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Natura l Units
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Star S tructure

*Uniform  Sphere  in  Equilib rium  [1]

1 0 / 2 / 2 0 2 4 3[1] S ilbar, Reddy, Neutron  S tars  fo r Undergraduates , Am.J.Phys. 72 (2004) 892-905



Tolm an-Oppenheim er-Volkov 
Equations

Oops , som eone  
added  re la tivity.

 To so lve  these  equa tions , find  
P(𝝐𝝐).

 P(𝝐𝝐) depends  on  com pos ition .
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A Tour of Com pact Objects

More  Ext rem e Condit ions

*Noth ing  to  Sca le

What m ight go  
here  tha t exp la ins  

as tronom ica l 
observa tions?
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Gravita tional waves  will 
a llow fu ture  s tudy of a  
zoo of objects  outs ide  
ga laxy, som e com pact 

and exotic.



An Option: Mixed-Phase  S trange  S ta rs
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[2] Im age Cred it Swinburne  Univers ity 



Matte r in  Mixed-Phase  Equilibrium

(Neutrinos  excluded)
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S trange  quark 
decay and  
form ation  



 Find  pressures
 Find  associa ted  energy dens ities
 Find  P(𝝐𝝐)
 Solve  TOV Equations
 Predict com pact ob ject characte ris tics

Where  to  s ta rt?

To-Do Lis t
NOTE:

P – pressure
p  - m om entum
𝜌𝜌 – charge  dens ity
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Step  1: Identify a  Param eter

What is  conserved?

 Baryon Num ber (Bi)
 Charge  (Qi)

Use  chem ica l po ten tia ls  (𝜇𝜇B, 𝜇𝜇e) as  
param eters .
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Particle  Param eteriza tion

GOAL: 

Tw o param eters  (𝜇𝜇B, 𝜇𝜇e)
↓

One Param eter (𝜇𝜇B)
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Mixed Phase  Gibbs  Equilibrium (cont.)

 Equal pressure  in  each  phase .
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Modeling  Strange  Sta r Matte r

Zero-Tem pera ture , 
Re la tivis tic, Non-In te racting , 

Ferm i Gas
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Zero-Tem pera ture , Re la tivis tic, 
Non-In te racting  Ferm i Gas
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Ferm i Gas  Degeneracy @ T = 0
Electrons Quarks
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[3] Chakrabarty, Equation  of S ta te  o f S trange  Quark Matter and  S trange  S tar, APS Phys. Rev. D 43, 62715  (1991)



Two Param eters  → One Param eter

Now  there  is  on ly 
one  param eter (𝜇𝜇B).
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[4] Aziz e t. Al, Cons tra in ing  va lues  of Bag  Cons tan t fo r s trange  s ta r candida tes , In terna tional J ournal o f Modern  Phys ics  D, Vol 28 (2019)



Calcula ting  Pressures

 For each  𝜇𝜇B, there  is  now an  associa ted  
pressure  of th is  s trange  object.
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 Find  pressures
 Find  associa ted  energy dens ities
 Find  P(𝝐𝝐)
 Solve  TOV Equations
 Predict com pact ob ject characte ris tics

To-Do Lis t
NOTE:

P – pressure
p  - m om entum
𝜌𝜌 – charge  dens ity
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Calcula ting  Energy Dens ity
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Calcula ting  Energy Dens ity - Volum e Fraction
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[5] J a ikum ar e t. a l, The  S trange  S tar Surface : A Crus t with  Nuggets , Phys . Rev. Lett. 96, 041101 (2006)



Electron  Phase  Charge  Dens ity
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Quark/Electron  Phase  Charge  Dens ity
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Clos ing  the  Dolls

Charge  Dens ities
↓

Volum e Fraction  of Quark Phase
↓

Energy Dens ity
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 Find  pressures
 Find  associa ted  energy dens ities
 Find  P(𝝐𝝐)
 Solve  TOV Equations
 Predict com pact ob ject characte ris tics

To-Do Lis t
NOTE:

P – pressure
p  - m om entum
𝜌𝜌 – charge  dens ity
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We can  now…
 Change  unit s
 Try d iffe ren t  fit s
 Solve  the  TOV 

equat ions
 Predict
 Repeat  process  w ith  

d iffe ren t  m at te r
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 Find  pressures
 Find  associa ted  energy dens ities
 Find  P(𝝐𝝐)
 Solve  TOV Equations
 Predict com pact ob ject characte ris tics

To-Do Lis t
NOTE:

P – pressure
p  - m om entum
𝜌𝜌 – charge  dens ity
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Ferm i Gas  Energy Form ula
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