Scaling behavior of viscosity in model A of critical dynamics

D. Davletbaeval, M. Hnatic®34, M. V. Komaroval, T. Lucivjansky3, L. Mizisin®#,
M. Yu. Nalimov!?

! Department of Theoretical Physics, St. Petersburg University, Ulyanovskaya 1, St. Petersburg,
Petrodvorets 198504, Russia
2 Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna,
Moscow Region, Russia
3 Faculty of Science, P.J. Safarik University, Park Angelinum 9, 041 54 Kosice, Slovakia
4 Institute of Experimental Physics SAS, Watsonova 47, 040 01 Kogice, Slovakia

October 11, 2022



Introduction

The description of the dynamic critical properties of a superfluid substance, that is, the
effect of equilibrium fluctuations on the critical behavior.

Classical monographs Hohenberg and Halperin (1977) indicate that superfluid critical
dynamics is described by stochastic dynamical models F or E. In model F, the system
of stochastic equations
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is built from phenomenological considerations based on conservation laws. The 1), 4™
are the complex fields of the order parameter, the field m is responsible for density and
temperature fluctuations, g; , b, u are coupling constants, A is the kinetic coefficient, f;

are random forces, for which is assumed to have a Gaussian distribution of the "white
noise.”
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Two infrared stable fixed points of the equation of the renormalization group in
model E.

In model E nor in a more complex model F it is impossible to calculate the critical
index that determines the decrease in viscosity when approaching the point of
phase transition to the superfluid state.

It was proposed to study the stability of the E and F models to the impact of the
hydrodynamic velocity field, and with respect to density wave perturbations
Zhavoronkov et al. (2019).

The models are sensitive to the inclusion of hydrodynamic modes, which
significantly affect the critical behavior in general and the exponents.

Taking into account the compressibility of the medium led to a paradoxical
conclusion: models E and F of critical dynamics are unstable with respect to such
perturbations, and in the IR region are reduced to the model A, which has a single
fixed point.

Confirmed from microscopic point Honkonen et al. (2019)



Action Functional

Dynamical action functional for the model F with velocity field
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Action Functional

» The final IR-efficient dynamical action of the MSR type for describing the critical
dynamics of the main fields (Zhavoronkov et al. (2019)):
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» The action differs from the dynamic action of the stochastic model A only by the
expansion of fields and parameters.

» Action S4y, allows to construct IR-effective action Sgy, ofr, but also defines critical
dimensions of IR - irrelevant fields v, m or possible monomials constructed from
them, through dimensions of composite operators of fields ¢, T, ¢/, 4.



Action Functional
Dynamical action functional ¢ € {¢t, ¢, m, v, ¢/, m' v'}
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Canonical dimension of viscosity is IR irrelevant parameters and critical dimension is
proposed to define in dimension of composite operators.



Composite operators
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Composite operators:

ﬂ = 6;\/}8;\/}, f2 = (‘)jvj@,-v,-’, f3 = v,-’82v,-, f4 = V,la,aj\/_,

The critical dimension of the viscosity coefficient (source A,/) can be obtained
from dimensionless condition

/dxdtaf-f,- Ay +Ar=d+ A, A, =2z

Canonical dimension: d[v'] =d — 1, dlv] =1, dlo] =1

The composite operators mix in the process of renormalization and therefore it is
necessary to investigate the full mixing matrix in the renormalization of composite
operators of an one canonical dimension.

Critical dimension of viscosity is determined by the most essential critical
dimension of one of the family of composite operators of fields ot of
canonical dimension 8.



I
Model A

» Action functional
o8B0 3
)
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where 7= 0 an ¥t = ), ¢ = ¢, ¥ = g1, ¥t = o
o) = C/ D' Dpexp[—Sa(p, ¢') + aF (0, ¢') + Ap + AY]

» Massles MS shceme (d =4 —¢)

» Canonical dimension
, d d
d[‘P]:§+1a d[@]zg—l» d[o] =1, d[0¢] =2

» The composite operator in the logarithmic theory, i.e. ¢ =0 and then
dlF (¢, ¢)] =8.



Feynman rules
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©< with 0y, & <>< with 82, 9,0%, 9

with 97, 0202, 9,0*, 9°

Composite operator of the form OF Vasil'ev (2004) : [OF (¢, ¢)|r. = O[F (¢, ©)lr



L
Composite operator for d[F] = 8

= (¢'¢")(pyp)
Fa = (00¢")(00)
Fr = (&'¢)(¢d%¢)
Fio = (¢'0:0) ()
Fi3 = (¢'¢)(pp)?
Fis = (0000)(¢p)?
Fig = (0200%¢) ()
Fao = (p0%p)(p0¢)
Fas = (0p0p)(0¢0yp)
Fog = (0r00r0) ()
F31 = (0ep020) ()
Fau = (0p0:0)(00yp)

