Tricritical dynamics in QCD and 3He-4He mixtures
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Introduction
> Introduce infrared (IR) regulator R2P(5) to LGW functional:
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» Spatially constant ¢ simply describes different vacuum [Ding et al., PRD 109, 114516 (2024)]  [Wikipedia contributors, Helium Phase Diagram, Wilj, ] = —iln Zk[j, j]
~ does not dissipate in time ~ slow, enters hydrodynamics 2014, see F. Pobell, Matter and methods at low
’ temperatures, 3rd ed., Springer, Berlin, 2007] » 1-particle irreducible (1PIl) correlation functions:
> Relevant conserved quantities: Figure: (Left) Conjectured phase diagram of QCD in two- N . . ; L
Iso-(axial-)vector charges ol it (R : o A L[, o] = Wilj, j] — ASk[t,¥] — | jata — [ ja¥a
9 flavor chiral limit. (Right) Phase diagram of liquid 3He-4He

mixtures at saturated vapor pressure. > Flow equation:
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» ¢ and A; parity-odd & iso-vectors MOdel LTy, = z
~ mix in linearized hydrodynamic equations

+ Find propagating modes w(p) = vp with » Consider O(4) order parameter ¢ coupled to energy-like density

Landau-Ginzburg-Wilson (LGW) functional of the form ~ write: ; neglect
v=f/\/Xn [Fujii, Ohtani, PRD 70, 014016 (2004)] O’y = 3
approximate 1-loop form
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pion decay constant  iso-axial-vector charge susceptibility F=]d §(V¢) * _(b oy 6!N2 () » Truncation: Promote coupling constants to depend on k&
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» Static critical scaling: 2{_:Jr + nabnab} » Find: kOgur =0 (exact)
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oy =Ai i = Sk Vi Results for critical dynamics
» Characteristic frequency of critical modes: w ~ vt ~ ¢=4/2
» O(4) symmetry forbids linear mixing of ¢ and ¢ » FRG scale k puts limit on correlation length: &, ~ 1/k

= z=d/2
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» Dynamic universality class: Conservation laws, Poisson brackets Characteristic frequencies at critical wavenumber p ~ k

as in Model G (Heisenberg antiferromagnet)

[Halperin, Hohenberg, RMP 49, 435 (1977)] > Iso-(axial-)vector charges are generators of O(4) transformations W ~ —iTk? wop ~ —imek? X wen ~ —iuk?/Cy
Correspondence principle: Poisson brackets from microscopic ’ ’
» Specific heat is expected to have cusp (a = —0.213(12) < 0 commutators > &
in O(4)), analogous to O(2) lambda transition in 4He: Cpso ~ k=ot/ve p finite = w. g, ~ K2/ o g3
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Figure: (Left) Temperature derivative of trace anomaly (same I ¢ [ ]
singular behavior as Cy,, but regular terms more suppressed). i N): ) < 067 _ 1 06 : i
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(Right) Characteristic lambda-like shape of specific heat near [Sasvari, Schwabl, Szépfalusy, Physica A 81, 108 (1975)] = 04l o o4l ]
lambda transition of “He. [Folk, Moser, J. Phys. A 39, R207 (2006)] ' ! ]
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: : Folk, Moser, J. Low. Temp. Phys. 150, 689 (2008
» ¢° theory ~ mean-field exponents in 3d [Folk, Moser, J. Low: Temp. Phys. 15 (2008 Wp ! (1+wp) Wi ! (1+wp)
In particular, specific-heat exponent: o; =1/2> 0 Figure: FRG flow in compactified (ws,f) plane in 3d at Gaussian

~ Specific heat (at constant pressure) diverges: Real'time funCtionaI fixed point for N = 4 (left) and N = 2 (right).
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» Equations of motion are of the form o5l ]
~ Effect on dynamic universality class? ' 3He-He Qcb
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» Linearized hydrodynamic equation for entropy per baryon, after o —Vab% + g{ta, wb}w +0
pressure has equilibrated through sound waves: {Wa, P} = fabeWe I I
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N heat conductivity » Correlation functions from generating functional %o o= O Zp = 2 = d/2
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+ Thermal diffusivity D = 11/Cy Take-home message
How does h ductivity  beh icritical point? S[@MZ]—/—@E e 5F {ww}
ow does heat conductivity  behave near tricritical point: e ot TGy, IR » Dynamics near QCD ftricritical point similar to the one of 3He-4He

+ Z-deavabl],b} » Further exploration of corresponding analogies might be
insightful, e.g., for the ongoing search of the QCD critical point
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