
References

[1] S. Albeverio and S. Kusuoka, The invariant measure and the flow associated to the ˆ4
3

-
quantum field model. Ann. Sc. Norm. Super. Pisa Cl. Sci. (5) 20 (2020), no. 4, 1359–1427

[2] H. Bahouri, J.-Y. Chemin, and R. Danchin, Fourier analysis and nonlinear partial differ-
ential equations. Grundlehren Math. Wiss. 343, Springer, Heidelberg, 2011

[3] N. Barashkov and M. Gubinelli, A variational method for ˆ4
3

. Duke Math. J. 169 (2020),
no. 17, 3339–3415

[4] N. Barashkov and M. Gubinelli, The ˆ4
3

measure via Girsanov’s theorem. Electron. J.
Probab. 26 (2021), article no. 81

[5] Á. Bényi, T. Oh, and O. Pocovnicu, On the probabilistic Cauchy theory of the cubic non-
linear Schrödinger equation on Rd , d � 3. Trans. Amer. Math. Soc. Ser. B 2 (2015), 1–50

[6] Á. Bényi, T. Oh, and T. Zhao, Fractional Leibniz rule on the torus. Proc. Amer. Math. Soc.
153 (2025), no. 1, 207–221

[7] J.-M. Bony, Calcul symbolique et propagation des singularités pour les équations aux
dérivées partielles non linéaires. Ann. Sci. École Norm. Sup. (4) 14 (1981), no. 2, 209–
246

[8] M. Boué and P. Dupuis, A variational representation for certain functionals of Brownian
motion. Ann. Probab. 26 (1998), no. 4, 1641–1659

[9] J. Bourgain, Periodic nonlinear Schrödinger equation and invariant measures. Comm.
Math. Phys. 166 (1994), no. 1, 1–26

[10] J. Bourgain, Invariant measures for the 2D-defocusing nonlinear Schrödinger equation.
Comm. Math. Phys. 176 (1996), no. 2, 421–445

[11] J. Bourgain, Invariant measures for the Gross–Piatevskii equation. J. Math. Pures Appl.
(9) 76 (1997), no. 8, 649–702

[12] J. Bourgain, Nonlinear Schrödinger equations. In Hyperbolic equations and frequency
interactions (Park City, UT, 1995), pp. 3–157, IAS/Park City Math. Ser. 5, American
Mathematical Society, Providence, RI, 1999

[13] B. Bringmann, Invariant Gibbs measures for the three-dimensional wave equation with
a Hartree nonlinearity I: Measures. Stoch. Partial Differ. Equ. Anal. Comput. 10 (2022),
no. 1, 1–89

[14] B. Bringmann, Invariant Gibbs measures for the three-dimensional wave equation with a
Hartree nonlinearity II: Dynamics. J. Eur. Math. Soc. (JEMS) 26 (2024), no. 6, 1933–2089

[15] B. Bringmann, Y. Deng, A. R. Nahmod, and H. Yue, Invariant Gibbs measures for the
three dimensional cubic nonlinear wave equation. Invent. Math. 236 (2024), no. 3, 1133–
1411

[16] D. C. Brydges and G. Slade, Statistical mechanics of the 2-dimensional focusing nonlinear
Schrödinger equation. Comm. Math. Phys. 182 (1996), no. 2, 485–504

https://doi.org/10.2422/2036-2145.201809_008
https://doi.org/10.2422/2036-2145.201809_008
https://doi.org/10.1007/978-3-642-16830-7
https://doi.org/10.1007/978-3-642-16830-7
https://doi.org/10.1215/00127094-2020-0029
https://doi.org/10.1214/21-ejp635
https://doi.org/10.1090/btran/6
https://doi.org/10.1090/btran/6
https://doi.org/10.1090/proc/17007
https://doi.org/10.24033/asens.1404
https://doi.org/10.24033/asens.1404
https://doi.org/10.1214/aop/1022855876
https://doi.org/10.1214/aop/1022855876
https://doi.org/10.1007/BF02099299
https://doi.org/10.1007/BF02099556
https://doi.org/10.1016/S0021-7824(97)89965-5
https://doi.org/10.1090/pcms/005/02
https://doi.org/10.1007/s40072-021-00193-y
https://doi.org/10.1007/s40072-021-00193-y
https://doi.org/10.4171/jems/1317
https://doi.org/10.4171/jems/1317
https://doi.org/10.1007/s00222-024-01254-4
https://doi.org/10.1007/s00222-024-01254-4
https://doi.org/10.1007/BF02517899
https://doi.org/10.1007/BF02517899


