&? The Role of Charm 1n Flavor Physics-
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from charm factory to superflavor factory
OUTLINE
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Testing the Standard Model
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Beyond the Standard Model
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S Big Questions 1n Flavor Physics
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up charm top
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Origin of Baryogenesis? down  sirange botiom

&P

Dynamics of flavor?

Connection between flavor physics & electroweak symmetry breaking?
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Cf Charm: The Two Roles

Flavor physics 1s in the “sin 23 era’ akin to precision Z.

I Role  Qyer constrain CKM matrix with precision measurements
b Discovery potential 1s limited by systematic errors

This from non-perturbative QCD

Decade

LHC may uncover strongly coupled sectors in the physics

Beyond the Standard Model. The ILC will study them.
The Strongly coupled field theories=> an outstanding challenge
Future to theory. Critical need: reliable theoretical techniques

& detailed data to calibrate them

The Complete definition of pert. and non-pert. QCD Goal:
Lattice Calculate B, D, Y, y to 5% (few years), few % (longer term)

Charm can provide data to test & calibrate non-pert. QCD techniques
such as the lattice (especially true (@ charm threshold)=» charm factories

i Physics Beyond Standard Model: D CPV, D mix, D rare
2" Role charm 1S a unlque probe of the up type quark sector
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1 The discovery potential of B physics
06 . .. .
1 is limited by systematic errors from
; 0-5 . QCDZ < | -
8 5 B =—=
0.3 / TC
] 2 2
Borx
Hloep 2 oo | £577(q) [ V]
only 1104
decays _ i i . L \ D
0
P icaints 0.3 0.2 0 0.2 0.4 0.6 0.8 10 Bd -:E‘ Bd
not shown 2 2
D system- CKM elements known to <1% by unitarity oC |: de :| ‘th

+ Br(B=> D)~100% absolute D hadronic rates normalize B physics:D—2>Kn
important for Vcb (scale of triangle)
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Istituio

=== Precision theory + charm = large impact
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Istituio
diFisle_ ...
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Precision theory + charm = large impact
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_ === Precision theory? Lattice QCD
— .
BEFORE o

Quenched +—— dmg - my
10-15% B

. . - p(1P-18)
pI’CClSlOIl —A— 3111]35‘3‘:-111Y
| Y(3s-18)
Y 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

\Easwr the 1st prediction Nov. 2004 .

Charm decay constant fo,
Harder- first test July 2005 ]

<— Hardest- Tests 2005/6

Semileptonic D/B form
factors
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A
N ”@E — T Precision Experiment? Yes for lifetimes {needed

4 to compare Br(expt) to partial I' (theory)}
D*  Charm l p 7(D*)| 1040+7fs g0 beauty "
D? k 7(D,) 501+6fs PDG2004
SELEX, FOCUS,CLEO  PDG2004 B* o

oo E79LE6S7 Dominated (D% | 410.3£1.5fs
. By FOCUS — B, —e—
2 T 2002 & 2005 || {E )| 442£261s
A . results 7(A) | 200%6fs A, . 13

‘ < X1L.o ——>
=0 < X100 =—> 7(E%) 1123(3) fs 0

’ ’ b
Q0 7(Q,) | 69+12fs

c « PDG(2004)

z— | - Focus Lifetimes are PDG2004 except D T( m)
pS 0.8 1 12 which is a PDG2004

+ FOCUS 2005.

D*7 %o, D°4 %o, D, 8 %o, A.3%, Z2°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.
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/7 . . . . .
N ”@ Precision Experiment? For Branching Ratios No!
Status of Absolute Charm Branching Ratios in 2004 :

> [ 1:D*
Poorly known 'B I 100 | _ o
— F - 2: D —uv
. | 3:D° 5 we'y
Measured very precisely— 7 80« | Circa 2004 4:0° - K7
i 5:D" - Kn'n"
Br % SE 6:D_+ — ¢n"
And: D°, D" & Dy hadronic branching €O~
T} I
ratios used to normalise B & Bq 40 |
physics are not independent, they are j
all bootstrapped on a high background 200 |
measurement of D’ — K™ 7" | _
OOHI1H2H3H4H5H6HI7
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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A

NG Measurement of B(Ds"— ¢ 7*)

1 . B0 D ** D*~: partial reconstruction

Hep-ex/0502041
PRD 71 091104 (2005)

Kz, Ktz x°,

N"QSOO— I N
z;zooo .. T ______ | DO K'zx'n, KS7[+7Z-,
8 | o . Data sample:
;-.'1500_—S|gna|. 7488 + 342 . 124 million B pairs BO -
2o BABAR i y
g | Preliminary ) — Ds This result independent
o \{70 Recoilmass » (D) of BDs*— gr7):
(1)‘8 1.85 1.9 1.95 2 2.05

missing mass (GeWcz)

B(B°— Ds"*D™) = (1.88 + 0.09 150 + 0.17 555 )%

- Me=/E By EF(RR; R

2. B’ —» D D* : full reconstruction

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

Dt e ()
| BO, ¢ 7) = (4.81 £ 0.52,,, £0.38

13% total error (7.5%) syst H

(syst)

)
5

= 2 I N \2
;mES Z\/Ebeam _(pD*+ pD:) =

- BABAR
- Preliminary

20—

st Signal 247 +19

1
N

1
o

Events / (0.001 GeV/c
]

0 T et bl b N T i1 L PR AR
52 5.21 522 523 524 525 526 527 528 529 .3
)0/0 m_ (GeV/c?)

BIG improvement!

B(D,*— ¢ *) = (3.6 + 0.9)% (PDG)

(25%) With 500/fb expect systematics

limited at ~5% 11
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m?.-? swep) Charm factories:

Lo Now: CESR-¢/CLEO-c Status. Datasets & Runplan

300 I~ CLEO-c

Approved for 5 years by NSB 2/03
CESR (10 GeV) —» CESR~c (34 GeV)
CLEOIIlI — CLEO-c Results from these two

datasets in this talk

2 runs @w(3770) — DD/
9/03-3/04 56pb?360,000 DD

X30 MARK III
_dt X15 BES 11

150 |-

100 |-

integrated lun —, /pb)

50 I BES-II

9/04-4/05 225pb™ Total 281 pbt1.8%10°DD) |  waren .

