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Am I fooling myself? 

RCR 
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  Honest but avoidable mistakes are much much more 
common than malfeasance 

  See a pattern in the data – is it real? 



Statistics  

  Player X does great 
against left-handed 
pitchers… 

  What are odds that a 
player who gets a hit in 
½ his games has just 
had a 10 game streak 
against left handers? 
  1/1024 

  How many players are 
there in MLB?  ~ 750 

35 
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Moral 
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  At any time someone will have a “streak” of 10 
games against something… 

  You can’t just look at the streak 
  You have to consider how many experiments you did 

before you saw an interesting result. 

  So the questions :  Do I see a bump and do I see a 
bump at 115 GeV are very different. 



Design experiment to avoid fooling 
yourself 
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  Study control samples like “magnet off” 
  Generate simulated data and see how often you 

see a signal 
  If you “know” what you’re looking for, hide the 

signal region and understand the data before you 
look in that region. 

  Get new data or only study subsample first 
  Make certain others have information to reproduce 

your result. 



Blinded analysis (T. Fonseca NU 2005) 
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  Looking for Kµµπ0	



  Huge background 
  Study everything for 

the blue control 
regions 

  Only look in red area 
once all is understood 



Conclusions 
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  Do it right… document document document 
  Don’t lose your work … backup backup backup 
  Do it again… if you can 
  Make certain others can check your results 

  Trust no one – especially yourself 



You can’t fool Mother Nature 

  In the long run you 
can’t lie in physics 

  Can’t keep your story 
straight 

  Mother Nature will 
find your out sooner or 
later 



Case studies in physics 

  Premature Higgs (2011) 
  Cold fusion (1989) 
  Element X (2002) 
  Schoer (2002) 



Case study in wishful thinking 42 



How not to 
present results… 

RCR 
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  Rumors of a Higgs 

  The slides that 
follow are the 
public record 

  And then there 
are the 
anonymous 
leaks… 



Markus Schumacher (Albert-Ludwigs-UniversitŠt Freiburg) 

on behalf of the ATLAS Collaboration 

Rencontres de Moriond 2011 Electroweak Session 

            Higgs Boson Searches with ATLAS  
                 Based on Data Collected in 2010 

  Prologue 

  Hγγ 

  HWW  lνlν	



  HZZllνν/llqq 

  Hττ in MSSM   

  Aµµ at low mass 

  Epilogue 

bmb+f 

RCR 



Signal Rates and Limit Derivation Technique 
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   frequentist limit derivation based on: 

     - profile likelihood method (nuisance parameters for systematic uncertainties) 

     - power constraint CLS+B (impose CLB >16%)  i.e. if  observed cross section limit 
       smaller than median expected Ð 1σ, then quote median expected Ð 1σ	


     - for comparison also CLS used at LEP and TEVATRON shown 

  signal rates and their theoretical uncertainties (µf, µr, PDF and αs) based on 
    ãHandbook of LHC Higgs Cross Sections: 1. Inclusive Observables.Ò arXiv:1101.0593 [hep-ph] 



< 1 detectable Higgs boson 

   per 1012 collisions 

multijet  background: 
estimation from data 
and/or found to be negligible 

measurements of ÒEWÒ backgrounds 

The Challenge:  Tiny Signal-to-Background Ratio 

RCR 
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W+,W- 

Z/γ* 

top pairs 



H 2 Photons with 37.6 pb-1      

RCR 

tight  γ ID  

isolated       non isolated 

  check of backgrounds from ãsidebandÒ 

  2 isolated photons with pT > 40 / 25 GeV 

comparison of MC prediction 
and estimation from data 

loose γ ID  

iterative ãA=B*C/DÒ  method 

A 

B D 

C 

  main backgrounds: 

q 

q 

γ 
γ 

irreducible: γγ 

 discriminate  
photon from  jet 

 excellent  
reconstruction of Mγγ	



q 
g 

γ 
γ π0 q 
γ 

reducible: γ-jet  and  jet-jet    

MC event 



H 2 Photons: Exclusion Limit 

RCR 

  background extraction via exponential 
    shape with two nuisance parameters 

  exclusion limit 

  signal mass shape described by  
   Crystal Ball + Gaussian 

FWHM  

 = 4.4 GeV 

Source Uncertainty (%) 

Luminosity ±3.4 

Cross section +20/-15 

Photon identification ±11 

Photon Isolation ±10 

Trigger +1.1/-3.7 

Energy resolution ±13 on σM 

 signal systematic uncertainties 

comparable to Tevatron 2010 result 

MH=120 GeV 



But what if the background were lower? 

