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Phase Transition — one conserved charged

!n

Maxwell transition
PH(µn, { }) = PQ(µn, {q})
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Phase Transition — two conserved charges

PH(µn, µe, { }) = PQ(µn, µe, {q})
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Gibbs transition Glendenning, PRD 46 (1992) 1274
Phys. Rept. 342 (2001) 393
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PH (µn, µe, { ! } ) = PQ (µn, µe, { q} )
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Phase Transition — two conserved charges

Gibbs transition
PH(µn, µe, { }) = PQ(µn, µe, {q})
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e! + (Z,A)  !   e! + (Z,A) + " + "!
Mixed Phase Bremsstrahlung (MPB):



Nuclear Lattice Case (electrons + heavy atomic nuclei)

• Density range: 1014 g/cm3 ≲ r≲ 1.5 x 1014 g/cm3 

• Shapes: spheres, rods, slabs

• Electron chemical potential: "e ∼ 80 MeV

• Atomic number: Z ∼ 50

• Radius of Wigner-Seitz cell: R ∼ 18 fm

• Radius of rare phase structure: r ∼ 9 fm

• Melting temperature: Tmelt = (Z e)2 / (R kB Gmelt) ∼ 1.3 x 1010 K

Haensel Kam inker, Yakovlev (1996)
Yakovlev, Kam inker (1996)

Kam inker, Pethick, Potekhin, Thorsson, Yakovlev (1999)

Lamb, Lattimer, Pethick, Ravenhall (1981)
Ravenhall, Pethick, Wilson (1983)
Williams, Koonin (1985)



Quark-Hadron Lattice Case (blobs)

• Density range:   r≳ 7.5 x 1014 g/cm3 (3 times nuclear saturation)

• Electron chemical potential: "e ∼ 140 MeV

• Atomic number: Z ∼ 200

• Radius of Wigner-Seitz cell: R ∼ 12 fm

• Radius of quark blob: r ∼ 8 fm

• Melting temperature: Tmelt = (Z e)2 / (R kB 172) ∼ 4 x 1011 K



Models for the Nuclear EOS
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Dyson equation Self-energy Hartree Fock
(Walecka)



Hadronic Equation of State



• DDRMF: density-dependent meson-baryon coupling constants

!̄ , "̄ , #̄, kn , ke, kB , B ! {p, ! , " , # , $ }

X

B

nB qB �
X

�

n� = 0

n !
X

B

nB = 0

hi(x) = ai
1 + bi(x + di)2

1 + ci(x + di)2 , i 2 { ! , " } h⇢(x) = exp [ ! a⇢ (x ! 1)]

m2
! ø⇢�

X

B

g! B I3B nB = 0

m2
!ø! �

!

B

g!BnB = 0

m2
� !̄ !

!

B

g�B nS
B = 0

µB ! (µn ! qBµe) = 0chemical equilibrium

giB(n) = giB(n0)hi(x), x = n/n 0

• System variables: 
• Meson-baryon coupling constants:
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Coupling Constants and Constraints on EoS

1. Properties of symmetric nuclear matter at saturation density, n0

E/N, m*, K, J, L 

2. Hyperons (Y)
Scalar meson-Y coupling constants: xsY

• UL=-28 MeV, UX=-18 MeV, US=+30 MeV
Vector meson-Y coupling constants: xwY

• SU(3) flavor symmetry
• SU(6) spin-flavor symmetry (quark counting model)

Dover & Gall (1984), Schaffner-Bielich et al.  (1994), Weissborn et al. (2013),   
Miyatsu et al. (2013), Oertel et al. (2015)

Isovector meson-Y coupling constants: xrY

• Lynch et al. (2009), Weissenborn et al. (2012), Miyatsu et al. (2013)

3. Deltas (D)
Coupling constants: xsD, xwD, xrD

• Drago et al. (2014):  -30 MeV+UN(n0) < UD(n0) < UN(n0), 
0 < xsD-xwD< 0.2

• Kolomeitsev et al (2017): UN(n0) < UD(n0) < 2UN(n0)/3, 
UD(n0)= -50 MeV (see also Riek et al. (2009))
xsD=xwD=1.1, xrD=1.0

4. Heavy Ion collisions
• Lynch et al. (2009), Danielewicz et al. (2002)

Lattimer et al. (2013)
Danielewicz et al. (2014)

Hagen et al. (2015)
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Quark-Hadron Composition

W. Spinella (SDSU, 2017)

DD2 Parametrization



W. Spinella (2017)

Gibbs Transition

• Onset of quark 
deconfinement at  
~3 to 4.5 n0

Mixed

phase

Pure quark

phase

Pure hadronic

phase

n/n0

8



W. Spinella (2017)

Gibbs Transition

• Onset of quark 
deconfinement at  
~3 to 4.5 n0

Mixed

phase

Pure quark

phase

Pure hadronic
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W. Spinella, FW (2017)

Maxwell Transition

Mixed phase

Pure quark
phase

Pure 
hadronic
phase

• Onset of quark 
deconfinement at  
~3 to 4.5 n0
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! . 55 MeV fm�2
<latexit sha1_base64="yeIpPgS9lOj2fhr5/1DVJlzyJuQ=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQxnAXDFoGbWyECOYDcjHsbeaSJbt3x+6eEI7kJ9j4V2wsFLG1s/PfuEmu0MQHA4/3ZpiZ50WcKW3b31ZmZXVtfSO7mdva3tndy+8fNFQYSwp1GvJQtjyigLMA6pppDq1IAhEeh6Y3vJr6zQeQioXBnR5F0BGkHzCfUaKN1M0XXcKjAcEuB6UUE7hSwZPElQLfQANPsC/uk9PyeIy7+YJdsmfAy8RJSQGlqHXzX24vpLGAQFNOlGo7dqQ7CZGaUQ7jnBsriAgdkj60DQ2IANVJZh+N8YlRetgPpalA45n6eyIhQqmR8EynIHqgFr2p+J/XjrV/0UlYEMUaAjpf5Mcc6xBP48E9JoFqPjKEUMnMrZgOiCRUmxBzJgRn8eVl0iiXHLvk3J4VqpdpHFl0hI5RETnoHFXRNaqhOqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHSEacAg==</latexit><latexit sha1_base64="yeIpPgS9lOj2fhr5/1DVJlzyJuQ=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQxnAXDFoGbWyECOYDcjHsbeaSJbt3x+6eEI7kJ9j4V2wsFLG1s/PfuEmu0MQHA4/3ZpiZ50WcKW3b31ZmZXVtfSO7mdva3tndy+8fNFQYSwp1GvJQtjyigLMA6pppDq1IAhEeh6Y3vJr6zQeQioXBnR5F0BGkHzCfUaKN1M0XXcKjAcEuB6UUE7hSwZPElQLfQANPsC/uk9PyeIy7+YJdsmfAy8RJSQGlqHXzX24vpLGAQFNOlGo7dqQ7CZGaUQ7jnBsriAgdkj60DQ2IANVJZh+N8YlRetgPpalA45n6eyIhQqmR8EynIHqgFr2p+J/XjrV/0UlYEMUaAjpf5Mcc6xBP48E9JoFqPjKEUMnMrZgOiCRUmxBzJgRn8eVl0iiXHLvk3J4VqpdpHFl0hI5RETnoHFXRNaqhOqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHSEacAg==</latexit><latexit sha1_base64="yeIpPgS9lOj2fhr5/1DVJlzyJuQ=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQxnAXDFoGbWyECOYDcjHsbeaSJbt3x+6eEI7kJ9j4V2wsFLG1s/PfuEmu0MQHA4/3ZpiZ50WcKW3b31ZmZXVtfSO7mdva3tndy+8fNFQYSwp1GvJQtjyigLMA6pppDq1IAhEeh6Y3vJr6zQeQioXBnR5F0BGkHzCfUaKN1M0XXcKjAcEuB6UUE7hSwZPElQLfQANPsC/uk9PyeIy7+YJdsmfAy8RJSQGlqHXzX24vpLGAQFNOlGo7dqQ7CZGaUQ7jnBsriAgdkj60DQ2IANVJZh+N8YlRetgPpalA45n6eyIhQqmR8EynIHqgFr2p+J/XjrV/0UlYEMUaAjpf5Mcc6xBP48E9JoFqPjKEUMnMrZgOiCRUmxBzJgRn8eVl0iiXHLvk3J4VqpdpHFl0hI5RETnoHFXRNaqhOqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHSEacAg==</latexit><latexit sha1_base64="yeIpPgS9lOj2fhr5/1DVJlzyJuQ=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQxnAXDFoGbWyECOYDcjHsbeaSJbt3x+6eEI7kJ9j4V2wsFLG1s/PfuEmu0MQHA4/3ZpiZ50WcKW3b31ZmZXVtfSO7mdva3tndy+8fNFQYSwp1GvJQtjyigLMA6pppDq1IAhEeh6Y3vJr6zQeQioXBnR5F0BGkHzCfUaKN1M0XXcKjAcEuB6UUE7hSwZPElQLfQANPsC/uk9PyeIy7+YJdsmfAy8RJSQGlqHXzX24vpLGAQFNOlGo7dqQ7CZGaUQ7jnBsriAgdkj60DQ2IANVJZh+N8YlRetgPpalA45n6eyIhQqmR8EynIHqgFr2p+J/XjrV/0UlYEMUaAjpf5Mcc6xBP48E9JoFqPjKEUMnMrZgOiCRUmxBzJgRn8eVl0iiXHLvk3J4VqpdpHFl0hI5RETnoHFXRNaqhOqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHSEacAg==</latexit>
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Surface tension a in the quark-hadron mixed phase 