0 | | |

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

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey 12



. See talk by
........ DESlgn Jin Shan @

BEPCII/BESIII Project DIF06

* Two ring machine

* 93 bunches each

« Luminosity X5 CESR-c design
103 em? s @1.89GeV

6x 102 cm™? s @1.55GeV

6x 1032cm? s @ 2.1GeV

e New BESIII
Status and Schedule

» Most contracts signed

* Linac installed 2005
* Ring to be installed 2006
- « BESIII in place
run plan not decided: example 5/fb/yr 15/fb/3yrs and Commissioning 2007

3 yrs @ 3770 25M DD/yr =75MDD ~x15 full CLEO-c  BEPCII/BESIII
3 yrs @4170 2M DsDs/yr= 6MDsDs ~ x15 full CLEO-c  data taking beginning of 2007
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&F{:{,»Super B Factories plans
for KEK and Frascati:
connection to charm

Frascati machine
10" ee” —>cc/107s

important source of charm
Design Luminasity ~ 1 x 10 fcmésec ,
Synergy with ILC (as 1s SuperKEK-b)

Lots of RED needed

+ option to

lower energy to ~4GeV

super B factory

— super flavour factory B/D/t

L penalty x10 4 (guess)
at 1x10” forl0’s =1ab’

or 6.4x10°DD /10’ s @y (3770)
70x BEPCII 1,000 xCESR-c

When discussing CLEO-c
will extrapolate to BEPCII/BESIII
Frascati and super flavour

LHC-b another important source of charm, studies are at an early stage
2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey
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(o y(3770) Analysis Strategy
- >y(3770)>DD W(3770) is to charm
ng ee 2 ) what Y(4S) is to beauty
+ e_
€

D tag

[ 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 ~0.1% 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 VG710 DD

events 1n - S
with 2B’s reconstructed D oK e

~ .. Dutlook lan Shipsey




&FN Absolute Charm Branching Ratios at Threshold (CLEO-c)

*5(Mgc) ~ 1.3 MeV, x2 with r°

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

AE = Ebeam B ED
ED:>Ebeam: \/ ED:Ebeamleo\L5Mbc/Mbc
M BC — Es —| Po |2 0140804-077
eam El- L LB LI LB
100:10° 100~ ‘D,OU’ble SIS .
oof Single tags I i
":80; + g — g+ + - D+ — K_7Z-+7Z-+’ i
SED > K z'x ey . B
: 70- "}f}g - D ->K'7zrx | 56/pb
= 601 @ 60— 1/5
= 50E @t l dataset
PRSI 15120:180 5 1
g 40 2 a0l 377+20 _
> E =
“ 30- il :
20; § 20l ]
10- S .
0 T 188 Ok |
' M (GeVic) ' 1.83 1.84 185 1.86 187 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 >K'7z7z)=

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

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey 16



mFm» Comparison with PDG 2004

Three best measurements:

CLEO & ALEPH
D**—n*D°,
compare to:

D0 >K-t*

TE

HEIN

=+

n&
thrust

D**—>r*tD° D° — unobserved

(Q~ 6MeV)

15000 [

10000

5000 [ _ e

225 < p, < 250

0 —

10000 [}

5000 |

Events/(0.01)

10000

5000 |

10000 |

5000 |

375< p, < 400§

0 i . . . . |
0.00 0.5

sin‘o

D0 5>K-rt*

g (%) Error(%) | Source
3.82+0.07+0.12 3.6 CLEO
3.90+0.09+0.12 3.8 ALEPH
3.80 £0.09 2.4 PDG
3.91+0.08 £0.09%x| 3.1 CLEO-c

NOW:

CLEO-c as precise as any
previous measurement

CLEOQ Il average HeH PDG
60>_<1020 — ALEPH 97 [-go-l-l
- D> Kn ARGUS (D™) | I———
< 50
s ARGUS (B) e+
@ L
O ALEPH 91 —+—et
s~ CLEO-c B
E E HRS =
o Mark II H——H
E
2 - Mark |l —iee——
C Mark | [ =
101 BES Il H—te—H
S o ! CLEO-c o
184 1.86 188 e el i
M (GeVic?)
M 0.030 0.040 0.050
CLEO-c
(not in PDG average)

LI LI N N N BN BN NN - LN B B B |
=
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INFN ((upeiB

Istituto
diFisle_ ...

THEN:

Method
(CLEO)
Bootstrap:
Measure:

B(D™ K™ rtnt) | o
Three best measurements: Mark I
9.3+0.6+0.8 10.8 CLEO Mark |
9.1+1.3+0.4 14.9 MKIII BES |l
9.1+0.7 7.7 PDG CLEO—c Most
0.52 40.25+0.27 | 3.9 |CLEO-c L

0.045 —_— 0.065 — 0.085 0.105
+«—— Assume 1sospin
-+ CLEO-c (1ot in PDG average)

THEN: A HOUSE OF CARDS

NOW: the charm hadronic scale

Events / (0.002 GeVi/c?)
c 588888383888

we have been using for last 10 years is

approximately correct & is finally on a
SECURE FOUNDATION

Future
outlook
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mmn Importance of measuring absolute charm leptonic branching
T ratios: fy & PV, &V, T
-:- d

. é L L \\\ ! _é
d & W=7 rate = (const. )[ Bd] V| Vol
05 & \ ] o\ 7

ket o1 10% t

7 0.4 £ g 1 eos ~15% (LQCD) v

] ] -~ 0

03 B 8 | 1 1 HFAG 2005 hep-1at/0409040
0.2 1 if f;, was known to 3%
0.1 | T\ i ¢ ‘th “th‘would be known to ~5%

04 | '_Dl_gl - 0 - In_zl | 04 Ia.el | ID.BI;I 1 yﬁ/q{mz
V., v, foy fa. 1nacce§s1ble D*
| fy, fps accessible \Y
B(D* — uv)/7_, =(const.) fé |\/COI |2 |Vcd| known from unitarity to 1%