References 142

[17] E. A. Carlen, J. Fröhlich, and J. Lebowitz, Exponential relaxation to equilibrium for a one-
dimensional focusing non-linear Schrödinger equation with noise. Comm. Math. Phys.
342 (2016), no. 1, 303–332

[18] R. Catellier and K. Chouk, Paracontrolled distributions and the 3-dimensional stochastic
quantization equation. Ann. Probab. 46 (2018), no. 5, 2621–2679

[19] J. Colliander and T. Oh, Almost sure well-posedness of the cubic nonlinear Schrödinger
equation below L2.T /. Duke Math. J. 161 (2012), no. 3, 367–414

[20] G. Da Prato and A. Debussche, Strong solutions to the stochastic quantization equations.
Ann. Probab. 31 (2003), no. 4, 1900–1916

[21] G. Da Prato and J. Zabczyk, Stochastic equations in infinite dimensions. 2nd edn., Encyc-
lopedia Math. Appl. 152, Cambridge University Press, Cambridge, 2014

[22] Y. Deng, A. R. Nahmod, and H. Yue, Invariant Gibbs measure and global strong solutions
for the Hartree NLS equation in dimension three. J. Math. Phys. 62 (2021), no. 3, article
no. 031514

[23] A. Deya, A nonlinear wave equation with fractional perturbation. Ann. Probab. 47 (2019),
no. 3, 1775–1810

[24] A. Deya, On a non-linear 2D fractional wave equation. Ann. Inst. Henri Poincaré Probab.
Stat. 56 (2020), no. 1, 477–501

[25] W. E, A. Jentzen, and H. Shen, Renormalized powers of Ornstein–Uhlenbeck pro-
cesses and well-posedness of stochastic Ginzburg–Landau equations. Nonlinear Anal. 142
(2016), 152–193

[26] D. Fan and S. Sato, Transference on certain multilinear multiplier operators. J. Aust. Math.
Soc. 70 (2001), no. 1, 37–55

[27] C. Fefferman, The multiplier problem for the ball. Ann. of Math. (2) 94 (1971), 330–336

[28] J. Forlano and L. Tolomeo, On the unique ergodicity for a class of 2 dimensional stochastic
wave equations. Trans. Amer. Math. Soc. 377 (2024), no. 1, 345–394

[29] J. Ginibre, Y. Tsutsumi, and G. Velo, On the Cauchy problem for the Zakharov system.
J. Funct. Anal. 151 (1997), no. 2, 384–436

[30] J. Ginibre and G. Velo, Generalized Strichartz inequalities for the wave equation. J. Funct.
Anal. 133 (1995), no. 1, 50–68

[31] L. Grafakos, Modern Fourier analysis. 3rd edn., Grad. Texts in Math. 250, Springer, New
York, 2014

[32] M. Gubinelli and M. Hofmanová, Global solutions to elliptic and parabolic ˆ4 models in
Euclidean space. Comm. Math. Phys. 368 (2019), no. 3, 1201–1266

[33] M. Gubinelli and M. Hofmanová, A PDE construction of the Euclidean �4
3

quantum field
theory. Comm. Math. Phys. 384 (2021), no. 1, 1–75

[34] M. Gubinelli, P. Imkeller, and N. Perkowski, Paracontrolled distributions and singular
PDEs. Forum Math. Pi 3 (2015), article no. e6

[35] M. Gubinelli, H. Koch, and T. Oh, Renormalization of the two-dimensional stochastic
nonlinear wave equations. Trans. Amer. Math. Soc. 370 (2018), no. 10, 7335–7359