Spinella, FW, Orsaria, Contrera (2018)

DD2 Parametrization
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<latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dXPXwv5x8QiENuCA4NwMn52ptRw=">AAACIHicbZBLSwMxFIXv+La+qls3QREq0jozG90Iol24VLBV6Iwlk2baYOZBckdahvk/bvwrLnThA3+M6QN8Hggczkm4uV+QSqHRtt+sqemZ2bn5hcXS0vLK6lp5fbmpk0wx3mCJTNR1QDWXIuYNFCj5dao4jQLJr4Lb02F/dceVFkl8iYOU+xHtxiIUjKKJ2uUTErbrlf4uOSJeqCjLnSKv77mFJ3mIra+o6hYVt1rv3+RO1d2vF7t7fU+Jbg990i5v2zV7JPLXOBOzDROdt8tPXidhWcRjZJJq3XLsFP2cKhRM8qLkZZqnlN3SLm8ZG9OIaz8f7VqQHZN0SJgoc2Iko/T7i5xGWg+iwNyMKPb0724Y/te1MgwP/VzEaYY8ZuNBYSYJJmQIjnSE4gzlwBjKlDB/JaxHDR80eEsGgvN75b+m6dYcu+Zc2LAAm7AFFXDgAI7hDM6hAQzu4RFe4NV6sJ6t9zGuKWvCbQN+yPr4BJgqo08=</latexit><latexit sha1_base64="dXPXwv5x8QiENuCA4NwMn52ptRw=">AAACIHicbZBLSwMxFIXv+La+qls3QREq0jozG90Iol24VLBV6Iwlk2baYOZBckdahvk/bvwrLnThA3+M6QN8Hggczkm4uV+QSqHRtt+sqemZ2bn5hcXS0vLK6lp5fbmpk0wx3mCJTNR1QDWXIuYNFCj5dao4jQLJr4Lb02F/dceVFkl8iYOU+xHtxiIUjKKJ2uUTErbrlf4uOSJeqCjLnSKv77mFJ3mIra+o6hYVt1rv3+RO1d2vF7t7fU+Jbg990i5v2zV7JPLXOBOzDROdt8tPXidhWcRjZJJq3XLsFP2cKhRM8qLkZZqnlN3SLm8ZG9OIaz8f7VqQHZN0SJgoc2Iko/T7i5xGWg+iwNyMKPb0724Y/te1MgwP/VzEaYY8ZuNBYSYJJmQIjnSE4gzlwBjKlDB/JaxHDR80eEsGgvN75b+m6dYcu+Zc2LAAm7AFFXDgAI7hDM6hAQzu4RFe4NV6sJ6t9zGuKWvCbQN+yPr4BJgqo08=</latexit><latexit sha1_base64="UfUblAntqiezC7saptsXjY1bYGM="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dXPXwv5x8QiENuCA4NwMn52ptRw=">AAACIHicbZBLSwMxFIXv+La+qls3QREq0jozG90Iol24VLBV6Iwlk2baYOZBckdahvk/bvwrLnThA3+M6QN8Hggczkm4uV+QSqHRtt+sqemZ2bn5hcXS0vLK6lp5fbmpk0wx3mCJTNR1QDWXIuYNFCj5dao4jQLJr4Lb02F/dceVFkl8iYOU+xHtxiIUjKKJ2uUTErbrlf4uOSJeqCjLnSKv77mFJ3mIra+o6hYVt1rv3+RO1d2vF7t7fU+Jbg990i5v2zV7JPLXOBOzDROdt8tPXidhWcRjZJJq3XLsFP2cKhRM8qLkZZqnlN3SLm8ZG9OIaz8f7VqQHZN0SJgoc2Iko/T7i5xGWg+iwNyMKPb0724Y/te1MgwP/VzEaYY8ZuNBYSYJJmQIjnSE4gzlwBjKlDB/JaxHDR80eEsGgvN75b+m6dYcu+Zc2LAAm7AFFXDgAI7hDM6hAQzu4RFe4NV6sJ6t9zGuKWvCbQN+yPr4BJgqo08=</latexit><latexit sha1_base64="dXPXwv5x8QiENuCA4NwMn52ptRw=">AAACIHicbZBLSwMxFIXv+La+qls3QREq0jozG90Iol24VLBV6Iwlk2baYOZBckdahvk/bvwrLnThA3+M6QN8Hggczkm4uV+QSqHRtt+sqemZ2bn5hcXS0vLK6lp5fbmpk0wx3mCJTNR1QDWXIuYNFCj5dao4jQLJr4Lb02F/dceVFkl8iYOU+xHtxiIUjKKJ2uUTErbrlf4uOSJeqCjLnSKv77mFJ3mIra+o6hYVt1rv3+RO1d2vF7t7fU+Jbg990i5v2zV7JPLXOBOzDROdt8tPXidhWcRjZJJq3XLsFP2cKhRM8qLkZZqnlN3SLm8ZG9OIaz8f7VqQHZN0SJgoc2Iko/T7i5xGWg+iwNyMKPb0724Y/te1MgwP/VzEaYY8ZuNBYSYJJmQIjnSE4gzlwBjKlDB/JaxHDR80eEsGgvN75b+m6dYcu+Zc2LAAm7AFFXDgAI7hDM6hAQzu4RFe4NV6sJ6t9zGuKWvCbQN+yPr4BJgqo08=</latexit><latexit sha1_base64="UfUblAntqiezC7saptsXjY1bYGM="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit><latexit sha1_base64="RRG0DWCkS0K26QJBnVcSbO7/l2M="></latexit>

qH (qQ )
<latexit sha1_base64="dEJyGepjCVKxxVE0D2RnTXPTvHs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseumxBfsh7bJk07QNTbLbJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3sbm1vZPfLeztHxweFY9PWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H4/u5336iSrNIPphpTH2Bh5INGMHGSo+ToIbKk6BxGRRLbsVdAK0TLyMlyFAPil+9fkQSQaUhHGvd9dzY+ClWhhFOZ4VeommMyRgPaddSiQXVfro4eIYurNJHg0jZkgYt1N8TKRZaT0VoOwU2I73qzcX/vG5iBrd+ymScGCrJctEg4chEaP496jNFieFTSzBRzN6KyAgrTIzNqGBD8FZfXietq4rnVrzGdal6l8WRhzM4hzJ4cANVqEEdmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AFtF49+</latexit><latexit sha1_base64="dEJyGepjCVKxxVE0D2RnTXPTvHs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseumxBfsh7bJk07QNTbLbJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3sbm1vZPfLeztHxweFY9PWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H4/u5336iSrNIPphpTH2Bh5INGMHGSo+ToIbKk6BxGRRLbsVdAK0TLyMlyFAPil+9fkQSQaUhHGvd9dzY+ClWhhFOZ4VeommMyRgPaddSiQXVfro4eIYurNJHg0jZkgYt1N8TKRZaT0VoOwU2I73qzcX/vG5iBrd+ymScGCrJctEg4chEaP496jNFieFTSzBRzN6KyAgrTIzNqGBD8FZfXietq4rnVrzGdal6l8WRhzM4hzJ4cANVqEEdmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AFtF49+</latexit><latexit sha1_base64="dEJyGepjCVKxxVE0D2RnTXPTvHs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseumxBfsh7bJk07QNTbLbJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3sbm1vZPfLeztHxweFY9PWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H4/u5336iSrNIPphpTH2Bh5INGMHGSo+ToIbKk6BxGRRLbsVdAK0TLyMlyFAPil+9fkQSQaUhHGvd9dzY+ClWhhFOZ4VeommMyRgPaddSiQXVfro4eIYurNJHg0jZkgYt1N8TKRZaT0VoOwU2I73qzcX/vG5iBrd+ymScGCrJctEg4chEaP496jNFieFTSzBRzN6KyAgrTIzNqGBD8FZfXietq4rnVrzGdal6l8WRhzM4hzJ4cANVqEEdmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AFtF49+</latexit><latexit sha1_base64="dEJyGepjCVKxxVE0D2RnTXPTvHs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseumxBfsh7bJk07QNTbLbJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3sbm1vZPfLeztHxweFY9PWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H4/u5336iSrNIPphpTH2Bh5INGMHGSo+ToIbKk6BxGRRLbsVdAK0TLyMlyFAPil+9fkQSQaUhHGvd9dzY+ClWhhFOZ4VeommMyRgPaddSiQXVfro4eIYurNJHg0jZkgYt1N8TKRZaT0VoOwU2I73qzcX/vG5iBrd+ymScGCrJctEg4chEaP496jNFieFTSzBRzN6KyAgrTIzNqGBD8FZfXietq4rnVrzGdal6l8WRhzM4hzJ4cANVqEEdmkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AFtF49+</latexit>
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<latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit> 6&')8!"()-",9)*%&-7&*5!&9,**).!&/D:;<=<>3
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Rare phase structure size, charge, number density