Lattice predicts f/f}, with a small errror o

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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!NFN‘

||||||||

» {y, from Absolute Br(D"™ — ptv) @wy(3770) CLEO-c

K* |fD+|2 |\]cd|2
Tag D " /‘ / / * [ Mak 11T PRL 60, 1375 (1988)
fully A - ~9pb’! 2390 tags i
reconstructed . ) V ;20
et -@ - c §
- ‘ 1 additional track S s MKIII
Y (consistent with a muon) [
\ Zero additional photons &
. Compute missing mass?: o2
W peaks at 0 for signal o
wissing | MM? {Gewt'l']'
M? = (ED —E )2 _(ED)_E)z 12 B 'BESH ~ |'BESTI hep-ex/041005
# # 11| 5 - ~33pb’!
where E;=E ., P, =—PDtag I SIEE i _ 5321 tags
0.9 E J ,
B(D" — uv)x10™  fy, MeV F# o L
MKIII <7.2 <290 07 | S=3B=0.33
] : | ‘ : | |
BESII 12.21_15'31 +0.11 371’:33 +25 06 %50 02z 04 06
MM? 20
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WNGD £ from Absolute Br(D® -5 it
C o nifrom Absolute Br(D™— ptv)

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

-P,)* MM’ ~M_,

tag

{100 1 CLEO analysis was to be unveiled
1 LPO5
DK | X
o00 | 5 ﬂ = | 2 days before LP05
l 15t full unquenched lattice calc.
a prediction

400

0
—— ptv signal

f . =(201+£3£17) MeV

| ) e TRAY

— mtr°

— ttv, ety

200

0 0.25 0.50

MM?(GeV?)
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~
C fy from Absolute Br(D"™— pu*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 —————————
1100 _15é_ D —>1T+K0'
600 D+ —>'|T+K0 1 N> 100 —105_ 1
1 50 [ i 8 0
S 805
400 5 - g 50 :'noos 0 005
—— ptv signal L
- n:no D+—>u+\’ g ol ])-|__)M+v
ook T V, TV _ §

A

0 0.25 | 0.50 0 0.25 | | | | 0.50
MM*(GeV?) , ) MM*(GeV?)
oMM~ ~M_,

2" Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey
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.‘NFN

-------- » fp, from Br(D"— pu*v) & theory comparison

Tags 158,354 PRD 70, 112004 o> _~1Vexml’
Signal 50 events £=69.9% } /< ¢
Bkgd 2.81+0.3073) events

_(4 40+ 0. 66+8(1)g)><10_4 B(D+ —),uV)/T —(COnSt)f ’Vcd|

+2 ‘ V.4 (known to <1%) unitarity
fo. =(222.6+16.75,) MeV 1., well-measured (0.3%)

15t full unquenched lattice calc (201+3+17) MeV
a prediction (2 days before LP03)
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!NFN‘

C = » fy. from Br(D™— p*v) & theory comparison

: EXPERIMENT
15t full unquenched lattice calc.

_|_ +2
a prediction (2 days before LP03) CLEO-c (222 6+16.7° ) MeV

|
\ BES | = 12 >—F
_________ + - — — — (37177 £25) MeV

W | W

: |

Expt/LQCD consistent —+—  Lattice QCD (201£3x£17) MeV
Now: CLEO-c error 8% -—i—-—o—-—-Latnce QCD Exact Chiral Sym.
LQCD error 8% -—-—0—'-1—l Quenched Lattice QCD (UKQCD)

"'—‘—r' Quenched Lattice QCD

QCD Spectral Sum Rules
QCD Sum Rules

with 0.75fb™" : . to 4.5% —
|
I
: : . « Relativistic Quark Model
|
|
|
|

fo, to ~4.5% @ /s ~ 4170MeV ——
BESIII several % f, & fg

Need LQCD predictions to 5% by : . Isospin Mass Splittings
2007 and a few % ~2009 f, & f | .

fy+ (MeV)

No SM motivation to go beyond precision achievable by LQCD ~few %

29 Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey
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full data set
CLEO-c

0.75fb™

BESIII
15fb™

Yo

Error

CLEO-c

measurement |

0.28 b

25 1
20

5

T’

0,

to charm factories

Charm factory BFactory

3 fb! 400 fb!

Statistics limited Systematics &
Background limited

Br(DS — dm ) BABAR
measurement

123x10°BB

CLEO-c

measurements

0.06 o™
Br(D" — Knm)

Plot made for CLEO-c Yellow Book in 2001 For charms’s role in precision flavor physics the
the conclusion that 3/fb at a charm factory is sufficient seems to be about right
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INF
o
Decay Rates IV eieml?
1 Charm semileptonic decays dr 21 Doz 242 — _ 2\[2

A
N Importance of Absolute Charm Semileptonic

determine Vcs and Ved

2 Test theoretical calculations of form factors |Vy| known from un

itarity to 1%

Input to Vub from exclusive dI’ o
. . —— o [V [I£."77(@)f
semileptonic B decay

3
Br(B — 7z1v)8% precision _ 0871073
(B — 71v)8% p V| = (3.76:£0.16735)10
BABAR / Belle/CLEO form facter___ [4ysieat Theory Ertor

World 0
(Wor Expt. 4% 18% hep-1at/0409116

Average BF 4
Summer 2005) B @
— Tlv
- J

HQS

5

4 N
a5
PDGO4 D m v )

1) Measure D—n

rm factor in D—nlv. Tests LQCD D—n form factor calculation.

