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What is a Red Giant?

Introduction
• A remarkable mystery in our universe is the disappearance of
red giants in galactic cores.
• Many theories that try to explain this depletion focus on red
giant collisions with a wide range of stars.
• Consequently, the focus of this work is to understand how much
mass can be extracted from a red giant when two stars collide.
• We present an analytic framework from ﬁrst principles to
understand mass removal during stellar collisions.

•
•

•

Stars live most of their lives by
burning hydrogen (H) into
helium (He) in their cores.
A star in which H burning is
occurring in the core is called
a “main sequence” star.
Once most of a star’s H core
supply runs out it starts
burning the outer core H
supply.
The heating up of outer layers
causes the star to expand and
turn into a “red giant”
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Are Red Giant Collisions Common?
•
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𝜎 is the cross section of the star, 𝜎 = 𝜋𝑟 2 1 +

•

The second term accounts for gravitational lensing from the
star. 𝑉∞ = 100 𝑘𝑚/𝑠 is the relative velocity and 𝑉𝑒𝑠𝑐 is the
escape velocity of the star.
𝑙
𝑡 is the time between collisions, 𝑡 =

•
•
•
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Figure 1: This image shows how big the Sun is projected to expand
when it is in it’s red giant phase.

We must calculate 𝑙, the distance a star travels between
1
collisions, 𝑙 =
𝑛𝜎
𝑛 ≈ 107 𝑠𝑡𝑎𝑟𝑠/𝑝𝑐 3 is the number density of the galactic core.
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𝑓 is the rate of collisions per year, 𝑓
Multiplying 𝑓 by the lifetime of a red giant, approximately one
hundred million years, produces the number of collisions a
red giant experiences over it’s lifetime.
Main sequence stars and white dwarfs are two common types
of objects that can collide with red giants.

Figure 2: This plot shows the number of a collision a star has over a
red giant lifetime. For red giants on the order of 102 to 103 solar
radii 𝑅⊙ we can see that they will have at least ten collisions on
average in their lifetime.
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Red Giant-White Dwarf Collisions

Red Giant-Main Sequence Collisions
• We first explore how the thermal energy produced during a
collision of a main sequence star like our Sun and a red giant
can result in mass loss.
• The set up of a similar collision is in Figure 3. The only difference
for us is star A (red giant) will be much bigger than star B (Sun).
• The red giant (star A) is 12 𝑀⊙ and 842 𝑅⊙ .
• M⊙ = 1.99 × 1033 g and 𝑅⊙ = 6.96 × 1010 𝑐𝑚 are the mass and
radius of the Sun (star B) respectively.
• We divide the stars into cylinders that run parallel to the direction
of the collision as shown in the side view of Figure 3.
• Entire cylinders in star A will collide with entire cylinders in star B,
turning kinetic energy into thermal energy.
• We focus on the collision area (the intersection of star A and B
as shown in the front view of Figure 3) and break it up into a
1000 x 1000 cell grid of cylinders.
• Each cell in the grid is a mass element mi .
• The total mass loss is σ𝑁
𝑖=1 𝑚𝑖 , where N is the number of mass
elements that meet the mass loss condition.
• The mass loss condition for the red giant is

mi B
𝑚𝑖 𝐴 +𝑚𝑖 𝐵
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Figure from Spitzer and Saslaw (1965)

Figure 3: This image shows the collision set up from the front and the side. Star A
is the red giant and star B is the Sun for our collision. V∞ is the relative velocity, q
is the impact parameter of the two stars measured from the center of each star.
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• 𝑉𝑒𝑠𝑐 is the largest escape velocity at the location of mi in the grid.
• If the collision is a direct core-on-core collision, the V𝑒𝑠𝑐 is of the
red giant. If the collision is near the outer envelope of the red
giant, then the 𝑉𝑒𝑠𝑐 is of the Sun.
• The mass loss condition assumes that there is no energy
transfer, such that the kinetic energy a cylinder had before
impact is turned into thermal energy.

Figure 4: This plot shows the mass loss from the red giant in solar mass units for varying impact
parameters q and relative velocities 𝑉∞ . The color shows the value of 𝑉∞ in units of the escape velocity of
the red giant 75 km/s. We see that the closer the collision is to the core of the red giant, the more mass
loss occurs. The mass loss never reaches more than 0.1 𝑀⊙ , which is less than 1% the total mass of the
red giant.

• The last phase for a star like our Sun is when it sheds it’s
outer envelope and leaves behind a hot core called a
white dwarf, typically about the size of the earth.
• This collision will send a white dwarf through the
envelope of a red giant to see the effects of accretion
luminosity.
• Accretion luminosity occurs when material accretes onto
a source and the gravitational potential energy is
released outwards. Also known as feedback.
• Accretion Luminosity is
𝐺𝑀𝑊𝐷 𝑀ሶ
𝐸𝑎𝑐𝑐𝑟 =
𝑡
𝑅𝑊𝐷
• 𝑀𝑊𝐷 is the mass of the white dwarf, 𝑅𝑊𝐷 is the radius of
the white dwarf, 𝐺 is the gravitational constant, 𝑡 is the
time the white dwarf spends travelling through the red
giant, and 𝑀ሶ is the mass accretion rate.
𝑀ሶ = 𝜋𝜎 2 𝜌𝑉∞
• 𝜌 is the average density of the red giant.
• 𝑉∞ = 300 𝑘𝑚/𝑠𝑒𝑐 is the relative velocity of the collision.
• 𝜎 is the cross section of the white dwarf as it travels
through the red giant.
2𝐺𝑀𝑊𝐷
𝜎=
𝑉∞2
• For accretion luminosity to be significant it must be
greater than the binding energy of the red giant
2
𝐺𝑀𝑅𝐺
𝐸𝐵𝐸 =
𝑅𝑅𝐺

Discussion and Future Work
•
•
•
•
•
•
•
•
•
•
•
•

Red giant-main sequence collisions prove to be ineffective at removing significant mass from the red giant.
The geometric size and mass of a main sequence star is inadequate at depleting red giants through thermal energy.
Red giant-white dwarf collisions showed that highly compact and massive objects are able to unbind red giants.
For a typical white dwarf, we see that accretion luminosity is less than one percent of the binding energy of a red giant.
White dwarfs are too small to have a geometric effect on red giants and too big to have an effect through feedback.
White dwarfs may still be able to deplete red giants if they can dynamically ignite the H in the envelope.
In order to deplete red giants through feedback a star must be extremely compact.
These types of stars can be either neutron stars or “dead” stars, also known as black holes.
Collisions with these exotic objects are not very common, thus red giant depletion may still remain a mystery.
Future steps are to simulate a red giant-black hole collision using Smooth Particle Hydrodynamics (SPH)
SPH allows us to throw an extremely massive point through a red giant and observe what happens.
The preliminary steps of setting up the red giant are shown in Figure 7.
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Figure 5: This image shows a white dwarf at the center of the Helix Nebula.

Figure 6: This plot shows the ratio of accretion luminosity to the binding energy of a star for white dwarfs of
different radii and masses. The color represents the radius of the star the white dwarf is colliding through in solar
radius units. 104 𝑘𝑚 and 1 𝑀⊙ are the typical radius and mass of a white dwarf. A point above the black line
indicates accretion luminosity from the white dwarf dominates and the star will unbind.
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Figure 7: This plot shows a 500,000 particle star set up using SPH
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