@(✏C + ✏S)
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<latexit sha1_base64="Q1Bt66phx2Kd4NoH67uJx6Gx5w0=">AAACG3icbVBLSwMxGMz6rPW16tFLsAgVoewWQY/FXjxWtA/oLiWbZtvQbDYkWaEs+z+8+Fe8eFDEk+DBf2PaLkVbBwLDzHxJvgkEo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0VJxKTJo5ZLDsBUoRRTpqaakY6QhIUBYy0g1F94rcfiFQ05vd6LIgfoQGnIcVIG6lnV71QIpx6AklNESt7RCjKjFM/n9O7s2wegDLr2SWn4kwBl4mbkxLI0ejZn14/xklEuMYMKdV1HaH9dHIhZiQreokiAuERGpCuoRxFRPnpdLcMnhqlD8NYmsM1nKq/J1IUKTWOApOMkB6qRW8i/ud1Ex1e+SnlItGE49lDYcKgjuGkKNinkmDNxoYgLKn5K8RDZMrSps6iKcFdXHmZtKoV16m4txel2nVeRwEcgxNQBi64BDVwAxqgCTB4BM/gFbxZT9aL9W59zKIrVj5zBP7A+voBQfSiJw==</latexit><latexit sha1_base64="Q1Bt66phx2Kd4NoH67uJx6Gx5w0=">AAACG3icbVBLSwMxGMz6rPW16tFLsAgVoewWQY/FXjxWtA/oLiWbZtvQbDYkWaEs+z+8+Fe8eFDEk+DBf2PaLkVbBwLDzHxJvgkEo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0VJxKTJo5ZLDsBUoRRTpqaakY6QhIUBYy0g1F94rcfiFQ05vd6LIgfoQGnIcVIG6lnV71QIpx6AklNESt7RCjKjFM/n9O7s2wegDLr2SWn4kwBl4mbkxLI0ejZn14/xklEuMYMKdV1HaH9dHIhZiQreokiAuERGpCuoRxFRPnpdLcMnhqlD8NYmsM1nKq/J1IUKTWOApOMkB6qRW8i/ud1Ex1e+SnlItGE49lDYcKgjuGkKNinkmDNxoYgLKn5K8RDZMrSps6iKcFdXHmZtKoV16m4txel2nVeRwEcgxNQBi64BDVwAxqgCTB4BM/gFbxZT9aL9W59zKIrVj5zBP7A+voBQfSiJw==</latexit><latexit sha1_base64="Q1Bt66phx2Kd4NoH67uJx6Gx5w0=">AAACG3icbVBLSwMxGMz6rPW16tFLsAgVoewWQY/FXjxWtA/oLiWbZtvQbDYkWaEs+z+8+Fe8eFDEk+DBf2PaLkVbBwLDzHxJvgkEo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0VJxKTJo5ZLDsBUoRRTpqaakY6QhIUBYy0g1F94rcfiFQ05vd6LIgfoQGnIcVIG6lnV71QIpx6AklNESt7RCjKjFM/n9O7s2wegDLr2SWn4kwBl4mbkxLI0ejZn14/xklEuMYMKdV1HaH9dHIhZiQreokiAuERGpCuoRxFRPnpdLcMnhqlD8NYmsM1nKq/J1IUKTWOApOMkB6qRW8i/ud1Ex1e+SnlItGE49lDYcKgjuGkKNinkmDNxoYgLKn5K8RDZMrSps6iKcFdXHmZtKoV16m4txel2nVeRwEcgxNQBi64BDVwAxqgCTB4BM/gFbxZT9aL9W59zKIrVj5zBP7A+voBQfSiJw==</latexit><latexit sha1_base64="Q1Bt66phx2Kd4NoH67uJx6Gx5w0=">AAACG3icbVBLSwMxGMz6rPW16tFLsAgVoewWQY/FXjxWtA/oLiWbZtvQbDYkWaEs+z+8+Fe8eFDEk+DBf2PaLkVbBwLDzHxJvgkEo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0VJxKTJo5ZLDsBUoRRTpqaakY6QhIUBYy0g1F94rcfiFQ05vd6LIgfoQGnIcVIG6lnV71QIpx6AklNESt7RCjKjFM/n9O7s2wegDLr2SWn4kwBl4mbkxLI0ejZn14/xklEuMYMKdV1HaH9dHIhZiQreokiAuERGpCuoRxFRPnpdLcMnhqlD8NYmsM1nKq/J1IUKTWOApOMkB6qRW8i/ud1Ex1e+SnlItGE49lDYcKgjuGkKNinkmDNxoYgLKn5K8RDZMrSps6iKcFdXHmZtKoV16m4txel2nVeRwEcgxNQBi64BDVwAxqgCTB4BM/gFbxZT9aL9W59zKIrVj5zBP7A+voBQfSiJw==</latexit>