2) BaBar/Belle can extract V , using tested LQCD calc. of B~ form factor.
3) Needs precise absolute Brf(D —nlv) & high quality dI" (D —nlv)/dEn neither exist.
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/'j . .
N NGued) Absolute Branching Ratios of /Hoe;eo’;o -
Semileptonic Decays at y(3770) CLEO-c [ 20506052
: 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
400 0 —N
- : D >Kewv ]
= 300 .
© - (~1300 events)
< 200F
-
—s £ 100F
w(3770) > DD N
— O_ I I I 3
D" > K'z™,D" —» K e'v ~0 | > -
Tagging creates a single D beam U= Emiss_ |Pmiss| (GeV)

of known 4-momentum
2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey 27



)
!NFN‘

L=

Events / ( 10 MeV )

Events / ( 10 MeV )

More Cabibbo allowed modes

-1
c—>s Cabibbo Favored 56 pb™' Data
200. ————7—— 7 150. T T T r =
1 _ D" — K v
3 | D+ —> KOE+V i > *
?50 ] % 100. |- K 0 — K_7T+
! ] o i
oo | (~550 events) | —
;o0 { — (~420 events)
5 1 ~
; ) 50. -
i 50. |- E
D)
>
= 1 |
%25 *5 1125 .00 0.125 0.25 025 25 0.00 h, 0.125 B ;25
U= mlss |Pmlss| (GCV) U= Emiss_ |Pmiss| (GCV)
I . I
=1 D’ — K" e'v
20t K™ =K = Historically Cabibbo allowed
15[ 0 ) 1 E modes: provide a significant
s ~90 events) @ — .
ol - background to Cabibbo
N 7] ~ .
| 2 suppressed modes, making
g ! 1 the latter particularly
0:++ [ I ; “‘+ o L ( €2l

-0.25

0.25

challenging.....

2" Workshop on a Super B Fa&ér?FFa.sgaﬁ' l‘l/gmiasif@ﬁybharm Perspective & Outlook lan Shipsey
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Cabibbo suppressed modes
L swawaees 56 pb! Data

INFN Swpe)(,B
_ B
(] |
=
e |
E 200
(4»]
=
-]
e
4
(]
> 012

Compare to:
state of the

art measurement AmM = m(z zl)—m(zl)

D’ > 71 ey
: A
D' 53 Kev

0.22
Am

0.32

Tag with D" — D'z,

D > 7ty
observable :

at 10 GeV (CLEO III)

PRL 94, 11802

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey

e 0 -
of D" > ey
S/N 40/1 / (~110 events)
s 30 T
o [ 3> Ke v
: o0l 1
g I
@ I Note:
§ 10r kinematic
M 0: I \ PO « separation.
-0.1 0 01 0.2 0.3
U = mlSS |PmlSS| (GeV)
15.0 77—
; . D" > rx Oe+V
L ool '
o
— |
~ :5,0—
8 . -
8 =
3 s
5 Lo
—0.25 —0.125 0.00 0.125 0.25
U= Emiss_ |Pmiss| (GeV)
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A

C More Cabibbo supressed modes 56 pb-! Data

0 | ; 20.0 ——————1————

Only measurements D —plety 1 t D" — p°e+1/

untl now o i }

E791 | TSIN~IS1 :
PLB397 .| - -
325 | .

(1997) T

—0.25 —0. 125 0.00 0.125 0.25

U=E_ —|P_ | (GeV)

FOCUS
Hep-ex ::o [ Yield =

/0511022 £ |
(Nov 20055 |

Relative ol

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

; | | 20.0
_|_
Only measurement I D %|'.1|:L‘ v t D — P e 14

untl now
E791
PLB 397
325 “T
(1997) g !
Relative rate:
F(D+ —>,Ooe+V)III -
I'(D" — K™ e*v)s

" S/N~15/1 :

0.0 =
)
) L

—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

7.5

(~30 events) p
.})0 — K* e'v

5.0}

2 5|

oL e & e e 2 A IV
i . 0.3
Useful for Grinstein’s L1'(B —p € V) ['(D — pe V) . P (Gev)
Double ratio Vub?/ Vcb? miss~ I¥ miss| (€
2nd Workshop on a Super B Factory Frng Buv_>_K_v€£)VMF(V[v),w_i 1(33) lan Shipsey 31



A

(N Ged Results
Do e =W CLEO-c(57/p)
PRL 95 181802 (2005) D"~ Ke'v |!!. 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 _
CLEO-c full data set dB/B to 1% for Kev syst. |~ "¢ —"
limited, and 2% for pi e v stat. limited b2 g .,
D*— KK n*)e*v -
Projection to 3/fb (BESIII) D> ey —
133 — 1:D°0—> K*f++y D*> we'v _
SOPDG 2:D"— K e'wv i a g bt e s e a b ag oo sl g 45
20 3:D' =7 e'r -1 0 ) 1 2 3
OB o +:0°~,¢»  Normalized to PDG
?50 — 5:D" - K'e'w
40 | D= K ety
20 Charm :;EI; B :oefy CLEO-c already
% =/ Factory §:D" - plety all modes more
i 9:D, — K''v precise than PDG.
10: D, — K™ " v
1 2 3 4 5 6 7 8 9 10 11
11:D, - ¢ e'v
@ Decay modes

significant improvements in the precision of each absolute charm semileptonic
branching ratio ( CLEO-c,/BES III) no SM motivation to measure to better than ~1%
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(VY &d) The form factor ;i_F oc|V_[If."7 (q*)f — QCKMP
q

Tag with D™ — Dz, FOCUS all data

.||-

DO—)K+€_V e L B B e I B B L ...l."?a?}.;?"?_
observable : Am = m(z z()—m(z/) - D' Ke'y, %
lzm; K u'w L i i

% g Ko i PLB 607 233 (2005) ]
310[!]:— ESW rion (c i

2 300 éﬁl{ eg/tf = | FOCUS DATA |

E 600 - : ]

§ 4{]]— s — Lattice QCD/ Fermulab | ]

- MILC( lo/20 stat.err. only) I

200 i |
Esg ottt L YIS YRR TR T re— =
o s BRI T )" UKat rest
q? (Gevicy q

I ' k by FOCUS.
New analysis from Belle 282/fb where 2D’s | Pro e MOTEDY

in the event are reconstructed yields results LQCD : shape ~ correct:
consistent with and slightly more precise 1 1

f =1, (0
than FOCUS ) =1.0) (1-q> /m;:) (1-aq? /m;:)
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e
CLEO-c (preliminary)

| raw ¢’ distribution |

D'—k ety

0 02 04 06 08 1 12141618
¢ (GeV?)