Fa = (¢')(¢'¢)
Fs = (9¢ 090)(%0)
Fs = (¢'¢)(9¢)?
Fi1 = (¢'¢)(¢0:p)
Fia = (pp)*

Fi7 = (¢0¢)? ()
Fao = (¢02¢)(00%p)
Faz = (9¢0p)(pd%¢)
Fos = (p0p) (p)?
Foo = (p0:)(0rp)
Fao = (00%0)(00ep)
Fas = (0p0:0p)(¢¢)

F3 (0%¢") (pp)
Fo = (£'0%0)(0p)
Fg ('00)(p0p)
Fia = (00:¢’ )(w)
Fis = (00%¢)(pp)?
Fig = (90*0) ()
Fo1 = (000%0) ()
Fas = (8200)(p0¢)
For = (07¢) (pp)
Fao = (90:0%0) ()
F33 = (p0: ) (0pdp)
Fss = (p0:0¢)(0dp)
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Mixing matrix Q

> Mixing matirx Q
FR = Q(a,s,g)/:

01(13 x 13) 0 0
Q(36 x 36) =1 + ? Q,(11 x 11) 0
? ? Q5(12 x 12)

» Matrix of renormalization constants
Zg = Qij(ch)_nj(zw’)_mja Zr = Za_l

where n; and mj is number of fields ¢, ¢, rexpectively
» The RG constants fields have form for the model A

Z, =1+ 0(g”), Zy =1+ 0(g%).

» The final form the RG constants: Z, = Q Zr=Q!
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Mixing matrix Q1

_32¢ 32 _3g 0 _bg _3e 0

3¢ g 3g _bg _%eg
3e 3e € € 0 0 ae 0 ae 0
_4 _s56¢ _9%  _3 _3 _3& _3& 0 _3& _3 _9% 0
€ 3e 4e € 2¢e 4e 2e 2ae ae 2ce
0 0 _2%g _‘% _b¢ _3¢ _2 0 0 Seg e 10g 0
€ € € € € ae ae ae
0 0 _3 _29 _15 _£ _2 _3& _% _& _2 _3 0
£ € 2¢e € € 2¢e £ ae ag ag
32¢ G4g 2 0 4g _10g _8 0 0 0 _ 8¢ e 0
9¢e 9¢ £ € £ € ae ae
g 328 3g 2 g _lg  _1% g o _& _1g 3¢ 0
9e 3e 2e € € 2e € ae ae ae
_b4g 2 _g _8 _2lg _10g 8g
0 9¢ 0 € € 0 € £ £ 0 ae 0 0
_lg 3¢ % _z& 2 _4 _13% _2¢ 2 4g. 0 0
9e 9e € 2e € € 2e € ae ae
_2ga _%ga 2o _20g _16g _4g
0 0 : 0 : : 0 0 0 0 5 e 0
0 0 _3ga _2ga _ga _ga _go 0 0 _Tg _30g 3¢ 0
2¢e € € 2e € € € €
0 0 5ga 4ga 6go 3ga 2ga 0 0 _ 6bg _4g _ 30g 0
5 e e e e e e €
0 0 0 0 0 0 0 0 0 0 0 o 12



Critical dimension

» The RG equations are derived from the generating functional of renormalized
connected Green functions of the fields and composite operator Vasil'ev (2004):

(Du + Bgag - 'Yaaa)FR = —YFFR,

P> At the fixed point g = g%, in time-coordinate space, the equation of critical
scaling for the closed set of renormalized operators

[_DX + AtDt] FR = AFFR, where At = —Aw
» Critical dimension of composite operator Ag
Ar = d[F] + g, where d[F] = dk[F] + (2 — 7})dw[F]
where g, 7% are taken in the IR-stable fixed point.
» The coordinate of fixed point (Vasil'ev (2004), chapter 4 (4.7d))
._ 3 3
S TN




Critical dimension
» Calculation of yf, Vasil'ev (2004)
VE = ZF_1 . (5uZF), vr = — UV-finite part [5HZ‘;]
» The relation for the g and d =4 — ¢
VF = €805 2, = 804 Q
» The critical dimension of a composite operator
Af = dp[F] + Awdu[F] + 7F = d[F] = vadu[F] +7F,

> Diagonalization of matrix: A = UAFU™!

8 — 579¢, 8 — 14¢, 8 — 14¢, 8 — 8¢, 8 — 5.534¢,

8 — 11.066¢, 8 — 4.4¢, 8 — 11.426¢, 8 — 7.006¢, 8 — 5.505¢,

8 — 4.202¢, 8 — (7.731 + 1.564/)e, 8 — (7.731 — 1.564)e
» Calculation of part Q,, 9s3.



Conclusion

» Construction of the composite operator of model A in d[F] = 8.

» Composite operators of lower dimensions (6, 4,2) are added to them, the missing
powers are compensated by the powers of the control parameter responsible for
the phase transition (chemical potential ).

» Calculate the critical index that determines the decrease in viscosity when
approaching the point of phase transition to the superfluid state.

Thank you for your attention.
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