Minimizing leads for the size of the 

rare phase to: 
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<latexit sha1_base64="vmqb0diWH6VyFei3H5rEz4LjZJg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXmpSBL0IRS9CLxXsB7QhbLaTdulmE3Y3Qgj9G148KOLVP+PNf+O2zUFbHww83pthZp4fc6a0bX9bhbX1jc2t4nZpZ3dv/6B8eNRRUSIptGnEI9nziQLOBLQ10xx6sQQS+hy6/uRu5nefQCoWiUedxuCGZCRYwCjRRhqkXvOmeVGtTzw498oVu2bPgVeJk5MKytHyyl+DYUSTEISmnCjVd+xYuxmRmlEO09IgURATOiEj6BsqSAjKzeY3T/GZUYY4iKQpofFc/T2RkVCpNPRNZ0j0WC17M/E/r5/o4NrNmIgTDYIuFgUJxzrCswDwkEmgmqeGECqZuRXTMZGEahNTyYTgLL+8Sjr1mmPXnIfLSuM2j6OITtApqiIHXaEGukct1EYUxegZvaI3K7FerHfrY9FasPKZY/QH1ucPO7uQfg==</latexit><latexit sha1_base64="vmqb0diWH6VyFei3H5rEz4LjZJg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXmpSBL0IRS9CLxXsB7QhbLaTdulmE3Y3Qgj9G148KOLVP+PNf+O2zUFbHww83pthZp4fc6a0bX9bhbX1jc2t4nZpZ3dv/6B8eNRRUSIptGnEI9nziQLOBLQ10xx6sQQS+hy6/uRu5nefQCoWiUedxuCGZCRYwCjRRhqkXvOmeVGtTzw498oVu2bPgVeJk5MKytHyyl+DYUSTEISmnCjVd+xYuxmRmlEO09IgURATOiEj6BsqSAjKzeY3T/GZUYY4iKQpofFc/T2RkVCpNPRNZ0j0WC17M/E/r5/o4NrNmIgTDYIuFgUJxzrCswDwkEmgmqeGECqZuRXTMZGEahNTyYTgLL+8Sjr1mmPXnIfLSuM2j6OITtApqiIHXaEGukct1EYUxegZvaI3K7FerHfrY9FasPKZY/QH1ucPO7uQfg==</latexit><latexit sha1_base64="vmqb0diWH6VyFei3H5rEz4LjZJg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXmpSBL0IRS9CLxXsB7QhbLaTdulmE3Y3Qgj9G148KOLVP+PNf+O2zUFbHww83pthZp4fc6a0bX9bhbX1jc2t4nZpZ3dv/6B8eNRRUSIptGnEI9nziQLOBLQ10xx6sQQS+hy6/uRu5nefQCoWiUedxuCGZCRYwCjRRhqkXvOmeVGtTzw498oVu2bPgVeJk5MKytHyyl+DYUSTEISmnCjVd+xYuxmRmlEO09IgURATOiEj6BsqSAjKzeY3T/GZUYY4iKQpofFc/T2RkVCpNPRNZ0j0WC17M/E/r5/o4NrNmIgTDYIuFgUJxzrCswDwkEmgmqeGECqZuRXTMZGEahNTyYTgLL+8Sjr1mmPXnIfLSuM2j6OITtApqiIHXaEGukct1EYUxegZvaI3K7FerHfrY9FasPKZY/QH1ucPO7uQfg==</latexit><latexit sha1_base64="vmqb0diWH6VyFei3H5rEz4LjZJg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXmpSBL0IRS9CLxXsB7QhbLaTdulmE3Y3Qgj9G148KOLVP+PNf+O2zUFbHww83pthZp4fc6a0bX9bhbX1jc2t4nZpZ3dv/6B8eNRRUSIptGnEI9nziQLOBLQ10xx6sQQS+hy6/uRu5nefQCoWiUedxuCGZCRYwCjRRhqkXvOmeVGtTzw498oVu2bPgVeJk5MKytHyyl+DYUSTEISmnCjVd+xYuxmRmlEO09IgURATOiEj6BsqSAjKzeY3T/GZUYY4iKQpofFc/T2RkVCpNPRNZ0j0WC17M/E/r5/o4NrNmIgTDYIuFgUJxzrCswDwkEmgmqeGECqZuRXTMZGEahNTyYTgLL+8Sjr1mmPXnIfLSuM2j6OITtApqiIHXaEGukct1EYUxegZvaI3K7FerHfrY9FasPKZY/QH1ucPO7uQfg==</latexit>
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<latexit sha1_base64="ZaLgZcxZ1d9azU64lG0PuqPrN/c=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSAmhXE3CNoIITZCmgh5QbIus5PZZMjsg5m7QkjyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvcSPBFZjmt5FYWV1b30hupra2d3b30vsHdRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/s3EbzwwqXgYVGEQMdsn3YB7nBLQkpM+BaeOr3HfKVXP24J50BrVs+XcKGudDZzyfSHXlrzbA9tJZ8y8OQVeJtacZNAcFSf91e6ENPZZAFQQpVqWGYE9JBI4FWycaseKRYT2SZe1NA2Iz5Q9nD40xida6WAvlLoCwFP198SQ+EoNfFd3+gR6atGbiP95rRi8K3vIgygGFtDZIi8WGEI8SQd3uGQUxEATQiXXt2LaI5JQ0BmmdAjW4svLpF7IW2beurvIFEvzOJLoCB2jLLLQJSqiW1RBNUTRI3pGr+jNeDJejHfjY9aaMOYzh+gPjM8fYRCa6w==</latexit><latexit sha1_base64="ZaLgZcxZ1d9azU64lG0PuqPrN/c=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSAmhXE3CNoIITZCmgh5QbIus5PZZMjsg5m7QkjyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvcSPBFZjmt5FYWV1b30hupra2d3b30vsHdRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/s3EbzwwqXgYVGEQMdsn3YB7nBLQkpM+BaeOr3HfKVXP24J50BrVs+XcKGudDZzyfSHXlrzbA9tJZ8y8OQVeJtacZNAcFSf91e6ENPZZAFQQpVqWGYE9JBI4FWycaseKRYT2SZe1NA2Iz5Q9nD40xida6WAvlLoCwFP198SQ+EoNfFd3+gR6atGbiP95rRi8K3vIgygGFtDZIi8WGEI8SQd3uGQUxEATQiXXt2LaI5JQ0BmmdAjW4svLpF7IW2beurvIFEvzOJLoCB2jLLLQJSqiW1RBNUTRI3pGr+jNeDJejHfjY9aaMOYzh+gPjM8fYRCa6w==</latexit><latexit sha1_base64="ZaLgZcxZ1d9azU64lG0PuqPrN/c=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSAmhXE3CNoIITZCmgh5QbIus5PZZMjsg5m7QkjyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvcSPBFZjmt5FYWV1b30hupra2d3b30vsHdRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/s3EbzwwqXgYVGEQMdsn3YB7nBLQkpM+BaeOr3HfKVXP24J50BrVs+XcKGudDZzyfSHXlrzbA9tJZ8y8OQVeJtacZNAcFSf91e6ENPZZAFQQpVqWGYE9JBI4FWycaseKRYT2SZe1NA2Iz5Q9nD40xida6WAvlLoCwFP198SQ+EoNfFd3+gR6atGbiP95rRi8K3vIgygGFtDZIi8WGEI8SQd3uGQUxEATQiXXt2LaI5JQ0BmmdAjW4svLpF7IW2beurvIFEvzOJLoCB2jLLLQJSqiW1RBNUTRI3pGr+jNeDJejHfjY9aaMOYzh+gPjM8fYRCa6w==</latexit><latexit sha1_base64="ZaLgZcxZ1d9azU64lG0PuqPrN/c=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSAmhXE3CNoIITZCmgh5QbIus5PZZMjsg5m7QkjyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvcSPBFZjmt5FYWV1b30hupra2d3b30vsHdRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/s3EbzwwqXgYVGEQMdsn3YB7nBLQkpM+BaeOr3HfKVXP24J50BrVs+XcKGudDZzyfSHXlrzbA9tJZ8y8OQVeJtacZNAcFSf91e6ENPZZAFQQpVqWGYE9JBI4FWycaseKRYT2SZe1NA2Iz5Q9nD40xida6WAvlLoCwFP198SQ+EoNfFd3+gR6atGbiP95rRi8K3vIgygGFtDZIi8WGEI8SQd3uGQUxEATQiXXt2LaI5JQ0BmmdAjW4svLpF7IW2beurvIFEvzOJLoCB2jLLLQJSqiW1RBNUTRI3pGr+jNeDJejHfjY9aaMOYzh+gPjM8fYRCa6w==</latexit>
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<latexit sha1_base64="46Wl+OVIDnns1IAGQKf/L2wCLoc=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqSElE0GPRi+Klgv3ANoTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBNTrOt7W0vLK6tl7YKG5ube/slvb2mzpOFWUNGotYtQOimeCSNZCjYO1EMRIFgrWC4fXEbz0xpXksH3CUMC8ifclDTgka6fG2MvLvTtFvnvilslN1prAXiZuTMuSo+6Wvbi+macQkUkG07rhOgl5GFHIq2LjYTTVLCB2SPusYKknEtJdNLx7bx0bp2WGsTEm0p+rviYxEWo+iwHRGBAd63puI/3mdFMNLL+MySZFJOlsUpsLG2J68b/e4YhTFyBBCFTe32nRAFKFoQiqaENz5lxdJ86zqOlX3/rxcu8rjKMAhHEEFXLiAGtxAHRpAQcIzvMKbpa0X6936mLUuWfnMAfyB9fkDMjiP8A==</latexit><latexit sha1_base64="46Wl+OVIDnns1IAGQKf/L2wCLoc=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqSElE0GPRi+Klgv3ANoTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBNTrOt7W0vLK6tl7YKG5ube/slvb2mzpOFWUNGotYtQOimeCSNZCjYO1EMRIFgrWC4fXEbz0xpXksH3CUMC8ifclDTgka6fG2MvLvTtFvnvilslN1prAXiZuTMuSo+6Wvbi+macQkUkG07rhOgl5GFHIq2LjYTTVLCB2SPusYKknEtJdNLx7bx0bp2WGsTEm0p+rviYxEWo+iwHRGBAd63puI/3mdFMNLL+MySZFJOlsUpsLG2J68b/e4YhTFyBBCFTe32nRAFKFoQiqaENz5lxdJ86zqOlX3/rxcu8rjKMAhHEEFXLiAGtxAHRpAQcIzvMKbpa0X6936mLUuWfnMAfyB9fkDMjiP8A==</latexit><latexit sha1_base64="46Wl+OVIDnns1IAGQKf/L2wCLoc=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqSElE0GPRi+Klgv3ANoTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBNTrOt7W0vLK6tl7YKG5ube/slvb2mzpOFWUNGotYtQOimeCSNZCjYO1EMRIFgrWC4fXEbz0xpXksH3CUMC8ifclDTgka6fG2MvLvTtFvnvilslN1prAXiZuTMuSo+6Wvbi+macQkUkG07rhOgl5GFHIq2LjYTTVLCB2SPusYKknEtJdNLx7bx0bp2WGsTEm0p+rviYxEWo+iwHRGBAd63puI/3mdFMNLL+MySZFJOlsUpsLG2J68b/e4YhTFyBBCFTe32nRAFKFoQiqaENz5lxdJ86zqOlX3/rxcu8rjKMAhHEEFXLiAGtxAHRpAQcIzvMKbpa0X6936mLUuWfnMAfyB9fkDMjiP8A==</latexit><latexit sha1_base64="46Wl+OVIDnns1IAGQKf/L2wCLoc=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqSElE0GPRi+Klgv3ANoTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBNTrOt7W0vLK6tl7YKG5ube/slvb2mzpOFWUNGotYtQOimeCSNZCjYO1EMRIFgrWC4fXEbz0xpXksH3CUMC8ifclDTgka6fG2MvLvTtFvnvilslN1prAXiZuTMuSo+6Wvbi+macQkUkG07rhOgl5GFHIq2LjYTTVLCB2SPusYKknEtJdNLx7bx0bp2WGsTEm0p+rviYxEWo+iwHRGBAd63puI/3mdFMNLL+MySZFJOlsUpsLG2J68b/e4YhTFyBBCFTe32nRAFKFoQiqaENz5lxdJ86zqOlX3/rxcu8rjKMAhHEEFXLiAGtxAHRpAQcIzvMKbpa0X6936mLUuWfnMAfyB9fkDMjiP8A==</latexit>
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<latexit sha1_base64="pVIpn9RdA15YsuGCJa10rQxkR40=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDpTCroRim5cKtgHdtohk96poUlmTDJCGfoZbvwVNy4UcevOvzF9LNR64F4O59xLck+YcKaN6345uYXFpeWV/GphbX1jc6u4vdPQcaoo1GnMY9UKiQbOJNQNMxxaiQIiQg7NcHAx9psPoDSL5Y0ZJtARpC9ZxCgxVgqKx9iPBfRJkOAz7Ot7ZTI/UoRmVT9h+LZbgW5FBuEoE7aN/KOgWHLL7gR4nngzUkIzXAXFT78X01SANJQTrduem5hORpRhlMOo4KcaEkIHpA9tSyURoDvZ5LARPrBKD0exsiUNnqg/NzIitB6K0E4KYu70X28s/ue1UxOddjImk9SApNOHopRjE+NxSrjHFFDDh5YQqpj9K6Z3xOZibJYFG4L39+R50qiUPbfsXVdLtfNZHHm0h/bRIfLQCaqhS3SF6oiiR/SMXtGb8+S8OO/Ox3Q058x2dtEvOJ/f1JOfpQ==</latexit><latexit sha1_base64="pVIpn9RdA15YsuGCJa10rQxkR40=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDpTCroRim5cKtgHdtohk96poUlmTDJCGfoZbvwVNy4UcevOvzF9LNR64F4O59xLck+YcKaN6345uYXFpeWV/GphbX1jc6u4vdPQcaoo1GnMY9UKiQbOJNQNMxxaiQIiQg7NcHAx9psPoDSL5Y0ZJtARpC9ZxCgxVgqKx9iPBfRJkOAz7Ot7ZTI/UoRmVT9h+LZbgW5FBuEoE7aN/KOgWHLL7gR4nngzUkIzXAXFT78X01SANJQTrduem5hORpRhlMOo4KcaEkIHpA9tSyURoDvZ5LARPrBKD0exsiUNnqg/NzIitB6K0E4KYu70X28s/ue1UxOddjImk9SApNOHopRjE+NxSrjHFFDDh5YQqpj9K6Z3xOZibJYFG4L39+R50qiUPbfsXVdLtfNZHHm0h/bRIfLQCaqhS3SF6oiiR/SMXtGb8+S8OO/Ox3Q058x2dtEvOJ/f1JOfpQ==</latexit><latexit sha1_base64="pVIpn9RdA15YsuGCJa10rQxkR40=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDpTCroRim5cKtgHdtohk96poUlmTDJCGfoZbvwVNy4UcevOvzF9LNR64F4O59xLck+YcKaN6345uYXFpeWV/GphbX1jc6u4vdPQcaoo1GnMY9UKiQbOJNQNMxxaiQIiQg7NcHAx9psPoDSL5Y0ZJtARpC9ZxCgxVgqKx9iPBfRJkOAz7Ot7ZTI/UoRmVT9h+LZbgW5FBuEoE7aN/KOgWHLL7gR4nngzUkIzXAXFT78X01SANJQTrduem5hORpRhlMOo4KcaEkIHpA9tSyURoDvZ5LARPrBKD0exsiUNnqg/NzIitB6K0E4KYu70X28s/ue1UxOddjImk9SApNOHopRjE+NxSrjHFFDDh5YQqpj9K6Z3xOZibJYFG4L39+R50qiUPbfsXVdLtfNZHHm0h/bRIfLQCaqhS3SF6oiiR/SMXtGb8+S8OO/Ox3Q058x2dtEvOJ/f1JOfpQ==</latexit><latexit sha1_base64="pVIpn9RdA15YsuGCJa10rQxkR40=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDpTCroRim5cKtgHdtohk96poUlmTDJCGfoZbvwVNy4UcevOvzF9LNR64F4O59xLck+YcKaN6345uYXFpeWV/GphbX1jc6u4vdPQcaoo1GnMY9UKiQbOJNQNMxxaiQIiQg7NcHAx9psPoDSL5Y0ZJtARpC9ZxCgxVgqKx9iPBfRJkOAz7Ot7ZTI/UoRmVT9h+LZbgW5FBuEoE7aN/KOgWHLL7gR4nngzUkIzXAXFT78X01SANJQTrduem5hORpRhlMOo4KcaEkIHpA9tSyURoDvZ5LARPrBKD0exsiUNnqg/NzIitB6K0E4KYu70X28s/ue1UxOddjImk9SApNOHopRjE+NxSrjHFFDDh5YQqpj9K6Z3xOZibJYFG4L39+R50qiUPbfsXVdLtfNZHHm0h/bRIfLQCaqhS3SF6oiiR/SMXtGb8+S8OO/Ox3Q058x2dtEvOJ/f1JOfpQ==</latexit>

