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WHY CHARM IS CHARMING ?

Charm is an up-type quark: charm physics is an interesting area of 
flavour physics: complementary to bottom and strange, but 
different from top 

Charm is neither too heavy nor too light: ideal situation for 
interesting QCD physics 

Charm physics offers unique test bed for New Physics

3



WHY CHARM PHYSICS?
In SM, FCNC’s are suppressed by GIM mechanism

bottom and strange: GIM is weakened due to large top mass

charm and top: GIM is much more efficient (mb < mt)

Cleaner signals of NP
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CHARM MIXING
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D0  can mix with D0-bar and vice-versa

Two mass eigenstates

Mixing parameters

M1,2 = 



CHARM MIXING STATUS
D0 mixing firmly established experimentally, though with still 
relatively large errors for x

6Mixing constraint in D0-D0bar system

No mixing scenario: x = 0, y, 0



D0 SYSTEM
Only heavy, neutral up-type system - unique test bed for CPV

In SM, CPV in charm is highly suppressed
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CPV IN CHARM

SM picture: Expected CPV in charm sector is small  

Couplings to the third generation is small:  Effectively “two-
family” physics

Presence of weak phases in CS decays, not in CA and DCS 
decays
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SCS DECAYS
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Of Special interest: 
possible interference with NP amplitude could lead to larger nonzero CPV



DCPV
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CPV IN CHARM
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Neutral D mixing opens up additional avenues for CPV in charm 

CPV in charm could be indication of NP: 
ACP(t) ~ 10-3 in some NP models

Final state distributions carry large CP sensitivity 



CPV IN MIXING
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RESULTS
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CHARM CPV STATUS
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D0 TO KSKS
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D0 TO KSKS
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With 50 ab-1 at Belle II, expect a precision of ~ 0.2 % on ACP



Large samples of charm

High signal efficiency and good background rejection

Large boost (displaced vertex), hermetic detector, excellent PID, 
γ and π0

REQUIREMENT FOR CHARM 
FACTORIES
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NEW FLAVOUR TAGGING TECHNIQUE AT BELLE II
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BDT

Signal & Background contributions

cos(theta*_rel)

Since the two charm quarks are produced back-to-back, a signal K 
 in the ROE tends to be produced to the opposite direction respect to the neutral D meson.



* ratio between the purity of the untagged D0 sample and the purity of the tagged (with D*) sample

*



FUTURE PROSPECTS

Sensitivity needs to be improved

Mixing in charm is well-established

Yet to observe CPV in charm decays: D0 to Ks Ks is an 
interesting channel to hunt for it

Belle II, LHCb, BESIII collaborations expected to be major players 
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BACK-UP





CHARM SPECTROSCOPY
Non-relativistic frame-work with “Cornell Potential”

Alternate method: Lattice Calculation
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Brookhaven National Lab via AIP Emilio Segre Visual Archives

Charming debut of “charm” quark in 1974 
“The November Revolution”

http://www.slac.stanford.edu/spires/

Burt Richter (L),
 Sam Ting (R) 

“Charming Socialites” 
First evidence of charm mixing in 2007 by BaBar, Belle, 
later by CDF

36 http://www.fnal.gov/pub/today/archive/archive_2013/today13-07-11.html



Charm mixing: 
Experimental Techniques
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• D*+ to D0π+slow: Flavor tagging using π+slow

• Data used is usually Upsilon (4S) data: pD* in CMS frame > 2.5 
GeV to suppress D*+ coming from B decays

• Kinematic variables looked at: D0 invariant mass (MD0), Mass 
difference MD* - MD0



Charm mixing

http://www.fnal.gov/pub/today/archive/archive_2013/today13-07-11.html
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D* decays to D0 and a soft π
D0 decays to K- π+ (Right sign decay) 