| rawq’ distribution |
140F |

RS ﬂqi»

dI’

2

E
|

I

+

60"
o 700
o SIN~40/1

Events/(

“‘1.5””2”
o (GeV)

2.5

INFN The form factor % oC |

2 D—K 2
VLI~ (@)
FOCUS all
12(!] — T
= K_'rr"p.*:.-'
glom:
2 800,
§ 60|
400/
.
% 05 | 15 2 35
'-':I2 (GaWc)z
120
L Iw v
100 E27A peaking

svents/0. 15 (GeVicy

15 2 2.5
S/N ~1/2.5 T (©V1er

% 05 1

—  — «—[f(@)F

/ |VCKM|2

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

FOCUS 13K evts
S/N ~6/1

Charm threshold advantage

1) Low background crucial for
7 final state
2) neutrino direction known

50I

(o) FOCUS

~0.01 GeV*? (o) CLEO-c ?

CLEO-c results in April
D->Kev: precision>LQCD
D->pi ev: X3 more precise
than previous expt. A few/fb
sufficient to match
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INFN ((SupeB
Lattice comparison: the form factor normalization

Lattice shape: agreed with data, lattice predicted branching fraction tests normalization
(need absolute branching fractions to test this- easiest at charm factories)

1 1 2 DK/ 2N12 42
0K (7)< £ (0 [(D — Kev) o [V, [If,”(a*)F dg
+ (q ) +( ) (1_q2/m;:) (l_aqz/m;:) Ccs +
T T T T _ T T T 0 — 4+ T T
D’ > Ke'v - Diomewv
PDG (2004) )—L—| PDG (2004) |—*—| (for lattlce
o : PDG
@ LQCD f ! m.__'l","u_' @ LQCD i i {precision; 23%) VCS Vcd)
2
CLEO—c (56//pb) My (precision: 4.1%) CLEO—c (56/pb)i=i= (precision: 10%)
CLEO=c (280/pb) B (current precision: 2.2%) CLEO—c (280/pb) MM (current precision: 4.2%) Belle results
~ -~ (TR0 /b o olated areciiont 1 3%) not shown
CLEO—c (750, DL.\J Qi oPo/atec preciaien. 1.372} CLEQO—c (1.0f‘fb) extrapolated precision: 2.1%) ( )
Comparable
i i i i I i A i i I i i i i I i i i A I precision
"5 5 L 1 L | L | L | L | L | _
2. 3.0 3.5 4.0 4.5 0 1 - 3 1 5 5 to CLEO-c

] -+ -2 2

) AR AR B(D"—me'v) x 107

CLEO-c data has improved the precision of this test, LQCD normalization & data agree (at
~10% level) (data already much more precise, expect another X2 improvement in April)

56/pb
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INFN (SuperB) :
— Early look: V_ & V_, with CLEO-c data

(My estimates not
official CLEO-c)

(D — Kev) o [V, [ [If.°7(q*)Fdq’

Expt LQCD
LQCD errors
Expt. errors Vcs=0.957+0.017(expt.)+0.093(th.) / gl O%) )
Ves ~2% Ved=0.213 % 0.008(expt) +0.021(th.) OMINALe.
Ved~4% Ves=0.9745+0.0008 (unitarity)

Agrees with Vcd=0.2238+0.0029 (unitarity, 1.e. Vcd=Vus)
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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MEE More Lattice checks: f, & 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 =(0.25+0.02 <«— ~10% uncertainty

lst

Theory & data consistent errors large

0.75fb! @ y(3770) R &P ~5% uncertainty, (3 fb!several % @ BESIIT)
If theory passes the test R exP = R th Ultimate VCKM precision?

oVCs oTheory ovcd oTheory 0.75 fb!
D —> Ke'v =0.8% @ D— ze'v =1.6%®
Ves Theory Ved Theory
(Now 1.3%) (Now 5.4%)

for VCKMwith 0.75fb! precision of data will challenge theory & with
few fb! precision sufficient to match conceivable improvements in theory

Tested lattice for Vub determination at B factories

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey 37



)

INFN

Unitarity Tests Using Charm
d s b
(A" (V, V.V, ) (d) (M 5 0
s'[=|V, V, V, |=]s e| S uet=
\b'/ Wo v \b) fk' ) 4

A

* uC* A |VudVCd*| |VUbVCb*|

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

38
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INfN @) Charm As a Probe of Physics Beyond the
Standard Model

Can we find violations of the Standard Model at low energies?
Natural f Decay =» missing energy =» W (100 GeV) from experiments @ MeV 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
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C e D Mixing
Mixing has been fertile ground for discoveries:

™~

VCS VC
_C_¢ CKM factors oc® 2 Mixi
. — __ Mixing
K) W ‘K > same order as T,
. , S rate ~1
VUZ u Vuz l.e.s u _

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).

B Vo w_ dominated by top oc (m? - m_,?) )/my? > Large
B > B¢) B lifetime Cabibbo suppressed «cV ;2 .
VoW oy Mixing also Cabibbo suppressed (V 4?) 1X1Ng

| Mixing rate > early indication m ,,, large rate ~1

. | _ | CKM factors «®_2? ~0.05 Mixing
P > ) (b-quark o V,,, Vg, 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 © 2 x [SU(3) breaking]*<O(10-) 40
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INFN Guped) Theoretical “Guidance”