Tp =
! !p

kb
<latexit sha1_base64="tsUCG9r3IIMd6ZhkjnM+lDlZq70=">AAACDXicbVDLSsNAFJ34rPEVdelmsBZclUQE3QhFNy4r9AVNCJPppB06mQkzE6GE/IAbf8WNC0Xcunfn3zhts9DWAxcO59zLvfdEKaNKu+63tbK6tr6xWdmyt3d29/adg8OOEpnEpI0FE7IXIUUY5aStqWakl0qCkoiRbjS+nfrdByIVFbylJykJEjTkNKYYaSOFzim0YStM4TX0Y4lw7o8iJKEvEjJEYVrk4zAqYOhU3bo7A1wmXkmqoEQzdL78gcBZQrjGDCnV99xUBzmSmmJGCtvPFEkRHqMh6RvKUUJUkM++KWDNKAMYC2mKazhTf0/kKFFqkpi7agnSI7XoTcX/vH6m46sgpzzNNOF4vijOGNQCTqOBAyoJ1mxiCMKSmlshHiGTijYB2iYEb/HlZdI5r3tu3bu/qDZuyjgq4BicgDPggUvQAHegCdoAg0fwDF7Bm/VkvVjv1se8dcUqZ47AH1ifP1Iumn4=</latexit><latexit sha1_base64="tsUCG9r3IIMd6ZhkjnM+lDlZq70=">AAACDXicbVDLSsNAFJ34rPEVdelmsBZclUQE3QhFNy4r9AVNCJPppB06mQkzE6GE/IAbf8WNC0Xcunfn3zhts9DWAxcO59zLvfdEKaNKu+63tbK6tr6xWdmyt3d29/adg8OOEpnEpI0FE7IXIUUY5aStqWakl0qCkoiRbjS+nfrdByIVFbylJykJEjTkNKYYaSOFzim0YStM4TX0Y4lw7o8iJKEvEjJEYVrk4zAqYOhU3bo7A1wmXkmqoEQzdL78gcBZQrjGDCnV99xUBzmSmmJGCtvPFEkRHqMh6RvKUUJUkM++KWDNKAMYC2mKazhTf0/kKFFqkpi7agnSI7XoTcX/vH6m46sgpzzNNOF4vijOGNQCTqOBAyoJ1mxiCMKSmlshHiGTijYB2iYEb/HlZdI5r3tu3bu/qDZuyjgq4BicgDPggUvQAHegCdoAg0fwDF7Bm/VkvVjv1se8dcUqZ47AH1ifP1Iumn4=</latexit><latexit sha1_base64="tsUCG9r3IIMd6ZhkjnM+lDlZq70=">AAACDXicbVDLSsNAFJ34rPEVdelmsBZclUQE3QhFNy4r9AVNCJPppB06mQkzE6GE/IAbf8WNC0Xcunfn3zhts9DWAxcO59zLvfdEKaNKu+63tbK6tr6xWdmyt3d29/adg8OOEpnEpI0FE7IXIUUY5aStqWakl0qCkoiRbjS+nfrdByIVFbylJykJEjTkNKYYaSOFzim0YStM4TX0Y4lw7o8iJKEvEjJEYVrk4zAqYOhU3bo7A1wmXkmqoEQzdL78gcBZQrjGDCnV99xUBzmSmmJGCtvPFEkRHqMh6RvKUUJUkM++KWDNKAMYC2mKazhTf0/kKFFqkpi7agnSI7XoTcX/vH6m46sgpzzNNOF4vijOGNQCTqOBAyoJ1mxiCMKSmlshHiGTijYB2iYEb/HlZdI5r3tu3bu/qDZuyjgq4BicgDPggUvQAHegCdoAg0fwDF7Bm/VkvVjv1se8dcUqZ47AH1ifP1Iumn4=</latexit><latexit sha1_base64="tsUCG9r3IIMd6ZhkjnM+lDlZq70=">AAACDXicbVDLSsNAFJ34rPEVdelmsBZclUQE3QhFNy4r9AVNCJPppB06mQkzE6GE/IAbf8WNC0Xcunfn3zhts9DWAxcO59zLvfdEKaNKu+63tbK6tr6xWdmyt3d29/adg8OOEpnEpI0FE7IXIUUY5aStqWakl0qCkoiRbjS+nfrdByIVFbylJykJEjTkNKYYaSOFzim0YStM4TX0Y4lw7o8iJKEvEjJEYVrk4zAqYOhU3bo7A1wmXkmqoEQzdL78gcBZQrjGDCnV99xUBzmSmmJGCtvPFEkRHqMh6RvKUUJUkM++KWDNKAMYC2mKazhTf0/kKFFqkpi7agnSI7XoTcX/vH6m46sgpzzNNOF4vijOGNQCTqOBAyoJ1mxiCMKSmlshHiGTijYB2iYEb/HlZdI5r3tu3bu/qDZuyjgq4BicgDPggUvQAHegCdoAg0fwDF7Bm/VkvVjv1se8dcUqZ47AH1ifP1Iumn4=</latexit>

