
Determining a “Best Explanation” 
 
In the below article, determine which explanation (cold or warm, light 
or heavy dark matter) is the “best explanation”. 
 
Characteristics of Best Explanations (otherwise known as abductive 
reasoning):1

• Adheres to both forms of Ockham’s Razor 
o “Simplicity” means “requires fewer ad hoc hypotheses or 

auxiliary hypotheses” 
• Explains the most phenomena 
• Yields predictability 
• Coheres with other parts of our knowledge base 
• Is fruitful (provides insight) 
 
auxiliary hypothesis = hypothesis other than the test hypothesis 
which is assumed to be true and is needed to derive the test 
implication 
 
ad hoc hypothesis = an auxiliary hypothesis introduced for the sole 
purpose of saving a test hypothesis being threatened by adverse 
evidence 
 
 
For example, in class we discussed people who do not believe that 
gravity holds us to the planet but that sin holds us to the planet 
because hell is in the center of the Earth. 
• The auxiliary hypothesis in this case is the Doctrine of Original 

Sin. 
• When asked, “Why don’t plants and rocks float off the planet and 

why then do large rocks strike the earth as none can sin?” these 
people respond with the ad hoc hypotheses of 1. Adam’s and 
Eve’s sin caused metaphysical changes to the fabric of the 
universe, and 2. Maybe God is either punishing us or testing our 
faith by sending the meteorite. 

 
 
Furthermore, fewer premises in an argument is not equivalent to 
being simpler in relation to Ockam’s Razor. 

 

                                                 
1 See pages 631-632 of the Pojman textbook. 



Old stars may hold wisdom about dark matter 

Dark matter's energy affected how early stars were born 
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Updated: 2:06 p.m. CT Sept 13, 2007 
http://www.msnbc.msn.com/id/20761051/ 

Some of the universe's first stars might still be lighting up their 
corners of the cosmos, new computer models suggest. And finding 
these stellar oldies could reveal something about the nature of dark 
matter. 

Dark matter is a mysterious substance scientists think accounts for 
most of the mass in the universe but that is invisible to current 
instruments. Theorists figure that in the universe's infancy, dark 
matter served as a gravitational rallying point around which normal 
matter-hydrogen, helium and lithium-gathered. These gases coalesced 
into the first stars, bringing light to the universe and ending the short-
lived cosmic dark ages. 

 Science 
In this simulation, a gas filament condenses and then 
fragments to form the first stars. The blue shading in 
this image reflects changes in the gas density.  
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Meanwhile, researchers have been trying to figure out if dark matter is 
"cold" or "warm." A star-formation model, detailed in the Sept. 14 
issue of Science, suggests a way that scientists can choose between 
the two options. A third "hot" dark matter model has already been 
ruled out. 

The research could also lead to more accurate estimates of how long 
after the theoretical Big Bang that the first stars began to shine and 
help explain how the most massive black holes form. 

Stellar anchors 
Dark matter's gravity anchored the first stars in place so they could 
form, but its energy affected how and where those stars were born, 
the new thinking goes. A popular candidate for dark matter is a 
relatively heavy particle known as the neutralino. The invisible particle 
would move slowly because of its heft so, borrowing the terminology of 
thermodynamics, scientists call it cold dark matter or CDM. 

"'Cold' is a way of saying the particles have velocities that are slow 
compared to the speed of light," explained Volker Bromm, an 
astronomer at the University of Texas who was not involved in the 
study. 

According to CDM models, dark matter would have spread across the 
universe in ripples, collapsing in small, nearly spherical structures and 
creating "wells" that drew in gases to form stars. As a result, the first 
stars would have been born in litters. 

An alternative idea is that dark matter particles are very light and can 
zip through space more quickly. These warm dark matter models 
predict that instead of wells, dark matter formed long filamentary 
structures along which stars appeared like pearls on a string. 

"The filaments would have been about 9,000 light-years long, which is 
about a quarter the size of the Milky Way," said study team member 
Liang Gao, of Durham University. 

A "hot" dark matter model was popular for a while, but has been ruled 
out by observations. "If you have hot particles, they would move very 
rapidly, at the speed of light basically, and the universe would look 
very different," Bromm told SPACE.com. 

Small but powerful 
According to the CDM model, primordial stars were behemoths with 
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masses of around 100 times that of the sun. They would have blazed 
brighter and faster than their descendents. As a result, they would 
have burned out long ago and none would exist today.  

In contrast, the warm dark matter scenario predicts that the first stars 
averaged only 10 solar masses, and that some might have been even 
smaller. The lower a star's mass is, the longer its lifetime.  

While giant stars from the CDM model would be long gone, some of 
the stellar runts predicted by the warm dark matter model might still 
be blazing away today and could be detected by future space 
telescopes. 

"For a star to survive from the beginning of the universe to now, it 
would need to have a mass of one solar mass or less," Bromm said. 

If scientists can find some of those stellar firstborns, it would support 
the warm dark matter model. 

"If the dark matter is warm, some of these primordial stars should be 
lurking around our galaxy," said study team member Tom Theuns, also 
of Durham University. 

The warm dark matter scenario might also explain the creation of 
supermassive black holes, thought to lie at the heart of many, if not 
all, large galaxies. These monster black holes weigh up to a billion 
solar masses, and would have required massive seeds to grow. 

According to the warm dark matter model, a string of stars could 
collapse, causing the stars to collide in a cosmic mashup that would 
create a seed large enough to grow a supermassive black hole. 

In the alternative cold dark matter model, huge stars would not by 
themselves provide enough material to create supermassive black 
holes, and current theory can't fully explain how the gargantuan black 
holes came to be. 

The power of the small 
Bromm thinks the new star formation model is valuable because it 
shows that the smallest particles in the universe can have a big impact 
on its large-scale structure. 

To see evidence for this, however, scientists have to go back to the 
very early universe. Both the cold and warm dark matter models paint 



roughly the same picture of the universe that we see today, with the 
same number and distribution of galaxies and stars. 

"You have to really go to the early universe, to the end of the dark 
ages, for [elementary particles] to matter," Bromm said. "If you go to 
the first steps in the buildup of cosmic structures, then cosmology 
reacts to the microphysics of particles, which is quite remarkable." 
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