- When is a result a result?



Am | fooling myself?

Honest but avoidable mistakes are much much more
common than malfeasance

See a pattern in the data —is it real?

RCR



Statistics

71 Player X does great
against left-handed
pitchers...

7 What are odds that a
player who gets a hit in
/2 his games has just
had a 10 game streak
against left handers?

1/1024

1 How many players are
there in MLB2 ~ 750

RCR



Moral

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 | see a bump and do | see a
bump at 115 GeV are very different.

RCR



Design experiment to avoid fooling
yourself

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.

RCR



Blinded analysis (T. Fonseca NU 2005)

111 e v)

Looking for K> uut!
Huge background

Study everything for
the blue control

regions

Only look in red area %1%
once all is understood 0.11F

O (11 l 11 1 l 11 1 l L1l l L1l l 1 1% l 11 1 l 11 1
01.38 04 042044046048 05 052054
m, . (GeV)
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Conclusions
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

RCR



You can’t fool Mother Nature

71 In the long run you
can'’t lie in physics

1 Can’t keep your story
straight

1 Mother Nature will
find your out sooner or
later




Case studies in physics

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



study in wishful thinking




How not to

The

present results... PEOHINIE
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Hunting the Higgs boson

The slides that Indefinite particles
This just in: the Higgs boson has probably not yet been found
follow are the Apr 28th 2011 | from the print edition
. ON APRIL 21st physicists held their breath.
pu blic record An anonymous commentator posted a note

on a blog, picked up by Fox News,
suggesting that researchers at CERN,

And then there Europe’s min particie-physics laboratory

near Geneva, had netted their biggest fish:

the "God particle”. The Higgs boson, to give
q re Th e the less exalted moniker preferred by
scientists, is the hypothetical manifestation
of the Higgs field, which is thought to
CI n o ny m o U S pervade all space and whose interactions

with other elementary particles give them
Ie CI kS ) mass. It is the missing piece of the
Standard Model, a theory which links all the
particles and forces of nature bar gravity
into a single mathematical framework.

So, is it still missing? According to CERN,
the leaked document seems to be an early




Total Integrated Luminosity [pb™]
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Rencontres de Moriond 2011 Electroweak Session

Hadronic Calorimeters
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ATLAS Online Luminosity Vs=7Tev
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[ ] ATLAS Recorded

Total Delivered: 48.1 pb™'
Total Recorded: 45.0 pb™'
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™ Prologue

W H->vyy

mH>WW = Ivlv

W H->ZZ->l1lvv/liqq

¥ H->tt in MSSM

¥ A->uu at low mass

W Epilogue
RCR

Markus Schumacher (Albert-Ludwigs-UniversitSt Freiburg)
on behalf of the ATLAS Collaboration
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Signal Rates and Limit Derivation Technique

B signal rates and their theoretical uncertainties (u;, u,, PDF and o) based on
sHandbook of LHC Higgs Cross Sections: 1. Inclusive Observables.O arXiv:1101.0593 fiep-ph]

oy S ' o 33§
S, | ®
X E > zz 18
T E -F;, g
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10 : 102 E
' L/ 1Y Zy :
10-2 _ ]
' : A 10° =906 ""920 740 160 180 200
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W frequentist limit derivation based on:
- profile likelihood method (nuisance parameters for systematic uncertainties)

- power constraint CLg,; (impose CL; >16%) i.e. if observed cross section limit
smaller than median expected D 1o, then quote median expected b 1o

- for comparison also CLg used at LEP and TEVATREON shown
45
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H-> 2 Photons with 37.6 pb-1

W 2 isolated photons with p; > 40/ 25 GeV B main backgrounds:
' reducible: y-jet and. jet-jet

g
g

e a v oV o g V) >
»

! , = discriminate
q <0 VY photon from jet
irreducible: yy

q —>—mnnrnny 2 excellent
g —r—rnnny reconstruction of MYY

comparison of MC prediction
and estimation from data

120 : :

® check of backgrounds from dsidebandO

Data I201 0 I ]
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H-> 2 Photons: Exclusion Limit

B signal mass shape described by Emsignal systematic uncertainties
CrySta| Ba” + GaUSS|an Uncertainty (%)
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But what if the background were lower?
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“not even wrong” blog...

This Week’s Rumor
April 21st, 2011

A commenter on the previous posting has helpfully given us the
abstract of an internal ATLAS note claiming observation of a
resonance at 115 GeV. It's the sort of thing you would expect to see
if there were a Higgs at that mass, but the number of events seen is
about 30 times more than the standard model would predict. Best
guess seems to be that this is either a hoax, or something that will
disappear on further analysis. But, since spreading well-sourced
rumors is more or less in the mission statement of this blog, | think
I'll promote this to its own posting. Here it is:

Internal Note

Report number ATL-COM-PHYS-2011-415

Title Observation of a yy resonance at a mass in the
vicinity of 115 GeV/c2 at ATLAS and its Higgs

internratatinn
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When should you discuss data?

01 It is important to present
data when it has been fully
understood

Internal notes
Grant applications
Seminars
Conferences

MIGHT Arxiv

Publication

Sink Shi P‘ Review Articles

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
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Show the movie
I

0 The Believers 1 Screening

10/27/2011 at 4PM




Big press conference




Not consistently reproducible

Stephen Jones Probable cause
(Brigham Young) sees Liquid not mixed
slight neutron excess leading to hot spot

John Bockris Texas near thermometer

A&M sees tritium Helium was probably

naturally occurrin
Nathan Lewis (Caltech) Y J

. Neutron counters were
sees nothing

crude

General consensus that

R ] Legitimate
no fusion is occuring

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

VOLUME 83, NUMBER 6 PHYSICAL REVIEW LETTERS 9 AuGusST 1999

Observation of Superheavy Nuclei Produced in the Reaction of 3¢ Kr with 25Pb

V. Ninov.! K.E. Gregorich,! W. Loveland.> A. Ghiorso,! D.C. Hoffman,"* D.M. Lee.! H. Nitsche.!® W.J. Swiatecki,'
U.W. Kirbach.! C.A.Laue.! J.L. Adams." J.B. Patin,'® D.A. Shaughnessy."* D.A. Strellis,! and P.A. Wilk'?
'Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720
’Department of Chemistry, Oregon State University, Corvallis, Oregon 97331
3 Departiment of Chemistry, University of California, Berkeley, California 94720
(Received 27 May 1999)

has an interesting longer version




See element 118 through cascade of o

particles in Kr-Pb collisions

71 Unusually high cross
section predicted by R.

Smolanczuk

o Ninov et al. see 3 decay

chains in original runs

Counts
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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 o
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 adyvisor, 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?e

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



