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The Scalar Field Potential
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⇤2
E = (r + 2iêA) · r� (
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Bose-Einstein Gas
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Jµ = iê [� (rµ � iêAµ)�
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Generalized Gross-Pitaevskii equation
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Hydrodynamical version of the  
Klein-Gordon equation
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Hydrodynamical version of the  
Klein-Gordon equation
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Hydrodynamical version of the  
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The Newtonian Limit
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The hydrodynamical version
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Ṡ � e

~'
⌘�2

]

+
~2
2m2

✓⇤2pnp
n

◆
= 0.

http://pelusa.fis.cinvestav.mx/tmatos/CV/Publicaciones/95.pdf
http://arxiv.org/abs/1110.3114


The hydrodynamical version

F � = �r�

F Q = �rUQ

20

Tonatiuh Matos and Abril Suárez. Europhysics Letters EPL 96, (2011) 56005. Available at: arXiv:1110.3114.
Tonatiuh Matos, Elías Castellanos and Abril Suárez. Eur. Phys. J. C 77, (2017), 500. arXiv:1701.04894

nv̇ + n(v ·r)v = nFE + nF � �rp+ nFQ +r�,

UQ =
~2
m2

✓
r2pnp

n

◆
p = !n2

FE =
e

m
(E + v ⇥B)

http://pelusa.fis.cinvestav.mx/tmatos/CV/Publicaciones/95.pdf
http://arxiv.org/abs/1110.3114


The viscosity

21

Tonatiuh Matos and Abril Suárez. Europhysics Letters EPL 96, (2011) 56005. Available at: arXiv:1110.3114.
Tonatiuh Matos, Elías Castellanos and Abril Suárez. Eur. Phys. J. C 77, (2017), 500. arXiv:1701.04894

r� =
~
2m

nr
⇣
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ṅ + r · (nv) = 0,

nv̇ + n(v · r)v = nF E + nF � �rp + nF Q + r�.

F E =
e

m
(E + v ⇥B)

Fµ⌫
,⌫ = � 1

2
jµ

23

The Newtonian Limit

P. H. Chavanis and T. Matos. arXiv:1606.07041

⇣ = � ~2

4m2
r · (⇢̂v)

r� =
1
4

�

m
k2

B ⇢̂TrT � ⇣ [r(r · v) + r[r(ln ⇢̂) · v]]

Tonatiuh Matos and Abril Suárez. Europhysics Letters EPL 96, (2011) 56005. Available at: arXiv:1110.3114.
Tonatiuh Matos, Elías Castellanos and Abril Suárez. Eur. Phys. J. C 77, (2017), 500. arXiv:1701.04894

http://pelusa.fis.cinvestav.mx/tmatos/CV/Publicaciones/95.pdf
http://arxiv.org/abs/1110.3114


24

��̈ + 3H��̇� 1
a2
r2�� + V,�� �� + 2V,� � = 0

�� =
p

⇥̂ cos
✓

mc2 t

~ + S

◆
~v ⌘ ~

m
rS

Abril Suarez and TM MNRAS 311, (2011), 87

Structure Formation



~v ⌘ ~
m
rS

@⇢̂

@t
+

1
a2
r · (⇢̂~v) + 3H ⇢̂

� ~
m

⇢̂
⇣
S̈ + 3HṠ
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Conclusion

• By performing a 3+1 foliation of the space-time, we 
have shown that it is possible to split the total energy 
of the system into different contributions, specifically 
the quantum and electromagnetic parts, and a term 

due to the gravitational field strength. The main result 
of this letter is the energy balance equation for the 

boson-gas playing the role of the first law of 
thermodynamics. It is worth to remark that this result is  
thoroughly general and it has not been derived before. 
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