
In the spirit of this workshop, I will summarize some 
projections for open charm signals anticipated from the 
upgraded LHCb recording data from 50 fb-1 of data at 14 
TeV. I will also estimate some sensitivities to mixing and 
CPV parameters. Then we should discuss how the 
measurements relate to each other, how the experimentally 
accessible parameters relate to underlying physics, what 
theoretical uncertainties are likely to limit interpretation of 
results, and how these measurements will fit into the bigger 
picture assuming new high-mass physics is observed in the 
next 5 years. 
 

Open Charm with 50 fb-1 of 14 TeV Data	


Michael D. Sokoloff 
University of Cincinnati  



Some Assumptions, Etc	


•  The starting points for signal yields are usually signals 
observed by LHCb in 2011 data, but there can be large 
variations depending on the cleanliness desired for a particular 
analysis. 

•  The projected yields assume the integrated luminosity 
increases by a factor of 50, the charm cross section 
increases by a factor of 1.8, and that removing the L0 
trigger increases the yield by a common factor of 2.  
Removing the L0 trigger may have a greater effect on higher 
multiplicity decays, but this remains to be demonstrated. 

•  The projections for physics sensitivity are based on results 
from other experiments scaled by sqrt(n). 

•  Projecting systematic uncertainties is challenging (a polite 
euphemism), so they are not quantified.   

•  My religious belief is that they can generally be controlled 
at the level of the statistical errors. 



Some Caveats	


•  I have probably made some mistakes projecting yields, 
statistical uncertainties, etc. 

•  There is not enough time to review all interesting channels, 
and the selection of what is presented should  not limit our 
discussions of what might be interesting. 

 



Projections for D0 Decays	
Upgrade Guesstimates For Open Charm

decay mode
2011 (kilo 
events) lumi factor

cross-
section

L0 
acceptance 

other 
factors

product of 
factors

projection (in 
mega events)

D02KPi WS - 
tagged 130 50 1.8 2 1 180 23

D02KPi RS - tagged 39000 50 1.8 2 1 180 7020
D02KMuNu RS - 
tagged 50 1.8 2 1 180 4000
D02KK - tagged 4300 50 1.8 2 1 180 774
D02PiPi - tagged 1100 50 1.8 2 1 180 198
D02KPi - untagged 230000 50 1.8 2 1 180 41400
D02KK - untagged 25360 50 1.8 2 1 180 4565
D02PiPi - untagged 6500 50 1.8 2 1 180 1170

D02KsPiPi - tagged 290 50 1.8 2 3.5 630 183

D02KsKK - tagged 45 50 1.8 2 3.5 630 28

D02KsKPi 50 1.8 2 3.5 630
D02KPiPiPi RS - 
tagged 7800 50 1.8 2 1 180 1404
D02KPiPiPi WS - 
tagged 50 1.8 2 1 180

D02KKPiPi - tagged 120 50 1.8 2 1 180 22
D02PiPiPiPi - 
tagged 470 50 1.8 2 1 180 85



Measurements with D0 Decays	
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Physics with D0 Decays	

•  How can we tell if direct CPV is SM or NP? 
•  What are SM and NP predictions for q/p, both phase and 

magnitude?  How might SM and NP amplitudes related to q/p 
interfere? 

•  What are the SM and NP predictions for ACP in different decay 
modes/amplitudes, and how are they related? 

•  What are the SM predictions for x, y and relationship.  For 
example, is |x| > |y| a signature of NP?  How robust are the SM 
dispersion relation calculations relating x and y? 

•  The central values reported by HFAG for y and yCP differ a bit.  
If such a difference is real, where else should we expect to 
observe CPV? 

•  How do predictions for AΓ relate to predictions for other 
manifestations of CPV? 

•  How do predictions for CPV in AT relate to predictions for other 
manifestations of CPV? 

•  In four-body charm decays, how should direct CPV in one 
amplitude relate to another. For example, how should direct CPV 
in the ρ,ρ amplitude relate to other amplitudes?  How will it be 
observable in four-body (5-dimensional) phase space?   



Projections for D+ and DS Decays	

Upgrade Guesstimates For Open Charm

decay mode
2011 (kilo 
events) lumi factor

cross-
section

L0 
acceptance 

other 
factors

product of 
factors

projection (in 
mega events)

Dplus2KPiPi  RS 60000 50 1.8 2 1 180 10800
Dplus2KPiPi WS 210 50 1.8 2 1 180 38
Dplus2KKPi 6500 50 1.8 2 1 180 1170
Dplus2PhiPi 2825 50 1.8 2 1 180 509
Dplus2PiPiPi 3200 50 1.8 2 1 180 576

Dplus2KshortPi 1500 50 1.8 2 3.5 630 945

Dplus2KshortK 525 50 1.8 2 3.5 630 331
Dplus2KKK 60 50 1.8 2 1 180 11Upgrade Guesstimates For Open Charm

decay mode
2011 (kilo 
events) lumi factor

cross-
section

L0 
acceptance 

other 
factors

product of 
factors

projection (in 
mega events)

Ds2KKPi 8900 50 1.8 2 1 180 1602
Ds2PhiPi (Phi2KK) 5350 50 1.8 2 1 180 963
Ds2PiPiPi 2000 50 1.8 2 1 180 360
Ds2K-Pi+Pi+ 50 1.8 2 1 180 0
Ds2Pi-K+pi+ 555 50 1.8 2 1 180 100
DS2K+K+Pi- 50 1.8 2 1 180 0
Ds2KKK 49 50 1.8 2 1 180 9

Ds2KshortK 413 50 1.8 2 3.5 630 260

Ds2KshortPi 33 50 1.8 2 3.5 630 21



CPV Measurements with D+ Decays	


  
•  Phase-space integrated CPV 

•  Model-dependent amplitude Dalitz plot analyses 

•  Model-independent Dalitz plot angular moments analyses 
o  About the same sensitivity as model-dependent analyses 

for the main resonant amplitudes 
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Physics with D+ Decays	


  
•  What level of direct CPV does the SM predict in SCS D+ 

decays? 
o  Is there a pattern that will identify observed CPV as 

SM? 

•  What level of direct CPV do NP models predict in SCS D+ 
decays? 
o  Is there a pattern that will identify observed CPV as 

NP? 
 
•  At the level of precision we project, do SM and NP 

amplitudes interfere to produce characteristic patterns of 
CPV in SCS decays? 



Physics Questions	


  
•  The projected levels of charm allow mixing and CPV 

measurements with sensitivity in ranges below 10-4. 
o  What are the SM predictions? 
o  What are NP model predictions? 
o  How will SM and NP amplitudes interfere? 

•  Assuming we have discovered New Physics via direct 
observation of high mass states, how will mixing and flavor 
measurements improve our understanding of the underlying 
physics? 
o  If something like the simplest SM Higgs is discovered in 

the next 5 years, can charm measurements help us 
understand what else there is? 

o  If some sort of SUSY is discovered in the next 5 
years, how does studying charm mixing and CPV help us 
understand its flavor couplings? 

•  What other questions should we be asking? 


