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What is Rare?
 (A Definition)

Suppressed or Forbidden by SM:
•

 
Flavor Changing Neutral Currents
–

 

(c u)
•

 
GIM suppressed:
–

 

D+ π+e+e-
–

 

D Xγ
•

 
Lepton Flavor Violation & Lepton Number Violation –

 
If 

seen may indicate majorana
 

nature of neutrino:
–

 

D+ π-e+e+,
–

 

D+ π+e+μ-
•

 
Will not cover Radiative Decays, as the long distance 
contributions are not easily separated from short 
distance contributions
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From: Flavor Physics in the Quark Sector:
 hep-ph/0907.53862008:

•
 

It is clear that due to the relatively little 
experimental progress in this area within 
the last decade and the large data sets 
from the flavor factories, that there is a 
several orders of magnitude in precision to 
be gained from re-reanalyzing these 
measurements with meaningful limits to be 
derived which may have the potential to 
constrain parameter space for many new 
physics models. 
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D(s)
+ hee

Phys.Rev.D82:092007,2010. 
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Xc hll

BABAR
preliminary

BABAR
preliminary
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Xc hll

BABAR
preliminary
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D0
 → l +l -

Motivation

FCNC of FCNC of DD
 

mesonsmesons
FCNC of uplike (c) quarks; 
⇒ complementary 

constraints to B
(and K) rare decays; 

NP: enhancement of 
B(D0

 

→μ+μ-), B(D0

 

→e+e-), 
by orders of magnitude; 
possibility of LFVB(D0

 

→e+μ-);
example R SUSY: 

B(D0

 

→μ+μ-)~4·10-6

B(D0

 

→e+e-)~10-10

B(D0

 

→e+μ-)~10-6

G. Burdman et al., PRD66, 014009 (2002)

short distance, B~10-18

long distance, B~few 10-13
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Results
DD00

 

→→l l ++ll --

 

yieldyield

U.L.’s calculated from N

 

and Nbg
exp

including systematic uncertainties
(negligible)

U.L.’s @ 90% C.L. 

channel D0

 

→μμ D0

 

→ee D0

 

→eμ

N 2 0 3

Nbg
exp 3.1±0.1 1.7±0.2 2.6±0.2

D0
 → l +l -

Belle, PRD81, 091102 (2010), 660 fb-1
signal
window

signal @ 
90% C.L. U.L.;
comb. backg.;
D0

 

→π+π -

 
backg.;
observed;
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D0 γγ
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D0 γγ

BABAR
preliminary

Systematics
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State of flux
•

 
searching for FCNC, LFV, or LNV modes in the 
charm sector is a relatively inviting place to 
investigate new physics in the SM. 

•
 

Similar arguments hold for rare decays in the K 
and B sector. However, the charm system is 
unique in that it couples an up-type quark to new 
physics.

•
 

more recently measurements are starting to 
confine the allowed parameter space of R-parity 
violating super-symmetric models.
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f(Ds
 

)

•
 

Ds lν
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From CKM08
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Many Averages, eg:

& Many Explanations:
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Analysis Strategy
Event reconstruction :

e+e- c⎯c D K X Ds*− D K X γ l −⎯ν
|_Ds

− γ
• A normalization sample is created by Ds
Tagging using the recoil mass:
mDs

2 =  [pe+ + pe- - (pD + pK + pX + pγ

 

)]2

•Ds
- μ−ν, e-ν events can be can be detected 

by calculating the mass of the  neutrino:
mν

2

 

=  [pe+ + pe- - (pD + pK + pX + pγ

 

+ pl

 

)]2

•Ds
- τ−ν events are counted using the 

distribution of extra energy in the EMC 
which should peak towards 0.

f(Ds )
[Phys. Rev. D RC 82, 091103 (2010) ]

X

 

= reconstructed pions
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The Denominatorf(Ds )
[Phys. Rev. D RC 82, 091103 (2010) ]
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Ds μυ reconstruction
A muon

μ

[Phys. Rev. D RC 82, 091103 (2010) ]
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[Phys. Rev. D RC 82, 091103 (2010) ]

Comparison to CLEOc
 

and BELLE

(520 fb-1)

(520 fb-1)

(548 fb-1)

(548 fb-1)

Yield=32k

Yield=67k
Yield=43k

Yield=169 Yield=235 Yield=275
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[Phys. Rev. D RC 82, 091103 (2010) ]

τ πν impossible 
due to backgrounds

first measurement since LEP



20

[Phys. Rev. D RC 82, 091103 (2010) ]
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[Phys. Rev. D RC 82, 091103 (2010) ]

•
 

Due to the nature of the reconstruction, most of 
the systematic uncertainties cancel out exactly

•
 

Remaining dominant systematic uncertainties 
arise from signal and background models
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Relative Measurement of 
Ds

− τ−⎯ν using Ds
− KsK−

•
 

Reconstruct recoil mass against 
DKXγ to tag Ds

 

events 
•

 
Require an additional electron 
tagging τ− e− ν ν

•
 

Peaking backgrounds remaining 
are estimated. 

•
 

Similarly, create separate sample 
which is tagged as Ds

− KsK−

•
 

Signal yields: 448±36 for Ds τν
and 333 ± 28 for KsK.

[ arXiv: 1003.3063 ]

BA BAR
(430 fb-1)

BA BAR
(430 fb-1)
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Comparison to Other 
experiments

f(Ds )
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Theory vs. Experiment
 (new LQCD calculation)

Theory

Experiment

HFAG(2011) = 257.3 +-

 

5.3
LQCD(2010) = 248.0 +-

 

2.5
Δ = 1.6 σ

LQCD value 
changed with 
their new energy 
scale calibration.

[PRD 82, 114504 (2010)]
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Summary
•

 
Recent results on Rare decays have been presented
–

 

Improved upper limits
–

 

Starting to eat into the parameter space of new physics
–

 

Many results have not been updated in over a decade (E791, 
FOCUS, etc…)

–

 

Existing Data sets from Flavor Factories could provide much 
insight on Rare Decays

• BABAR’s recent absolute measurements use a Ds

 

-
 tagging technique (similar to the technique BELLE
 

used) 
which reduces the systematic uncertainties.  These 
measurements significantly improved the uncertainty on 
the world average value of f(Ds

 

)
•

 
The current difference between theory and experiment 
for f(Ds

 

) is only about 1.6σ
 

after the shift upwards in the 
new LQCD calculations.
–

 
A real difference would indicate contributions from 
Non-SM particles contributing in the decays.
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A simulated signal event in the BABAR

 
detector

c⎯

 

c D0 K− X Ds
*+

K+π−π0 π+π−π0 (μ+νμ

 

)γ
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nx
T

 
unfoldingf(Ds )
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relatively little experimental 
progress in this area within 

the last decade

Rare Decays

Flavor Physics in the Quark Sector:
hep-ph/0907.5386
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arXiv:hep-ex/0607051D hll

BABAR
preliminary

Anything more 
updated?
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