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Experimental program review in our field may benefit from a more quantitative framework
within which to quantitatively discuss the scientific merit of a proposed program of
research, and to assess the scientific merit of a particular experimental result. This article
proposes explicitly such a quantitative framework. Examples of the use of this framework
in assessing the scientific merit of particular avenues of research at the energy frontier in
many cases provide results in stark contradiction to accepted wisdom. The experimental
scientific figure of merit proposed here has the potential for informing future choices of
research direction in our field, and in other subfields of the physical sciences.
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E Dear Committee:

!f I am writing for Joe Smith, a postdoc I have been working with for
1 the past ten years. During this time I have gained a deep

§i understanding of his abilities.

'

” A physicist like Joe is truly hard to find. His true talents were
EF perhaps underutilized in the project he has recently been working

iE on, which involved spending five years optimizing a neural network
& for a model that turned out to be wrong.

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

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

i

4 Regards,

} Eddie
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SCIENTIFIC MERIT

Work Reference Merit  Cost  Merit/
(MS$) M$
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 Ila 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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Defines what people should be working toward
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fines what an experiment should be work
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should be working
toward

3
L




Defines what the field should be working toward




Industry has a well-defined figure of merit

14



Figure of merit criterion

15



Consider two often used measures:
@ # publications
Q # citations

16



* publications: wnot invariant under stapling
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% oitations: notinvariant under stapling

The Free Encyclopedia

Citation

From Wikipedia, the free encyclopedia
N/

A citation or bibliographic citation is a reference to a book, article, web page, or
other published item, with sufficient detail to allow a reader to locate jt/cation needed,
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REVIEW OF PARTICLE PHYSICS®

Particle Data Group

Abatract

This biennial Rewew summarizes much of particle physics. Using data from previous editions, plus 2633 new
measurements from 689 papers, we list, evaluate, and average measurad properties of gauge bosons, leptons, quarks,
mesons, and baryons. We also summarize searches for hypothetical particles such as Higgs bosons, heavy neutrines,
and supersymmetric particles. All the particle properties and search limits are listed in Summary Tables. We also
give mumerous tables, flgures, formulae, and reviews of topics such as the Standard Modeal, particle detectors,
probability, and statistics. Among the 110 reviews are many that are new or heavily revisad including those on
CKM quark-mixing matrix, Vi & V. Vig & Vi3, top quark, muon anomalous magnetic moment, extra dimensions,
particle detectors, cosmic background radiation, dark matter, coemological parameters, and big bang occemology.

A booklet is available containing the Summary Tables and abbreviated versions of some of the other sections of
this full Review. All tables, listings, and reviews (and errata) are also available on the Particle Data Group website:
ntip://pdg.1bl.gov.

(©2006 Regents of the University of California
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Possible considerations in defining a figure of wmerit:
Q@ contribution to Global Dowmestic Produet
Q lives saved
@ reduction in carbon emissions

21



HEP is = a purely
academic field: all
we provide is
knowledge

ELEMENTARY
PARTICLES

Force Carriers

d I I

1iree Generations of Matter

2



Figure of werit wmwust 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



X r {xll”lxil“‘lxn}

p(Xi)
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criteria

* invariance under stapling
* monotonic function of p(x;)
lead uniquely fo

surprisal(z;)

—logo p(x;)

29



Completed experiment

merit =

surprisal(x;) = — logyy p(z;)



Proposed experiment
Expected payoff

merit =

Zp (x;) surprisal(x;) = Zp (x;) logyo p(2;)

31



Summary of basics

completed experiment

surprisal(z;) = — log p(z;)

proposed experiment

H(X) = Zp(a:z) surprisal(z; )
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Qualitatively distinct states of
knowledge

