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Outline 

•  The “blind-analysis” culture 
•  Sophisticated fitting  
•  Modern programming 
•  Large data sets 
•  Conclusions 

Caveat:   
 Much of this is based on incomplete knowledge.  
 Feel free to correct me! 



The “blind-analysis” culture 

•  “Science is what we have learned about how not to fool 
ourselves” (attributed to Feynman) 
–  How to avoid experimenter bias? 

•  “Best practices” in HEP analysis: 
–  Design analysis before looking at the data 
–  Blind analysis: “look” at the number only after performing all checks 
–  Perform validations 
–  Try to think of all systematic effects 
–  Review (again and again!) 

•  BaBar is not unique in adhering to these practices 
•  But  

–  Adopted early and widespread use of blind analysis techniques 
–  Our review process has been very robust 







Neutral B decay time  

Other B is a B0 

Other B is an anti-B0 

CP violation would be seen as a difference between the two fits 







Great excitement: 
•  First sin2β from a B factory 
•  Harbinger of new physics? 

•  Potential for experimenter 
bias going both directions! 

•  But validity unquestioned 



Review 

Analysis developed within 
Analysis Working Group 

When ready, handed to 
Review Committee 

Permission to unblind 

RC signs off, begin  
Collaboration-Wide Review:  

Paper advertised,  
12 institutions comment in 2 weeks 

Collaboration-Wide Talk 

RC reviews replies to CWR 

RC signs off, begin 
Final Notice: 

2 Final Readers comment. 
Final Notice to collaboration. 

Publications Board Chair 
signs off for submission 



The need for sophisticated fitting 
•  Unbinned, multivariate maximum-likelihood fitting: 

–  Best utilization of detailed event distributions 
–  Highest efficiency (loose cuts) 

•  Minuit: 
–  Well tested , robust, efficient , simple to use minimization package 

•  But  the function to be minimized can be very complicated 

 
•  E.g.: in sin(2b+g) analysis with partial reconstruction: 

–  Nvar = 3 + 1 conditional 
–  Ntypes = 8 types of events 
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24 PDFs (all have to be normalized) 
Npar > 100  



My solution (at CLEO) 

•  Creating a PDF: 
–  Gaussian     gaus(mean, sigma); 
–  Polynomial   poly(2); 
–  Sum             sigPlusBgd = gaus  +  poly; 
–  Product        func2D = gaus  *  poly; 

•  Evaluating the PDF for an event: 
–  double  prob  =  sigPlusBgd(event); 

•  Generating toy MC: 
–  Event  event  =  sigPlusBgd.generate( ); 

•  Evaluate correlated systematic errors: 
–  sigPlusBgd.shiftDiagParameter(index, nSigma ); 
–  prob  =  sigPlusBgd(event); // evaluate again 

5 parameters created 

automatically 

•  Human-readable I/O: 
–  cout << sigPlusBgd; 
–  cin >> sigPlusBgd; 



RooFitTools 

•  Written by David Kirkby, subsequently with Wouter Verkerke 
•  You still had to worry about the PDF parameters 
•  But this provided maximum flexibility in parameter use 
•  Utilized all the capabilities of root: 

–  Graphics, data structures 

•  Quickly won converts and contributors 
•  Various speed optimizations developed 
•  Blinding tools 



Next incarnation: RooFit 

RooFit page at BaBar 

Now RooFit comes 
with root builds. 

Used by many in HEP. 



Modern Programming 

•  Based on my humble perspective as a contributor of 
software… 

•  For a more insightful and authoritative view, see 
Gregory Dubois-Felsmann’s talk at the B-factory 
symposium, 2008 



•  BaBar & Belle are the first new experiments of the C
++ age 

•  BaBar software leaders were very interested in taking 
advantage of the capabilities of the language 
–  Flexible, modular, configurable software 

•  Significant training effort at various levels 
–  ~250 developers 
–  ~3 million lines of code 

•  Challenges in software management & leadership 

C++  



•  BaBar collected 22 × 109 events, 0.7 pB of raw data 
•  Several times that of that in reconstructed, skimmed, and/or 

simulated events. 
•  There appeared a need for new data models & tools matched 

to C++ and modern programming 
•  → Objectivity  database 
•  Eventually, problems outweighed the advantages  

–  I think that as a product, Objectivity just wasn’t ready 
–  We spent great effort in making it useful for us 

•  Moved to root-based data storage and management 
–  HEP “product”, but still external to BaBar 

•  Generally smooth transition thanks to robust software model 

Data management 



Lessons   Questions 

•  Software flexibility & versatility vs. simplicity 
–  Is our code so flexible that it becomes hard to understand? 
–  ATLAS: increased complexity? 
–  BaBar: the SuperB test 

•  Old technology (proven, limited)  
FORTRAN,  flat files 
vs. new technology (capable, untested) 
C++,  Objectivity 

Lessons   Questions 



Lessons   Questions 

•  BaBar’s physics contribution is substantial: 
–  470 publications as of today 

•  Publication rate continues to be strong: 
–  A total of more than 550 are expected 
–  Including 25-30 in 2012 

•  Also enriched the community with  
–  Highly trained physicists, holding key positions in HEP and 

astro-particle experiments 
–  Successful practices & lessons in analysis, review, 

software, data management 

Conclusions 