https://doi.org/10.1007/s00220-015-2511-9
https://doi.org/10.1007/s00220-015-2511-9
https://doi.org/10.1214/17-AOP1235
https://doi.org/10.1214/17-AOP1235
https://doi.org/10.1215/00127094-1507400
https://doi.org/10.1215/00127094-1507400
https://doi.org/10.1214/aop/1068646370
https://doi.org/10.1017/CBO9781107295513
https://doi.org/10.1063/5.0045062
https://doi.org/10.1063/5.0045062
https://doi.org/10.1214/18-AOP1296
https://doi.org/10.1214/19-AIHP969
https://doi.org/10.1016/j.na.2016.03.001
https://doi.org/10.1016/j.na.2016.03.001
https://doi.org/10.1017/S1446788700002263
https://doi.org/10.2307/1970864
https://doi.org/10.1090/tran/8973
https://doi.org/10.1090/tran/8973
https://doi.org/10.1006/jfan.1997.3148
https://doi.org/10.1006/jfan.1995.1119
https://doi.org/10.1007/978-1-4939-1230-8
https://doi.org/10.1007/s00220-019-03398-4
https://doi.org/10.1007/s00220-019-03398-4
https://doi.org/10.1007/s00220-021-04022-0
https://doi.org/10.1007/s00220-021-04022-0
https://doi.org/10.1017/fmp.2015.2
https://doi.org/10.1017/fmp.2015.2
https://doi.org/10.1090/tran/7452
https://doi.org/10.1090/tran/7452


References 143

[36] M. Gubinelli, H. Koch, and T. Oh, Paracontrolled approach to the three-dimensional
stochastic nonlinear wave equation with quadratic nonlinearity. J. Eur. Math. Soc. (JEMS)
26 (2024), no. 3, 817–874

[37] M. Gubinelli, H. Koch, T. Oh, and L. Tolomeo, Global dynamics for the two-dimensional
stochastic nonlinear wave equations. Int. Math. Res. Not. IMRN 2022 (2022), no. 21,
16954–16999

[38] T. Gunaratnam, T. Oh, N. Tzvetkov, and H. Weber, Quasi-invariant Gaussian measures
for the nonlinear wave equation in three dimensions. Probab. Math. Phys. 3 (2022), no. 2,
343–379

[39] M. Hairer, A theory of regularity structures. Invent. Math. 198 (2014), no. 2, 269–504

[40] M. Hairer and K. Matetski, Discretisations of rough stochastic PDEs. Ann. Probab. 46
(2018), no. 3, 1651–1709

[41] M. Keel and T. Tao, Endpoint Strichartz estimates. Amer. J. Math. 120 (1998), no. 5,
955–980

[42] R. Killip, B. Stovall, and M. Visan, Blowup behaviour for the nonlinear Klein–Gordon
equation. Math. Ann. 358 (2014), no. 1-2, 289–350

[43] A. Kupiainen, Renormalization group and stochastic PDEs. Ann. Henri Poincaré 17
(2016), no. 3, 497–535

[44] J. L. Lebowitz, H. A. Rose, and E. R. Speer, Statistical mechanics of the nonlinear
Schrödinger equation. J. Statist. Phys. 50 (1988), no. 3-4, 657–687

[45] P. G. Lemarié-Rieusset, Recent developments in the Navier–Stokes problem. Chapman &
Hall/CRC Res. Notes Math. 431, Chapman & Hall/CRC, Boca Raton, FL, 2002

[46] H. Lindblad and C. D. Sogge, On existence and scattering with minimal regularity for
semilinear wave equations. J. Funct. Anal. 130 (1995), no. 2, 357–426

[47] J.-C. Mourrat and H. Weber, The dynamic ˆ4
3

model comes down from infinity. Comm.
Math. Phys. 356 (2017), no. 3, 673–753

[48] J.-C. Mourrat and H. Weber, Global well-posedness of the dynamicˆ4 model in the plane.
Ann. Probab. 45 (2017), no. 4, 2398–2476

[49] J.-C. Mourrat, H. Weber, and W. Xu, Construction of ˆ4
3

diagrams for pedestrians. In
From particle systems to partial differential equations, pp. 1–46, Springer Proc. Math.
Stat. 209, Springer, Cham, 2017

[50] E. Nelson, A quartic interaction in two dimensions. In Mathematical Theory of Element-
ary Particles (Proc. Conf., Dedham, Mass., 1965), pp. 69–73, MIT Press, Cambridge,
Massachusetts-London, 1966

[51] D. Nualart, The Malliavin calculus and related topics. 2nd edn., Probab. Appl. (N. Y.),
Springer, Berlin, 2006

[52] T. Oh and M. Okamoto, Comparing the stochastic nonlinear wave and heat equations: A
case study. Electron. J. Probab. 26 (2021), article no. 9

