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For muI ≈ mpi
Squared speed of sound linear

 (Son & Stephanov, 2001)



ASYMPTOTIC
FREEDOM

Non-interacting relativistic
matter (photon gas-like)

E  = 3 P
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PEAK
 (Masuda, Hatsuda & Takatsuka, 2013)

  (Brandt, Cuteri & Endrődi, 2022)
  (Brandt, Endrodi, Fraga, et al., 2018)



“We associate the sound velocity peak with the saturation of
quark states”
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 State
of the

Art
R. Chiba, T. Kojo, Phys. Rev. D, 109, 076006 (2024) 

“The sound velocity is strongly affected σ, and finally it
converges on 1/3”

“The speed of sound without ∆ (gap energy) remains smaller
than the conformal limit, while the gap corrections make

exceed the con-formal limit in the intermediate density region”
K. Fukushima, S. Minato, arXiv:2411.03781v2, (2025)

M. Kawaguchi, D. Suenaga, Phys. Rev. D, 109, 096034 (2024) 

“The speed of sound peak signals for a transition from nuclear
to quark matter”

 K. Toru, Phys. Rev. D, 104, 074005, (2018)

A. Ayala, R. L. S.Farias, B. S. Lopes, L. C. P. L., EPJA, 60, 250 (2024) 

“The medium contributions to the coupling may be closely
connected to the characterization of a non-monotonic

behavior in the speed of sound”
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OBJECTIVE
To give an

explanation for the
existence of the peak
in the speed of sound

in the isospin
imbalanced matter
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DISPERTION RELATIONS
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QUARK DISP.
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ONE LOOP CORR.
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ONE LOOP CORR.
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WARD IDENTITIES

Page 23 of 39

PCAC



GOLDSTONE MODES
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SPEED OF SOUND PEAK
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PEAK POSITION
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PEAK COMPARED

1 (ABBOTT, DETMOLD, ROMERO-LÓPEZ, ET AL. 2023)
2 (BRANDT, CUTERI & ENDRODI, 2023)
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ORIGIN OF THE
PEAK IN THE SPEED

OF SOUND

THE LSMQ
DESCRIBES THE
PEAK IN THE SPEED
OF SOUND
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DOES MUI BREAK CP?

BACK UP
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