Y:{ YASE - VT "'ym}

2; ply;)=1



T S v v e L B o ] T B e T T B s s s e A T

P S =5 ;_-.-__'.-&,._. e N R D et 4 _._...1 mmxs_xnm 3 9 o

Kuhn normal science

STRUC TURI

SCIENTIFIC
REVOLU O .\\

THOMAS S. KUHN




Example: SM Higgs

Yis { Yl ’ YZ}
y1 = a Standard Model like Higgs boson exists
y2 = no Standard Model like Higgs boson exists

p(y1) = 95%
p(yz) = 5%

37
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Example: SM Higgs

H(Y) = — Zp(yj) log 1o p(y;)

J

H(Y) = - ( 0.95 logio 0.95 + 0.05 logio 0.05 )
- 0.086



If xi is obtained,
the entropy will be

H(Y |z;) = Zp yjlzi)logyo p(yslzi)
j



Conditional entropy H(Y|X)

HYIX) = Y p(a:) H(Y |z:)

_ Z p(z;) Z P(yj ;) logg P(yj ;)

— > (i, y5) logio p(y;|z:).

2,J



Proposed experiment

Expected information content

merit =

AH=H(Y)— H(Y|X)

special case: H(Y|X)=0
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Assume Y; is correct.
The evidence outcome X; provides in
favor of y; is

p(Yj|Ti)

evidence(y;|z;) = log
J 10 p(yg)
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Completed experiment

information gain

merit =
information gain (z;) Z p(y;|x;) evidence(y,|x;)
J
p(Y;|zi)
p(y;|z;) log
zj: y 2 p(y;)

Note:

AH = Zp(a:z) information gain (x;)
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Summary of basics
X (review)

completed experiment

surprisal(z;) = — log p(z;)

proposed experiment

H(X) = Zp(a:z) surprisal(z; )




Summary of advanced
Y, X Information entropy

H(Y) = — Zp(yj) log1o p(y;)

J
Proposed experiment

AH = H(Y)— H(Y|X)

Completed experiment

information gain (x;) = Z p(y;|xi) evidence(y; |x;)

J
Expected payott

AH = Zp(xz) information gain (sz)
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PRIOR PROBABILITIES



TEVATRON DISCOVERY
PROBABILITY




p(m)
0.0025;

0.002¢
0.0015¢
0.001

0.0005¢

Bruce Knuteson i

50


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

pP(g,m|1330)

0.0015
0.0005

001

0.

S
L
—

0



0.0015



p(g,m[2000)

5
Ol

0.0015
0.000



p(g,m[2006)

0.002
0.0015

0.0005




LV
v
0 |"

LA
NS o2
S




Vista kinematic shapes

KS probability 100%

Vista Distributions

agreement
99% 95%

50%

disagreement

5%

1%

0%
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2000 —

1000 —
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__CDF Run Il Preliminary (927 pb°1)

Entries 16486

<« overflow

—
o
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Merit of proposed experiments

Analysis Merit

Cost
(M3$)

Bang per buck
(Merit per M$)

LHC, all searches 7
Tevatron II global search 1.4
p2e 2e-01
2e-03
1e-05
7e-05
5e-05
flipping a coin 0

Tevatron Higgs search
Bs mixing
e” search

single top search

5e+03
3e-01
1le+02
le+01
le+01
le-01
5

1e-07

1e-03
5

2e-03
2e-04
1e-06
7e-04
1e-05
0




Merit of completed experiments

Result

Merit

Cost Bang per buck
(M$) (Merit per M$)

T discovery
J /¥ discovery

there is no Higgsy

T discovery

null Tevatron I + LEP 2
global null Tevatron Ila
global null Tevatron IIb7
W and Z discoveries
top quark discovery
Higgs discoveryT

B mixing observation

e* search

single top discoveryf

coin comes up heads

6e-01
le+01
5e+03
1

3e+03
3e-01
3e-01
5e+02
5e+01
5e+03
le+01
1e-01
5

1e-07

5e+00
2e-01
3e-04
5e-01
6e-05
2e-01
2e-01
4e-05
4e-04
4e-06
4e-07
4e-05
4e-06
0




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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