[53] T. Oh, M. Okamoto, and T. Robert, A remark on triviality for the two-dimensional
stochastic nonlinear wave equation. Stochastic Process. Appl. 130 (2020), no. 9, 5838–
5864

https://doi.org/10.4171/jems/1294
https://doi.org/10.4171/jems/1294
https://doi.org/10.1093/imrn/rnab084
https://doi.org/10.1093/imrn/rnab084
https://doi.org/10.2140/pmp.2022.3.343
https://doi.org/10.2140/pmp.2022.3.343
https://doi.org/10.1007/s00222-014-0505-4
https://doi.org/10.1214/17-AOP1212
https://doi.org/10.1353/ajm.1998.0039
https://doi.org/10.1007/s00208-013-0960-z
https://doi.org/10.1007/s00208-013-0960-z
https://doi.org/10.1007/s00023-015-0408-y
https://doi.org/10.1007/BF01026495
https://doi.org/10.1007/BF01026495
https://doi.org/10.1201/9781420035674
https://doi.org/10.1006/jfan.1995.1075
https://doi.org/10.1006/jfan.1995.1075
https://doi.org/10.1007/s00220-017-2997-4
https://doi.org/10.1214/16-AOP1116
https://doi.org/10.1007/978-3-319-66839-0_1
https://doi.org/10.1007/3-540-28329-3
https://doi.org/10.1214/20-EJP575
https://doi.org/10.1214/20-EJP575
https://doi.org/10.1016/j.spa.2020.05.010
https://doi.org/10.1016/j.spa.2020.05.010


References 144

[54] T. Oh, M. Okamoto, and L. Tolomeo, Focusing ˆ4
3

-model with a Hartree-type nonlinear-
ity. Mem. Am. Math. Soc. 304 (2024), no. 1529

[55] T. Oh, M. Okamoto, and N. Tzvetkov, Uniqueness and non-uniqueness of the Gaussian
free field evolution under the two-dimensional Wick ordered cubic wave equation. Ann.
Inst. Henri Poincaré Probab. Stat. 60 (2024), no. 3, 1684–1728

[56] T. Oh, O. Pocovnicu, and N. Tzvetkov, Probabilistic local Cauchy theory of the cubic
nonlinear wave equation in negative Sobolev spaces. Ann. Inst. Fourier (Grenoble) 72
(2022), no. 2, 771–830

[57] T. Oh, T. Robert, P. Sosoe, and Y. Wang, Invariant Gibbs dynamics for the dynamical
sine-Gordon model. Proc. Roy. Soc. Edinburgh Sect. A 151 (2021), no. 5, 1450–1466

[58] T. Oh, T. Robert, P. Sosoe, and Y. Wang, On the two-dimensional hyperbolic stochastic
sine-Gordon equation. Stoch. Partial Differ. Equ. Anal. Comput. 9 (2021), no. 1, 1–32

[59] T. Oh, T. Robert, and N. Tzvetkov, Stochastic nonlinear wave dynamics on compact sur-
faces. Ann. H. Lebesgue 6 (2023), 161–223

[60] T. Oh, T. Robert, and Y. Wang, On the parabolic and hyperbolic Liouville equations.
Comm. Math. Phys. 387 (2021), no. 3, 1281–1351

[61] T. Oh, K. Seong, and L. Tolomeo, A remark on Gibbs measures with log-correlated Gaus-
sian fields. Forum Math. Sigma 12 (2024), article no. e50

[62] T. Oh, P. Sosoe, and L. Tolomeo, Optimal integrability threshold for Gibbs measures asso-
ciated with focusing NLS on the torus. Invent. Math. 227 (2022), no. 3, 1323–1429

[63] T. Oh and L. Thomann, A pedestrian approach to the invariant Gibbs measures for the 2-d
defocusing nonlinear Schrödinger equations. Stoch. Partial Differ. Equ. Anal. Comput. 6
(2018), no. 3, 397–445

[64] T. Oh and L. Thomann, Invariant Gibbs measures for the 2-d defocusing nonlinear wave
equations. Ann. Fac. Sci. Toulouse Math. (6) 29 (2020), no. 1, 1–26

[65] T. Oh, Y. Wang, and Y. Zine, Three-dimensional stochastic cubic nonlinear wave equation
with almost space-time white noise. Stoch. Partial Differ. Equ. Anal. Comput. 10 (2022),
no. 3, 898–963

