos.
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Additional Slides
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high precision determination V ,, V,,

Vi Vi

ts?

Precision Quark Flavor Physics

V... V.4 & associated phases.

cs?

Over-constrain the “Unitarity Triangles” - Inconsistencies — New physics !

Vi Vs & V, best determined due to flavor symmetries: I, SU(3), HQS.

dVus/Vus =1%

dVes/Vces =16%
1o
SVts/Vts 39%

B, ==& B,

<!
=

Charm (V4 & V) beauty (Vub, Vtd, Vts) poorly determined. theoretical errors dominate.

SVub/Vub 17%
<

B =% TVLeiv

SVeb/Veb 5%

¢'< I

BQB

dVtb/Vtb 29%

11—

Precision measurements in charm, especially absolute rates can calibrate QCD techniques

The
goal
status
dVud/Vud 0.1%
CKM < °
. n=——-<s= "V
Matrix 1 . ’
Current
Status:
dVtd/Vtd =36%
B, == B,
elP
Solution

greatg// improved CKM precision.

ICHEPO4 Plenary 8/20/04 lan Shipsey

that will enable precise new measurements at Bfactories/Tevatron to be translated into



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

td

B, —> B_d mixing
Vo

o

Ve

l/
td
Am, = (const.)fBdeBd |th |2 |th |2

SAM,

AM , =0.502+0.007 ps’ =1.4%

d

Typical
2B, = 2 2 JLattice
£,2B, = (223 iMeV\%alue
Vigh{Viol = (9.2 204 £ 0:8) 10

(15-20% error)
if f,,/B, was known to 3%

|th ||th|WOU»1d be known to ~5%
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B, & B, mixing & Charm Decay Constants

= ALEPH,CDF,

1 B — B, mixing DELPHI,OPAL.SLD

b A 5
B! wer ' B! @é (lattice)
[ [ 5 5
bAM \/BBded PVM‘:|
oC
AMS \,BBS st Vts

6/ £~ 6-8%7

Dominant error.

World
Average

Ams<14.5/ps

fs4 f5, Inaccessible

ywmﬁ

2
—> ,uv)/rD&) = (const.) f .

fo. fp, accessible

'V

D+

B( (s)

Vcd(s)

| Lattice = f/fy; & f/f}, with small errors
f/fp, (expt.) tests £/t (LQCD) & gives
confidence to f;/f; (LQCD): precise ‘th ‘/ ‘Vts

fp/f, (LQCD) & f, (expt.) +AM > precise

Same for ‘Vts

Vi
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Role of precision absolute charm branching ratios

ALEPH, DELPHI,
L3,0PAL.BABAR/BELLE,

Vcb Zero recoilin B - D*I'v & B — DI'v ARGUS/CLEO
dr * 2 _
—mBoDINcF@Y L[ |[V,|=(41.6£09,,£1.8,,,)x10"
F¢=q¢.)= 0,9% (HFAG Summer 2004)

As B Factory data sets grow, attice &
& calculation of F improve  SUM rule | dB(D2>Km)/dB(D>Kn)
a limiting systematic: -> chb/ V,=1.2%

: : [(B°—>D"h
HQET spin symmetry test: (B® - ) 1

Test factorization with B — DD, r(B" D'/

Understanding charm content of B decay (n,)
Precision Z —bb and Z —cc (R, & R))

At LHC/LC H —> bbH — cc
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Ves ~1 Ved =sinf, -
P 5Vcs/Ves=16% 13%  13%  butdependson svcd/Ved 7% D &—m
D e W — hadronsVud, Vus,Vub ~ , 45 y7¢, ¢ su'v n
0D == v W—os W —s ( “ ’ “
0D —>Kev)=133|V [| X0 x10" [ | |
Lr ==L ) 10" s QCDSR | —e—i | QCDSR o —
0D -z ev)=301V [ fF(0)f x10" s
LQCD(1) f —&— LQCD(1) — ® =
BES use current
theoretical predictions with
errors estimated at ~10% LQCD() ¢ LQCDh@) °
K T
ﬂ (O) J(‘; (O) Best PDG2004 | + i PDG2004 ]
sVcs/Ves ~10% Determination | Y€8 08 09 1 11 12 1 Ved 02 025 03 035
with Klv
Not yet |Ves|(Expt) (theory) |Veal(Expt) (theory)
SVed/Ved =23% .- | BES(OCDSR) 1.0 +0.05 +0.15 0.25 + 0.05 + 0.05
competitive
n +0.06 4 +0.03
Note: Goal of lattice QCD BES(LOCD(1 ) 1.1+ 0.06%% 0.26 + 0.0570
few % error on BES(LOCD(2)) 1.18 + 0.067 0.29 £ 0.06 £ 0.03
K
ﬁ (O) ﬁ”(()) PDG2004 0.97 £ 0.11(W—>cs) 0.224 £0.012
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» CKM matrix elements Ves Ved at BESII &




E&21

) K*uv & D, — ¢uv form factor ratios e S

3 > E 5 12 o Ty o 2 circa 1999
2.5 o o =5| @ 8 o0 25 - n© ~ N
Wil o m <(_9 g + 2 . 8 (%
®*— - H- ——Q ————— e | ——*——Lu—— e .
1.5 T F ¢ — 1T I o ¢« =T -6 T —% 1 1.5 + 7 S
w |l o - = <Z:+ 0 v ' )| ¥
11 3 =0~ I . % J o c 1
oL I u < a *
0.5 | = m Lt N 0.5 [7))
4 7)) =
X =
0 ‘ ) 3
1.6 - - = 50 e circa 200
2 < 3 @) & o i
1.4 L 0 F = e} 2.5 54 ~
o o o2 Ol =z Z1a S 3 ~
1.2 2 - X < St ”0 L +] & s
1 L L o D o b | | | .5 :5: (2]
Sy ey iy gy oyl yruguny spuy iy sppurs SRNNERRCS- T
0.8 ——— — = I — — — — +«— 1 — ._..I_.__ p —u =
0 *‘ 0 *‘ 3 1.0 | n =
Q = || 0.5 T -
O 2 *
< | | 0.0 @,
ow ¢
o L %
< w

IC.

Results are getting very precise and more DSO_)(I)IV form ffctor should be within
calculations are needed. Absolute values 1070 of D __>K lv R2 for DS_Z(I)"’ .
of indivudual form factiors soon with was ~ 2® higher than D —K*lv until

improved precision promised by CLEO-c. ~ FOCUS (2004) .

i A I Y v gy

/T



Reference channel:with similar
s kinematics.

R R R
mass(pu,p) (GeV)
B(J/wy=2u",u7) = (5.88 £0.10) %

.
3
Lo
=
k5
Y =]
e

Search for D° — 'ty

Search channel:

3 events 1n
search window

N wf T T i
‘; 18 events X ' 6 events
(D] [ [ . \
> :
- i |
— 2 — !
Q_) [ 1
o | :
[7s) B
L :
j:'a I 1
o 1
Sl :

1.6 ‘

@EZIII

+need to know relative production crosssection
for J/yy and D

R(D%—pu*u-) < 2.0x10°
(90% CL)
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Three Types of CP Violation

2

—+

Decay (Ap)

|Ad] = |K£|
SM <107 SCS only

Mixing (Ay)

SM: Extremely small

Interference
between mixing
and decay (¢)

SM: Small because
mixing is small

Experiments focus mostly on A
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