tp = T/Tp
<latexit sha1_base64="7PrFCoRIAjaCqee4Dv1PHjzBjEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ9OKxQr8gDWGz3bRLN5tldyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6SZpqxNU5HqXkQME1yyNnAQrKc0I0kkWDca38/87hPThqeyBRPFgoQMJY85JWAlH0KFb3HrohWqsFpz6+4ceJV4BamhAs2w+tUfpDRLmAQqiDG+5yoIcqKBU8GmlX5mmCJ0TIbMt1SShJkgn588xWdWGeA41bYk4Ln6eyIniTGTJLKdCYGRWfZm4n+en0F8E+RcqgyYpItFcSYwpHj2Px5wzSiIiSWEam5vxXRENKFgU6rYELzll1dJ57LuuXXv8arWuCviKKMTdIrOkYeuUQM9oCZqI4pS9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AHZvpBO</latexit><latexit sha1_base64="7PrFCoRIAjaCqee4Dv1PHjzBjEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ9OKxQr8gDWGz3bRLN5tldyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6SZpqxNU5HqXkQME1yyNnAQrKc0I0kkWDca38/87hPThqeyBRPFgoQMJY85JWAlH0KFb3HrohWqsFpz6+4ceJV4BamhAs2w+tUfpDRLmAQqiDG+5yoIcqKBU8GmlX5mmCJ0TIbMt1SShJkgn588xWdWGeA41bYk4Ln6eyIniTGTJLKdCYGRWfZm4n+en0F8E+RcqgyYpItFcSYwpHj2Px5wzSiIiSWEam5vxXRENKFgU6rYELzll1dJ57LuuXXv8arWuCviKKMTdIrOkYeuUQM9oCZqI4pS9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AHZvpBO</latexit><latexit sha1_base64="7PrFCoRIAjaCqee4Dv1PHjzBjEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ9OKxQr8gDWGz3bRLN5tldyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6SZpqxNU5HqXkQME1yyNnAQrKc0I0kkWDca38/87hPThqeyBRPFgoQMJY85JWAlH0KFb3HrohWqsFpz6+4ceJV4BamhAs2w+tUfpDRLmAQqiDG+5yoIcqKBU8GmlX5mmCJ0TIbMt1SShJkgn588xWdWGeA41bYk4Ln6eyIniTGTJLKdCYGRWfZm4n+en0F8E+RcqgyYpItFcSYwpHj2Px5wzSiIiSWEam5vxXRENKFgU6rYELzll1dJ57LuuXXv8arWuCviKKMTdIrOkYeuUQM9oCZqI4pS9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AHZvpBO</latexit><latexit sha1_base64="7PrFCoRIAjaCqee4Dv1PHjzBjEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ9OKxQr8gDWGz3bRLN5tldyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6SZpqxNU5HqXkQME1yyNnAQrKc0I0kkWDca38/87hPThqeyBRPFgoQMJY85JWAlH0KFb3HrohWqsFpz6+4ceJV4BamhAs2w+tUfpDRLmAQqiDG+5yoIcqKBU8GmlX5mmCJ0TIbMt1SShJkgn588xWdWGeA41bYk4Ln6eyIniTGTJLKdCYGRWfZm4n+en0F8E+RcqgyYpItFcSYwpHj2Px5wzSiIiSWEam5vxXRENKFgU6rYELzll1dJ57LuuXXv8arWuCviKKMTdIrOkYeuUQM9oCZqI4pS9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AHZvpBO</latexit>

F (q) =
3

(qR3)
[sin(qR) ! qR cos(qR)]

<latexit sha1_base64="TcHjB0aIZZO+edGlxPFNlzcJLII="></latexit><latexit sha1_base64="TcHjB0aIZZO+edGlxPFNlzcJLII="></latexit><latexit sha1_base64="TcHjB0aIZZO+edGlxPFNlzcJLII="></latexit><latexit sha1_base64="TcHjB0aIZZO+edGlxPFNlzcJLII="></latexit>

V (q) =
4⇡e⇢ZF (q)

q2✏(q)
e�W (q)

<latexit sha1_base64="vwEvXdrSklQEi0LngaigO7oThLg="></latexit><latexit sha1_base64="vwEvXdrSklQEi0LngaigO7oThLg="></latexit><latexit sha1_base64="vwEvXdrSklQEi0LngaigO7oThLg="></latexit><latexit sha1_base64="vwEvXdrSklQEi0LngaigO7oThLg="></latexit>

Definitions

Debye-Waller factor:



Number of scattering vectors that satisfy the condition  K<2ke

Spinella, FW, Orsaria, Contrera (2018)

DD2 Parametrization



Static lattice and phonon contributions to the neutrino emissivity

T=1010 K

Spinella, FW, Orsaria, Contrera (2018)

DD2 Parametrization



!"#$#$%&#$'()*+')#$%!"#$%&!'()"#*+(,,(-(!.

L ph =
! 1

y0

dy
Se! (q)|F (q)|2

y|! (q,0)|2

"
1 +

2y2

1 ! y2 ln y
#

<latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Tpt44OJKkCdfTzZJjswHQSmkqsg="></latexit><latexit sha1_base64="Tpt44OJKkCdfTzZJjswHQSmkqsg="></latexit><latexit sha1_base64="81tZboD6R3cl3fhwmpZp6SVd4Dc="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit><latexit sha1_base64="T+TiaoN7m6d43hgnJX8SWmH37zU="></latexit>