[66] G. Parisi and Y. S. Wu, Perturbation theory without gauge fixing. Sci. Sinica 24 (1981),
no. 4, 483–496

[67] B. C. Rider, On the1-volume limit of the focusing cubic Schrödinger equation. Comm.
Pure Appl. Math. 55 (2002), no. 10, 1231–1248

[68] S. Ryang, T. Saito, and K. Shigemoto, Canonical stochastic quantization. Progr. Theoret.
Phys. 73 (1985), no. 5, 1295–1298

[69] I. Shigekawa, Stochastic analysis. Translated from the 1998 Japanese original by the
author, Iwanami Series in Modern Mathematics. Transl. Math. Monogr. 224, American
Mathematical Society, Providence, RI, 2004

[70] B. Simon, The P.�/2 Euclidean (quantum) field theory. Princeton Ser. Phys., Princeton
University Press, Princeton, NJ, 1974

[71] L. Thomann and N. Tzvetkov, Gibbs measure for the periodic derivative nonlinear
Schrödinger equation. Nonlinearity 23 (2010), no. 11, 2771–2791

https://arxiv.org/abs/2009.03251v3
https://doi.org/10.1214/23-aihp1380
https://doi.org/10.1214/23-aihp1380
https://doi.org/10.5802/aif.3454
https://doi.org/10.5802/aif.3454
https://doi.org/10.1017/prm.2020.68
https://doi.org/10.1017/prm.2020.68
https://doi.org/10.1007/s40072-020-00165-8
https://doi.org/10.1007/s40072-020-00165-8
https://doi.org/10.5802/ahl.163
https://doi.org/10.5802/ahl.163
https://doi.org/10.1007/s00220-021-04125-8
https://doi.org/10.1017/fms.2024.28
https://doi.org/10.1017/fms.2024.28
https://doi.org/10.1007/s00222-021-01080-y
https://doi.org/10.1007/s00222-021-01080-y
https://doi.org/10.1007/s40072-018-0112-2
https://doi.org/10.1007/s40072-018-0112-2
https://doi.org/10.5802/afst.1620
https://doi.org/10.5802/afst.1620
https://doi.org/10.1007/s40072-022-00237-x
https://doi.org/10.1007/s40072-022-00237-x
https://doi.org/10.1002/cpa.10043
https://doi.org/10.1143/PTP.73.1295
https://doi.org/10.1090/mmono/224
https://doi.org/10.1515/9781400868759
https://doi.org/10.1088/0951-7715/23/11/003
https://doi.org/10.1088/0951-7715/23/11/003


References 145

[72] L. Tolomeo, Unique ergodicity for a class of stochastic hyperbolic equations with additive
space-time white noise. Comm. Math. Phys. 377 (2020), no. 2, 1311–1347

[73] L. Tolomeo, Global well posedness of the two-dimensional stochastic nonlinear wave
equation on an unbounded domain. Ann. Probab. 49 (2021), no. 3, 1402–1426

[74] L. Tolomeo, Ergodicity for the hyperbolic P.ˆ/2-model. 2023, arXiv:2310.02190v1

[75] L. Tolomeo and H. Weber, Phase transition for invariant measures of the focusing
Schrödinger equation. [v1] 2023, [v2] 2024, arXiv:2306.07697v2

[76] H. Triebel, Tempered homogeneous function spaces. EMS Ser. Lect. Math., European
Mathematical Society (EMS), Zürich, 2015

[77] A. S. Üstünel, Variational calculation of Laplace transforms via entropy on Wiener space
and applications. J. Funct. Anal. 267 (2014), no. 8, 3058–3083

[78] C. Villani, Topics in optimal transportation. Grad. Stud. Math. 58, American Mathemat-
ical Society, Providence, RI, 2003

https://doi.org/10.1007/s00220-020-03752-x
https://doi.org/10.1007/s00220-020-03752-x
https://doi.org/10.1214/20-aop1484
https://doi.org/10.1214/20-aop1484
https://arxiv.org/abs/2310.02190v1
https://arxiv.org/abs/2306.07697v2
https://doi.org/10.4171/155
https://doi.org/10.1016/j.jfa.2014.07.006
https://doi.org/10.1016/j.jfa.2014.07.006
https://doi.org/10.1090/gsm/058