& SM Mixing Predictions X mixing: Channel for New Physics.
% 1.00E+00 Vedes W= Vidus
_.E 1 D0E-O1 i35 7 EI11131513192123252?2931333! ““““ AM
S| e[ ] el e Qe
S| 1oE@) -, I ' Vi W Vi I
| = 00FE04 & a —
g SR y (long-range) mixing: SM background.
O .
S .
% y=ATl'/2T" x=AM/T] ‘ Do) . _,|50> y . AF
E —
current 2F
experimental Pefersnce hex CPeven
sensitivity  ~_| . e o . .
N New Physics Mixing Predictions | New physics will enhance X but not V.
F 13 32 7 9 11315171921 23 25 2F 29 31
o 1.00E+00 — 1 2 2
E 1 00EQ1 |, ‘\‘A cos e o Rmix =§(X +Y )
o jweee ]~ ~ T 7 i e I it T
E 1 00ECO i e SM mixing predictions ~ bounded by box
R ; diagram rate & expt. sensitivity. New Physics
B | e T ! predictions span same large range =» mixing
_g o x=AM/T is not a clear evidence for NP.unless x>>y
g | 1ooee A Smallness of Vbc & Vub limits b quark

contribution =» D mixing is a 2 generation
(A. Petrov, hep/ph 0311371)  phenomenon =» no CPV in mixing,
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El:E._..:=l:]l=| F=zumed
5% C L. Limitz

A~ O(\?)
A~0 (1) (~0.2% in rate YW3*

o

(y)=

World
95%CL
semileptonc

(0.8+0.4)%

Figure:
D.Asner
PDG 2006.

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspect S¢€ talks by Milind Purohit and Alan Schwartz 42



)
INFN

Istity
ol Fi:

05" Mixing Limits
Balls Kav

| %)

CLEO-c

~Lik=

Oy = 0 azznmed
059, C L. Limit=z

- 1 'l 1 ']
& A XS EE T

A more sophisticated approach

Dif06
The Quantum Correlated Analysis Alsner

(TQCA) fits single/double CP/flavor
tag yields @w(3770) &4160

oc B, x°,y, & strong phases &.
CLEO -C sensitivty X<2 7% y<1.3%

D S I (RO

rer 1 —ewe  —ee N PeErspe

Charm factory mixing (+ input to ¢, /y)

Mixing: w(3770) — DD (C=-1)
Coherence simplifies study no DCSD
simplest approach
unmixed: D° - K 7z° D - K'z~
mixed: D’ > K 7" D’ > D’ > K 7z°
combine with (K/v,K/v)
750/pb: R <1.4x10™" (x<1.7% )
nowR,, <107 (x < 4% )
— comparable sensitivity to other expts.
different systematics (time independent)
TQCA @ BESIII 10/fb w(3770) & 4160:
preliminary: x<0.9% y<0.6% (stat. only)
TQCA 1/ab @ superflavour @ w (3770)
X~1x107" cfx <~1% @ 10 GeV/10/ab
(Purohit DIF06) + D(t) = K’z * 7 Dalitz
greater sensitivity. X < ~.4% LHCb (Nakada
DIF06) — careful evaluation needed, so far

superflavour @3770 looks very attractive
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INFN
WL CP Eigenstates @ y(3770) & strong phases

Atthe y’(3770) | e*@‘%W”:DODO_ .
JFe=1— 1.e. CP+

A DV is observed to decay to a CP eigenstate f, which is CP even:
Then 1n the limit of CP conservation, the state recoiling against the tag
has a definite CP as well and it must be of opposite sign :

CP(f, f,) = CP(f,) CP(f,) (-1)' = CP+

——

:FExamelle : tat - — (since | =1)
wo CP eigenstates , . _ 00 )
of opposite sign (77 )Kgz ) (=1) =cp+

n _
*CP eigenstate tag X flavor mode
K'K™ « Dppe— w(3770) - D = Kt™ (-1) !
+ - - =C(CP+
Charm factories measure 0 by using CP tagging (0 needed to interpret
mixing in Kzt at B Factories/Tevatron
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INFN

....... » Basic Measurement of a Strong Phase

» Lf CP violation in charm is neglected: mass eigenstates = CP ecigenstates
1
‘DCP J_r>= \/2_UD0>:‘DO>J
\/2 AD,,.. > K 77)=A(D° > k77 )x 4D° > k77

fy DCSD
Flavor mode CF
] Dy — e
2

CP
Eigenstate (-) .
o DCSD 2\ Inthe limit of CP-invariance
2A(Dgp. »> K 7% 5 o
‘ ) A(D' K7 ) . A(DD—:rK*fr")fA(DD—}K_E"L]
Currently cos &, unknown
A(D' 5K 7)) CF < Method limited CP tag statistics

B ( e K_ﬂ'+) Br( e K_?f) Extend method TQCA with

cos Sy, = - e 0.75/fb @ 3770 & 4160
2 Br(D" > K7 cos &, ~ +0.13 BESIII 10/fb

as Iy 1s well measured ry =(3.74£0.18)x10" 3@377() & 4160 cos 5, ~ +0.05;
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AN Charm Factory INPUTS TO CKM ANGLE ¢, /y
1. Gronau-London-Wyler Method
b—c [ — B —>DpK
B+ . K —  Statistics Limited so far
u — D mixing parameters can alter y
CPES|(CP eigenstate)
- _ A2e1op
bou [l —lj DO » K™n™ 2. Atwood-Dunietz-Soni Method
B™ i — B >DK
u u K — Requires very large Ldt

— Charm factory measures cos d,

3. Dalitz plot Method
— B> DK, D> Kn'n, n'nn?, K K'K-
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(NN (e Charm Factory INPUTS TO CKM ANGLE ¢ /y

3. Dalitz plot Method
Belle PRD70 072003 (2004)

— B > DK, D> Kn'n
currently most accessible method ¢ (68 +14+£13 @ D Decay Model

experimentally. Systematic
Model uncertainty can be reduced by BaBar hep-ex/05071 1Uncer"raim‘y

analyzing CP tagged Dalitz plots at
cleoe. " y=(67+£28+13

« Toy MC from Belle (Bondar hep-
ph/05/10246) estimates statistical
error on y/¢, vs statistics in D Dalitz
plot from B+9DK+

— 1 ab'l/B-factory +6° stat,

— 10 ab'l/B-factory +2° stat
 And the number of CP tagged D'’s.
— 750 pb! = 6° systematic