y = q/ (2ke)
<latexit sha1_base64="tbR6FahfYSgPQDOgd0p1V3he7jc=">AAAB83icbVDLSgNBEOz1GddX1KOXwSDES9wNgl6EoBePEcwDkiXMTnqTIbMPZ2aFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/ERwpR3n21pZXVvf2Cxs2ds7u3v7xYPDpopTybDBYhHLtk8VCh5hQ3MtsJ1IpKEvsOWPbqd+6wml4nH0oLMEvZAOIh5wRrWRujbJrh/Py9VRD896xZJTcWYgy8TNSQly1HvFr24/ZmmIkWaCKtVxnUR7Yyo1ZwIndjdVmFA2ogPsGBrREJU3nt08IadG6ZMglqYiTWbq74kxDZXKQt90hlQP1aI3Ff/zOqkOrrwxj5JUY8Tmi4JUEB2TaQCkzyUyLTJDKJPc3ErYkErKtInJNiG4iy8vk2a14joV9/6iVLvJ4yjAMZxAGVy4hBrcQR0awCCBZ3iFNyu1Xqx362PeumLlM0fwB9bnD66xkCQ=</latexit><latexit sha1_base64="tbR6FahfYSgPQDOgd0p1V3he7jc=">AAAB83icbVDLSgNBEOz1GddX1KOXwSDES9wNgl6EoBePEcwDkiXMTnqTIbMPZ2aFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/ERwpR3n21pZXVvf2Cxs2ds7u3v7xYPDpopTybDBYhHLtk8VCh5hQ3MtsJ1IpKEvsOWPbqd+6wml4nH0oLMEvZAOIh5wRrWRujbJrh/Py9VRD896xZJTcWYgy8TNSQly1HvFr24/ZmmIkWaCKtVxnUR7Yyo1ZwIndjdVmFA2ogPsGBrREJU3nt08IadG6ZMglqYiTWbq74kxDZXKQt90hlQP1aI3Ff/zOqkOrrwxj5JUY8Tmi4JUEB2TaQCkzyUyLTJDKJPc3ErYkErKtInJNiG4iy8vk2a14joV9/6iVLvJ4yjAMZxAGVy4hBrcQR0awCCBZ3iFNyu1Xqx362PeumLlM0fwB9bnD66xkCQ=</latexit><latexit sha1_base64="tbR6FahfYSgPQDOgd0p1V3he7jc=">AAAB83icbVDLSgNBEOz1GddX1KOXwSDES9wNgl6EoBePEcwDkiXMTnqTIbMPZ2aFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/ERwpR3n21pZXVvf2Cxs2ds7u3v7xYPDpopTybDBYhHLtk8VCh5hQ3MtsJ1IpKEvsOWPbqd+6wml4nH0oLMEvZAOIh5wRrWRujbJrh/Py9VRD896xZJTcWYgy8TNSQly1HvFr24/ZmmIkWaCKtVxnUR7Yyo1ZwIndjdVmFA2ogPsGBrREJU3nt08IadG6ZMglqYiTWbq74kxDZXKQt90hlQP1aI3Ff/zOqkOrrwxj5JUY8Tmi4JUEB2TaQCkzyUyLTJDKJPc3ErYkErKtInJNiG4iy8vk2a14joV9/6iVLvJ4yjAMZxAGVy4hBrcQR0awCCBZ3iFNyu1Xqx362PeumLlM0fwB9bnD66xkCQ=</latexit><latexit sha1_base64="tbR6FahfYSgPQDOgd0p1V3he7jc=">AAAB83icbVDLSgNBEOz1GddX1KOXwSDES9wNgl6EoBePEcwDkiXMTnqTIbMPZ2aFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/ERwpR3n21pZXVvf2Cxs2ds7u3v7xYPDpopTybDBYhHLtk8VCh5hQ3MtsJ1IpKEvsOWPbqd+6wml4nH0oLMEvZAOIh5wRrWRujbJrh/Py9VRD896xZJTcWYgy8TNSQly1HvFr24/ZmmIkWaCKtVxnUR7Yyo1ZwIndjdVmFA2ogPsGBrREJU3nt08IadG6ZMglqYiTWbq74kxDZXKQt90hlQP1aI3Ff/zOqkOrrwxj5JUY8Tmi4JUEB2TaQCkzyUyLTJDKJPc3ErYkErKtInJNiG4iy8vk2a14joV9/6iVLvJ4yjAMZxAGVy4hBrcQR0awCCBZ3iFNyu1Xqx362PeumLlM0fwB9bnD66xkCQ=</latexit>

Se! (q) = 189
!

2
!

" 5

e! 2W
# "

0
d"

1 ! 40" 2 + 80" 4

(1 + 4 " 2)5 cosh2 (!" )

$
e" ( ! ) ! 1

%

<latexit sha1_base64="e57bgG+oqvesmBYhHgZABPzObPc="></latexit><latexit sha1_base64="e57bgG+oqvesmBYhHgZABPzObPc="></latexit><latexit sha1_base64="e57bgG+oqvesmBYhHgZABPzObPc="></latexit><latexit sha1_base64="e57bgG+oqvesmBYhHgZABPzObPc="></latexit>

! (! ) =
! q2

2mb

!
cos (" st)

" ssinh (! " s/ 2kB T)

"

<latexit sha1_base64="0uu/OSKAvssOg6+qGqVwkUmNo5k="></latexit><latexit sha1_base64="0uu/OSKAvssOg6+qGqVwkUmNo5k="></latexit><latexit sha1_base64="0uu/OSKAvssOg6+qGqVwkUmNo5k="></latexit><latexit sha1_base64="0uu/OSKAvssOg6+qGqVwkUmNo5k="></latexit>

! = tkB T/ !
<latexit sha1_base64="8ylrk7Xar0SPoEjpqRSuGkrM3FY=">AAAB+3icbVDLSsNAFJ3UV42vWJduBovgqiYi6EYodeOyQl/QhDCZTtqhkwczN9IS+ituXCji1h9x5984bbPQ1gMXDufcy733BKngCmz72yhtbG5t75R3zb39g8Mj67jSUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDcY38/97hOTiidxC6Yp8yIyjHnIKQEt+VbFdCcc32EY+43WpTsKiPStql2zF8DrxClIFRVo+taXO0hoFrEYqCBK9R07BS8nEjgVbGa6mWIpoWMyZH1NYxIx5eWL22f4XCsDHCZSVwx4of6eyEmk1DQKdGdEYKRWvbn4n9fPILz1ch6nGbCYLheFmcCQ4HkQeMAloyCmmhAqub4V0xGRhIKOy9QhOKsvr5POVc2xa87jdbXeKOIoo1N0hi6Qg25QHT2gJmojiiboGb2iN2NmvBjvxseytWQUMyfoD4zPHwEgkx8=</latexit><latexit sha1_base64="8ylrk7Xar0SPoEjpqRSuGkrM3FY=">AAAB+3icbVDLSsNAFJ3UV42vWJduBovgqiYi6EYodeOyQl/QhDCZTtqhkwczN9IS+ituXCji1h9x5984bbPQ1gMXDufcy733BKngCmz72yhtbG5t75R3zb39g8Mj67jSUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDcY38/97hOTiidxC6Yp8yIyjHnIKQEt+VbFdCcc32EY+43WpTsKiPStql2zF8DrxClIFRVo+taXO0hoFrEYqCBK9R07BS8nEjgVbGa6mWIpoWMyZH1NYxIx5eWL22f4XCsDHCZSVwx4of6eyEmk1DQKdGdEYKRWvbn4n9fPILz1ch6nGbCYLheFmcCQ4HkQeMAloyCmmhAqub4V0xGRhIKOy9QhOKsvr5POVc2xa87jdbXeKOIoo1N0hi6Qg25QHT2gJmojiiboGb2iN2NmvBjvxseytWQUMyfoD4zPHwEgkx8=</latexit><latexit sha1_base64="8ylrk7Xar0SPoEjpqRSuGkrM3FY=">AAAB+3icbVDLSsNAFJ3UV42vWJduBovgqiYi6EYodeOyQl/QhDCZTtqhkwczN9IS+ituXCji1h9x5984bbPQ1gMXDufcy733BKngCmz72yhtbG5t75R3zb39g8Mj67jSUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDcY38/97hOTiidxC6Yp8yIyjHnIKQEt+VbFdCcc32EY+43WpTsKiPStql2zF8DrxClIFRVo+taXO0hoFrEYqCBK9R07BS8nEjgVbGa6mWIpoWMyZH1NYxIx5eWL22f4XCsDHCZSVwx4of6eyEmk1DQKdGdEYKRWvbn4n9fPILz1ch6nGbCYLheFmcCQ4HkQeMAloyCmmhAqub4V0xGRhIKOy9QhOKsvr5POVc2xa87jdbXeKOIoo1N0hi6Qg25QHT2gJmojiiboGb2iN2NmvBjvxseytWQUMyfoD4zPHwEgkx8=</latexit><latexit sha1_base64="8ylrk7Xar0SPoEjpqRSuGkrM3FY=">AAAB+3icbVDLSsNAFJ3UV42vWJduBovgqiYi6EYodeOyQl/QhDCZTtqhkwczN9IS+ituXCji1h9x5984bbPQ1gMXDufcy733BKngCmz72yhtbG5t75R3zb39g8Mj67jSUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDcY38/97hOTiidxC6Yp8yIyjHnIKQEt+VbFdCcc32EY+43WpTsKiPStql2zF8DrxClIFRVo+taXO0hoFrEYqCBK9R07BS8nEjgVbGa6mWIpoWMyZH1NYxIx5eWL22f4XCsDHCZSVwx4of6eyEmk1DQKdGdEYKRWvbn4n9fPILz1ch6nGbCYLheFmcCQ4HkQeMAloyCmmhAqub4V0xGRhIKOy9QhOKsvr5POVc2xa87jdbXeKOIoo1N0hi6Qg25QHT2gJmojiiboGb2iN2NmvBjvxseytWQUMyfoD4zPHwEgkx8=</latexit>

