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What is Special about Charm?

1) Its mass. The charm quark is “heavy’...

E/\QCD \/V,Z
® o o @ o

MeV GeV TeV

... but not “too” heavy.

Most decay modes of hadrons with charm are
“easy” to observe experimentally.
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2) lts decays. Charm is the only heavy quark that
forms hadrons with CKM-allowed decays.
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The Experiments

e*e~ and Photon Beams adroproduction




A Survey of Recent Results

My own selection! My apologies for not covering it all!

® “Precision” Measurements
Small error bars, stringent limits, and tying
up old loose ends

® New States
A resurgence in charmonium

® Confronting Lattice QCD
Testing “high precision” lattice calculations

e DO Mixing and Tests of CP Violation
Current status and future prospects
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“Precision” Measurements

CLEO-c: Closing the gap
G(e—l— - _ DD) 6.39+0. 10+8 (1)§ nb PRL 95(2005)121801
6(eTe” — hadrons) = 6.38+0.08195) nb PRL 96(2006)092002

Upper limit on gap is =10%. Other observed modes =2%.
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New States

'P, Charmonium:
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N/20 MeV/c?

hep-ex/0507019 and PRL 96(2006)082003 New States

wasd Radial X Excitations!?

n.(25) X(3940)

*e~ = |/P+X(3940)

Consistent with |F¢=0**
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Consistent with JP¢=2**



Events / 20 MeV/c?

New States
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The Y (4260)
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Ds Deca)’ COnstant Lattice QCD

e + Lattice QCD calculates:

- 14
Di<_>§}v~v«a< (fo=f) fp,=249+3+16 MeV
S vV

. PRL 95(2005)122002

%B B CLEO-c finds:
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BaBar finds: L hep-ex/0607074 -
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Lattice QCD

CLEO-c: D Tagging

Example: D— pv
e'e —=D'D-




Number of Events/0.01 GeV?2
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PRL 95(2005)251801 Lattice QCD

D* Decay Constant

CLEO-c finds:

fpr =222.6+16.7155 MeV

Lattice QCD calculates:

fp=201+£3+17 MeV
PRL 95(2005) 122002

- Important test of actions that
use “staggered fermions.”

- Same for determinations of fps.

- More results to come!
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DO—KIv

i- e

+T:J_-:,r_j'-i:2|‘{3: .

u s

0.5

o\\\\

1

1.5 2
q® (GeV%/c?)

DO—nilv
Backgrounds!

L
A
et
I‘ﬂ“#m
=
w'“—-‘ﬂ-ﬂ‘m

Lattice QCD

?BABAR Semileptonic

Form Factors

Lattice QCD
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Pole model
ISGW?2 prediction

Low background results from
CLEO-c are on the way.
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g & W PRD 72(2005)071101 D° Mixing and CP

8 Semileptonic Decay

Look for “Wrong Sign” lepton using D**— DO* to tag flavor
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Events/ 100fs

D Mixing and CP

wasd D°— K DCS & Mixing

Belle: Time Dependence
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D Mixing and CP
Limits on Mixing Parameters

D.Asner, Review in 2006 Particle Data Group compilation
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CPV Summary: S. Stone, FPCP 06 D’ Mixingand CP

Experiment =~ Mode Acp (%)
BaBar [D*—=K*K-11* | 4+1.01£0.8 Exploits
BaBar |D*—m* 0.2+1.5£1.6 |resonant
BaBar |D*— K*OK* 0.9+1.7+0.7 |substructure
CLEO ILV D>t 1*9_;48  |Dalitz plot
CDF DO KK~ 2.0+1.210.6
Direct CP
CDF DO—- - 1.0£1.3+£0.6
FOCUS [DO—=K*K-m*mm— | 1.0£5.7+3.7 |[Triple
FOCUS |D*—KOK*mm- | 2.3+6.2+22 |correlations
to get at
FOCUS |[DS—=KOK*T'm—| —3.616.71+2.3 |T-violation
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D Mixing and CP

DO— K*K:
A Tool for BE—=DYK*

< DO— K*K-11¥ Dalitz analysis

Destructive interference:
Op=332°18°%| I°

I, 1.
% Amplitude ratio:
o A=K /JAK*KT)|
s =0.52+0.05+0.04
4
i s et Interference!
Tos o7 a1 as s Phys.Rev.D74(2006)03 1 108

M-, 0% [GeV3/c] %



D Mixing and CP
Quantum Correlations

For ete” — DD’ expect CcP(D°D°) = —1

This can be exploited in a number of ways, including
extract CP content for multibody charm decays and
searching for CP violation.