— Need 10/fb at charm factory
BES Il to obtain error £29°
systematic error (sufficient) [ S

— CLEO-c Statistics (281 pb) 10° 10° 1h?u4mber rever
consistent with this prediction # of B+>DK+

TT+TT-
# of CP tagged D%KS T+l

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey

o(0,) (degree)

-.B==DK events, .. :
] stat €rror

Contrlbutlml of - ;
D statlsl:lcs ;

Sys. Error ony/¢,
Stat. Error onvy/¢;




C e CPV 1n D Decays

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

CPV via interference between mixing & decay (D only)

[T ) # D™

Very small in charm since mixing 1s suppresse€d  Time dependent since

(i.e. good hunting ground for New Physics). mixing is involved
Direct CPV: Concentrate on this
Ae” Ae'
F(D/ \f) #F(D/ T
S—}————" S~}
Ae' Ae'’

-0

[ A - L(H-T(H) 2ImEA¥In(S, - 5) <103}

C()+T(F) AL +[A] +2ReA Acos(5, =5,)

2 weak amplitudes with phase difference strong phase-shift

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey
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I | L
NN @sd) Direct CP Violation

o
Im|V. V' V.V P P
[ R us:| sin 8p; — = A’pA*sin 8, — <107

Acp =

22

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

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

(same for K'K= K K 7, ¢7T+,K*K:% If CP~1% observed:is it NP or hadronic
KK i, o, etc...) enhancement of SM? Strategy: analyze

’ ’ many channels to elucidate source of CPV.

Since this decay i VIR
o © Singly Cabibbo VeaVua | |41=373
u Suppressed. . . ﬁ ﬁ
different different
weak strong
...we can modify phases phases
D O_C ' it’s topology in @ are likely
u \ d. - a simple way to : @1
_ get a penguin. VYV Al ==
u cs ' us 5
Current limits ~1% 1n best cases -
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INFN (uperB . .

LS CP Violation at y(3770)
@ 3770 e'e- >y’ —>DD0 =17 de CPF
Unique search :
sh,'gmgy . CP(f, 1,) = SP(fl) CP(fzj) (-)'=CP+  CP conserving
Complementary Y '
to other expts. = — (since | =1)

-CP violating asymmetries can be measured by searching for
events with two CP odd or two CP even final states ex:

("7 )7x'7m) (1) CP violating
+ + - = CP-

K-K+ A, <0.08 (CLEO-c), <4 x10-3 (BESIII), 6 x 10-°(superflavour/107s)

1.4 x 104 (stat) LHCb/
214 method D (flavor) D (CP) (14107 (stat) LHCb/yr)
'A< 0.025 (CLEO-c) , <6 x10°3 (BESIII), 7x 10 (superflavour)

Many other strategies exist to search for CP violation
Ex: CP tagged Dalitz plots. are particularly interesting
as they are sensitive fo amplitudes, rather than rates
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C Rare Charm Decays

The absence of FCNC in kaons lead to the prediction of charm,
Large B mixing (a FCNC process) was evidence for heavy top
FCNC 1n charm have so far been less informative, & less studied
Short distance charm FCNC are much more highly suppressed by the
GIM mechanism than down type quarks due to the large mass
difference between up type quarks

D’ 5 e'e (B~107%) c—:sr:wmﬁ\— r
D’ 5> u'u (B ~3x107") I—— NN T

The lepton flavor violating mode p° — ¢*,*  1s 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 - “+“_) up to 10° Best limits are from BABAR
B(DO — ei;f) up to 10°°

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

PRL 93 101801 (2005)

Normalizing mode:

-0 D' |
S 1000

D’ >

600 [

N
L [ |
0

Search for D* - e'e”, ' u~, e*u* @ BABAR %@

18 1.85

mass(m",m") (GeV)

standard model
rate ~ 103

W*"

%

121.6 b~} Large backgrounds,
Search channels  sidebana only DO final states are
5 B tractable in e+e- at
121.6 fb!' [ee 3 evt B1BAar 10 GeV so far.
T ; / Use D*—D"r tag.
_ 1—" ”“ ” ” m ” ” H[I ” Measure relative to
2 3 D —>mr .
: ANTY 1 evt mode ULx10°
T TR prev
S e 0 evt e'e” 12 6.2
1]”"” MHH HH “ ‘H o 1.3 2.0
[GeV/c'] ':'_ Y I L "85 2 205 eiﬂi 081 81
m(LHe) 7
+ SM rate Big
~ 10-13 (1()'23 ) W+ Improvement!
IEEEEEN “+e+ DO—)eilLli
. = DY s,d,b \Y

we forbidden.

Naive scaling (Bkgd=0) superflavour@10GeV 50/ab x*x~ 3 x10~ (10E4>SM)
x2 better superflavour @ (3770) 1/ab. (there will be bkgd @10GeV, — v (3770) superlor)
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INFN ((SupeiB
(A In charm very difficult to calculate the SM rate for rare decays reliably.
one of the most reliable:
E parity violating SUSY Do o g In the SM
U e
T (Burdman et al., — + +tata—) ~ -6
Phys. Rev. D66, 014009). g(D —nec ) 2 X 10
- | f+
-E - B (+ 6
= Y - Ve S
1 2 i c S, u AT
% 10-8 | . +O }:‘J O?T+ D+O ” O?t+
1010 Short distance SM — R-parity violating SUSY:
I Penguin, IW box I '
o g(D" = m'e’e) ~ 2.4 x 10

Short + long distance SM  rho and phi =2 ete-

Increase in rate 1s small but significant at low dilepton mass

Current experimental limit CLEO II:
Z(D"= n'e'e’) ~4.5x 10~ at 90%CL

Goal observe, and one day study dilepton mass
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=)
M¥&D  Rare D*Decays CLEO-c

This is an untagged analysis, to increase sensitivity and similar to rare B decay searches

he Y(4
at the £S> 281pb-! at
AE =Ep - Eyeom Y(3770)
(signal box is £ 20MeV) (resolution is 6 MeV) ~750.000 D+D-

AIVlbc = \/(Ezbeam - p2D) - MD

(signal box is £ 5 MeV/c?) (resolution is 1.5 MeV/c?)

