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Rare Decays

Challenge to match physics goals against production
rates and detection efficiencies. Iwo examples:

® Rare decay D= K- e*Ve

The “Last remaining semileptonic decay”
according to Heavy Quark Effective Theory

See Phys Rev Lett 99(2007)191801
® Forbidden decays D*—h*e*e”

Physics beyond the Standard Model

See Phys Rev Lett 95(2005)221802
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D= K-m*m~e*Ve
Heavy Quark Effective Theory (HQET) predicts that
D%—K;(1270)ev. dominates decays to “excited” mesons

Clear signal, low background,
but not very many events.
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D= K-~ e*Ve
Heavy Quark Effective Theory (HQET) predicts that
D%—K(1270)eV. dominates decays to “excited” mesons

Clear signal, low background, = Hadronic invariant mass
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DT h¥e*e™

Well-known windows “beyond the Standard Model” from
Flavor Changing Neutral Currents & Lepton Number Violation
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CP Correlations

Exploit unique properties of production mechanism
+ - 0 70
ete” — ¥(3770) — (D°D°)

Examples:

® Observation of CP Correlations

® Dalitz Plot structure of DY— Kt
Application to CP violation in B—=DK

® Charm mixing and CP violation
Analyses in progress at CLEO-c
Opportunities for BES Il
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The Essential Point

Interference of amplitudes comes “for free” when we
integrate decay rate over all times.

Y(3770) has CP=+1,and then so does (DODO)€_1
= Must have CP(D%=—CP(D°)
(assuming there is no CP violation)

Also: Flavor must be anti-correlated, but “wrong sign”
flavor can enter through double Cabibbo suppression
and charm mixing.



Observation of CP Correlations

== CP+/CP+ “Wrong” CP
SR B I consistent with
TH CP-/CP- zero, but...
*E I ! I - '

. = ...it “doubles up”
Cﬂ +I/CF?_ T when it should!
] | - | | ,K-ﬂ, /kf:-ﬂ, Flavor appears

; _ unaffected, and
T IK ﬂ /lﬁ ﬂl is in fact small.
0 1 2

Yield / Prediction with no CP Correlation
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Exploit with “tag side” D°

Example: CP od
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Exploit with “tag side” D°

Example: CP od Example: CP even
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Exploit

Example: CP odd
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Example: CP even
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Exploit

Example: CP odd
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Example: Flavor

with “tag si

Example: CP even
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Also semileptonic tags for
“pure” flavor, as well as many
other decay CP eigenstates




Dalitz Plot structure of D%— Kstrtm—

Interesting mode: Flavor and CP content depends
on the position of the decay in phase space.

e.g. (K1 is “charm” but Ksp is “CP=—["”



Dalitz Plot structure of D%— Kstrtm—

Interesting mode: Flavor and CP content depends
on the position of the decay in phase space.

e.g. (K1 is “charm” but Ksp is “CP=—["”

Useful “application”: Determine y/3 from B—=DK
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Example #1: Model Dependent Approach

Lo L + —\ Two “large”
c c — (KSW n )(Ksﬂ- n ) branching ratios

See both K*




Example #1: Model Dependent Approach

Lo L + —\ Two “large”
c c — (KSW n )(Ksﬂ- n ) branching ratios

. Fit to the “double Dalitz”
* Cuton p [¥|See both K* plot with correlations.

M?2(KsTT") M2(TT*117)

Analysis in progress.



Example #2: Model Independent Approach
See E White, Q. He, et al, arXiv:0711.2285 (Charm 2007)

Symmetric
1binning by
{phase.




Example #2: Model Independent Approach
See E.White, Q. He, et al, arXiv:0711.2285 (Charm 2007)
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Example #2: Model Independent Approach

Symmetric
1binning by
{phase.

Tag Mode|Ksm n™ | K m—

KTK~ 61 194

p— 2 . | Events for
Ko 108 263 398 pb~!
Kgn 29 21

Krm 190 .

See E.White, Q. He, et al, arXiv:0711.2285 (Charm 2007)

2 3 4 5 B T g8
Bin Number

Difference in ¢ for
Kur ™ and KstTimm™
for model and data.




Charm Mixing and CP violation

. oM _ Al Standard mixing
T YT or parameters
K~—nt|D° |
< _7T+ 0> — —re “Strong phase”
(K| D?) First measurement
from CLEO-c
v = wxcosd+ ysind

Yy = —Isino -+ ycoso



Formalism

See:Asner & Sun, Phys.Rev. D73(2006)034024
(Recently updated on arXiv as hep/ph:0507238v3)

FC_<j7 k) — QM
L k) = Qy

A (G, k)
A (4, k)

2
+ Ry

2 /
+ Ry

B (j, k)
B™(j, k)
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Formalism

See:Asner & Sun, Phys.Rev. D73(2006)034024
(Recently updated on arXiv as hep/ph:0507238v3)
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Charm Mixing
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Formalism

See:Asner & Sun, Phys.Rev. D73(2006)034024
(Recently updated on arXiv as hep/ph:0507238v3)
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Preliminary Results
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See W. Sun,
Prel iminary Results charm 2007
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Conclusions and Outlook

Many more results are yet to come
from CLEO-c. Stay tuned.

The opportunities for BES-III are
tremendous. Unique windows on
charm mixing and possible physics
beyond the Standard Model.

Thank you!



