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experimental program review is not quantitative
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Letters of recommendation

Dear Committee:

I am writing for Joe Smith, a postdoc I have been working with for 
the past ten years.  During this time I have gained a deep 
understanding of his abilities.

A physicist like Joe is truly hard to find.  His true talents were 
perhaps underutilized in the project he has recently been working 
on, which involved spending five years optimizing a neural network 
for a model that turned out to be wrong.

There is very little you can teach a person of Joe’s caliber.  He in 
an unbelievable worker, who could not care less about the number of 
hours he had to put in.

I will be grateful if he succeeds in working for you.

Regards,
Eddie



Bruce Knuteson
knuteson@mit.edu

http://mit.fnal.gov/∼knuteson/
fnal: 630-840-8412
mit: 617-452-2705

positions

2003 Jul – Assistant Professor of Physics, MIT
2002 Jan – 2003 Jun Fermi/McCormick Fellow, University of Chicago
2001 Aug – 2001 Dec NSF International Research Fellow, CERN
2001 Jan – 2001 Jul Fermi/McCormick Fellow, University of Chicago
1998 Jul – 2000 Dec DoD NDSEG Fellow, University of California, Berkeley

education

University of California, Berkeley
Ph.D. Physics, December 2000
GPA: 4.00 / 4.00

Rice University, Houston, Texas
B.A. Physics and Mathematics, May 1997
GPA: 4.02 / 4.00
summa cum laude

honors

Charles Townes Young Scholars Competition Finalist
American Physical Society Tanaka Dissertation Award
National Science Foundation International Research Fellowship
Enrico Fermi Postdoctoral Fellowship (University of Chicago)
Pappalardo Fellowship (MIT)†
CERN Fellowship†

DoD National Defense Science and Engineering Graduate Fellowship
National Science Foundation Graduate Fellowship†

Department of Physics Fellowship (Berkeley)
Karl Taylor Compton Fellowship (MIT)†
First Year Merit Fellowship in Science and Mathematics (Princeton)†
Robert A. Millikan Fellowship (Caltech)†
Churchill Scholarship Finalist
Rhodes Scholarship Semifinalist
Rice University Outstanding Senior Award
Outstanding Senior in Physics (Rice University)
Phi Beta Kappa
Sigma Pi Sigma
Sigma Xi
Who’s Who Among Students in American Universities and Colleges 1996, 1997
Associated Western Universities Undergraduate Research Fellowship
National Merit Scholarship

Application to the Ph.D. program in physics accepted by
Berkeley, Caltech, Cornell, Harvard, MIT, Princeton, Stanford
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Bruce Knuteson knuteson@mit.edu
http://mit.fnal.gov/∼knuteson/

voice: 617-452-2705

scientific merit

Work Reference Merit Cost Merit/
(M$) M$

Global search Tevatron I PRD, PRD, PRL 0.02 0.1 0.2
Global search LEP 2 Aleph, L3 0.02 0.1 0.2
Global search Tevatron IIa PRD, PRL 0.2 0.4 0.5
Global search Tevatron IIb CDF 0.02 0.2 0.1
Total 0.26 0.8 0.3
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Minimize

 

  discrimination

  good ol’ boy network

  school elitism



Defines what people should be working toward



Defines what an experiment should be working toward



Defines what a lab 
should be working 

toward



Defines what the field should be working toward



Industry has a well-defined figure of merit
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Figure of merit criterion
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Consider two often used measures: 
 # publications
 # citations
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# publications:  not invariant under stapling
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# citations:  not invariant under stapling

18



In HEP, # citations also 
distorted by the 

Particle Data Group’s 
Review of Particle Properties
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Possible considerations in defining a figure of merit:  
 contribution to Global Domestic Product
 lives saved
 reduction in carbon emissions
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HEP is ≈ a purely 
academic field:  all 

we provide is 
knowledge
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Figure of merit must therefore be a 
measure of how much is learned
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Figure of merit must therefore be a function of 
how surprised you are at the result
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Experiment X

X={x1,x2}
 

p(x1)+p(x2)=1

p(x1)=0.2, p(x2)=0.8
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X = {x1,..,xi,...,xn} 
xi

p(xi)
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Claude Shannon
Information theory



criteria
 invariance under stapling
 monotonic function of p(xi)

lead uniquely to
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Completed experiment

merit =
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Proposed experiment

merit =

31

Expected payoff



Summary of basics

completed experiment

proposed experiment
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Qualitatively distinct states of 
knowledge

Y={ y1 , .. , yj , .. , ym }

∑j p(yj)=1
35



Kuhn:  normal science



Example:  SM Higgs

Y = { y1 , y2 }
y1 = a Standard Model like Higgs boson exists
y2 = no Standard Model like Higgs boson exists

p(y1) = 95%
p(y2) = 5%
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Entropy

disorder confusion
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H(Y) = - ( 0.95 log10 0.95 + 0.05 log10 0.05 ) 
= 0.086

Example:  SM Higgs
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If xi is obtained,
the entropy will be 
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Conditional entropy H(Y|X)
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Expected information content
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special case:    H(Y|X)=0

Proposed experiment

merit = 



Assume yj is correct.  
The evidence outcome xi provides in 

favor of yj is 
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information gain
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Completed experiment

merit = 

Note:



Summary of basics

completed experiment

proposed experiment
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(review)X



Summary of advanced
Information entropy

Proposed experiment

Completed experiment

Expected payoff

Y,X
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PRIOR PROBABILITIES



TEVATRON DISCOVERY 
PROBABILITY
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Bruce Knuteson  

100 200 300 400 500
m !GeV"

0.0005

0.001

0.0015

0.002

0.0025
p#m$

50

http://www.mit.edu/
http://www.mit.edu/
http://www.mit.edu/
http://www.mit.edu/
http://www.mit.edu/


51



52



53



54



55



Bruce Knuteson  56

Vista kinematic shapes

Bruce Knuteson  

100%KS probability 50% 0%95% 5% 1%99%
agreement disagreement
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Merit of proposed experiments
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Merit of completed experiments
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Summary

A quantitative measure of scientific merit is 
desirable
The appropriate figure of merit is based on 
information content
The figure of merit proposed is unique
Productively frames and focuses discussion
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