Multiple candidates are resolved by taking the best |AMbc|

nete” nete’ Kfe'e™ K-e'e"
of D'omee | Dormee | D'>Kee | D' Ke'e
S'N o o ° L4 PY ° °
% .o.. o .o .. . ° ° . ° ., .
= ol ol ol o °.* . .
go‘ ‘0.. .‘t ° _ * : * o. E LIPS L4
s ° .0.. i . '..o °, .
Q[ ¢ o °® 1 ° le o * . 1°* ° |
Nl @0 o ° e o o % e o
&.‘OJﬂ | ST T BT MY T Y N T L.
-50 0 50 -50 0 50 -50 0 50 -50 0 50
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Results:
(D" =>nee) <
(D" =>mnee) <
g(D"=K'ee) <
Z(D"=>Kwe'e") <

74x10° (90% CL)
3.6x 106 (90% CL)
6.2 x 10° (90% CL)
45x 106 (90% CL)

Forbidden in SM

These improve upon previous limits and are ~x4 above SM rates
If D" = nefe™ 1s at SM level expect ~1 event/fb BESIII~"12 evts

Studies of the dilepton mass (20 MeV
mass resolution adequate) will be the
province of a superflavour facility at
y(3770) Extrapolate from CLEO-c
(D" = n'e'e” ~800 events (low bkgd
Using D*2> D = n'¢"e superflavour
at 10GeVwill have a similar size
sample but much higher background

The CLEO-c limits are comparable to
FOCUS limits for the dimuon modes

(next slide)
G. Burdman and I. Shipsey

Dilepton Mass Resolution (MeV/c?)

—— T(4S) = DX, D* > n*e*e”

------- . e e -
3770)—=> DD, D* —>rw*et

Ann. Rev. Nucl. Part. Sci. 53 431 (2003‘3”

arXivhep-ph/0310076

0.5 0.9 1.3
Dilepton Mass (GeV/c?)
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INFN ((upesB

(oS Rare Decay Summary
O -
i Sets MSSM constraint  cjose to Long Distance Predictions
10 '
August | For D* all charged
102 L 2005 | final states are
well-suited to fixed target
. and Tevatron CDF/DZero
oo A o . . e | beginning to enter the game
| 4
¥ o o) O. « e . -5 -6
1w § ® ® 3 1 Expt. sensitivity 10~-10
Just beginning to confront
. . models of New Physics in
L I + . . .
10 x a2 7 U g 7 an nteresting way.
2g (3 gigtgig
Branching T8 rg g rg rg8 s Still plenty of room
Fraction v o hE e wE il pE Wl for Npew P}}IIYSiCS-
% I s ® Experimental 90 Percent CL Upper Limit
- ! ! : + + Previous Limit . .
1074 +:§ +$ g +Z:% S5 i’g Q'g A Previous Limit (CDF) | Outlook: promising
] y R-Parity MSSM-1 (hep-ph/0112235) -
DT% K % 7 % 1 é +T§ I § X R_Parity MSSM_2 (hon_bh/D012116) CDEF/DO, B factories,
| 0% 0% 08 oS ak ok | W sm-1(hep-ph/n112235) I superflavour
10 SM-2 (hep—ph/D106333)
. ¥ SM-3 (hep—ph/0104236)
L L
zero 1077 G. Burdman and I. Shipsey

Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076 (updated 12/2005).
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)
(_’f‘i Charmonium and new particles

@ By 2002 -twenty five years since any new
charmonium state observed.

@ In the last three years:
N: and h. below D D threshold
N“: and X'c2

B decays YIH) 2383

g2 decays

2004
CLEO-c

O {2468}
continwum

I For a nice review by Swanson see hep-ph/0601110 ISR
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’NF:{':’"::_ CLEO-c Confirmation of the Y(4260)

r CLEO (Preliminary)
EE" cle’e —nr Jhy) t
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5 w 'n® Jhy
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O 20+ .
© 1

| ﬁg #
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«Js IGEV}
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INFN ((SuperB
C e Summary Part 1

Charm within the standard model (precision quark flavor physics)

Goal: is to provide natural testing ground for QCD techniques by measuring

charm decay constants and semileptonic form factors to a few %. Impacts B physics

A Charm factory is mandatory for this program.

The precision with which the charm decay constant f,, 1s 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 to 5% (CLEO-c) and several % (BES III) &
semileptonic form factor to several % (CLEO-c &BESIII) 1s on schedule and

this precision 1s well matched to the ultimate precision of theory

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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C oS Summary Part 2

New Physics searches in D mix, D CPV & D rare are just
beginning at CLEO-c

Searches at BABAR,/Belle /CDF/D0O/FOCUS have become
considerably more sensitive.

All results are null.

As Ldt rises CLEO-c (& later BES III) will become significant players

A super B factory is a great 1dea

A superflavour facility (a B factory with an option to run at

3770 1s even better) as it will enable (based on preliminary studies)
uniquely powerful searches for, and our best chance for discovery,
and subsequent study of, D mixing, DCPV, and D rare decay.

charm is the unigue probe of the up-type quark sector let’s use it!
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mm@ Recent Reviews (Further Reading)

Covers all of charm:

A Cicerone for the Physics of Charm
S Bianco, F.L. Fabbri, D. Benson & 1. Bigi
Nuovo Cimento 26, 1 (2003) hep-ex/0309021

Charm as a probe of physics beyond the SM
(a superflavor factory is anticipated in this review and
projections given)
DODO0 Mixing and Rare Charm Decays
G. Burdman and I. Shipsey

Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076

2nd Workshop on a Super B Factory Frascati March 17 2006 Charm Perspective & Outlook lan Shipsey

62



i j“w
p— ;’
B=iy,

’h"_ i

ﬁ\\:wl "“ \‘ : ‘ ‘
+ Many Colleagues at BABAR
BES, Belle, CDF, D-Zero,
FOCUS & LHC-b