! . . ."
<latexit sha1_base64="geCshgAAUE4s5YBBTiY3aQX7mqs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QhDKZ3LRDJ5MwMxFK7MJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+Qcqa043xblZXVtfWN6mZta3tnd8/eP+ioJJMU2jThiewFRAFnAtqaaQ69VAKJAw7dYHwz87sPIBVLxL2epODHZChYxCjRRhrYRx4nYsgBezxMtMKeLJ4Du+40nAJ4mbglqaMSrYH95YUJzWIQmnKiVN91Uu3nRGpGOUxrXqYgJXRMhtA3VJAYlJ8X+0/xqVFCHCXSlNC4UH9P5CRWahIHpjMmeqQWvZn4n9fPdHTl50ykmQZB5x9FGcc6wbMwcMgkUM0nhhAqmdkV0xGRhGoTWc2E4C6evEw65w3Xabh3F/XmdRlHFR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fqYt1ascuYQ/YH1+QPESJXt</latexit><latexit sha1_base64="geCshgAAUE4s5YBBTiY3aQX7mqs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QhDKZ3LRDJ5MwMxFK7MJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+Qcqa043xblZXVtfWN6mZta3tnd8/eP+ioJJMU2jThiewFRAFnAtqaaQ69VAKJAw7dYHwz87sPIBVLxL2epODHZChYxCjRRhrYRx4nYsgBezxMtMKeLJ4Du+40nAJ4mbglqaMSrYH95YUJzWIQmnKiVN91Uu3nRGpGOUxrXqYgJXRMhtA3VJAYlJ8X+0/xqVFCHCXSlNC4UH9P5CRWahIHpjMmeqQWvZn4n9fPdHTl50ykmQZB5x9FGcc6wbMwcMgkUM0nhhAqmdkV0xGRhGoTWc2E4C6evEw65w3Xabh3F/XmdRlHFR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fqYt1ascuYQ/YH1+QPESJXt</latexit><latexit sha1_base64="geCshgAAUE4s5YBBTiY3aQX7mqs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QhDKZ3LRDJ5MwMxFK7MJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+Qcqa043xblZXVtfWN6mZta3tnd8/eP+ioJJMU2jThiewFRAFnAtqaaQ69VAKJAw7dYHwz87sPIBVLxL2epODHZChYxCjRRhrYRx4nYsgBezxMtMKeLJ4Du+40nAJ4mbglqaMSrYH95YUJzWIQmnKiVN91Uu3nRGpGOUxrXqYgJXRMhtA3VJAYlJ8X+0/xqVFCHCXSlNC4UH9P5CRWahIHpjMmeqQWvZn4n9fPdHTl50ykmQZB5x9FGcc6wbMwcMgkUM0nhhAqmdkV0xGRhGoTWc2E4C6evEw65w3Xabh3F/XmdRlHFR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fqYt1ascuYQ/YH1+QPESJXt</latexit><latexit sha1_base64="geCshgAAUE4s5YBBTiY3aQX7mqs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QhDKZ3LRDJ5MwMxFK7MJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+Qcqa043xblZXVtfWN6mZta3tnd8/eP+ioJJMU2jThiewFRAFnAtqaaQ69VAKJAw7dYHwz87sPIBVLxL2epODHZChYxCjRRhrYRx4nYsgBezxMtMKeLJ4Du+40nAJ4mbglqaMSrYH95YUJzWIQmnKiVN91Uu3nRGpGOUxrXqYgJXRMhtA3VJAYlJ8X+0/xqVFCHCXSlNC4UH9P5CRWahIHpjMmeqQWvZn4n9fPdHTl50ykmQZB5x9FGcc6wbMwcMgkUM0nhhAqmdkV0xGRhGoTWc2E4C6evEw65w3Xabh3F/XmdRlHFR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fqYt1ascuYQ/YH1+QPESJXt</latexit>

|q| > q0 ! (6! 2nb)1/ 3
<latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0K0NWGwtDoxorXJE++AiRcIl8nY=">AAACEHicbVDLTgIxFL2DL0TU0a2bRmKCG5zBRF0ZEzcuMZFHwsCkUwo0dDpD2zEhA//hxl9x40JjXLnzbyyPhYInae7JOfem954g5kxpx/m2MmvrG5tb2e3cTn53b98+yNdUlEhCqyTikWwEWFHOBK1qpjltxJLiMOC0Hgxup379kUrFIvGgRzFthbgnWJcRrI3k2+Ux8oKId9QoNCUdTtAYXaOh7yCvp81YiIoXXszaZeEHp+3UPTuf+HbBKTkzoFXiLkgBFqj49pfXiUgSUqEJx0o1XSfWrRRLzQink5yXKBpjMsA92jRU4JCqVjq7bYJOjNJB3UiaJzSaqb8nUhyq6fKmM8S6r5a9qfif10x096qVMhEnmgoy/6ibcKQjNA0KdZikRPORIZhIZnZFpI8lJtrEmTMhuMsnr5JaueQ6JffegSwcwTEUwYVLuIE7qEAVCDzBC7zBu/VsvVof87gy1iK3Q/gD6/MH1pyeYQ==</latexit><latexit sha1_base64="0K0NWGwtDoxorXJE++AiRcIl8nY=">AAACEHicbVDLTgIxFL2DL0TU0a2bRmKCG5zBRF0ZEzcuMZFHwsCkUwo0dDpD2zEhA//hxl9x40JjXLnzbyyPhYInae7JOfem954g5kxpx/m2MmvrG5tb2e3cTn53b98+yNdUlEhCqyTikWwEWFHOBK1qpjltxJLiMOC0Hgxup379kUrFIvGgRzFthbgnWJcRrI3k2+Ux8oKId9QoNCUdTtAYXaOh7yCvp81YiIoXXszaZeEHp+3UPTuf+HbBKTkzoFXiLkgBFqj49pfXiUgSUqEJx0o1XSfWrRRLzQink5yXKBpjMsA92jRU4JCqVjq7bYJOjNJB3UiaJzSaqb8nUhyq6fKmM8S6r5a9qfif10x096qVMhEnmgoy/6ibcKQjNA0KdZikRPORIZhIZnZFpI8lJtrEmTMhuMsnr5JaueQ6JffegSwcwTEUwYVLuIE7qEAVCDzBC7zBu/VsvVof87gy1iK3Q/gD6/MH1pyeYQ==</latexit><latexit sha1_base64="sp4CpS/8D1D2tD1303cdoCP6Gh8=">AAACG3icbVDLTgIxFO34RHyhLt00EhPcYAcTdWWIblxiIo+EgUmndKCh0xnajgkZ+A83/oobFxrjysSFf2OBWSh4k6Yn59yTe+/xIs6URujbWlpeWV1bz2xkN7e2d3Zze/s1FcaS0CoJeSgbHlaUM0GrmmlOG5GkOPA4rXv9m4lef6BSsVDc62FEWwHuCuYzgrWh3FxpBB0v5B01DMyXDMZwBK/gwEXQ6WpjC2Dh3IlYuyRc76Sd2KdnYzeXR0U0LbgI7BTkQVoVN/fpdEISB1RowrFSTRtFupVgqRnhdJx1YkUjTPq4S5sGChxQ1Uqmt43hsWE60A+leULDKfvbkeBATZY3nQHWPTWvTcj/tGas/ctWwkQUayrIbJAfc6hDOAkKdpikRPOhAZhIZnaFpIclJtrEmTUh2PMnL4JaqWijon2H8uXrNI4MOARHoABscAHK4BZUQBUQ8AiewSt4s56sF+vd+pi1Llmp5wD8KevrB7EAn+M=</latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit><latexit sha1_base64="A1bg9rBVQr1Llp6Sjm9s7gbl64E="></latexit>
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✏blobsMPB ⇡ 5.37⇥ 1020 nT 6
9Z

2L erg s�1 cm�3
<latexit sha1_base64="LjnM/pU+/0lboSbk/yzEQTHk+Pw="></latexit><latexit sha1_base64="LjnM/pU+/0lboSbk/yzEQTHk+Pw="></latexit><latexit sha1_base64="LjnM/pU+/0lboSbk/yzEQTHk+Pw="></latexit><latexit sha1_base64="LjnM/pU+/0lboSbk/yzEQTHk+Pw="></latexit>

✏rods,slabsMPB ⇡ 4.81⇥ 1017 keT
8
9 J erg s�1 cm�3

<latexit sha1_base64="I3RzTO8qcL5CfwSwBgOFpVEkAm4="></latexit><latexit sha1_base64="I3RzTO8qcL5CfwSwBgOFpVEkAm4="></latexit><latexit sha1_base64="I3RzTO8qcL5CfwSwBgOFpVEkAm4="></latexit><latexit sha1_base64="I3RzTO8qcL5CfwSwBgOFpVEkAm4="></latexit>

Neutrino Emissivity

L = Lstatic lattice (sl) + Lphonon (ph)

Haensel+ (1999)

Pethick & Thorsson (1997)
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q Metric: 
ds2 = − e−2νdt2 + e2(α+β ) r2 sin2q (dφ – Nφ dt)2 

+ e2(α–β) (dr2 + r2 dq2)

q Frequency range:
0 < W < WK

q Kepler (mass shedding) frequency:
ΩK = r–1 eν–α–β UK + Nφ

q Differential rotation/uniform rotation

Rotating Neutron Stars

Stellar properties:  M, Rpole, Requator, I, zpole, zequator, ΩK

�!
p
M/R3

N ew ton ian  
lim it

Friedman, Ipser & Parker (1986)
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