CLEO-c is studying the ways we can use this in our
data, and looking forward to applying these ideas to
new data samples.

BES Il will be in an excellent position to capitalize!

Ref: D.Asner and W, Sun, Phys.Rev.D73(2006)034024
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. . 0 o o
Statistical errors only! D° Mixing and CP

CPr] NoQC Preliminary
cp—| Data See also hep-ex/060303 |
KrK= | | Ksor® | Ksm®
KK~ 5.2+0.4| 4.5+0.3| 5.7+0.4/16.0+0.6
-2.2+x1.9 0.1£0.9| 1.6x1.3|139.6%6.3
L 1.1+0.2] 2.2+02| 5.8+0.4
02+1.4| |.6x1.3114.013.7
1.2+0.2| 7.3+0.4
010
st .0+1.0[19.024.4
Product CP+
o 9.7+0.5
S Product CP— 30+| 7
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The Future

® Expect more from Belle, BaBar, CDF and DO
They produce lots of charm!

® CLEO-c will run through March 2008
Expect =3M D-pairs (charged and neutral)

Also “thousands” of tagged Ds Sneak Peek!

® BES lll coming on line in the next few years
Data samples to be =25%x CLEO-c

® Don’t forget about LHCb, PANDA, ...

And many thanks to the various
I 4
Thank You!. experiments for sharing results!
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Events / (3 MeV/c?)

Events / (3 MeV/c?)

CLEO-c Prellmmary Ds Hadronic Decays

Di K, K*: 1983 + 54 - + - K+ et 1e°:
- 9 * 4120706 001 D _)K K*n*: 8665 + 126 4120706-002 D _>K K'mn’: 2410 £ 119 4120706 003
T ‘ 1 1 ‘ LI ! ‘ ! = T 1 T ‘ LI N B B I L L B | LENLE B 1400 | L L L L L L
BR= 1501 |
400 d & 2s00f — i
+0.09 1 & G rooof
13 | 3
i Cy 1 = 2000} S soof
300 io 05 (o] o - o -
i = g g k 1
5 g 1500: g 600 [~ ]
200 [ ) i ]
i > - (o)
@ 1000 | & «f5.62+0.33+0.51% -
100 bbby d 427 500 [ 0 30 0 90/ . 200 |
----------- 5. 57+ £0.19% | = |
| l l l l l l . 0 | Ok 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 ]
ol Lo v L L L L 1 ] 2 2.02 192 194 196  1.98 2 2.02
192 194 196 1.98 2 2.02 192 194 M(;;E; (G \S;i 2 0 M(D?) (GeV/c?)
+ eV/c +
M(D?%) (GeV/c?) s s
+ . D* "7 33
Diosmtm: 1916 + 111 DO NTE70 s it L
4120706-004 F 7 T T T T T T T T T T T T T T T 1 60 __ ! N T T T N T T T N ! ! ! N ! ! ! N T T T N T __
1600 -_T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T__ 300 - B ]
r ] 140

1400 | 1030% _

250 |

§120[
1200 [ N §
L ~ -
C > 200 9 100
1000 [ g = 100[
L o™ B
- 1 @ - J 80
800~ -1 T 1s0f o &
- o | £ S oof
- [.12£0.08£0.05% - : :
o +0. +0. o l% 100 ot

4005: ] of I,47iO.IZiO./4%-§ : _____________________________

-xlxxxlxxxl111}111}111}1_ 0_111111111}111]111111111_ 0-1l111l1111111l111l1111
0792 194 19 198 2 2.02 192 194 196 1.98 2 2.02 192 1.94 1.96 1.98 2 2.02

M(D?) (GeV/c?) M(D¥) (GeV/c?) M(D?) (GeV/c?)

hep-ex/0607079 24 (Jump back)




