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Outline

• What constitutes a discovery in 
particle physics?

• Statistics and psychological effects

• Broader scientific and everyday life 
impacts  
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observation
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high
(p-value)
one in six
chance of 
seeing an
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this large

As one increases the deviation, chance drops
2 sigma = one in 40, 3 sigma - 1 in 740, 4 sigma =1 in 30k

5 sigma = 1 in 30 million

2 3 4 5



Particle Physics Discovery 
Convention

Convention for when a theory breaks and you see a new effect
is field dependent

In particle physics, it is convention for five sigma, 
i.e. only in a one in 30 million chance of making a mistake

and there is no new effect

In other fields, two sigma is standard (e.g. psychology),
only a chance of one in 40 that it is wrong



Why this standard?

• Historical:  3 sigma effects go away 

• Look elsewhere effect

• p-hacking
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Dec. 2015 ATLAS 
and CMS saw a 

nearly 4 sigma excess
(one in 10000)

With more data
the excess has gone

away

This was more 
extreme, but shows
why 2, 3 sigmas are

only interesting, but
nothing concrete



How does this happen?
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Look Elsewhere Effect
Rare events are less rare if you are looking in several places

Example:  It is rare to win the lottery, but you
know somebody who's won the lottery, how rare

is that?

It might be more common because you know many people
also you might have been also surprised if somebody

you knew won a Nobel prize, was in the NBA, a rock star,
etc....
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Look Elsewhere Effect
Without a predicted

mass, excess in
any bin would have

been exciting

So in a given search,
there is also a "global"

p-value, taking into
look elsewhere

However, there are
many searches, so

5 sigma is a conservative
 standard to be extra sure
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P-hacking
Another potential worry is p-hacking, continuing to look

for significant effects until one finds one 
(e.g. testing a new color of jelly bean until one finds a

statistically significant result)

In particle physics, this used to happen because people would
build up an excess after seeing the data (e.g. throwing out

events, restricting to certain final state particles)

Now, experimental analyses are often blinded, with analysis
procedure set before "opening" the box



Replication  
Crisis

https://nyti.ms/1JoE6N6

SCIENCE

Many Psychology Findings Not as
Strong as Claimed, Study Says
By BENEDICT CAREY AUG. 27, 2015

The past several years have been bruising ones for the credibility of the social
sciences. A star social psychologist was caught fabricating data, leading to more than
50 retracted papers. A top journal published a study supporting the existence of ESP
that was widely criticized. The journal Science pulled a political science paper on the
effect of gay canvassers on voters’ behavior because of concerns about faked data.

Now, a painstaking yearslong effort to reproduce 100 studies published in three
leading psychology journals has found that more than half of the findings did not
hold up when retested. The analysis was done by research psychologists, many of
whom volunteered their time to double-check what they considered important work.
Their conclusions, reported Thursday in the journal Science, have confirmed the
worst fears of scientists who have long worried that the field needed a strong
correction.

The vetted studies were considered part of the core knowledge by which
scientists understand the dynamics of personality, relationships, learning and
memory. Therapists and educators rely on such findings to help guide decisions, and
the fact that so many of the studies were called into question could sow doubt in the
scientific underpinnings of their work.
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ADVERTISEMENT

Science & Environment

Cosmic inflation: 'Spectacular' discovery hailed

By Jonathan Amos
Science correspondent, BBC News

17 March 2014  Science & Environment

Scientists say they have extraordinary new evidence to support a Big Bang Theory for
the origin of the Universe.

Researchers believe they have found the signal left in the sky by the super-rapid expansion of
space that must have occurred just fractions of a second after everything came into being.

It takes the form of a distinctive twist in the oldest light detectable with telescopes.
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Other Psychological Effects

Confirmation Bias

Texas Sharpshooter's Falacy

For many more, see You Are Not So Smart Podcast
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Science Media Literacy

Everybody has to be wary of their own psychological
biases, critically evaluate study/report, and remain skeptical

Our students will need to process articles about
scientific results every day, of varying expertise
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Science as Evolving Story

Science can be a messy process, with lurches and starts 
before a clear understanding

In this modern age, have to fight natural desire to get 
all of the answers now

Unfortunately, we can't be experts on everything, so 
we have to evaluate and find trusted sources



Conclusions

• 5 sigma discovery standard

• Look elsewhere effect

• Replication crisis and past wrong results

• Science Media Literacy and Science as 
an Evolving Story



Thanks for your time!