RCR 



“not even wrong” blog… 

  http://w
w

w
.m

ath.colum
bia.edu/

~
w

oit/w
ordpress/ 
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When should you discuss data? 

  It is important to present 
data when it has been fully 
understood 
  Internal notes 
 Grant applications 
 Seminars 
 Conferences 
 Arxiv 
 Publication 
 Review Articles 

51 

RCR 



1989 

  Pons and Fleischmann 
announce Cold Fusion 

  Electrolysis of heavy 
water 

  Deuterium enters 
palladium cathode 

  See temperature rise 
  Detect fusion products 

like Helium in water 



Show the movie 

  The Believers   Screening 
10/27/2011 at 4PM    



Big press conference 



Not consistently reproducible 

  Stephen Jones 
(Brigham Young) sees 
slight neutron excess 

  John Bockris Texas 
A&M sees tritium 

  Nathan Lewis (Caltech) 
sees nothing 

  General consensus that 
no fusion is occuring 

  Probable cause 
 Liquid not mixed 

leading to hot spot 
near thermometer 

 Helium was probably 
naturally occurring 

 Neutron counters were 
crude 

  Legitimate 
experimental errors 



What made it bad? 

NY Times May 3, 1989 
“Many speakers at the meeting reported failure in their efforts to elicit 

information or comments from Dr. Pons. “ 
"Pons would never answer any of our questions," Dr. Lewis told an audience of 

1,800 physicists, "so we asked Los Alamos National Laboratory to put our 
questions to him instead, since they were in touch with him.” 

NY Times June 15, 1990 
''The response of the A&M researchers and administration to these concerns 

was limited at best,'' the magazine said. ''Instead of taking positive steps to 
guard their results against fraud, Bockris and his co-workers principally 
offered arguments as to why they thought fraud was unlikely, sometimes 
exaggerating their case in the process.'' 



Element 118 discovered 

yclept.ucdavis.edu/course/280/Ninov_Yashar.pdf  has an interesting longer version 



See element 118 through cascade of α 
particles in Kr-Pb collisions 

  Unusually high cross 
section predicted by R. 
Smolanczuk 

  Ninov et al. see 3 decay 
chains in original runs 



Element 118 

  NY Times, July 28, 2002 
  Scientists at the Lawrence Berkeley National Laboratory in 

California yesterday retracted a 1999 claim that they had 
created a new, superheavy element.  

  Not only did subsequent experiments at Berkeley and other 
laboratories fail to reproduce the findings, but, on second 
look, the original data did not support the claim for the new 
element, with 118 protons and 175 neutrons. The heaviest 
element found in more than trace amounts in nature is 
uranium, with 92 protons. 

  After the Lawrence Berkeley announcement two years ago, 
other laboratories tried collisions of krypton and lead 
atoms, but did not detect any signs of Element 118.  



  ''Smolanczuk suggested this strange reaction that no one thought 
would go,'' Mr. Ghiorso recalled. ''But because it was relatively easy, 
we thought, 'What the heck, we have nothing to lose.'’ 

  Over five days in early April 1999, the experimenters bombarded a 
lead target with a beam of krypton nuclei. The debris from the tiny 
collisions passed through the gas-filled separator, and various 
detectors recorded the energy, position and timing of each ''event.''  

  A result was an enormous amount of raw data that Dr. Ninov 
processed using software he had mastered at GSI. As the only one on 
the team familiar with the program, he was put in charge of the 
analysis.  

  Then, in the spring of 2000, the Berkeley scientists tried repeating 
their own experiment. This time they found not a trace of element 
118. 

  By now Dr. Loveland had learned to use the special software. He was 
stunned when the team couldn't find the pattern that Dr. Ninov had 
reported.  

  By now a third committee had scrutinized the experiments, confirming 
that the chains didn't exist in the raw data files.  



result 

  Ninov fired 
  My advisor, George Trilling, says the co-authors 

share some responsibility in an editorial 
  APS guidelines "all coauthors share some degree of  

responsibility for any paper they coauthor" and that 

"some coauthors have responsibility for the entire paper. 
These include, for example, coauthors who are 
accountable for the integrity of  the critical data 
reported in the paper,[and] carry out the analysis” 



Morals? 

  Pons and Fleischmann may have been true 
believers, blind to problems with their work and 
then unable to back down. 



Avoiding misconduct 

  Obvious – don’t fake data yourself 
  Less obvious – just because a theorist predicted it 

doesn’t make it more true. 
  Co-authors need to check each other 
  You must make it possible for others to reproduce 

your results by being complete in experimental 
details and answering questions 


